TABLE OF CONTENTS
THREADS AND THREADING

SCREW THREAD SYSTEMS

Screw Thread Forms

METRIC SCREW

THREADS (Cont.)

Sharp V-thread
Unified Screw Thread Forms
Definitions of Screw Threads

UNIFIED SCREW THREADS

1712 Unified Screw Threads

1712 Thread Form

1718 Internal and External Screw
Thread Design Profile

Inch Screw Thread

Tolerance Grade Comparisons

9 M Profile Limiting Dimension

Internal Metric Thread

External Metric Thread

Designations

MJ Profile

Diameter-Pitch Combinations

Trapezoidal Metric Thread

Comparison of Maximum Metal
Dimension

Diameter-Pitch Combination
Standard Series Combinations
Basic Dimensions

MINIATURE AND

INTERFERENCE FIT THREADS

Coarse-Thread Series
Fine-Thread Series
Extra-Fine-Thread Series
4-Thread Series

6-Thread Series

8-Thread Series
12-Thread Series
16-Thread Series
20-Thread Series
28-Thread Series

Thread Classes

Coated 60-deg. Threads
Screw Thread Selection
Pitch Diameter Tolerance
Screw Thread Designation
Designating Coated Threads

Basic Thread Form

Design Thread Form

Design Form Dimensions
Formulas for Basic Dimensions
Limits of Size and Tolerances
Minimum Root Flats
Interference-Fit Threads
Design and Application Data
External Thread Dimension
Internal Thread Dimension
Engagement Lengths
Allowances for Coarse Thread
Tolerances for Coarse Thread
Variations in Lead and Diameter

Designating UNS Threads

ACME SCREW THREADS

Hole Sizes for Tapping
Minor Diameter Tolerance

Metric Screw Threads M Profile
Comparison with Inch Threads
Interchangeability
Definitions
Basic M Profile
M Crest and Root Form
General Symbols

M Profile Data

Limits and Fits

Dimensional Effect of Coating
Formulas for M Profile

1702

M Profile Screw Thread Series [0
Mechanical Fastener Coarse Pitqfign]

Acme Screw Threads
General Purpose Acme Threads
Acme Thread Form
Acme Thread Abbreviations
Designation
Basic Dimensions
Formulas for Diameters
Limiting Dimensions
Single-Start Screw Thread Data
Pitch Diameter Allowances
Multiple Start Acme Threads
Pitch Diameter Tolerances
Centralizing Acme Threads
Basic Dimensions
Formulas for Diameters
Limiting Dimensions
Screw Thread Data



TABLE OF CONTENTS

ACME SCREW THREADS (Cont.)

Pitch Diameter Allowances
Pitch Diameter Tolerances
Tolerances and Allowances
Designation

Stub Acme Threads

Basic Dimensions

Formulas for Diameters
Limiting Dimensions

Stub Acme Thread Designations
Alternative Stub Acme Threads
Acme Centralizing Thread
60-Degree Stub Thread

BUTTRESS THREADS

10-Degree Square Thread

Threads of Buttress Form
Buttress Inch Screw Threads

Basic Dimensions

Pitch Combinations

Buttress Thread

Symbols and Form

Buttress Thread Tolerances

Class 2 Tolerances

Class 3 Tolerances

Allowances for Easy Assembly

External Thread Allowances

Buttress Thread Designations

Designation Sequence

BRITISH THREADS

British Standard Buttress Threads
Léwenherz Thread
International Metric Thread
Unified Screw Threads

ISO Metric Screw Threads
Basic Profile Dimensions
Fundamental Deviations
Tolerance Classes for Nuts
Tolerance Classes for Bolts

BRITISH THREADS (Cont.)
1837 Basic Dimensions
1839 British Association Standard
Thread
1839 Basic Dimensions
1839 Tolerance Formulas

OTHER THREADS

184(
184(

BS Spark Plugs
SAE Standards Threads
Hose Coupling Threads
Screw Thread Length
ANSI Standard
Fire Hose Connection
Basic Dimensions
Limits of Size
Rolled Threads
Instrument Makers' System
Pipe Threads
Taper Pipe Thread
Limits on Crest and Root
Tolerances on Thread Elements
Pipe Couplings
Basic Dimensions
Engagement
Railing Joint
Straight Pipe Threads
Mechanical Joints
Thread Designation and Notation
Dryseal Pipe Thread
Limits on Crest and Root
Types of Dryseal Pipe Thread
Limitation of Assembly
Tap Drill Sizes
Special Dryseal Threads
Limitations for Combinations
Non-pressure-tight Joints
Basic Sizes
Limits of Size

Limits and Tolerances

Diameter/Pitch Combinations
British Standard Whitworth (BSW)

and Fine (BSF) Threads

83 Standard Thread Form
83 Whitworth Standard Thread For
83 Tolerance Formulas

Lengths of Thread Engagements

Measuring Screw Threads

Pitch and Lead of Screw Threads

Thread Micrometers

Ball-point Micrometers
Three-wire Method

Classes of Formulas

Screw Thread Profiles

Checking Pitch Diameters



TABLE OF CONTENTS

MEASURING SCREW
THREADS (Cont.)

TAPPING AND THREAD
CUTTING (Cont.)

Wire Sizes
Diameters of Wires
Measuring Wire Accuracy
Measuring or Contact Pressure
Three-Wire Formulas
General Formula
Notation
Formulas for Checking Pitch
Diameters

Values of Constants
Small Thread Angle Affects
Dimensions Over Wires
Buckingham Simplified Formula
Measuring Whitworth Standard
Buckingham Exact Formula
Accuracy of Formulas

Acme and Stub Acme Thread
Thickness of Threads
Checking Thickness
Wire Sizes
Testing Angle of Thread
Best Wire Diameters
Taper Screw Threads
Buttress Threads
Measurement of Pitch Diameter
Thread Gage Classification

Miniature Screw Threads

B Tapping Drill Sizes

ISO Metric Threads

Clearance Holes

Cold Form Tapping

Core Hole Sizes

Tap Drill Sizes

Removing a Broken Tap

Tap Drills for Pipe Taps

Power for Pipe Taps

High-Speed CNC Tapping

Coolant for Tapping

Combined Drilling and Tapping

Relief Angles for Cutting Tools
Lathe Change Gears

Change Gears for Thread Cutting

Compound Gearing

Fractional Threads

Change Gears for Metric Pitches

Threads per Inch

Change Gears for Fractional

Ratios

Quick-Change Gearbox Output

Finding Accurate Gear Ratios

Lathe Change-gears

Relieving Helical-Fluted Hobs

Screw Thread Gage Classificatior
Unified Inch Screw Threads

THREAD ROLLING

Thread Forms of Gages

Thread Gage Tolerances
Tolerance

Tolerances for Cylindrical Gages
Constants for Thread Gage
Formulas for Limits

TAPPING AND THREAD
CUTTING

Selection of Taps

Tap Rake Angles

Cutting Speed

Tapping Specific Materials
Diameter of Tap Drill

Hole Size Limits

Tap Drill Sizes

Tap Drills and Clearance Drills
Tolerances of Tapped Holes
Hole Sizes before Tapping

1704

8 Thread-Rolling Machine

Flat-Die Type

Cylindrical-Die Type

Rate of Production

Precision Thread Rolling

Steels for Thread Rolling

Diameter of Blank

Automatic Screw Machines

Factors Governing the Diameter

Diameter of Threading Roll

Kind of Thread on Roll

Application of Thread Roll

Speeds and Feeds for Thread
Rolling



TABLE OF CONTENTS

THREAD GRINDING SIMPLE, COMPOUND,
Thread Grinding DIFFERENTIAL, AND

V\_/heels for Thread Grinding BLOCK INDEXING
Single-Edge Wheel . [[94% Milling Machine Indexing
Edg(_-:-s_for Roughing and Finishingfga9  Hole Circles

Multi-ribbed Wheels ] Holes in Brown & Sharpe
Ribbed Wheel for Fine Pitches Holes in Cincinnati

Solid Grinding Threads Simple Indexing

Number of Wheel Passes Compound Indexing

Wheel and Work Rotation Simple and Compound Indexing
Wheel Speeds Angular Indexing

Work Speeds Tables for Angular Indexing
Truing Grinding Wheels Angular Values of Cincinnati
Wheel Hardness or Grade Index

Grain Size Accurate Angular Indexing
Grinding by Centerless Method Indexing for Small Angles

THREAD MILLING Differential |ndeXing

Ratio of Gearing
Thread Milling Machine Determining Gear Ratio
Single-cutter Method

To Find the Indexing Movement
Multiple-cutter Method

Use of Idler Gears
Planetary Method Compound Gearing
Classes of Work Check Number of Divisions
Pitches of Die-cut Threads Simple and Different Indexing
Changing Pitch of Screw Indexing Movements of Plate
Helical Milling

Indexing Movements for High
Lead of a Milling Machine

Numbers
Change Gears for Helical Milling

Indexing Tables
Short-lead Milling Block or Multiple Indexing

Helix Indexing Movements for 60-
Helix Angles Tooth
Change Gears for Different Leadf 993 Linear Indexing for Rack Cutting
Lead of Helix 1993 Linear Indexing Movements
Change Gears and Angles 1994 Contour Milling
Helix Angle for Given Lead and

Diameter

Helix Angle for Given Lead
Lead of Tooth
Helix Angle and Lead

1705



1706 SCREW THREAD SYSTEMS

SCREW THREAD SYSTEMS

Screw Thread Forms.—Of the various screw thread forms which have been developed,
the most used are those having symmetrical sides inclined at equal angles with a vertic
center line through the thread apex. Present-day examples of such threads would inclu
the Unified, the Whitworth and the Acme forms. One of the early forms was the Sharp \
which is now used only occasionally. Symmetrical threads are relatively easy to manufac
ture and inspect and hence are widely used on mass-produced general-purpose threa
fasteners of all types. In addition to general-purpose fastener applications, certain threa
are used to repeatedly move or translate machine parts against heavy loads. For these
called translation threads a stronger form is required. The most widely used translatio
thread forms are the square, the Acme, and the buttress. Of these, the square thread is
most efficient, but it is also the most difficult to cut owing to its parallel sides and it cannot
be adjusted to compensate for wear. Although less efficient, the Acme form of thread he
none of the disadvantages of the square form and has the advantage of being somew
stronger. The buttress form is used for translation of loads in one direction only because
its non-symmetrical form and combines the high efficiency and strength of the squar
thread with the ease of cutting and adjustment of the Acme thread.

Sharp V-thread.—The sides of the thread form an angle of 60 degrees with each other
The top and bottom of the thread are, theoretically, sharp, but in practice it is necessary
make the thread with a slight flat. There is no standard adopted for this flat, but it is usuall
made about one-twenty-fifth of the pitchplf pitch of thread, and = depth of thread,
then:

0.866

d = pxcos30 deg.= px0.866 = no. of threads per inch

R S— Some modified V-threads, for locomotive boiler taps particularly,
\ T

have a depth of 0:8pitch.
d R American National and Unified Screw Thread Forms.—T he
60 American National form (formerly known as the United States
Standard) was used for many years for most screws, bolts, and mis:
/ cellaneous threaded products produced in the United States. The

American National Standard for Unified Screw Threads now in

use includes certain modifications of the former standard as is
explained on pagk706 The Basic Profile is shown below and is identical for both UN and
UNR screw threads. In this figukeis the height of a sharp V-thread.
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Basic Profile of UN and UNF Screw Threads



SCREW THREADS 1707

Definitions of Screw Threads.—T he following definitions are based on American
National Standard ANSI/ASME B1.7M-1984 (R1992) “Nomenclature, Definitions, and
Letter Symbols for Screw Threads,” and refer to both straight and taper threads.

Actual SizeAn actual size is a measured size.

Allowance:An allowance is the prescribed difference between the design (maximum
material) size and the basic size. It is numerically equal to the absolute value of the IS
termfundamental deviation.

Axis of ThreadThread axis is coincident with the axis of its pitch cylinder or cone.

Basic Profile of Threadfhe basic profile of a thread is the cyclical outline, in an axial
plane, of the permanently established boundary between the provinces of the external a
internal threads. All deviations are with respect to this boundary.

Basic SizeThe basic size is that size from which the limits of size are derived by the
application of allowances and tolerances.

Bilateral ToleranceThis is a tolerance in which variation is permitted in both directions
from the specified dimension.

Black Crest Threadrhis is a thread whose crest displays an unfinished cast, rolled, or
forged surface.

Blunt Start Thread'Blunt start” designates the removal of the incomplete thread at the
starting end of the thread. This is a feature of threaded parts that are repeatedly assemt
by hand, such as hose couplings and thread plug gages, to prevent cutting of hands ¢
crossing of threads. It was formerly known as a Higbee cut.

Chamfer:This is a conical surface at the starting end of a thread.

Class of ThreadThe class of a thread is an alphanumerical designation to indicate the
standard grade of tolerance and allowance specified for a thread.

Clearance FitThis is a fit having limits of size so prescribed that a clearance always
results when mating parts are assembled at their maximum material condition.

Complete Threadfhe complete thread is that thread whose profile lies within the size
limits. (See als&ffective ThreadndLength of Complete ThregdNote:Formerly in pipe
thread terminology this was referred to as “the perfect thread” but that term is no longe
considered desirable.

Crest:This is that surface of a thread which joins the flanks of the thread and is farthes
from the cylinder or cone from which the thread projects.

Crest TruncationThis is the radial distance between the sharp crest (crest apex) and th
cylinder or cone that would bound the crest.

Depth of Thread Engagemeifiitie depth (or height) of thread engagement between two
coaxially assembled mating threads is the radial distance by which their thread forms ove
lap each other.

Design SizeThis is the basic size with allowance applied, from which the limits of size
are derived by the application of a tolerance. If there is no allowance, the design size is tl
same as the basic size.

Deviation:Deviation is a variation from an established dimension, position, standard, or
value. In 1ISO usage, it is the algebraic difference between a size (actual, maximum, or mi
imum) and the corresponding basic size. The term deviation does not necessarily indice
an error. (See aldérror.)

Deviation, Fundamental (ISO ternfjor standard threads, the fundamental deviation is
the upper or lower deviation closer to the basic size. Itis the upper deesftioan exter-
nal thread and the lower deviatiBhfor an internal thread. (See alsilowanceandToler-
ance Positior)

Deviation, Lower (ISO term}he algebraic difference between the minimum limit of
size and the basic size. Itis designdiefbr internal anei for external thread diameters.

Deviation, Upper (ISO term}he algebraic difference between the maximum limit of
size and the basic size. Itis design&&for internal anesfor external thread diameters.
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DimensionA numerical value expressed in appropriate units of measure and indicate
on drawings along with lines, symbols, and notes to define the geometrical characterist
of an object.

Effective SizeSeePitch Diameter, Functional Diameter.

Effective ThreadThe effective (or useful) thread includes the complete thread, and
those portions of the incomplete thread which are fully formed at the root but not at th
crest (in taper pipe threads it includes the so-called black crest threads); thus excluding t
vanish thread.

Error: The algebraic difference between an observed or measured value beyond tole
ance limits, and the specified value.

External ThreadA thread on a cylindrical or conical external surface.

Fit: Fit is the relationship resulting from the designed difference, before assembly,
between the sizes of two mating parts which are to be assembled.

Flank: The flank of a thread is either surface connecting the crest with the root. The flan}
surface intersection with an axial plane is theoretically a straight line.

Flank AngleThe flank angles are the angles between the individual flanks and the per
pendicular to the axis of the thread, measured in an axial plane. A flank angle of a symme
rical thread is commonly termed the half-angle of thread.

Flank Diametral Displacemenin a boundary profile defined system, flank diametral
displacement is twice the radial distance between the straight thread flank segments of t
maximum and minimum boundary profiles. The value of flank diametral displacement is
equal to pitch diameter tolerance in a pitch line reference thread system.

Height of ThreadThe height (or depth) of thread is the distance, measured radially,
between the major and minor cylinders or cones, respectively.

Helix Angle:On a straight thread, the helix angle is the angle made by the helix of the
thread and its relation to the thread axis. On a taper thread, the helix angle at a given ax
position is the angle made by the conical spiral of the thread with the axis of the thread. Tt
helix angle is the complement of the lead angle. (See alsd@agéor diagram.)

Higbee CutSeeBlunt Start Thread.

Imperfect ThreadSeelncomplete Thread.

Included AngleSeeThread Angle

Incomplete ThreadA threaded profile having either crests or roots or both, not fully
formed, resulting from their intersection with the cylindrical or end surface of the work or
the vanish cone. It may occur at either end of the thread.

Interference FitA fit having limits of size so prescribed that an interference always
results when mating parts are assembled.

Internal ThreadA thread on a cylindrical or conical internal surface.

Lead:Lead is the axial distance between two consecutive points of intersection of a heli;
by a line parallel to the axis of the cylinder on which it lies, i.e., the axial movement of &
threaded part rotated one turn in its mating thread.

Lead AngleOn a straight thread, the lead angle is the angle made by the helix of the
thread at the pitch line with a plane perpendicular to the axis. On a taper thread, the le
angle at a given axial position is the angle made by the conical spiral of the thread with tF
perpendicular to the axis at the pitch line.

Lead ThreadThat portion of the incomplete thread that is fully formed at the root but
not fully formed at the crest that occurs at the entering end of either an external or intern
thread.

Left-hand ThreadA thread is a left-hand thread if, when viewed axially, it winds in a
counterclockwise and receding direction. Left-hand threads are designated LH.

Length of Complete Threa@ihe axial length of a thread section having full form at both
crest and root but also including a maximum of two pitches at the start of the thread whic
may have a chamfer or incomplete crests.
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Length of Thread Engagemefihe length of thread engagement of two mating threads
is the axial distance over which the two threads, each having full form at both crest an
root, are designed to contact. (See akugth of Complete Thregd.

Limits of SizeThe applicable maximum and minimum sizes.

Major ClearanceThe radial distance between the root of the internal thread and the
crest of the external thread of the coaxially assembled designed forms of mating threads

Major Cone:The imaginary cone that would bound the crests of an external taper threa
or the roots of an internal taper thread.

Major Cylinder:The imaginary cylinder that would bound the crests of an external
straight thread or the roots of an internal straight thread.

Major Diameter:On a straight thread the major diameter is that of the major cylinder.
On a taper thread the major diameter at a given position on the thread axis is that of tl
major cone at that position. (See al4ajor CylinderandMajor Cone)

Maximum Material ConditiontMMC): The condition where a feature of size contains
the maximum amount of material within the stated limits of size. For example, minimum
internal thread size or maximum external thread size.

Minimum Material Condition{Least Material ConditioLMC)): The condition where
a feature of size contains the least amount of material within the stated limits of size. Fc
example, maximum internal thread size or minimum external thread size.

Minor ClearanceThe radial distance between the crest of the internal thread and the
root of the external thread of the coaxially assembled design forms of mating threads.

Minor Cone:The imaginary cone that would bound the roots of an external taper threac
or the crests of an internal taper thread.

Minor Cylinder:The imaginary cylinder that would bound the roots of an external
straight thread or the crests of an internal straight thread.

Minor Diameter:On a straight thread the minor diameter is that of the minor cylinder.
On a taper thread the minor diameter at a given position on the thread axis is that of tf
minor cone at that position. (See aldimor CylinderandMinor Cone)

Multiple-Start ThreadA thread in which the lead is an integral multiple, other than one,
of the pitch.

Nominal SizeDesignation used for general identification.

Parallel Thread:SeeScrew Thread.

Partial Thread:SeeVanish Thread.

Pitch: The pitch of a thread having uniform spacing is the distance measured paralle
with its axis between corresponding points on adjacent thread forms in the same axi
plane and on the same side of the axis. Pitch is equal to the lead divided by the number
thread starts.

Pitch ConeThe pitch cone is an imaginary cone of such apex angle and location of its
vertex and axis that its surface would pass through a taper thread in such a manner a:
make the widths of the thread ridge and the thread groove equal. It is, therefore, locatt
equidistantly between the sharp major and minor cones of a given thread form. On a the
retically perfect taper thread, these widths are equal to one-half the basic pitch. (See al
Axis of Threac&ndPitch Diameter)

Pitch Cylinder:The pitch cylinder is an imaginary cylinder of such diameter and loca-
tion of its axis that its surface would pass through a straight thread in such a manner as
make the widths of the thread ridge and groove equal. Itis, therefore, located equidistant
between the sharp major and minor cylinders of a given thread form. On a theoreticall
perfect thread these widths are equal to one-half the basic pitch. (SAgialebThread
andPitch Diameter).

Pitch DiameterOn a straight thread the pitch diameter is the diameter of the pitch cylin-
der. On a taper thread the pitch diameter at a given position on the thread axis is the dian
ter of the pitch cone at that positidiote: When the crest of a thread is truncated beyond
the pitch line, the pitch diameter and pitch cylinder or pitch cone would be based on a the
oretical extension of the thread flanks.
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Pitch Diameter, Functional DiameteFhe functional diameter is the pitch diameter of
an enveloping thread with perfect pitch, lead, and flank angles and having a specifie
length of engagement. It includes the cumulative effect of variations in lead (pitch), flank
angle, taper, straightness, and roundness. Variations at the thread crest and root :
excluded. Other, nonpreferred terms dreual diameter, effective size, virtual effective
diameter andthread assembly diameter.

Pitch Line:The generator of the cylinder or cone specifieBitoh CylinderandPitch
Cone.

Right-hand ThreadA thread is a fight-hand thread if, when viewed axially, it winds in a
clockwise and receding direction. A thread is considered to be right-hand unless specif
cally indicated otherwise.

Root:That surface of the thread which joins the flanks of adjacent thread forms and i
immediately adjacent to the cylinder or cone from which the thread projects.

Root TruncationThe radial distance between the sharp root (root apex) and the cylindel
or cone that would bound the root.

RunoutAs applied to screw threads, unless otherwise specified, runout refers to circula
runout of major and minor cylinders with respect to the pitch cylinder. Circular runout, in
accordance with ANSI Y14.5M, controls cumulative variations of circularity and coaxial-
ity. Runout includes variations due to eccentricity and out-of-roundness. The amount c
runout is usually expressed in terms of full indicator movement (FIM).

Screw ThreadA screw thread is a continuous and projecting helical ridge usually of
uniform section on a cylindrical or conical surface.

Sharp Crest{Crest Apex The apex formed by the intersection of the flanks of a thread
when extended, if necessary, beyond the crest.

Sharp Root({Root Apek The apex formed by the intersection of the adjacent flanks of
adjacent threads when extended, if necessary, beyond the root.

StandoffThe axial distance between specified reference points on external and interne
taper thread members or gages, when assembled with a specified torque or under otl
specified conditions.

Straight ThreadA straight thread is a screw thread projecting from a cylindrical sur-
face.

Taper ThreadA taper thread is a screw thread projecting from a conical surface.

Tensile Stress Aredhe tensile stress area is an arbitrarily selected area for computing
the tensile strength of an externally threaded fastener so that the fastener strength is con:
tent with the basic material strength of the fastener. It is typically defined as a function o
pitch diameter and/or minor diameter to calculate a circular cross section of the fasten
correcting for the notch and helix effects of the threads.

Thread:A thread is a portion of a screw thread encompassed by one pitch. On a single
start thread it is equal to one turn. (See @lw®ads per InclandTurns per Inch)

Thread RunoutSeeVanish Thread.

Thread SeriesThread Series are groups of diameter/pitch combinations distinguished
from each other by the number of threads per inch applied to specific diameters.

Thread Shear Are&he thread shear area is the total ridge cross-sectional area inter
sected by a specified cylinder with diameter and length equal to the mating thread engag
ment. Usually the cylinder diameter for external thread shearing is the minor diameter c
the internal thread and for internal thread shearing it is the major diameter of the extern
thread.

Threads per InchiThe number of threads per inch is the reciprocal of the axial pitch in
inches.

ToleranceThe total amount by which a specific dimension is permitted to vary. The tol-
erance is the difference between the maximum and minimum limits.

Tolerance Clasgmetric): The tolerance class (metric) is the combination of a tolerance
position with a tolerance grade. It specifies the allowance (fundamental deviation), pitcl
diameter tolerance (flank diametral displacement), and the crest diameter tolerance.
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Tolerance Gradelmetric): The tolerance grade (metric) is a numerical symbol that des-
ignates the tolerances of crest diameters and pitch diameters applied to the design profil
Tolerance LimitThe variation, positive or negative, by which a size is permitted to

depart from the design size.

Tolerance Positionfmetric): The tolerance position (metric) is a letter symbol that des-
ignates the position of the tolerance zone in relation to the basic size. This position pre
vides the allowance (fundamental deviation).

Total Threadincludes the complete and all the incomplete thread, thus including the
vanish thread and the lead thread.

Transition Fit:A fit having limits of size so prescribed that either a clearance or an inter-
ference may result when mating parts are assembled.

Turns per InchThe number of turns per inch is the reciprocal of the lead in inches.

Unilateral ToleranceA tolerance in which variation is permitted in one direction from
the specified dimension.

Vanish Thread(Partial Thread, Washout Threadr Thread Runoyt That portion of
the incomplete thread which is not fully formed at the root or at crest and root. It is pro
duced by the chamfer at the starting end of the thread forming tool.

Virtual Diameter:SeePitch Diameter, Functional Diameter.

Washout ThreadSeeVanish Thread.

1SO Miniature Screw Threads, Basic FormlSO/R 1501:1970

Pitch 0.5542561 = 0.37H = 0.320744 = 0.12H =
P H=0.866028 0.4% 0.324766 0.32074# 0.10825%
0.08 0.069282 0.038400 0.025981 0.022222 0.008660
0.09 0.077942 0.043200 0.029228 0.024999 0.009743
0.1 0.086603 0.048000 0.032476 0.027777 0.010825
0.125 0.108253 0.060000 0.040595 0.034722 0.013532
0.15 0.129904 0.072000 0.048714 0.041666 0.016238
0.175 0.151554 0.084000 0.056833 0.048610 0.018944
0.2 0.173205 0.096000 0.064952 0.055554 0.021651
0.225 0.194856 0.108000 0.073071 0.062499 0.024357
0.25 0.216506 0.120000 0.081190 0.069443 0.027063
0.3 0.259808 0.144000 0.097428 0.083332 0.032476
ISO Miniature Screw Threads, Basic Dimension$SO/R 1501:1970
Nominal Pitch Major Diameter Pitch Diameter Minor Diameter
Diameter P D, d Dy, d, Dy, d;
0.30 0.080 0.300000 0.248039 0.223200
0.35 0.090 0.350000 0.291543 0.263600
0.40 0.100 0.400000 0.335048 0.304000
0.45 0.100 0.450000 0.385048 0.354000
0.50 0.125 0.500000 0.418810 0.380000
0.55 0.125 0.550000 0.468810 0.430000
0.60 0.150 0.600000 0.502572 0.456000
0.70 0.175 0.700000 0.586334 0.532000
0.80 0.200 0.800000 0.670096 0.608000
0.90 0.225 0.900000 0.753858 0.684000
1.00 0.250 1.000000 0.837620 0.760000
1.10 0.250 1.100000 0.937620 0.860000
1.20 0.250 1.200000 1.037620 0.960000
1.40 0.300 1.400000 1.205144 1.112000
D andd dimensions refer to the nut (internal) and screw (external) threads, respectively.
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UNIFIED SCREW THREADS

American Standard for Unified Screw Threads.—American Standard B1.1-1949 was
the first American standard to cover those Unified Thread Series agreed upon by th
United Kingdom, Canada, and the United States to obtain screw thread interchangeabili
among these three nations. These Unified threads are now the basic American standard
fastening types of screw threads. In relation to previous American practice, Unifiec
threads have substantially the same thread form and are mechanically interchangeal
with the former American National threads of the same diameter and pitch.

The principal differences between the two systems lie in: 1) application of allowances

2) variation of tolerances with size; 3) difference in amount of pitch diameter tolerance
on external and internal threads; and 4) differences in thread designation.

In the Unified system an allowance is provided on both the Classes 1A and 2A extern:
threads whereas in the American National system only the Class | external thread has
allowance. Also, in the Unified system, the pitch diameter tolerance of an internal thread i
30 per cent greater than that of the external thread, whereas they are equal in the Americ
National system.

Revised Standardhe revised screw thread standard ANSI/ASME B1.1-1989 is much
the same as that of ANSI B1.1-1982. The latest symbols in accordance with ANSI/ASME
B1.7M-1984 (R1992) Nomenclature, are used. Acceptability criteria are described ir
ANSI/ASME B 1.3M-1986, Screw Thread Gaging Systems for Dimensional Acceptabil-
ity, Inch or Metric Screw Threads (UN, UNR, UNJ, M, and MJ).

Where the letters U, A or B do not appear in the thread designations, the threads confol
to the outdated American National screw threads.

Advantages of Unified ThreadBhe Unified standard is designed to correct certain pro-
duction difficulties resulting from the former standard. Often, under the old system, the
tolerances of the product were practically absorbed by the combined tool and gage tole
ances, leaving little for a working tolerance in manufacture. Somewhat greater tolerance
are now provided for nut threads. As contrasted with the old “classes of fit" 1, 2, and 3, fo
each of which the pitch diameter tolerance on the external and internal threads were equ
the Classes 1B, 2B, and 3B (internal) threads in the new standard have, respectively, a
per cent larger pitch diameter tolerance than the 1A, 2A, and 3A (external) threads. Rel;
tively more tolerance is provided for fine threads than for coarse threads of the same pitc
Where previous tolerances were more liberal than required, they were reduced.

Thread Form.—The Design Profiles for Unified screw threads, shown on pa48
define the maximum material condition for external and internal threads with no allow-
ance and are derived from the Basic Profile, shown onpzge

UN External Screw ThreadA: flat root contour is specified, but it is necessary to pro-
vide for some threading tool crest wear, hence a rounded root contour cleared beyond t
0.25P flat width of the Basic Profile is optional.

UNR External Screw ThreadBo reduce the rate of threading tool crest wear and to
improve fatigue strength of a flat root thread, the Design Profile of the UNR thread has
smooth, continuous, non-reversing contour with a radius of curvature not less th&h 0.108
at any point and blends tangentially into the flanks and any straight segment. At the max
mum material condition, the point of tangency is specified to be at a distance not less ths
0.623 (whereH is the height of a sharp V-thread) below the basic major diameter.

UN and UNR External Screw Threadsie Design Profiles of both UN and UNR exter-
nal screw threads have flat crests. However, in practice, product threads are produced w
partially or completely rounded crests. A rounded crest tangent aRXla2E shown as
an option on pagé713



UNIFIED SCREW THREADS

UN Internal Screw Threadn practice it is necessary to provide for some threading tool
crest wear, therefore the root of the Design Profile is rounded and cleared beyond tt
0.125° flat width of the Basic Profile.There is no internal UNR screw thread.

American National Standard Unified Internal and External Screw
Thread Design Profiles (Maximum Material Condition) .—

0.128H

0.12%

Rounded crest

optional
0.375H -0.5P—f & N\ 60 deg
v SRR

Flanks to be straight
beyond 0.2% from sharp
apex of root

~ Nominal flat root
design minor
diameter

Rounded root optional

Rounded crest

A N optional
0.37%H WA

o \ g
O.Z:SH 00625H (;a

Tangency flank/root rad.

Flanks to be straight
beyond 0.2% from sharp
apex of root

UNR design minor
diameter specified in
dimensional tables

90 dei
d AXIS of external thread
UN
. X . Internal
Min major diameter 0.12%> Thread

specified in dimensional
tables

4

Axis of external thread

90 deg

H= h6|ght of sharp V-thread = 0.8660% pitch)

Thread SeriesThread series are groups of diameter-pitch combinations distinguishec
from each other by the numbers of threads per inch applied to a specific diameter. The ve
ious diameter-pitch combinations of eleven standard series are shbabier2 The lim-
its of size of threads in the eleven standard series together with certain selecte
combinations of diameter and pitch, as well as the symbols for designating the variou

threads, are given ifable 3



Table 1. American Standard Unified Inch Screw Thread Form Data

Depth of Truncation | Truncation | Truncation | Truncation | Flat at Ext. Basic Maximum

Depth Int. Thd. Depth of | Truncation of UNR of of f Thd. Crest Flat at Ext. Thd. | Addendum
Threads per of Sharp and UN UNR of Ext. Thd.| Ext. Thd. Ext. Thd. Int. Thd. Int. Thd. | and Int. Thd] Int. Thd. Root of

Inch Pitch V-Thread Ext. Thd2 Ext. Thd. Root Roof Crest Root Crest Root Crest Radius Ext. Thd.

n P 0.8660% 0.5412P 0.5953% 0.2165P 0.1623% 0.1082% 0.1082% 0.2165 0.12%° 0.2 0.1443# 0.3247®
80 0.01250 0.01083 0.00677 0.00744 0.0027| 0.002¢3 0.00135 0.00[L35 0.09271 0.4o156 0.po312 000180
72 0.01389 0.01203 0.00752 0.00827 0.0030] 0.002%6 0.00350 0.00[150 0.00301 0.qo174 0.po347 000200
64 0.01563 0.01353 0.00846 0.0093(q 0.0033] 0.002%4 0.00169 0.00[169 0.00338 0.qo195 0.p0391 0100226
56 0.01786 0.01546 0.00967 0.01069 0.0038 0.002$0 0.001j93 0.00[L93 0.09387 0.qo223 0.po446 000258
48 0.02083 0.01804 0.01128 0.0124 0.0045| 0.00338 0.00426 0.00p26 0.00451 0.qo260 0.p0521 000301
44 0.02273 0.01968 0.01230 0.01353 0.0049| 0.003¢9 0.00346 0.00p46 0.00492 0.qo284 0.p0568 0100328
40 0.02500 0.02165 0.01353 0.01484 0.0054 0.00406 0.00471 0.00p71 0.0¢541 0.qo312 0.po625 000361
36 0.02778 0.02406 0.01504 0.01654 0.0060 0.004%1 0.00301 0.00B01 0.00601 0.qo347 0.p0694 0100401
32 0.03125 0.02706 0.01691 0.01867 0.0067| 0.005¢7 0.00338 0.00B38 0.00677 0.qo391 0.po781 000451
28 0.03571 0.03093 0.01933 0.02124 0.0077 0.00580 0.00387 0.00B87 0.09773 0.qo446 0.poga3 000515
27 0.03704 0.03208 0.02005 0.02209 0.0080 0.006¢1 0.00401 0.00p01 0.00802 0.qo463 0.p0926 000535
24 0.04167 0.03608 0.02255 0.0248% 0.0090 0.00617 0.00451 0.00p51 0.00902 0.¢os21 0.p1042 000601
20 0.05000 0.04330 0.02706 0.02971 0.0108 0.00812 0.00341 0.00p41 0.01083 0.4o625 0.p1250 000722
18 0.05556 0.04811 0.03007 0.03304 0.0120] 0.009¢2 0.00401 0.00p01 0.01203 0.qo694 0.p1389 0100802
16 0.06250 0.05413 0.03383 0.03723 0.0135| 0.01015 0.00q77 0.00p77 0.01353 0.qo781 0.p1562 000902
14 0.07143 0.06186 0.03866 0.04259 0.0154 0.01160 0.00973 0.00§73 0.01546 0.¢os93 0.p1786 001031
13 0.07692 0.06662 0.04164 0.0458! 0.0165| 0.01249 0.00433 0.00B33 0.01665 0.qoge62 0.p1923 001110
12 0.08333 0.07217 0.04511 0.04963 0.0180 0.013%3 0.00902 0.00p02 0.01804 0.q1o42 0.p2083 001203
11% 0.08696 0.07531 0.04707 0.05177| 0.0188 0.014312 0.00941 0.00941 0.01883 0.01087 0.92174 0]o1255
11 0.09091 0.07873 0.04921 0.05419 0.0196] 0.01476 0.00984 0.00p84 0.01968 0.41136 0.p2273 001312
10 0.10000 0.08660 0.05413 0.05954 0.0216] 0.01634 0.01483 0.01p83 0.02165 0.q1250 0.p2500 0101443
9 0.11111 0.09623 0.06014 0.06614 0.0240 0.018¢4 0.01203 0.01p03 0.02406 0.q1389 0.p2778 0101604
8 0.12500 0.10825 0.06766 0.07447 0.0270 0.02030 0.013:3 0.01B53 0.02706 0.q1562 0.p3125 0}01804
7 0.14286 0.12372 0.07732 0.08504 0.0309 0.02320 0.01546 0.01p46 0.03093 0.q1786 0.p3571 0102062
6 0.16667 0.14434 0.09021 0.09923 0.0360 0.027¢6 0.01804 0.01804 0.03608 0.7p0o83 0.p4167 0102406
5 0.20000 0.17321 0.10825 0.119094 0.0433 0.03248 0.02165 0.02165 0.04330 0.qe500 0.p5000 0}02887
4%, 0.22222 0.19245 0.12028 0.13231 0.0481 0.036(8 0.024p6 0.02406 0.04811 0.0p778 0.¢5556 0[03208
4 0.25000 0.21651 0.13532 0.14889 0.0541 0.040%9 0.02706 0.02j06 0.03413 0.03125 0.p6250 0]03608

aAlso depth of thread engagement.
bDesign profile.

CAlso basic flat at external UN thread root.

All dimensions are in inches.
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Table 2. Diameter-Pitch Combinations for Standard Series of Threads (UN/UNR)

Threads per Inch

Sizes a;‘s; Series with Graded Pitches| Series with Uniform (Constant) Pitches
No. or Dia. Coarse| Finé® | Extrafine | 4- 6- 8-
Inches | Inches | UNC UNF UNEF UN UN | UN | 12-UN | 16-UN| 20-UN| 28-UN| 32-UN
0 0.0600 80 Series designation shown indicates the UN thread form; however, the UNR thre:
1) 0.0730 64 72 may be specified by substituting UNR in place of UN in all designations for extq
2 0.0860 56 64 threads.
3) 0.0990| 48 56
4 0.1120 40 48
5 0.1250 40 44
6 0.1380 32 40 UNC
8 0.1640 32 36 UNC
10 0.1900 24 32 UNF
12) 0.2160 24 28 32 UNF UNEF
% 0.2500 20 28 32 UNC UNF UNEF
i 0.3125 18 24 32 20 28 UNEF
% 0.3750 16 24 32 UNC 20 28 UNEF
T 0.4375 14 20 28 16 UNF UNEF 32
% 0.5000 13 20 28 16 UNF UNEF 32
%6 0.5625 12 18 24 UNC 16 20 28 32
% 0.6250 11 18 24 12 16 20 28 32
M9 0.6875 24 12 16 20 28 32
% 0.7500 10 16 20 12 UNF UNEF 28 32
(€A 0.8125 20 12 16 UNEF 28 32
% 0.8750 9 14 20 12 16 UNEF 28 32
(1%9 0.9375 20 12 16 UNEF 28 32
1 1.0000 8 12 20 UNC| UNF 16 UNEF 28 32
1% 1.0625 18 8 12 16 20 28
1% 1.1250 7 12 18 8 UNF 16 20 28
1% 1.1875 18 8 12 16 20 28
1%, 1.2500 7 12 18 8 UNF 16 20 28
1% 13125 18 8 12 16 20 28
1% 1.3750 6 12 18 UNC 8 UNF 16 20 28
1% 1.4375 18 6 8 12 16 20 28
1% 1.5000 6 12 18 UNC| 8 UNF 16 20 28
1% 1.5625 18 6 8 12 16 20
1% 1.6250 18 6 8 12 16 20
1% 1.6875 18 6 8 12 16 20
1% 1.7500 5 6 8 12 16 20
@13y | 18125 6 8 12 16 20
1% 1.8750 6 8 12 16 20
1%y | 1.9375 [3 8 12 16 20
2 2.0000 4%, 6 8 12 16 20
2% 2.1250 6 8 12 16 20
2%, 22500 | 4% 6 8 12 16 20
2% 2.3750 6 8 12 16 20
2% 2.5000 4 UNC| 6 8 12 16 20
2% 2.6250 4 6 8 12 16 20
23, 2.7500 4 UNC 6 8 12 16 20
2% 2.8750 4 6 8 12 16 20
3 3.0000 4 UNC| 6 8 12 16 20
3% 3.1250 4 6 8 12 16
3% 3.2500 4 UNC| 6 8 12 16
B% 3.3750 4 6 8 12 16
3% 3.5000 4 UNC 6 8 12 16
3% 3.6250 4 6 8 12 16
3% 3.7500 4 UNC| 6 8 12 16
B% 3.8750 4 6 8 12 16
4 4.0000 4 UNC| 6 8 12 16

d form
nal

aSizes shown in parentheses are secondary sizes

. Primary sizpd¥f 49, 5, 5, 5%, 5%, and 6

inches also are in the 4, 6, 8, 12, and 16 thread series; secondary sige$p#4, 47, 5%, 5%, 5%

and Sgalso areinthe 4, 6, 8, 12, and 16 thread series.
bFor diameters oved4inches, use 12-thread series.
For diameters overfginches, use 16-thread series.
For UNR thread form substitute UNR for UN for external threads only.



Table 3. Standard Series and Selected Combinations — Unified Screw Threads

) : ExternaP InternaP
Nominal Size, -
Threads per Inch, - ) ) UNR Minor| ) ) N Major
and Series Allow- Major Diameter Pitch Diameter | pjs c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
0-80 UNF 2A 0.0005 0.0595 0.0563 — 0.0514 0.0496 0.0446 2B 0.0465 0.0514 0.0519 0.0942 0.06
3A 0.0000 0.0600 0.0568 — 0.0519 0.0506 0.0451 3B 0.0465 0.0514 0.0519 0.0436 0.06
1-64 UNC 2A 0.0006 0.0724 0.0686 — 0.0623 0.0603 0.0538 2B 0.0561 0.0623 0.0629 0.07
3A 0.0000 0.0730 0.0692 — 0.0629 0.0614 0.0544 3B 0.0561 0.0623 0.0629 0.07
1-72 UNF 2A 0.0006 0.0724 0.0689 — 0.0634 0.0615 0.0559 2B 0.0580 0.0635 0.0640 0.07:
3A 0.0000 0.0730 0.0695 — 0.0640 0.0626 0.0565 3B 0.0580 0.0635 0.0640 0.07
2-56 UNC 2A 0.0006 0.0854 0.0813 — 0.0738 0.0717 0.0642 2B 0.0667 0.0737 0.0744 0.08
3A 0.0000 0.0860 0.0819 — 0.0744 0.0728 0.0648 3B 0.0667 0.0737 0.0744 0.084
2-64 UNF 2A 0.0006 0.0854 0.0816 — 0.0753 0.0733 0.0668 2B 0.0691 0.0753 0.0759 0.084
3A 0.0000 0.0860 0.0822 — 0.0759 0.0744 0.0674 3B 0.0691 0.0753 0.0759 0.08
3-48 UNC 2A 0.0007 0.0983 0.0938 — 0.0848 0.0825 0.0734 2B 0.0764 0.0845 0.0855 0.09
3A 0.0000 0.0990 0.0945 — 0.0855 0.0838 0.0741 3B 0.0764 0.0845 0.0855 0.09
3-56 UNF 2A 0.0007 0.0983 0.0942 — 0.0867 0.0845 0.0771 2B 0.0797 0.0865 0.0874 0.09
3A 0.0000 0.0990 0.0949 — 0.0874 0.0858 0.0778 3B 0.0797 0.0865 0.0874 0.09
4-40 UNC 2A 0.0008 0.1112 0.1061 — 0.0950 0.0925 0.0814 2B 0.0849 0.0939 0.0958 0.113
3A 0.0000 0.1120 0.1069 — 0.0958 0.0939 0.0822 3B 0.0849 0.0939 0.0958 0.113
4-48 UNF 2A 0.0007 0.1113 0.1068 — 0.0978 0.0954 0.0864 2B 0.0894 0.0968 0.0985 0.113
3A 0.0000 0.1120 0.1075 — 0.0985 0.0967 0.0871 3B 0.0894 0.0968 0.0985 0.113
5-40 UNC 2A 0.0008 0.1242 0.1191 — 0.1080 0.1054 0.0944 2B 0.0979 0.1062 0.1088 0.12
3A 0.0000 0.1250 0.1199 — 0.1088 0.1069 0.0952 3B 0.0979 0.1062 0.1088 0.12
5-44 UNF 2A 0.0007 0.1243 0.1195 — 0.1095 0.1070 0.0972 2B 0.1004 0.1079 0.1102 0.12
3A 0.0000 0.1250 0.1202 — 0.1102 0.1083 0.0979 3B 0.1004 0.1079 0.1102 0.12
6-32 UNC 2A 0.0008 0.1372 01312 — 0.1169 0.1141 0.1000 2B 0.104 0.114 0.1177 0.139
3A 0.0000 0.1380 0.1320 — 0.1177 0.1156 0.1008 3B 0.1040 0.1140 0.1177 0.13
6-40 UNF 2A 0.0008 0.1372 0.1321 — 0.1210 0.1184 0.1074 2B 0.111 0.119 0.1218 0.139
3A 0.0000 0.1380 0.1329 — 0.1218 0.1198 0.1082 3B 0.1110 0.1186 0.1218 0.13
8-32 UNC 2A 0.0009 0.1631 0.1571 — 0.1428 0.1399 0.1259 2B 0.130 0.139 0.1437 0.164
3A 0.0000 0.1640 0.1580 — 0.1437 0.1415 0.1268 3B 0.1300 0.1389 0.1437 0.164
8-36 UNF 2A 0.0008 0.1632 0.1577 — 0.1452 0.1424 0.1301 2B 0.134 0.142 0.1460 0.164
3A 0.0000 0.1640 0.1585 — 0.1460 0.1439 0.1309 3B 0.1340 0.1416 0.1460 0.164
10-24 UNC 2A 0.0010 0.1890 0.1818 — 0.1619 0.1586 0.1394 2B 0.145 0.156 0.1629 0.199

BIEEKEEEREEEREEEEEEREEEEEEREREEEEEEEEEEEE

9TLT

SAVIYHL M3H0S a3idINN



Table 3. (Continued) Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size, External® Internal® .
Threads per Inch, o . . UNR Minor . . ) . Major
and Series Allow- Major Diameter Pitch Diameter Dia. Max Minor Diameter Pitch Diameter Diameter

Designation? Class ance Maxd Min Min® Maxd Min (Ref.) Class Min Max Min Max Min
3A 0.0000 0.1900 0.1828 — 0.1629 0.1604 0.1404 3B 0.1450 0.1555 0.1629 0.1661 0.1900
10-28 UNS 2A 0.0010 0.1890 0.1825 — 0.1658 0.1625 0.1464 2B 0.151 0.160 0.1668 0.1711 0.1900
10-32 UNF 2A 0.0009 0.1891 0.1831 — 0.1688 0.1658 0.1519 2B 0.156 0.164 0.1697 0.1736 0.1900
3A 0.0000 0.1900 0.1840 —_ 0.1697 0.1674 0.1528 3B 0.1560 0.1641 0.1697 0.1726 0.1900
10-36 UNS 2A 0.0009 0.1891 0.1836 — 0.1711 0.1681 0.1560 2B 0.160 0.166 0.1720 0.1759 0.1900
10-40 UNS 2A 0.0009 0.1891 0.1840 — 0.1729 0.1700 0.1592 2B 0.163 0.169 0.1738 0.1775 0.1900
10-48 UNS 2A 0.0008 0.1892 0.1847 — 0.1757 0.1731 0.1644 2B 0.167 0.172 0.1765 0.1799 0.1900
10-56 UNS 2A 0.0007 0.1893 0.1852 —_ 0.1777 0.1752 0.1681 2B 0.171 0.175 0.1784 0.1816 0.1900
12-24 UNC 2A 0.0010 0.2150 0.2078 — 0.1879 0.1845 0.1654 2B 0.171 0.181 0.1889 0.1933 0.2160
3A 0.0000 0.2160 0.2088 — 0.1889 0.1863 0.1664 3B 0.1710 0.1807 0.1889 0.1922 0.2160
12-28 UNF 2A 0.0010 0.2150 0.2085 — 0.1918 0.1886 0.1724 2B 0.177 0.186 0.1928 0.1970 0.2160
3A 0.0000 0.2160 0.2095 —_ 0.1928 0.1904 0.1734 3B 0.1770 0.1857 0.1928 0.1959 0.2160
12-32 UNEF 2A 0.0009 0.2151 0.2091 — 0.1948 0.1917 0.1779 2B 0.182 0.190 0.1957 0.1998 0.2160
3A 0.0000 0.2160 0.2100 — 0.1957 0.1933 0.1788 3B 0.1820 0.1895 0.1957 0.1988 0.2160
12-36 UNS 2A 0.0009 0.2151 0.2096 — 0.1971 0.1941 0.1821 2B 0.186 0.192 0.1980 0.2019 0.2160
12-40 UNS 2A 0.0009 0.2151 0.2100 —_ 0.1989 0.1960 0.1835 2B 0.189 0.195 0.1998 0.2035 0.2160
12-48 UNS 2A 0.0008 0.2152 0.2107 — 0.2017 0.1991 0.1904 2B 0.193 0.198 0.2025 0.2059 0.2160
12-56 UNS 2A 0.0007 0.2153 0.2112 — 0.2037 0.2012 0.1941 2B 0.197 0.201 0.2044 0.2076 0.2160
%-20 UNC 1A 0.0011 0.2489 0.2367 — 0.2164 0.2108 0.1894 1B 0.196 0.207 0.2175 0.2248 0.2500
2A 0.0011 0.2489 0.2408 0.2367 0.2164 0.2127 0.1894 2B |0.196 0.207 0.2175 0.2224 0.2500
3A 0.0000 0.2500 0.2419 — 0.2175 0.2147 0.1905 3B 0.1960 0.2067 0.2175 0.2211 0.2500
%24 UNS 2A 0.0011 0.2489 0.2417 — 0.2218 0.2181 0.1993 2B 0.205 0.215 0.2229 0.2277 0.2500
%27 UNS 2A 0.0010 0.2490 0.2423 — 0.2249 0.2214 0.2049 2B 0.210 0.219 0.2259 0.2304 0.2500
%28 UNF 1A 0.0010 0.2490 0.2392 — 0.2258 0.2208 0.2064 1B 0.211 0.220 0.2268 0.2333 0.2500
2A 0.0010 0.2490 0.2425 — 0.2258 0.2225 0.2064 2B 0.211 0.220 0.2268 0.2311 0.2500
3A 0.0000 0.2500 0.2435 — 0.2268 0.2243 0.2074 3B 0.2110 0.2190 0.2268 0.2300 0.2500
%32 UNEF 2A 0.0010 0.2490 0.2430 — 0.2287 0.2255 0.2118 2B 0.216 0.224 0.2297 0.2339 0.2500
3A 0.0000 0.2500 0.2440 — 0.2297 0.2273 0.2128 3B 0.2160 0.2229 0.2297 0.2328 0.2500
%-36 UNS 2A 0.0009 0.2491 0.2436 — 0.2311 0.2280 0.2161 2B 0.220 0.226 0.2320 0.2360 0.2500
%40 UNS 2A 0.0009 0.2491 0.2440 —_ 0.2329 0.2300 0.2193 2B 0.223 0.229 0.2338 0.2376 0.2500
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads
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. . Externa? InternaP
Nominal Size, .
Threads per Inch, o _ _ UNR Minor| _ . ) _ Major
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
%48 UNS 2A 0.0008 0.2492 0.2447 — 0.2357 0.2330 0.2243 2B 0.227 0.232 0.2365 0.2401 0.25
¥-56 UNS 2A 0.0008 0.2492 0.2451 — 0.2376 0.2350 0.2280 2B 0.231 0.235 0.2384 0.2417 0.25¢
%518 UNC 1A 0.0012 0.3113 0.2982 — 0.2752 0.2691 0.2452 1B 0.252 0.265 0.2764 0.2843 0.319
2A 0.0012 0.3113 0.3026 0.298! 0.2752 0.2712 0.24%p 0.252 0.26! 0.2764 0]2817 0.
3A 0.0000 0.3125 0.3038 —_ 0.2764 0.2734 0.2464 3B 0.2520 0.2630 0.2764 0.2403 0.311%
%520 UN 2A 0.0012 0.3113 0.3032 — 0.2788 0.2748 0.2518 2B 0.258 0.270 0.2800 0.2852 0.319
3A 0.0000 0.3125 0.3044 — 0.2800 0.2770 0.2530 3B 0.2580 0.2680 0.2800 0.2439 0.313
%524 UNF 1A 0.0011 0.3114 0.3006 —_ 0.2843 0.2788 0.2618 1B 0.267 0.277 0.2854 0.2925 0.319
2A 0.0011 0.3114 0.3042 — 0.2843 0.2806 0.2618 2B 0.267 0.277 0.2854 0.2902 0.319
3A 0.0000 0.3125 0.3053 — 0.2854 0.2827 0.2629 3B 0.2670 0.2754 0.2854 0.2490 0.313
Y27 UNS 2A 0.0010 0.3115 0.3048 —_ 0.2874 0.2839 0.2674 2B 0.272 0.281 0.2884 0.2929 0.319
%528 UN 2A 0.0010 0.3115 0.3050 — 0.2883 0.2849 0.2689 2B 0.274 0.282 0.2893 0.2937 0.319
3A 0.0000 0.3125 0.3060 —_ 0.2893 0.2867 0.2699 3B 0.2740 0.2807 0.2893 0.2926 0.311%
%532 UNEF 2A 0.0010 0.3115 0.3055 — 0.2912 0.2880 0.2743 2B 0.279 0.286 0.2922 0.2964 0.319
3A 0.0000 0.3125 0.3065 — 0.2922 0.2898 0.2753 3B 0.2790 0.2847 0.2922 0.2953 0.313
%536 UNS 2A 0.0009 0.3116 0.3061 —_ 0.2936 0.2905 0.2785 2B 0.282 0.289 0.2945 0.2985 0.319
%540 UNS 2A 0.0009 0.3116 0.3065 — 0.2954 0.2925 0.2818 2B 0.285 0.291 0.2963 0.3001 0.319
%548 UNS 2A 0.0008 0.3117 0.3072 —_ 0.2982 0.2955 0.2869 2B 0.290 0.295 0.2990 0.3026 0.319
%-16 UNC 1A 0.0013 0.3737 0.3595 — 0.3331 0.3266 0.2992 1B 0.307 0.321 0.3344 0.3429 0.379
2A 0.0013 0.3737 0.3643 0.359! 0.3331 0.3287 0.29¢ 0.307 0.32) 0.3344 0]3401 0.
3A 0.0000 0.3750 0.3656 — 0.3344 0.3311 0.3005 3B 0.3070 0.3182 0.3344 0.3387 0.37
%-18 UNS 2A 0.0013 0.3737 0.3650 — 0.3376 0.3333 0.3076 2B 0.315 0.328 0.3389 0.3445 0.379
%-20 UN 2A 0.0012 0.3738 0.3657 — 0.3413 0.3372 0.3143 2B 0.321 0.332 0.3425 0.3479 0.379
3A 0.0000 0.3750 0.3669 — 0.3425 0.3394 0.3155 3B 0.3210 0.3297 0.3425 0.3465 0.37
%24 UNF 1A 0.0011 0.3739 0.3631 —_ 0.3468 0.3411 0.3243 1B 0.330 0.340 0.3479 0.3953 0.379
2A 0.0011 0.3739 0.3667 — 0.3468 0.3430 0.3243 2B 0.330 0.340 0.3479 0.3528 0.379
%24 UNF 3A 0.0000 0.3750 0.3678 — 0.3479 0.3450 0.3254 3B 0.3300 0.3372 0.3479 0.3416 0.37
%27 UNS 2A 0.0011 0.3739 0.3672 — 0.3498 0.3462 0.3298 2B 0.335 0.344 0.3509 0.3556 0.379
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

. . Externa? InternaP
Nominal Size, .
Threads per Inch, o _ _ UNR Minor| _ . ) _ Major
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
%28 UN 2A 0.0011 0.3739 0.3674 — 0.3507 0.3471 0.3313 2B 0.336 0.345 0.3518 0.3564 0.3790
3A 0.0000 0.3750 0.3685 — 0.3518 0.3491 0.3324 3B 0.3360 0.3426 0.3518 0.3453 0.3730
%32 UNEF 2A 0.0010 0.3740 0.3680 —_ 0.3537 0.3503 0.3368 2B 0.341 0.349 0.3547 0.3591 0.3790
3A 0.0000 0.3750 0.3690 — 0.3547 0.3522 0.3378 3B 0.3410 0.3469 0.3547 0.3480 0.3730
%-36 UNS 2A 0.0010 0.3740 0.3685 — 0.3560 0.3528 0.3409 2B 0.345 0.352 0.3570 0.3¢12 0.3790
%-40 UNS 2A 0.0009 0.3741 0.3690 — 0.3579 0.3548 0.3443 2B 0.348 0.354 0.3588 0.3¢28 0.3790
0.390-27 UNS 2A 0.0011 0.3889 0.3822 — 0.3648 0.3612 0.3448 2B 0.350 0.359 0.3659 0.3706 0.39¢0
7614 UNC 1A 0.0014 0.4361 0.4206 —_ 0.3897 0.3826 0.3511 1B 0.360 0.376 0.3911 0.4003 0.43715
2A 0.0014 0.4361 0.4258 0.4201 0.3897 0.38%0 0.35. . 0.360 0.37! 0.3911 0]3972 0.4375
3A 0.0000 0.4375 0.4272 — 0.3911 0.3876 0.3525 3B 0.3600 0.3717 0.3911 0.3957 0.4375
%516 UN 2A 0.0014 0.4361 0.4267 —_ 0.3955 0.3909 0.3616 2B 0.370 0.384 0.3969 0.4028 0.43715
3A 0.0000 0.4375 0.4281 — 0.3969 0.3935 0.3630 3B 0.3700 0.3800 0.3969 0.4q14 0.4375
%518 UNS 2A 0.0013 0.4362 0.4275 — 0.4001 0.3958 0.3701 2B 0.377 0.390 0.4014 0.4470 0.43715
%520 UNF 1A 0.0013 0.4362 0.4240 — 0.4037 0.3975 0.3767 1B 0.383 0.395 0.4050 0.4131 0.43715
2A 0.0013 0.4362 0.4281 — 0.4037 0.3995 0.3767 2B 0.383 0.395 0.4050 0.4104 0.43715
3A 0.0000 0.4375 0.4294 —_ 0.4050 0.4019 0.3780 3B 0.3830 0.3916 0.4050 0.4q91 0.4315
%524 UNS 2A 0.0011 0.4364 0.4292 — 0.4093 0.4055 0.3868 2B 0.392 0.402 0.4104 0.4153 0.43715
%527 UNS 2A 0.0011 0.4364 0.4297 — 0.4123 0.4087 0.3923 2B 0.397 0.406 0.4134 0.4181 0.43715
%528 UNEF 2A 0.0011 0.4364 0.4299 — 0.4132 0.4096 0.3938 2B 0.399 0.407 0.4143 0.4189 0.43715
3A 0.0000 0.4375 0.4310 — 0.4143 0.4116 0.3949 3B 0.3990 0.4051 0.4143 0.4178 0.4375
%532 UN 2A 0.0010 0.4365 0.4305 —_ 0.4162 0.4128 0.3993 2B 0.404 0.411 0.4172 0.4216 0.43715
3A 0.0000 0.4375 0.4315 — 0.4172 0.4147 0.4003 3B 0.4040 0.4094 0.4172 0.4405 0.4375
¥%-12 UNS 2A 0.0016 0.4984 0.4870 —_ 0.4443 0.4389 0.3992 2B 0.410 0.428 0.4459 0.45929 0.504o
3A 0.0000 0.5000 0.4886 — 0.4459 0.4419 0.4008 3B 0.4100 0.4223 0.4459 0.4311 0.50090
%13 UNC 1A 0.0015 0.4985 0.4822 — 0.4485 0.4411 0.4069 iB 0.417 0.434 0.4500 0.4597 0.504o
2A 0.0015 0.4985 0.4876 0.482; 0.4485 0.4435 0.40! . 0.417 0.434 0.4500 0]4565 0.3000
3A 0.0000 0.5000 0.4891 — 0.4500 0.4463 0.4084 3B 0.4170 0.4284 0.4500 0.4348 0.5090
¥%-14 UNS 2A 0.0015 0.4985 0.4882 — 0.4521 0.4471 0.4135 2B 0.423 0.438 0.4536 0.4601 0.504o
¥%-16 UN 2A 0.0014 0.4986 0.4892 — 0.4580 0.4533 0.4241 2B 0.432 0.446 0.4594 0.4655 0.5040

SAVIYHL M3H0S a3idINN

6T.LT



Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

. . Externa? InternaP
Nominal Size, .
Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
3A 0.0000 0.5000 0.4906 — 0.4594 0.4559 0.4255 3B 0.4320 0.4419 0.4594 0.4440 0.5090
¥%-18 UNS 2A 0.0013 0.4987 0.4900 — 0.4626 0.4582 0.4326 2B 0.440 0.453 0.4639 0.4¢97 0.504o
¥%-20 UNF 1A 0.0013 0.4987 0.4865 —_ 0.4662 0.4598 0.4392 1B 0.446 0.457 0.4675 0.4759 0.504o
2A 0.0013 0.4987 0.4906 — 0.4662 0.4619 0.4392 2B 0.446 0.457 0.4675 0.4731 0.50qo
3A 0.0000 0.5000 0.4919 — 0.4675 0.4643 0.4405 3B 0.4460 0.4537 0.4675 0.4917 0.50090
¥-24 UNS 2A 0.0012 0.4988 0.4916 —_ 0.4717 0.4678 0.4492 2B 0.455 0.465 0.4729 0.4780 0.504o
¥%-27 UNS 2A 0.0011 0.4989 0.4922 — 0.4748 0.4711 0.4548 2B 0.460 0.469 0.4759 0.4807 0.50qo
¥-28 UNEF 2A 0.0011 0.4989 0.4924 —_ 0.4757 0.4720 0.4563 2B 0.461 0.470 0.4768 0.44916 0.504o
3A 0.0000 0.5000 0.4935 — 0.4768 0.4740 0.4574 3B 0.4610 0.4676 0.4768 0.4404 0.50090
¥-32 UN 2A 0.0010 0.4990 0.4930 — 0.4787 0.4752 0.4618 2B 0.466 0.474 0.4797 0.4842 0.504o
3A 0.0000 0.5000 0.4940 — 0.4797 0.4771 0.4628 3B 0.4660 0.4719 0.4797 0.4431 0.5090
%512 UNC 1A 0.0016 0.5609 0.5437 — 0.5068 0.4990 0.4617 1B 0.472 0.490 0.5084 0.5186 0.5635
2A 0.0016 0.5609 0.5495 0.543 0.5068 0.5016 0.46. . 0.472 0.49 0.5084 0[5152 0.46:
3A 0.0000 0.5625 0.5511 — 0.5084 0.5045 0.4633 3B 0.4720 0.4843 0.5084 0.5135 0.5635
%514 UNS 2A 0.0015 0.5610 0.5507 — 0.5146 0.5096 0.4760 2B 0.485 0.501 0.5161 0.5226 0.5635
%616 UN 2A 0.0014 0.5611 0.5517 —_ 0.5205 0.5158 0.4866 2B 0.495 0.509 0.5219 0.5280 0.5645
3A 0.0000 0.5625 0.5531 — 0.5219 0.5184 0.4880 3B 0.4950 0.5040 0.5219 0.5365 0.5635
%518 UNF 1A 0.0014 0.5611 0.5480 — 0.5250 0.5182 0.4950 1B 0.502 0.515 0.5264 0.5353 0.5635
2A 0.0014 0.5611 0.5524 — 0.5250 0.5205 0.4950 2B 0.502 0.515 0.5264 0.5323 0.5635
3A 0.0000 0.5625 0.5538 — 0.5264 0.5230 0.4964 3B 0.5020 0.5106 0.5264 0.5308 0.5635
%520 UN 2A 0.0013 0.5612 0.5531 — 0.5287 0.5245 0.5017 2B 0.508 0.520 0.5300 0.5355 0.5635
3A 0.0000 0.5625 0.5544 — 0.5300 0.5268 0.5030 3B 0.5080 0.5162 0.5300 0.5341 0.5635
%524 UNEF 2A 0.0012 0.5613 0.5541 — 0.5342 0.5303 0.5117 2B 0.517 0.527 0.5354 0.5405 0.5635
3A 0.0000 0.5625 0.5553 — 0.5354 0.5325 0.5129 3B 0.5170 0.5244 0.5354 0.5392 0.5635
%527 UNS 2A 0.0011 0.5614 0.5547 — 0.5373 0.5336 0.5173 2B 0.522 0.531 0.5384 0.5432 0.5635
%s-28 UN 2A 0.0011 | 05614 05549 — 05382  0.5345 0.5188 2B| 0524 0.532 0.5393  0.5441 05645
3A 0.0000 0.5625 0.5560 — 0.5393 0.5365 0.5199 3B 0.5240 0.5301 0.5393 0.5429 0.5635
%532 UN 2A 0.0010 0.5615 0.5555 — 0.5412 0.5377 0.5243 2B 0.529 0.536 0.5422 0.5467 0.5635
3A 0.0000 0.5625 0.5565 — 0.5422 0.5396 0.5253 3B 0.5290 0.5344 0.5422 0.5456 0.5635
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

T 0o 0Tl 0ol 01O OO0 O 06 00 o0 05 0 o0d oo ©

. . Externa? InternaP
Nominal Size, .
Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
711 UNC 1A 0.0016 0.6234 0.6052 — 0.5644 0.5561 0.5152 1B 0.527 0.546 0.5660 0.57%67 0.629
2A 0.0016 | 0.6234  0.6113  0.605 0.5644  0.55§9 0.515p 0.527 0.54 0.5660  0[5732 0.4
3A 0.0000 0.6250 0.6129 —_ 0.5660 0.5619 0.5168 3B 0.5270 0.5391 0.5660 0.5714 0.62!
%-12 UN 2A 0.0016 0.6234 0.6120 — 0.5693 0.5639 0.5242 2B 0.535 0.553 0.5709 0.5780 0.629
3A 0.0000 0.6250 0.6136 — 0.5709 0.5668 0.5258 3B 0.5350 0.5463 0.5709 0.5962 0.62
%14 UNS 2A 0.0015 0.6235 0.6132 —_ 0.5771 0.5720 0.5385 2B 0.548 0.564 0.5786 0.5852 0.629
%-16 UN 2A 0.0014 0.6236 0.6142 — 0.5830 0.5782 0.5491 2B 0.557 0.571 0.5844 0.5906 0.629
3A 0.0000 0.6250 0.6156  — 0.5844 0.5808 0.5505 3B| 0.5570 0.5662 0.5844 0.5490 0.62
%-18 UNF 1A 0.0014 0.6236 0.6105 — 0.5875 0.5805 0.5575 1B 0.565 0.578 0.5889 0.5980 0.629
2A 0.0014 | 06236 06149 — 0.5875  0.5828 0.5575 2B| 0.565 0.578 0.5889  0.5949 0.624
3A 0.0000 0.6250 06163 — 0.5889 0.5854 0.5589 3B| 0.5650 0.5730 0.5889 0.59434 0.62
%-20 UN 2A 0.0013 0.6237 0.6156 — 0.5912 0.5869 0.5642 2B 0.571 0.582 0.5925 0.5981 0.629
3A | 00000 | 06250 0.6169 — 05925  0.5893 0.5655 38| 05710 05787 05925 05467 0.62
%24 UNEF 2A 0.0012 0.6238 0.6166 —_ 0.5967 0.5927 0.5742 2B 0.580 0.590 0.5979 0.6031 0.629
3A 0.0000 0.6250 0.6178 — 0.5979 0.5949 0.5754 3B 0.5800 0.5869 0.5979 0.6Q18 0.62
%27 UNS 2A 0.0011 0.6239 0.6172 — 0.5998 0.5960 0.5798 2B 0.585 0.594 0.6009 0.6059 0.629
%-28 UN 2A 0.0011 0.6239 0.6174 — 0.6007 0.5969 0.5813 2B 0.586 0.595 0.6018 0.6067 0.629
3A 0.0000 0.6250 0.6185 — 0.6018 0.5990 0.5824 3B 0.5860 0.5926 0.6018 0.6(55 0.62
%-32 UN 2A 0.0011 0.6239 0.6179 —_ 0.6036 0.6000 0.5867 2B 0.591 0.599 0.6047 0.6(093 0.629
3A 0.0000 0.6250 0.6190 — 0.6047 0.6020 0.5878 3B 0.5910 0.5969 0.6047 0.6(82 0.62
Y612 UN 2A 0.0016 0.6859 0.6745 — 0.6318 0.6264 0.5867 2B 0.597 0.615 0.6334 0.6405 0.687
3A 0.0000 0.6875 0.6761 — 0.6334 0.6293 0.5883 3B 0.5970 0.6085 0.6334 0.6387 0.687
Y616 UN 2A 0.0014 0.6861 0.6767 — 0.6455 0.6407 0.6116 2B 0.620 0.634 0.6469 0.6531 0.687
3A 0.0000 0.6875 0.6781 — 0.6469 0.6433 0.6130 3B 0.6200 0.6284 0.6469 0.6415 0.687
Y620 UN 2A 0.0013 0.6862 0.6781 — 0.6537 0.6494 0.6267 2B 0.633 0.645 0.6550 0.6606 0.687
3A 0.0000 | 06875 06794 — 0.6550  0.6518 0.6280 3B| 06330 06412 0.6550  0.6492 0.681
Y24 UNEF 2A 0.0012 0.6863 0.6791 — 0.6592 0.6552 0.6367 2B 0.642 0.652 0.6604 0.6656 0.687
3A 0.0000 | 0.6875 0.6803 — 0.6604  0.6574 0.6379 3B| 0.6420  0.6494 0.6604  0.6443 0.681
Y628 UN 2A 0.0011 0.6864 0.6799 —_ 0.6632 0.6594 0.6438 2B 0.649 0.657 0.6643 0.6692 0.687
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

Pitch Diameter

Major
Diameter

Threads per Inch, . X . . UNR Minor . .
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max
3A 0.0000 0.6875 0.6810 — 0.6643 0.6615 0.6449 3B 0.6490 0.6551 |
Y632 UN 2A 0.0011 0.6864 0.6804 — 0.6661 0.6625 0.6492 2B 0.654 0.661
3A 0.0000 0.6875 0.6815 —_ 0.6672 0.6645 0.6503 3B 0.6540 0.6594
%-10 UNC 1A 0.0018 0.7482 0.7288 — 0.6832 0.6744 0.6291 1B 0.642 0.663
2A 0.0018 0.7482 0.7353 0.728; 0.6832 0.6713 0.62! . 0.642 0.66:
3A 0.0000 0.7500 0.7371 —_ 0.6850 0.6806 0.6309 3B 0.6420 0.6545
¥-12 UN 2A 0.0017 0.7483 0.7369 — 0.6942 0.6887 0.6491 2B 0.660 0.678
3A 0.0000 0.7500 0.7386 — 0.6959 0.6918 0.6508 3B 0.6600 0.6707
%14 UNS 2A 0.0015 0.7485 0.7382 —_ 0.7021 0.6970 0.6635 2B 0.673 0.688
¥-16 UNF 1A 0.0015 0.7485 0.7343 — 0.7079 0.7004 0.6740 1B 0.682 0.696
2A 0.0015 0.7485 0.7391 —_ 0.7079 0.7029 0.6740 2B 0.682 0.696
3A 0.0000 0.7500 0.7406 — 0.7094 0.7056 0.6755 3B 0.6820 0.6908
%-18 UNS 2A 0.0014 0.7486 0.7399 — 0.7125 0.7079 0.6825 2B 0.690 0.703
%~20 UNEF 2A 0.0013 0.7487 0.7406 —_ 0.7162 0.7118 0.6892 2B 0.696 0.707
3A 0.0000 0.7500 0.7419 — 0.7175 0.7142 0.6905 3B 0.6960 0.7037
%24 UNS 2A 0.0012 0.7488 0.7416 — 0.7217 0.7176 0.6992 2B 0.705 0.715
%24 UNS 2A 0.0012 0.7488 0.7421 — 0.7247 0.7208 0.7047 2B 0.710 0.719
%-28 UN 2A 0.0012 0.7488 0.7423 — 0.7256 0.7218 0.7062 2B 0.711 0.720
3A 0.0000 0.7500 0.7435 — 0.7268 0.7239 0.7074 3B 0.7110 0.7176
%-32 UN 2A 0.0011 0.7489 0.7429 — 0.7286 0.7250 0.7117 2B 0.716 0.724
3A 0.0000 0.7500 0.7440 —_ 0.7297 0.7270 0.7128 3B 0.7160 0.7219
¥6-12 UN 2A 0.0017 0.8108 0.7994 — 0.7567 0.7512 0.7116 2B 0.722 0.740
3A 0.0000 0.8125 0.8011 —_ 0.7584 0.7543 0.7133 3B 0.7220 0.7329
%616 UN 2A 0.0015 0.8110 0.8016 — 0.7704 0.7655 0.7365 2B 0.745 0.759
3A 0.0000 0.8125 0.8031 — 0.7719 0.7683 0.7380 3B 0.7450 0.7533
%620 UNEF 2A 0.0013 0.8112 0.8031 —_ 0.7787 0.7743 0.7517 2B 0.758 0.770
3A 0.0000 0.8125 0.8044 — 0.7800 0.7767 0.7530 3B 0.7580 0.7662
%628 UN 2A 0.0012 0.8113 0.8048 — 0.7881 0.7843 0.7687 2B 0.774 0.782
3A 0.0000 0.8125 0.8060 — 0.7893 0.7864 0.7699 3B 0.7740 0.7801
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

. . Externa? InternaP
Nominal Size, .
Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
632 UN 2A 0.0011 0.8114 0.8054 — 0.7911 0.7875 0.7742 2B 0.779 0.786 0.7922 0.7969 0.8135
3A 0.0000 0.8125 0.8065 — 0.7922 0.7895 0.7753 3B 0.7790 0.7844 0.7922 0.7958 0.8135
7%-9 UNC 1A 0.0019 0.8731 0.8523 —_ 0.8009 0.7914 0.7408 1B 0.755 0.778 0.8028 0.8151 0.8790
2A 0.0019 | 08731 0.8592  0.852 0.8009  0.7946 0.74 1 0.755 0.77 0.8028  ofs110 0.4750
3A 0.0000 | 08750 08611 — 0.8028  0.7981 0.7427 3B| 07550  0.7681 0.8028  0.8489 0.8740
7%-10 UNS 2A 0.0018 0.8732 0.8603 —_ 0.8082 0.8022 0.7542 2B 0.767 0.788 0.8100 0.8178 0.8790
%12 UN 2A 0.0017 0.8733 0.8619 — 0.8192 0.8137 0.7741 2B 0.785 0.803 0.8209 0.8281 0.87940
3A 0.0000 0.8750 0.8636 — 0.8209 0.8168 0.7758 3B| 0.7850 0.7948 0.8209 0.863 0.8740
%-14 UNF 1A 0.0016 0.8734 0.8579 — 0.8270 0.8189 0.7884 1B 0.798 0.814 0.8286 0.8392 0.8790
2A 0.0016 0.8734 0.8631 — 0.8270 0.8216 0.7884 2B 0.798 0.814 0.8286 0.8356 0.8740
3A 0.0000 0.8750 0.8647 — 0.8286 0.8245 0.7900 3B| 0.7980 0.8068 0.8286 0.8339 0.8740
%-16 UN 2A 0.0015 0.8735 0.8641 — 0.8329 0.8280 0.7900 2B 0.807 0.821 0.8344 0.8407 0.8790
3A 0.0000 | 0.8750 0.8656 — 0.8344  0.8308 0.8005 3B| 0.8070  0.8158 0.8344  0.8491 0.8780
7%-18 UNS 2A 0.0014 0.8736 0.8649 —_ 0.8375 0.8329 0.8075 2B 0.815 0.828 0.8389 0.8449 0.8790
%-20 UNEF 2A 0.0013 | 08737 08656 — 0.8412  0.8368 0.8142 2B| 0.821 0.832 0.8425  0.8482 0.8790
3A 0.0000 0.8750 0.8669 — 0.8425 0.8392 0.8155 3B| 0.8210 0.8287 0.8425 0.8468 0.8740
%24 UNS 2A 0.0012 0.8738 0.8666 — 0.8467 0.8426 0.8242 2B 0.830 0.840 0.8479 0.8932 0.8790
%-27 UNS 2A 0.0012 0.8738 0.8671 — 0.8497 0.8458 0.8297 2B 0.835 0.844 0.8509 0.8560 0.8740
%-28 UN 2A 0.0012 0.8738 0.8673 — 0.8506 0.8468 0.8312 2B 0.836 0.845 0.8518 0.8568 0.8790
3A 0.0000 0.8750 0.8685 — 0.8518 0.8489 0.8324 3B 0.8360 0.8426 0.8518 0.8455 0.8730
%-32 UN 2A 0.0011 0.8739 0.8679 —_ 0.8536 0.8500 0.8367 2B 0.841 0.849 0.8547 0.8994 0.8790
3A 0.0000 0.8750 0.8690 — 0.8547 0.8520 0.8378 3B 0.8410 0.8469 0.8547 0.8483 0.8730
%12 UN 2A 0.0017 0.9358 0.9244 — 0.8817 0.8760 0.8366 2B| 0.847 0.865 0.8834 0.8908 0.9375
3A 0.0000 0.9375 0.9261 — 0.8834 0.8793 0.8383 3B 0.8470 0.8575 0.8834 0.8489 0.9375
19616 UN 2A 0.0015 0.9360 0.9266 — 0.8954 0.8904 0.8615 2B 0.870 0.884 0.8969 0.9034 0.93715
3A 0.0000 | 09375 09281 — 0.8969  0.8932 0.8630 38| 08700 08783 0.8969  0.9018 0.9315
19,620 UNEF 2A 0.0014 0.9361 0.9280 — 0.9036 0.8991 0.8766 2B 0.883 0.895 0.9050 0.9109 0.93715
3A 0.0000 0.9375 09294 — 0.9050 0.9016 0.8780 38| 0.8830 0.8912 0.9050 0.9494 0.9315
19,6-28 UN 2A 0.0012 0.9363 0.9298 — 0.9131 0.9091 0.8937 2B 0.899 0.907 0.9143 0.9195 0.93715
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | pis c Max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min

3A 0.0000 0.9375 0.9310 — 0.9143 0.9113 0.8949 3B 0.8990 0.9051 0.9143 0.9182 0.93
196-32 UN 2A 0.0011 0.9364 0.9304 — 0.9161 0.9123 0.8992 2B 0.904 0.911 0.9172 0.9221 0.937
3A 0.0000 0.9375 0.9315 —_ 0.9172 0.9144 0.9003 3B 0.9040 0.9094 0.9172 0.9309 0.937
1-8 UNC 1A 0.0020 0.9980 0.9755 — 0.9168 0.9067 0.8492 1B 0.865 0.890 0.9188 0.9320 1.004
2A 0.0020 0.9980 0.9830 0.975! 0.9168 0.91¢0 0.84¢ . 0.865 0.89 0.9188 0]9276 1.
3A 0.0000 1.0000 0.9850 — 0.9188 0.9137 0.8512 3B 0.8650 0.8797 0.9188 0.9454 1.00
1-10 UNS 2A 0.0018 0.9982 0.9853 — 0.9332 0.9270 0.8792 2B 0.892 0.913 0.9350 0.9430 1.009
1-12 UNF 1A 0.0018 0.9982 0.9810 — 0.9441 0.9353 0.8990 1B 0.910 0.928 0.9459 0.9573 1.004
2A 0.0018 0.9982 0.9868 — 0.9441 0.9382 0.8990 2B 0.910 0.928 0.9459 0.9535 1.004
3A 0.0000 1.0000 0.9886 — 0.9459 0.9415 0.9008 3B 0.9100 0.9198 0.9459 0.9416 1.00
1-14 UNS 1A 0.0017 0.9983 0.9828 —_ 0.9519 0.9435 0.9132 1B 0.923 0.938 0.9536 0.9645 1.009
2A 0.0017 0.9983 0.9880 — 0.9519 0.9463 0.9132 2B 0.923 0.938 0.9536 0.9609 1.004
3A 0.0000 1.0000 09897 — 0.9536 0.9494 0.9149 3B| 0.9230 0.9315 0.9536 0.9390 1.00
1-16 UN 2A 0.0015 0.9985 0.9891 — 0.9579 0.9529 0.9240 2B 0.932 0.946 0.9594 0.9659 1.004
3A 0.0000 1.0000 0.9906 — 0.9594 0.9557 0.9255 3B 0.9320 0.9408 0.9594 0.9¢43 1.00
1-18 UNS 2A 0.0014 0.9986 0.9899 — 0.9625 0.9578 0.9325 2B 0.940 0.953 0.9639 0.9701 1.004
1-20 UNEF 2A 0.0014 0.9986 0.9905 — 0.9661 0.9616 0.9391 2B 0.946 0.957 0.9675 0.9734 1.009
3A 0.0000 1.0000 0.9919 — 0.9675 0.9641 0.9405 3B 0.9460 0.9537 0.9675 0.9919 1.00
1-24 UNS 2A 0.0013 0.9987 0.9915 — 0.9716 0.9674 0.9491 2B 0.955 0.965 0.9729 0.9784 1.004
1-27 UNS 2A 0.0012 0.9988 0.9921 — 0.9747 0.9707 0.9547 2B 0.960 0.969 0.9759 0.9411 1.004
1-28 UN 2A 0.0012 0.9988 0.9923 — 0.9756 0.9716 0.9562 2B 0.961 0.970 0.9768 0.9820 1.004
3A 0.0000 1.0000 0.9935 — 0.9768 0.9738 0.9574 3B 0.9610 0.9676 0.9768 0.9407 1.00
1-32 UN 2A 0.0011 0.9989 09929 — 0.9786 0.9748 0.9617 2B 0.966 0.974 0.9797 0.9846 1.004
3A 0.0000 1.0000 0.9940 — 0.9797 0.9769 0.9628 3B 0.9660 0.9719 0.9797 0.9434 1.00
1%¢-8 UN 2A 0.0020 1.0605 1.0455 —_ 0.9793 0.9725 0.9117 2B 0.927 0.952 0.9813 0.9902 1.063
3A 0.0000 1.0625 1.0475 — 0.9813 0.9762 0.9137 3B 0.9270 0.9422 0.9813 0.9480 1.063
%512 UN 2A 0.0017 1.0608 1.0494 — 1.0067 1.0010 0.9616 2B 0.972 0.990 1.0084 1.0158 1.064
3A 0.0000 1.0625 1.0511 — 1.0084 1.0042 0.9633 3B 0.9720 0.9823 1.0084 1.0339 1.063
1%5-16 UN 2A 0.0015 1.0610 1.0516 — 1.0204 1.0154 0.9865 2B 0.995 1.009 1.0219 1.0284 1.064
3A 0.0000 | 1.0625 1.0531 — 1.0219  1.0182 0.9880 38| 09950  1.0033 1.0219  1.0468 1.063
1%5-18 UNEF 2A 0.0014 1.0611 1.0524 — 1.0250 1.0203 0.9950 2B 1.002 1.015 1.0264 1.0326 1.064

CTor T 0o oo 0000000000 00000000 oo
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

T 0o 01O © 00 06 00 0 o080 o o0d

Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | s ¢ max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
3A 0.0000 1.0625 1.0538 — 1.0264 1.0228 0.9964 3B 1.0020 1.0105 1.0264 1.0310 1.063
1#-20 UN 2A 0.0014 1.0611 1.0530 — 1.0286 1.0241 1.0016 2B 1.008 1.020 1.0300 1.0359 1.064
3A 0.0000 1.0625 1.0544 —_ 1.0300 1.0266 1.0030 3B 1.0080 1.0162 1.0300 1.0344 1.064%
1¥#5-28 UN 2A 0.0012 1.0613 1.0548 — 1.0381 1.0341 1.0187 2B 1.024 1.032 1.0393 1.0445 1.064
3A 0.0000 1.0625 1.0560 — 1.0393 1.0363 1.0199 3B 1.0240 1.0301 1.0393 1.0432 1.063
1¥%-7 UNC 1A 0.0022 1.1228 1.0982 —_ 1.0300 1.0191 0.9527 1B 0.970 0.998 1.0322 1.0463 1.12§
2A 0.0022 1.1228 1.1064 1.098 1.0300 1.02%8 0.95; . 0.970 0.99: 1.0322 1|0416 1.
3A 0.0000 1.1250 1.1086 — 1.0322 1.0268 0.9549 3B 0.9700 0.9875 1.0322 1.0393 112
1%-8 UN 2A 0.0021 1.1229 1.1079 1.100 1.0417 1.0348 0.97. 4 0.990 1.01! 1.0438 1/0528 1.
3A 0.0000 1.1250 1.1100 — 1.0438 1.0386 0.9762 3B 0.9900 1.0047 1.0438 1.0305 112
1%-10 UNS 2A 0.0018 1.1232 1.1103 — 1.0582 1.0520 1.0042 2B 1.017 1.038 1.0600 1.0680 1.129
1%#-12 UNF 1A 0.0018 1.1232 1.1060 — 1.0691 1.0601 1.0240 1B 1.035 1.053 1.0709 1.0826 1.129
2A 0.0018 1.1232 1.1118 — 1.0691 1.0631 1.0240 2B 1.035 1.053 1.0709 1.0787 1.129
3A 0.0000 1.1250 1.1136 —_ 1.0709 1.0664 1.0258 3B 1.0350 1.0448 1.0709 1.0168 1.12!
1%-14 UNS 2A 0.0016 1.1234 1.1131 — 1.0770 1.0717 1.0384 2B 1.048 1.064 1.0786 1.0855 1.129
1%#-16 UN 2A 0.0015 1.1235 1.1141 — 1.0829 1.0779 1.0490 2B 1.057 1.071 1.0844 1.0909 1.129
3A 0.0000 1.1250 1.1156 — 1.0844 1.0807 1.0505 3B 1.0570 1.0658 1.0844 1.0493 1.12
1%-18 UNEF 2A 0.0014 1.1236 1.1149 — 1.0875 1.0828 1.0575 2B 1.065 1.078 1.0889 1.0951 1.129
3A 0.0000 1.1250 1.1163 —_ 1.0889 1.0853 1.0589 3B 1.0650 1.0730 1.0889 1.0435 1.12!
1%#-20 UN 2A 0.0014 1.1236 1.1155 — 1.0911 1.0866 1.0641 2B 1.071 1.082 1.0925 1.0984 1.129
3A 0.0000 1.1250 1.1169 — 1.0925 1.0891 1.0655 3B 1.0710 1.0787 1.0925 1.0969 1.12
1¥%-24 UNS 2A 0.0013 1.1237 1.1165 —_ 1.0966 1.0924 1.0742 2B 1.080 1.090 1.0979 1.1034 1.12§
1%#-28 UN 2A 0.0012 1.1238 1.1173 — 1.1006 1.0966 1.0812 2B 1.086 1.095 1.1018 1.1970 1.129
3A 0.0000 1.1250 1.1185 — 1.1018 1.0988 1.0824 3B 1.0860 1.0926 1.1018 1.1457 1.12
1%5-8 UN 2A 0.0021 1.1854 1.1704 — 1.1042 1.0972 1.0366 2B 1.052 1.077 1.1063 1.1154 1.187
3A 0.0000 | 1.1875 11725 — 11063  1.1011 1.0387 38| 1.0520  1.0672 11063  1.1331 1.181
1%s-12 UN 2A 0.0017 1.1858 1.1744 — 1.1317 1.1259 1.0866 2B 1.097 1.115 1.1334 1.1409 1.187
3A 0.0000 1.1875 1.1761 — 1.1334 1.1291 1.0883 3B 1.0970 1.1073 1.1334 1.1390 1.187
1%5-16 UN 2A 0.0015 1.1860 1.1766 —_ 1.1454 1.1403 1.1115 2B 1.120 1.134 1.1469 1.1335 1.187
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | s ¢ max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
3A 0.0000 1.1875 1.1781 — 1.1469 11431 1.1130 3B 1.1200 1.1283 1.1469 1.1319 1.1875
1%5-18 UNEF 2A 0.0015 1.1860 1.1773 — 1.1499 1.1450 1.1199 2B 1.127 1.140 1.1514 1.1977 1.187%5
3A 0.0000 1.1875 1.1788 —_ 1.1514 1.1478 1.1214 3B 1.1270 1.1355 1.1514 1.1361 1.1875
1%-20 UN 2A 0.0014 1.1861 1.1780 — 1.1536 1.1489 1.1266 2B 1.133 1.145 1.1550 1.1411 1.18%5
3A 0.0000 1.1875 1.1794 — 1.1550 1.1515 1.1280 3B 1.1330 1.1412 1.1550 1.1995 1.1875
1%5-28 UN 2A 0.0012 1.1863 1.1798 —_ 1.1631 1.1590 1.1437 2B 1.149 1.157 1.1643 1.1696 1.187%5
3A 0.0000 1.1875 1.1810 — 1.1643 1.1612 1.1449 3B 1.1490 1.1551 1.1643 1.1483 1.1875
1¥%~7 UNC 1A 0.0022 1.2478 1.2232 — 1.1550 1.1439 1.0777 1B 1.095 1.123 1.1572 11716 1.254o
2A 0.0022 1.2478 1.2314 1.223 1.1550 1.14716 1.07 1.095 1.12 1.1572 1|1668 1.2500
3A 0.0000 1.2500 1.2336 — 1.1572 1.1517 1.0799 3B 1.0950 1.1125 1.1572 1.1944 1.2500
1¥-8 UN 2A 0.0021 1.2479 1.2329 1.225 1.1667 1.15¢7 1.09 1.115 1.14 1.1688 1|1780 1.2500
3A 0.0000 | 1.2500 1.2350 — 1.1688  1.1635 1.1012 3B| 11150  1.1297 11688  1.1957 1.2540
1%-10 UNS 2A 0.0019 | 12481  1.2352 — 1.1831  1.1768 1.1201 28| 1142 1.163 11850  1.1932 1.2500
1%-12 UNF 1A 0.0018 1.2482 1.2310 —_ 1.1941 1.1849 1.1490 1B 1.160 1.178 1.1959 1.2979 1.254o
2A 0.0018 1.2482 1.2368 — 1.1941 1.1879 1.1490 2B 1.160 1.178 1.1959 1.2089 1.254o
3A 0.0000 1.2500 1.2386 — 1.1959 1.1913 1.1508 3B 1.1600 1.1698 1.1959 1.2419 1.2500
1%-14 UNS 2A 0.0016 1.2484 1.2381 —_ 1.2020 1.1966 1.1634 2B 1.173 1.188 1.2036 1.2106 1.25¢0
1%-16 UN 2A 0.0015 | 1.2485 12391 — 1.2079  1.2028 1.1740 2B| 1.182 1.196 1.2094  1.2160 1.2540
3A 0.0000 1.2500 1.2406 —_ 1.2094 1.2056 1.1755 3B 1.1820 1.1908 1.2094 1.2144 1.25¢0
1%-18 UNEF 2A 0.0015 1.2485 1.2398 — 1.2124 1.2075 1.1824 2B 1.190 1.203 1.2139 1.2202 1.254o
3A 0.0000 1.2500 1.2413 — 1.2139 1.2103 1.1839 3B 1.1900 1.1980 1.2139 1.2186 1.2500
1%-20 UN 2A 0.0014 1.2486 1.2405 —_ 1.2161 1.2114 1.1891 2B 1.196 1.207 1.2175 1.2236 1.254o
3A 0.0000 1.2500 1.2419 — 1.2175 1.2140 1.1905 3B 1.1960 1.2037 1.2175 1.2320 1.2500
1%-24 UNS 2A 0.0013 1.2487 1.2415 — 1.2216 1.2173 1.1991 2B 1.205 1.215 1.2229 1.2285 1.254o
1%-28 UN 2A 0.0012 | 1.2488 12423 — 1.2256  1.2215 1.2062 2B| 1.211 1.220 1.2268  1.231 1.2540
3A 0.0000 1.2500 1.2435 —_ 1.2268 1.2237 1.2074 3B 1.2110 1.2176 1.2268 1.2408 1.25¢0
1%5-8 UN 2A 0.0021 1.3104 1.2954 — 1.2292 1.2221 1.1616 2B 1177 1.202 1.2313 1.2405 1.3135
3A 0.0000 1.3125 1.2975 — 1.2313 1.2260 1.1637 3B 1.1770 1.1922 1.2313 1.2382 1.3135
1%5-12 UN 2A 0.0017 1.3108 1.2994 —_ 1.2567 1.2509 1.2116 2B 1.222 1.240 1.2584 1.2659 1.3135
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

Threads per Inch, o _ _ UNR Minor| _ . ) _ Major
and Series Allow- Major Diameter Pitch Diameter | pis c Max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min

3A 0.0000 1.3125 1.3011 — 1.2584 1.2541 1.2133 3B 12220 1.2323 1.2584 1.2440 1.313
1%4-16 UN 2A 0.0015 1.3110 1.3016 — 1.2704 1.2653 1.2365 2B 1.245 1.259 1.2719 1.2785 1.319
3A 0.0000 1.3125 1.3031 —_ 1.2719 1.2681 1.2380 3B 1.2450 1.2533 1.2719 1.2469 1.311%
1%5-18 UNEF 2A 0.0015 1.3110 1.3023 — 1.2749 1.2700 1.2449 2B 1.252 1.265 1.2764 1.2827 1.319
3A 0.0000 1.3125 1.3038 — 1.2764 1.2728 1.2464 3B 1.2520 1.2605 1.2764 1.2411 1.313
1%5-20 UN 2A 0.0014 1.3111 1.3030 —_ 1.2786 1.2739 1.2516 2B 1.258 1.270 1.2800 1.2861 1.313
3A 0.0000 1.3125 1.3044 — 1.2800 1.2765 1.2530 3B 1.2580 1.2662 1.2800 1.2445 1.313
1%5-28 UN 2A 0.0012 1.3113 1.3048 — 1.2881 1.2840 1.2687 2B 1.274 1.282 1.2893 1.2946 1.319
3A 0.0000 1.3125 1.3060 — 1.2893 1.2862 1.2699 3B 1.2740 1.2801 1.2893 1.2933 1.313
1%-6 UNC 1A 0.0024 1.3726 1.3453 — 1.2643 1.2523 1.1742 1B 1.195 1.225 1.2667 1.2822 1.379
2A 0.0024 1.3726 1.3544 1.345 1.2643 1.25¢3 1.17. 4 1.195 1.22 1.2667 1|2771 1.
3A 0.0000 1.3750 1.3568 — 1.2667 1.2607 1.1766 3B 1.1950 1.2146 1.2667 1.2345 1.37
1%-8 UN 2A 0.0022 1.3728 1.3578 1.350 1.2916 1.2844 1.22 . 1.240 1.26 1.2938 1/3031 1.
3A 0.0000 1.3750 1.3600 —_ 1.2938 1.2884 1.2262 3B 1.2400 1.2547 1.2938 1.3¢08 1.37!
1%-10 UNS 2A 0.0019 1.3731 1.3602 — 1.3081 1.3018 1.2541 2B 1.267 1.288 1.3100 1.3182 1.379
1%-12 UNF 1A 0.0019 1.3731 1.3559 — 1.3190 1.3096 1.2739 1B 1.285 1.303 1.3209 1.3332 1.379
2A 0.0019 1.3731 1.3617 — 1.3190 1.3127 1.2739 2B 1.285 1.303 1.3209 1.391 1.379
3A 0.0000 1.3750 1.3636 — 1.3209 1.3162 1.2758 3B 1.2850 1.2948 1.3209 1.3370 1.37
1%-14 UNS 2A 0.0016 1.3734 1.3631 — 1.3270 1.3216 1.2884 2B 1.298 1.314 1.3286 1.3356 1.379
1%-16 UN 2A 0.0015 1.3735 1.3641 — 1.3329 1.3278 1.2990 2B 1.307 1.321 1.3344 1.3410 1.379
3A 0.0000 1.3750 1.3656 — 1.3344 1.3306 1.3005 3B 1.3070 1.3158 1.3344 1.3394 1.37
1%-18 UNEF 2A 0.0015 1.3735 1.3648 —_ 1.3374 1.3325 1.3074 2B 1.315 1.328 1.3389 1.3452 1.379
3A 0.0000 | 1.3750 1.3663 — 1.3389  1.3353 1.3089 3B| 1.3150  1.3230 1.3389  1.3436 1.37
1%-20 UN 2A 0.0014 1.3736 1.3655 — 1.3411 1.3364 1.3141 2B 1.321 1.332 1.3425 1.3486 1.379
3A 0.0000 1.3750 1.3669 — 1.3425 1.3390 1.3155 3B 1.3210 1.3287 1.3425 1.3470 1.37
1%-24 UNS 2A 0.0013 1.3737 1.3665 — 1.3466 1.3423 1.3241 2B 1.330 1.340 1.3479 1.3335 1.379
1%-28 UN 2A 0.0012 1.3738 1.3673 — 1.3506 1.3465 1.3312 2B 1.336 1.345 1.3518 1.3971 1.379
3A 0.0000 1.3750 1.3685 — 1.3518 1.3487 1.3324 3B 1.3360 1.3426 1.3518 1.3958 1.37
1%¢-6 UN 2A 0.0024 1.4351 1.4169 —_ 1.3268 1.3188 1.2367 2B 1.257 1.288 1.3292 1.3396 1.437

S o1 0ol Ol Ol Or v

X
al
o

o
SAVIYHL M3H0S a3idINN

B
a
=]

TTO 0O 00 06 00 o0 o080 o od

L2/T



Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | s ¢ max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min

3A 0.0000 1.4375 1.4193 — 1.3292 13232 1.2391 3B 1.2570 12771 1.3292 1.3370 1.43
1%6-8 UN 2A 0.0022 1.4353 1.4203 — 1.3541 1.3469 1.2865 2B 1.302 1.327 1.3563 1.3657 1.437
3A 0.0000 1.4375 1.4225 —_ 1.3563 1.3509 1.2887 3B 1.3020 1.3172 1.3563 1.3¢434 1.437
1%s-12 UN 2A 0.0018 1.4357 1.4243 — 1.3816 1.3757 1.3365 2B 1.347 1.365 1.3834 1.3910 1.437
3A 0.0000 1.4375 1.4261 — 1.3834 1.3790 1.3383 3B 1.3470 1.3573 1.3834 1.3991 1.437
17516 UN 2A 0.0016 1.4359 1.4265 —_ 1.3953 1.3901 1.3614 2B 1.370 1.384 1.3969 1.4087 1.437
3A 0.0000 1.4375 1.4281 — 1.3969 1.3930 1.3630 3B 1.3700 1.3783 1.3969 1.4920 1.437
1%5-18 UNEF 2A 0.0015 1.4360 1.4273 — 1.3999 1.3949 1.3699 2B 1.377 1.390 1.4014 1.4979 1.437
3A 0.0000 1.4375 1.4288 — 1.4014 1.3977 1.3714 3B 1.3770 1.3855 1.4014 1.4062 1.437
1%5-20 UN 2A 0.0014 1.4361 1.4280 — 1.4036 1.3988 1.3766 2B 1.383 1.395 1.4050 1.4112 1.437
3A 0.0000 1.4375 1.4294 —_ 1.4050 1.4014 1.3780 3B 1.3830 1.3912 1.4050 1.4¢96 1.437
1%5-28 UN 2A 0.0013 1.4362 1.4297 — 1.4130 1.4088 1.3936 2B 1.399 1.407 1.4143 1.4108 1.437
3A 0.0000 1.4375 1.4310 — 1.4143 1.4112 1.3949 3B 1.3990 1.4051 1.4143 1.4384 1.437
1%-6 1A 0.0024 1.4976 1.4703 —_ 1.3893 1.3772 1.2992 1B 1.320 1.350 1.3917 1.4975 1.504
2A 0.0024 1.4976 1.4794 1.470 1.3893 1.3812 1.29 . 1.320 1.35 1.3917 1]4022 1.
3A 0.0000 1.5000 1.4818 — 1.3917 1.3856 1.3016 3B 1.3200 1.3396 1.3917 1.3996 1.50
1%-8 UN 2A 0.0022 1.4978 1.4828 1.475 1.4166 1.4093 1.34 4 1.365 1.39 1.4188 1/4283 1.
3A 0.0000 1.5000 1.4850 — 1.4188 1.4133 1.3512 3B 1.3650 1.3797 1.4188 1.4359 1.50
1%-10 UNS 2A 0.0019 1.4981 1.4852 — 1.4331 1.4267 1.3791 2B 1.392 1.413 1.4350 1.4433 1.504
1%-12 UNF 1A 0.0019 1.4981 1.4809 — 1.4440 1.4344 1.3989 1B 1.410 1.428 1.4459 1.4584 1.504
2A 0.0019 | 1.4981 14867 — 1.4440  1.4376 1.3989 28| 1.410 1.428 1.4459  1.4942 1.50
3A 0.0000 1.5000 1.4886 —_ 1.4459 1.4411 1.4008 3B 1.4100 1.4198 1.4459 1.4322 1.50
1%-14 UNS 2A 0.0017 1.4983 1.4880 — 1.4519 1.4464 1.4133 2B 1.423 1.438 1.4536 1.4608 1.504
1%-16 UN 2A 0.0016 1.4984 1.4890 — 1.4578 1.4526 1.4239 2B 1.432 1.446 1.4594 1.4662 1.504
3A 0.0000 1.5000 1.4906 — 1.4594 1.4555 1.4255 3B 1.4320 1.4408 1.4594 1.4945 1.50
1%-18 UNEF 2A 0.0015 1.4985 1.4898 — 1.4624 1.4574 1.4324 2B 1.440 1.452 1.4639 1.4704 1.504
3A 0.0000 1.5000 1.4913 — 1.4639 1.4602 1.4339 3B 1.4400 1.4480 1.4639 1.4487 1.50
1%-20 UN 2A 0.0014 1.4986 1.4905 — 1.4661 1.4613 1.4391 2B 1.446 1.457 1.4675 1.4787 1.504
3A 0.0000 1.5000 1.4919 —_ 1.4675 1.4639 1.4405 3B 1.4460 1.4537 1.4675 1.4721 1.50
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

Threads per Inch, o . . UNR Minor X . . X Major
and Series Allow- Major Diameter Pitch Diameter | pis c Max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
1%-24 UNS 2A 0.0013 1.4987 1.4915 — 1.4716 1.4672 1.4491 2B 1.455 1.465 1.4729 1.4787 1.50q0
1%-28 UN 2A 0.0013 1.4987 1.4922 — 1.4755 1.4713 1.4561 2B 1.461 1.470 1.4768 1.4823 1.504o
3A 0.0000 1.5000 1.4935 — 1.4768 1.4737 1.4574 3B 1.4610 1.4676 1.4768 1.4409 1.5090
1966 UN 2A 0.0024 1.5601 1.5419 — 1.4518 1.4436 1.3617 2B 1.382 1.413 1.4542 1.4648 1.5645
3A 0.0000 1.5625 1.5443 —_ 1.4542 1.4481 1.3641 3B 1.3820 1.4021 1.4542 1.4422 1.5635
1%5-8 UN 2A 0.0022 1.5603 1.5453 — 1.4791 1.4717 1.4115 2B 1.427 1.452 1.4813 1.4909 1.5645
3A 0.0000 | 1.5625 15475 — 1.4813  1.4758 1.4137 3B| 14270  1.4422 1.4813  1.4485 1.5635
19612 UN 2A 0.0018 1.5607 1.5493 —_ 1.5066 1.5007 1.4615 2B 1.472 1.490 1.5084 1.5160 1.5645
3A 0.0000 1.5625 1.5511 — 1.5084 1.5040 1.4633 3B 1.4720 1.4823 1.5084 1.5341 1.5635
1%5-16 UN 2A 0.0016 1.5609 1.5515 — 1.5203 1.5151 1.4864 2B 1.495 1.509 1.5219 1.5287 1.5635
3A 0.0000 1.5625 1.5531 — 1.5219 1.5180 1.4880 3B 1.4950 1.5033 1.5219 1.5370 1.5635
1%5-18 UNEF 2A 0.0015 1.5610 1.5523 — 1.5249 1.5199 1.4949 2B 1.502 1.515 1.5264 1.5329 1.5645
3A 0.0000 15625 15538 — 15264  1.5227 1.4964 38| 1.5020 15105 15264  1.5412 15635
1%5-20 UN 2A 0.0014 1.5611 1.5530 — 1.5286 1.5238 1.5016 2B 1.508 1.520 1.5300 1.5362 1.5645
3A 0.0000 | 1.5625 15544 — 15300  1.5264 1.5030 38| 15080  1.5162 15300  1.5346 1.5635
1%-6 UN 2A 0.0025 1.6225 1.6043 —_ 1.5142 1.5060 1.4246 2B 1.445 1.475 1.5167 1.574 1.6290
3A 0.0000 1.6250 1.6068 — 1.5167 1.5105 1.4271 3B 1.4450 1.4646 1.5167 1.5347 1.62%0
1%-8 UN 2A 0.0022 1.6228 1.6078 1.600 1.5416 1.5342 1.47 . 1.490 1.51 1.5438 115535 1.4250
3A 0.0000 1.6250 1.6100 — 1.5438 1.5382 1.4806 3B 1.4900 1.5047 1.5438 1.5310 1.6230
1%-10 UNS 2A 0.0019 1.6231 1.6102 — 1.5581 1.5517 1.5041 2B 1517 1.538 1.5600 1.5683 1.6290
1%-12 UN 2A 0.0018 1.6232 1.6118 —_ 1.5691 1.5632 1.5240 2B 1.535 1.553 1.5709 1.5785 1.6290
3A 0.0000 1.6250 1.6136 — 1.5709 1.5665 1.5258 3B 1.5350 1.5448 1.5709 1.5766 1.62%0
1%-14 UNS 2A 0.0017 1.6233 1.6130 —_ 1.5769 15714 1.5383 2B 1.548 1.564 1.5786 1.5858 1.6290
1%-16 UN 2A 0.0016 1.6234 1.6140 — 1.5828 15776 1.5489 2B 1.557 1571 1.5844 1.5912 1.6290
3A 0.0000 1.6250 1.6156 —_ 1.5844 1.5805 1.5505 3B 1.5570 1.5658 1.5844 1.5495 1.6230
1%-18 UNEF 2A 0.0015 1.6235 1.6148 — 1.5874 1.5824 1.5574 2B 1.565 1.578 1.5889 1.5954 1.6290
3A | 00000 | 1.6250  1.6163 — 15889  1.5852 1.5589 38| 15650 15730 15889  1.5437 1.6280
1%-20 UN 2A 0.0014 1.6236 1.6155 —_ 1.5911 1.5863 1.5641 2B 1.571 1.582 1.5925 1.5987 1.6290
3A 0.0000 1.6250 1.6169 — 1.5925 1.5889 1.5655 3B 15710 1.5787 1.5925 1.5971 1.62%0
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

. . Externa? InternaP
Nominal Size, .
Threads per Inch, o _ _ UNR Minor| _ . ) _ Major
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min

1%-24 UNS 2A 0.0013 1.6237 1.6165 — 1.5966 1.5922 15741 2B 1.580 1.590 1.5979 1.6037 1.6290
1%¢6 UN 2A 0.0025 1.6850 1.6668 — 1.5767 1.5684 1.4866 2B 1.507 1.538 1.5792 1.5900 1.687%5
3A 0.0000 1.6875 1.6693 — 1.5792 1.5730 1.4891 3B 1.5070 1.5271 1.5792 1.5473 1.6815
1%¢8 UN 2A 0.0022 1.6853 1.6703 — 1.6041 1.5966 1.5365 2B 1.552 1.577 1.6063 1.6160 1.6875
3A 0.0000 1.6875 1.6725 —_ 1.6063 1.6007 1.5387 3B 1.5520 1.5672 1.6063 1.6136 1.6815
1%¢-12 UN 2A 0.0018 1.6857 1.6743 — 1.6316 1.6256 1.5865 2B 1.597 1.615 1.6334 1.6412 1.6875
3A 0.0000 1.6875 1.6761 — 1.6334 1.6289 1.5883 3B 1.5970 1.6073 1.6334 1.6392 1.6875
1%4-16 UN 2A 0.0016 1.6859 1.6765 —_ 1.6453 1.6400 1.6114 2B 1.620 1.634 1.6469 1.6938 1.6875
3A 0.0000 1.6875 1.6781 — 1.6469 1.6429 1.6130 3B 1.6200 1.6283 1.6469 1.6921 1.6875
1%4-18 UNEF 2A 0.0015 1.6860 1.6773 — 1.6499 1.6448 1.6199 2B 1.627 1.640 1.6514 1.6580 1.687%5
3A 0.0000 1.6875 1.6788 — 1.6514 1.6476 1.6214 3B 1.6270 1.6355 1.6514 1.6963 1.6815
1%¢-20 UN 2A 0.0015 1.6860 1.6779 — 1.6535 1.6487 1.6265 2B 1.633 1.645 1.6550 1.6413 1.6875
3A 0.0000 1.6875 1.6794 —_ 1.6550 1.6514 1.6280 3B 1.6330 1.6412 1.6550 1.69497 1.6815
1%-5 UNC 1A 0.0027 1.7473 1.7165 — 1.6174 1.6040 1.5092 1B 1.534 1.568 1.6201 1.6375 1.7540

2A 0.0027 1.7473 1.7268 1.716 1.6174 1.6085 1.50 . 1.534 1.56 1.6201 1/6317 1.1500
3A 0.0000 1.7500 1.7295 —_ 1.6201 1.6134 1.5119 3B 1.5340 1.5575 1.6201 1.6488 1.75¢0
1%-6 UN 2A 0.0025 1.7475 1.7293 — 1.6392 1.6309 1.5491 2B 1.570 1.600 1.6417 1.6925 1.7540
3A 0.0000 1.7500 1.7318 — 1.6417 1.6354 1.5516 3B 1.5700 1.5896 1.6417 1.6498 1.7500

1%-8 UN 2A 0.0023 1.7477 1.7327 1.725 1.6665 1.65$0 1.59 4 1.615 1.64 1.6688 1|6786 1.1500
3A 0.0000 1.7500 1.7350 — 1.6688 1.6632 1.6012 3B 1.6150 1.6297 1.6688 1.6762 1.7500
1%-10 UNS 2A 0.0019 1.7481 1.7352 — 1.6831 1.6766 1.6291 2B 1.642 1.663 1.6850 1.6934 1.754o
1%-12 UN 2A 0.0018 1.7482 1.7368 — 1.6941 1.6881 1.6490 2B 1.660 1.678 1.6959 1.7q37 1.7540
3A 0.0000 1.7500 1.7386 —_ 1.6959 1.6914 1.6508 3B 1.6600 1.6698 1.6959 1.7917 1.75Q0
1%-14 UNS 2A 0.0017 1.7483 1.7380 — 1.7019 1.6963 1.6632 2B 1.673 1.688 1.7036 1.7109 1.7540
1%-16 UN 2A 0.0016 1.7484 1.7390 — 1.7078 1.7025 1.6739 2B 1.682 1.696 1.7094 1.7163 1.754o
3A 0.0000 1.7500 1.7406 — 1.7094 1.7054 1.6755 3B 1.6820 1.6908 1.7094 1.7346 1.75¢0
1%-18 UNS 2A 0.0015 1.7485 1.7398 — 1.7124 1.7073 1.6824 2B 1.690 1.703 1.7139 1.7205 1.754o
1%-20 UN 2A 0.0015 1.7485 1.7404 —_ 1.7160 1.7112 1.6890 2B 1.696 1.707 1.7175 1.7238 1.7540
3A 0.0000 1.7500 1.7419 — 1.7175 1.7139 1.6905 3B 1.6960 1.7037 1.7175 1.7322 1.7500
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

~NO OCw Gy Gy o g O

SAVIYHL M3H0S a3idINN

Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | pis c Max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
1,56 UN 2A 0.0025 1.8100 1.7918 — 1.7017 1.6933 1.6116 2B 1.632 1.663 1.7042 1.7151 1.817
3A 0.0000 | 1.8125 1.7943 — 1.7042  1.6979 1.6141 3B| 1.6320  1.6521 17042 17924 1.812
1%4s-8 UN 2A 0.0023 1.8102 1.7952 —_ 1.7290 1.7214 1.6614 2B 1.677 1.702 1.7313 1.7412 1.819
3A 0.0000 1.8125 1.7975 — 1.7313 1.7256 1.6637 3B 1.6770 1.6922 1.7313 1.7387 1.813
1%12 UN 2A 0.0018 1.8107 1.7993 — 1.7566 1.7506 1.7115 2B 1.722 1.740 1.7584 1.7662 1.819
3A 0.0000 1.8125 1.8011 — 1.7584 1.7539 1.7133 3B 1.7220 1.7323 1.7584 1.7642 1.813
1%-16 UN 2A 0.0016 1.8109 1.8015 — 1.7703 1.7650 1.7364 2B 1.745 1.759 1.7719 1.7788 1.819
3A 0.0000 1.8125 1.8031 —_ 1.7719 1.7679 1.7380 3B 1.7450 1.7533 1.7719 1.7471 1.81%3
1,20 UN 2A 0.0015 1.8110 1.8029 — 1.7785 1.7737 1.7515 2B 1.758 1.770 1.7800 1.7863 1.819
3A 0.0000 1.8125 1.8044 — 1.7800 1.7764 1.7530 3B 1.7580 1.7662 1.7800 1.7447 1.813
1%-6 UN 2A 0.0025 1.8725 1.8543 —_ 1.7642 1.7558 1.6741 2B 1.695 1.725 1.7667 1.7q77 1.879
3A 0.0000 1.8750 1.8568 — 1.7667 1.7604 1.6766 3B 1.6950 1.7146 1.7667 1.7749 1.87
1%-8 UN 2A 0.0023 1.8727 1.8577 1.850 1.7915 1.7838 1.72 1.740 1.76 1.7938 1/8038 1.
3A 0.0000 1.8750 1.8600 — 1.7938 1.7881 1.7262 3B 1.7400 1.7547 1.7938 1.8013 1.87
1%-10 UNS 2A 0.0019 1.8731 1.8602 — 1.8081 1.8016 1.7541 2B 1.767 1.788 1.8100 1.8184 1.879
1%-12 UN 2A 0.0018 1.8732 1.8618 —_ 1.8191 1.8131 1.7740 2B 1.785 1.803 1.8209 1.8287 1.879
3A 0.0000 1.8750 1.8636 — 1.8209 1.8164 1.7758 3B 1.7850 1.7948 1.8209 1.8367 1.87
1%-14 UNS 2A 0.0017 1.8733 1.8630 — 1.8269 1.8213 1.7883 2B 1.798 1.814 1.8286 1.8359 1.879
1%-16 UN 2A 0.0016 1.8734 1.8640 — 1.8328 1.8275 1.7989 2B 1.807 1.821 1.8344 1.8413 1.879
3A 0.0000 1.8750 1.8656 — 1.8344 1.8304 1.8005 3B 1.8070 1.8158 1.8344 1.8396 1.87
17%-18 UNS 2A 0.0015 1.8735 1.8648 —_ 1.8374 1.8323 1.8074 2B 1.815 1.828 1.8389 1.8455 1.879
1%-20 UN 2A 0.0015 1.8735 1.8654 — 1.8410 1.8362 1.8140 2B 1.821 1.832 1.8425 1.8488 1.879
3A 0.0000 1.8750 1.8669 — 1.8425 1.8389 1.8155 3B 1.8210 1.8287 1.8425 1.8472 1.87
1966 UN 2A 0.0026 1.9349 1.9167 — 1.8266 1.8181 1.7365 2B 1.757 1.788 1.8292 1.8403 1.937
3A 0.0000 1.9375 1.9193 —_ 1.8292 1.8228 1.7391 3B 1.7570 17771 1.8292 1.8475 1.937
198 UN 2A 0.0023 1.9352 1.9202 — 1.8540 1.8463 1.7864 2B 1.802 1.827 1.8563 1.8663 1.937
3A 0.0000 1.9375 1.9225 — 1.8563 1.8505 1.7887 3B 1.8020 1.8172 1.8563 1.8438 1.937
1%5-12 UN 2A 0.0018 1.9357 1.9243 —_ 1.8816 1.8755 1.8365 2B 1.847 1.865 1.8834 1.8913 1.937
3A 0.0000 1.9375 1.9261 — 1.8834 1.8789 1.8383 3B 1.8470 1.8573 1.8834 1.8493 1.937

OO o OTor 0o © 06 006 0 0o

TELT



Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

. . Externa? InternaP
Nominal Size, .
Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
17,16 UN 2A 0.0016 1.9359 1.9265 — 1.8953 1.8899 1.8614 2B 1.870 1.884 1.8969 TOo039  1.931
3A 0.0000 1.9375 1.9281 — 1.8969 1.8929 1.8630 3B 1.8700 1.8783 1.8969 1.9921 1.937
1%5-20 UN 2A 0.0015 1.9360 1.9279 —_ 1.9035 1.8986 1.8765 2B 1.883 1.895 1.9050 19114 1.937
3A 0.0000 1.9375 1.9294 — 1.9050 1.9013 1.8780 3B 1.8830 1.8912 1.9050 1.9098 1.937
2-44UNC 1A 0.0029 1.9971 1.9641 — 1.8528 1.8385 1.7324 1B 1.759 1.795 1.8557 1.8743 2.004
2A 0.0029 1.9971 1.9751 1.964 1.8528 1.8433 1.73%24 4B 1.759 1.79 1.8557 1/8681 2.
3A 0.0000 2.0000 1.9780 — 1.8557 1.8486 1.7353 3B 1.7590 1.7861 1.8557 1.86450 2.00
2-6 UN 2A 0.0026 1.9974 1.9792 — 1.8891 1.8805 1.7990 2B 1.820 1.850 1.8917 1.9028 2.004
3A 0.0000 2.0000 1.9818 —_ 1.8917 1.8853 1.8016 3B 1.8200 1.8396 1.8917 1.9¢o0 2.00f
2-8 UN 2A 0.0023 1.9977 1.9827 1.975| 1.9165 1.90B7 1.8489 B 1.865 1.89 1.9188 1.9289 2.
3A 0.0000 2.0000 1.9850 — 1.9188 1.9130 1.8512 3B 1.8650 1.8797 1.9188 1.9364 2.00
2-10 UNS 2A 0.0020 1.9980 1.9851 — 1.9330 1.9265 1.8790 2B 1.892 1.913 1.9350 1.9435 2.004
2-12 UN 2A 0.0018 1.9982 19868 — 1.9441 1.9380 1.8990 2B 1.910 1.928 1.9459 1.9938 2.00q
3A 0.0000 2.0000 1.9886 — 1.9459 1.9414 1.9008 3B 1.9100 1.9198 1.9459 1.9318 2.00
2-14 UNS 2A 0.0017 1.9983 1.9880 — 1.9519 1.9462 1.9133 2B 1.923 1.938 1.9536 1.9410 2.004
2-16 UN 2A 0.0016 1.9984 19890 — 1.9578 1.9524 1.9239 2B 1.932 1.946 1.9594 1.9664 2.004
3A 0.0000 2.0000 1.9906 — 1.9594 1.9554 1.9255 3B 1.9320 1.9408 1.9594 1.9¢46 2.00f
2-18 UNS 2A 0.0015 1.9985 1.9898 — 1.9624 1.9573 1.9324 2B 1.940 1.953 1.9639 1.9706 2.004
2-20 UN 2A 0.0015 1.9985 1.9904 — 1.9660 1.9611 1.9390 2B 1.946 1.957 1.9675 1.9789 2.004
3A 0.0000 2.0000 1.9919 — 1.9675 1.9638 1.9405 3B 1.9460 1.9537 1.9675 1.9723 2.00
2%6-16 UNS 2A 0.0016 2.0609 2.0515 —_ 2.0203 2.0149 1.9864 2B 1.995 2.009 2.0219 2.0289 2.064
3A 0.0000 | 20625 20531 — 20219  2.0179 1.9880 3B| 1.9950  2.0033 20219  2.0471 2.06
2%-6 UN 2A 0.0026 | 21224 21042 — 2.0141  2.0054 1.9240 2B| 1.945 1.975 20167  2.0280 2.124
3A 0.0000 2.1250 2.1068 — 2.0167 2.0102 1.9266 3B 1.9450 1.9646 2.0167 2.0351 212
2¥%-8 UN 2A 0.0024 2.1226 2.1076 2.100 2.0414 2.03%5 1.97 4B 1.990 2.01 2.0438 2|0540 2.
3A 0.0000 2.1250 2.1100 —_ 2.0438 2.0379 1.9762 3B 1.9900 2.0047 2.0438 2.0915 2.12!
2412 UN 2A 0.0018 2.1232 2.1118 — 2.0691 2.0630 2.0240 2B 2.035 2.053 2.0709 2.0788 2.12§
3A 0.0000 2.1250 2.1136 — 2.0709 2.0664 2.0258 3B 2.0350 2.0448 2.0709 2.0168 212
2¥%-16 UN 2A 0.0016 2.1234 2.1140 —_ 2.0828 2.0774 2.0489 2B 2.057 2.071 2.0844 2.0914 2.12§
3A 0.0000 2.1250 2.1156 — 2.0844 2.0803 2.0505 3B 2.0570 2.0658 2.0844 2.0496 212
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

Threads per Inch, o . . UNR Minor X . . X Major
and Series Allow- Major Diameter Pitch Diameter | pis c Max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
2%-20 UN 2A 0.0015 2.1235 2.1154 — 2.0910 2.0861 2.0640 2B 2.071 2.082 2.0925 2.0989 2.1250
3A | 00000 | 21250 21169 — 2.0925  2.0888 2.0655 38| 20710 20787 20925  2.0473 2.1280
2%6-16 UNS 2A 0.0016 2.1859 2.1765 —_ 2.1453 2.1399 21114 2B 2.120 2.134 2.1469 2.1939 218715
3A 0.0000 2.1875 2.1781 — 2.1469 2.1428 2.1130 3B 2.1200 2.1283 2.1469 2.1921 2.1875
2¥~4% UNC 1A 0.0029 2.2471 22141 — 2.1028 2.0882 1.9824 1B 2.009 2.045 2.1057 21247 2.25¢0
2A 0.0029 2.2471 2.2251 2.214 2.1028 2.0931 1.98 2.009 2.04 2.1057 2|1183 2.2500
3A 0.0000 | 22500 22280 — 21057  2.0984 1.9853 3B| 20090 20361 21057 21152 2.2540
2¥-6 UN 2A 0.0026 2.2474 2.2292 — 2.1391 2.1303 2.0490 2B 2.070 2.100 2.1417 21331 2.25¢0
3A 0.0000 2.2500 2.2318 — 2.1417 2.1351 2.0516 3B 2.0700 2.0896 2.1417 2.1402 2.2500
2%-8 UN 2A 0.0024 | 22476 22326 2.225 21664  2.15$4 2.09: 2.115 2.14 21688  2[1792 2.4500
3A 0.0000 | 22500 22350 — 21688  2.1628 2.1012 38| 21150 21297 21688  2.1166 2.2500
2%-10 UNS 2A 0.0020 2.2480 2.2351 — 2.1830 2.1765 2.1290 2B 2.142 2.163 2.1850 2.1935 2.2500
2¥-12 UN 2A 0.0018 2.2482 2.2368 — 2.1941 2.1880 2.1490 2B 2.160 2.178 2.1959 2.2038 2.25¢0
3A 0.0000 2.2500 2.2386 — 2.1959 2.1914 2.1508 3B 2.1600 2.1698 2.1959 2.2018 2.2500
2%-14 UNS 2A 0.0017 2.2483 2.2380 — 2.2019 2.1962 2.1633 2B 2173 2.188 2.2036 2.2110 2.25¢0
2¥-16 UN 2A 0.0016 2.2484 2.2390 —_ 2.2078 2.2024 2.1739 2B 2.182 2.196 2.2094 2.2164 2.25¢00
3A 0.0000 2.2500 2.2406 — 2.2094 2.2053 2.1755 3B 2.1820 2.1908 2.2094 2.2146 2.2500
2%-18 UNS 2A 0.0015 2.2485 2.2398 — 2.2124 2.2073 2.1824 2B 2.190 2.203 2.2139 2.2206 2.25¢0
2¥-20 UN 2A 0.0015 2.2485 2.2404 — 2.2160 22111 2.1890 2B 2.196 2.207 2.2175 2.2239 2.25¢0
3A 0.0000 | 22500 22419 — 22175  2.2137 2.1905 3B| 21960 22037 22175  2.2423 2.2540
2%5-16 UNS 2A 0.0017 2.3108 2.3014 —_ 2.2702 2.2647 2.2363 2B 2.245 2.259 22719 2.2791 2.31%5
3A 0.0000 2.3125 2.3031 — 2.2719 2.2678 2.2380 3B 2.2450 2.2533 2.2719 2.2473 2.3135
2%-6 UN 2A 0.0027 2.3723 2.3541 —_ 2.2640 2.2551 2.1739 2B 2.195 2.226 2.2667 2.2782 2.3790
3A 0.0000 2.3750 2.3568 — 2.2667 2.2601 2.1766 3B 2.1950 2.2146 2.2667 2.2153 2.37%0
2%-8 UN 2A 0.0024 2.3726 2.3576 — 2.2914 2.2833 2.2238 2B 2.240 2.265 2.2938 2.3043 2.3740
3A 0.0000 2.3750 2.3600 — 2.2938 2.2878 2.2262 3B 2.2400 2.2547 2.2938 2.3017 2.3730
2%-12 UN 2A 0.0019 2.3731 2.3617 — 2.3190 2.3128 2.2739 2B 2.285 2.303 2.3209 2.3290 2.3790
3A 0.0000 2.3750 2.3636 —_ 2.3209 2.3163 2.2758 3B 2.2850 2.2948 2.3209 2.3369 2.3730
2%-16 UN 2A 0.0017 2.3733 2.3639 — 2.3327 2.3272 2.2988 2B 2.307 2321 2.3344 2.3416 2.3790
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

o owul o © o

SAVIYHL M3H0S a3idINN

Threads per Inch, o . . UNR Minor X . . X Major
and Series Allow- Major Diameter Pitch Diameter | pis c Max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
3A 0.0000 2.3750 2.3656 — 2.3344 2.3303 2.3005 3B 2.3070 2.3158 2.3344 2.3398 2.37
2%-20 UN 2A 0.0015 2.3735 2.3654 — 2.3410 2.3359 2.3140 2B 2.321 2.332 2.3425 2.3401 2.379
3A 0.0000 2.3750 2.3669 —_ 2.3425 2.3387 2.3155 3B 2.3210 2.3287 2.3425 2.3475 2.37!
2%5-16 UNS 2A 0.0017 2.4358 2.4264 — 2.3952 2.3897 2.3613 2B 2.370 2.384 2.3969 24041 2.437
3A 0.0000 2.4375 2.4281 — 2.3969 2.3928 2.3630 3B 2.3700 2.3783 2.3969 2.4023 2.437
2¥%-4 UNC 1A 0.0031 2.4969 2.4612 —_ 2.3345 2.3190 2.1992 1B 2.229 2.267 2.3376 2.3978 2.50q
2A 0.0031 2.4969 2.4731 2.461 2.3345 2.3241 2.19¢ . 2.229 2.26f 2.3376 2|3511 2.
3A 0.0000 2.5000 2.4762 — 2.3376 2.3298 2.2023 3B 2.2290 2.2594 2.3376 2.3477 2.50
2¥%-6 UN 2A 0.0027 2.4973 2.4791 —_ 2.3890 2.3800 2.2989 2B 2.320 2.350 2.3917 2.4083 2.50q
3A 0.0000 2.5000 2.4818 — 2.3917 2.3850 2.3016 3B 2.3200 2.3396 2.3917 2.4004 2.50
2%-8 UN 2A 0.0024 2.4976 2.4826 2.475 2.4164 2.40%2 2.34 . 2.365 2.39 2.4188 2|4294 2.
3A 0.0000 2.5000 2.4850 — 2.4188 2.4127 2.3512 3B 2.3650 2.3797 2.4188 2.4368 2.50
2%-10 UNS 2A 0.0020 2.4980 2.4851 — 2.4330 2.4263 2.3790 2B 2.392 2.413 2.4350 2.4437 2.504
2412 UN 2A 0.0019 2.4981 2.4867 —_ 2.4440 2.4378 2.3989 2B 2410 2.428 2.4459 2.4940 2.50q
3A 0.0000 2.5000 2.4886 — 2.4459 2.4413 2.4008 3B 2.4100 2.4198 2.4459 2.4319 2.50
2¥%-14 UNS 2A 0.0017 2.4983 2.4880 — 2.4519 2.4461 2.4133 2B 2.423 2.438 2.4536 2.4412 2.504
2¥-16 UN 2A 0.0017 2.4983 2.4889 — 2.4577 2.4522 2.4238 2B 2432 2.446 2.4594 2.4666 2.504
3A 0.0000 2.5000 2.4906 — 2.4594 2.4553 2.4255 3B 2.4320 2.4408 2.4594 2.4448 2.50
2%-18 UNS 2A 0.0016 2.4984 2.4897 —_ 2.4623 2.4570 2.4323 2B 2.440 2.453 2.4639 2.4708 2.50q
2¥%-20 UN 2A 0.0015 2.4985 2.4904 — 2.4660 2.4609 2.4390 2B 2.446 2.457 2.4675 24741 2.504
3A 0.0000 2.5000 2.4919 —_ 2.4675 2.4637 2.4405 3B 2.4460 2.4537 2.4675 2.47925 2.501
2%-6 UN 2A 0.0027 2.6223 2.6041 — 2.5140 2.5050 2.4239 2B 2.445 2.475 2.5167 2.5285 2.629
3A 0.0000 2.6250 2.6068 —_ 2.5167 2.5099 2.4266 3B 2.4450 2.4646 2.5167 2.5355 2.62!
2%-8 UN 2A 0.0025 2.6225 2.6075 — 2.5413 2.5331 2.4737 2B 2.490 2515 2.5438 2.5545 2.629
3A 0.0000 2.6250 2.6100 — 2.5438 2.5376 2.4762 3B 2.4900 2.5047 2.5438 2.5418 2.62
2%-12 UN 2A 0.0019 2.6231 2.6117 —_ 2.5690 2.5628 2.5239 2B 2.535 2.553 2.5709 2.5790 2.629
3A 0.0000 2.6250 2.6136 — 2.5709 2.5663 2.5258 3B 2.5350 2.5448 2.5709 2.5169 2.62
2%-16 UN 2A 0.0017 2.6233 2.6139 — 2.5827 25772 2.5488 2B 2.557 2.571 2.5844 2.5916 2.629
3A 0.0000 2.6250 2.6156 — 2.5844 2.5803 2.5505 3B 2.5570 2.5658 2.5844 2.5498 2.62
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

. . Externa? InternaP
Nominal Size, .
Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | 53 ¢ Max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
2720 UN 2A 0.0015 2.6235 2.6154 — 2.5910 2.5859 2.5640 2B 2571 2.582 2.5925 2.5991 2.6290
3A 0.0000 2.6250 2.6169 — 2.5925 2.5887 2.5655 3B 25710 2.5787 2.5925 2.5975 2.62%0
294 UNC 1A 0.0032 2.7468 27111 —_ 2.5844 2.5686 2.4491 1B 2.479 2,517 2.5876 2.6082 2.7540
2A 0.0032 | 27468 27230 2711 25844 25739 2.44 1 2.479 251} 25876  2[6013 2.1500
3A 0.0000 2.7500 2.7262 — 2.5876 2.5797 2.4523 3B 2.4790 2.5094 2.5876 2.5979 2.7500
296 UN 2A 0.0027 2.7473 2.7291 —_ 2.6390 2.6299 2.5489 2B 2.570 2.600 2.6417 2.6936 2.7540
3A 0.0000 | 27500 2.7318 — 2.6417  2.6349 25516 3B| 25700  2.5896 2.6417  2.6906 2.7500
2%-8 UN 2A 0.0025 2.7475 2.7325 2.725 2.6663 2.65%0 2.59: . 2.615 2.64 2.6688 2|6796 2.1500
3A 0.0000 | 27500 27350 — 26688  2.6625 2.6012 3B| 26150 26297 26688  2.6169 2.7540
2%-10 UNS 2A 0.0020 | 27480 27351 — 26830  2.6763 2.6290 2B| 2.642 2.663 26850  2.6937 2.7500
2%-12 UN 2A 0.0019 2.7481 2.7367 —_ 2.6940 2.6878 2.6489 2B 2.660 2.678 2.6959 2.7040 2.7540
3A 0.0000 | 27500 27386 — 26959  2.6913 2.6508 3B| 26600  2.6698 26959  2.7419 2.7540
2%-14 UNS 2A 0.0017 2.7483 2.7380 — 2.7019 2.6961 2.6633 2B 2.673 2.688 2.7036 2.7112 2.75¢0
2%-16 UN 2A 0.0017 2.7483 2.7389 — 2.7077 2.7022 2.6738 2B 2.682 2.696 2.7094 2.7166 2.75¢0
3A 0.0000 2.7500 2.7406 — 2.7094 2.7053 2.6755 3B 2.6820 2.6908 2.7094 2.7148 2.7500
2%-18 UNS 2A 0.0016 2.7484 2.7397 —_ 2.7123 2.7070 2.6823 2B 2.690 2.703 2.7139 2.7208 2.7540
2%-20 UN 2A 0.0015 2.7485 2.7404 — 2.7160 2.7109 2.6890 2B 2.696 2.707 2.7175 27241 2.75¢0
3A 0.0000 | 27500  2.7419 — 27175 2.7137 2.6905 38| 26960 27037 27175 2.7425 2.7500
2%-6 UN 2A 0.0028 2.8722 2.8540 — 2.7639 2.7547 2.6738 2B 2.695 2.725 2.7667 2.77187 2.8790
3A 0.0000 | 28750 2.8568 — 2.7667  2.7598 2.6766 3B| 26950 27146 27667  2.7157 2.8740
27%-8 UN 2A 0.0025 2.8725 2.8575 —_ 2.7913 2.7829 2.7237 2B 2.740 2.765 2.7938 2.8048 2.8790
3A 0.0000 | 2.8750 2.8600 — 27938  2.7875 2.7262 3B| 27400  2.7547 27938 2.8(20 2.8780
2%-12 UN 2A 0.0019 2.8731 2.8617 —_ 2.8190 2.8127 2.7739 2B 2.785 2.803 2.8209 2.8291 2.8790
3A 0.0000 2.8750 2.8636 — 2.8209 2.8162 2.7758 3B 2.7850 2.7948 2.8209 2.8471 2.87%0
2%-16 UN 2A 0.0017 2.8733 2.8639 — 2.8327 2.8271 2.7988 2B 2.807 2.821 2.8344 2.8417 2.8740
3A 0.0000 2.8750 2.8656 — 2.8344 2.8302 2.8005 3B 2.8070 2.8158 2.8344 2.8399 2.8730
2%-20 UN 2A 0.0016 2.8734 2.8653 — 2.8409 2.8357 2.8139 2B 2.821 2.832 2.8425 2.8403 2.8790
3A 0.0000 2.8750 2.8669 —_ 2.8425 2.8386 2.8155 3B 2.8210 2.8287 2.8425 2.8476 2.8730
3-4 UNC 1A 0.0032 2.9968 2.9611 — 2.8344 2.8183 2.6991 1B 2.729 2.767 2.8376 2.8385 3.0040
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

. . Externa? InternaP
Nominal Size, .
Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
2A 0.0032 2.9968 2.9730 2.961 2.8344 2.8287 2.699[ 4B 2.729 2.76 2.8376 2|8515 3.Q000
3A 0.0000 3.0000 2.9762 — 2.8376 2.8296 2.7023 3B 2.7290 2.7594 2.8376 2.8480 3.0090
3-6 UN 2A 0.0028 2.9972 2.9790 — 2.8889 2.8796 2.7988 2B 2.820 2.850 2.8917 2.9038 3.0040
3A 0.0000 3.0000 2.9818 —_ 2.8917 2.8847 2.8016 3B 2.8200 2.8396 2.8917 3.00Q0
3-8 UN 2A 0.0026 2.9974 2.9824 2.974p 2.9162 2.9017 2.84H8 B 2.865 2.890 2.9188 3.po0o0
3A 0.0000 3.0000 2.9850 — 2.9188 29124 2.8512 3B 2.8650 2.8797 2.9188 3.0090
3-10 UNS 2A 0.0020 2.9980 29851 — 2.9330 2.9262 2.8790 2B 2.892 2913 2.9350 3.004o
3-12 UN 2A 0.0019 2.9981 29867 — 2.9440 2.9377 2.8989 2B 2,910 2.928 2.9459 3.0040
3A 0.0000 3.0000 2.9886 — 2.9459 2.9412 2.9008 3B 2.9100 2.9198 2.9459 3.0090
3-14 UNS 2A 0.0018 2.9982 29879 — 2.9518 2.9459 2.9132 2B 2.923 2.938 2.9536 3.0040
3-16 UN 2A 0.0017 2.9983 29889 — 2.9577 2.9521 2.9238 2B 2.932 2.946 2.9594 3.004o
3A 0.0000 3.0000 2.9906 — 2.9594 2.9552 2.9255 3B 2.9320 2.9408 2.9594 3.00Q0
3-18 UNS 2A 0.0016 2.9984 29897 — 2.9623 2.9569 2.9323 2B 2.940 2.953 2.9639 3.004o
3-20 UN 2A 0.0016 2.9984 29903 — 2.9659 2.9607 2.9389 2B 2.946 2.957 2.9675 3.004o
3A 0.0000 3.0000 2.9919 — 2.9675 2.9636 2.9405 3B 2.9460 2.9537 2.9675 3.00090
3%-6 UN 2A 0.0028 3.1222 3.1040 —_ 3.0139 3.0045 2.9238 2B 2.945 2.975 3.0167 3.1290
3A 0.0000 3.1250 3.1068 — 3.0167 3.0097 2.9266 3B 2.9450 2.9646 3.0167 3.12%0
3%-8 UN 2A 0.0026 3.1224 3.1074 — 3.0412 3.0326 2.9736 2B 2.990 3.015 3.0438 3.1290
3A 0.0000 3.1250 3.1100 — 3.0438 3.0374 2.9762 3B 2.9900 3.0047 3.0438 3.1230
3¥%-12 UN 2A 0.0019 3.1231 3.1117 — 3.0690 3.0627 3.0239 2B 3.035 3.053 3.0709 3.1290
3A 0.0000 3.1250 31136 — 3.0709 3.0662 3.0258 3B| 3.0350 3.0448 3.0709 3.12%0
3%-16 UN 2A 0.0017 3.1233 3.1139 — 3.0827 3.0771 3.0488 2B 3.057 3.071 3.0844 3.1290
3A 0.0000 3.1250 3.1156 — 3.0844 3.0802 3.0505 3B 3.0570 3.0658 3.0844 3.12%0
3%~4 UNC 1A 0.0033 3.2467 3.2110 —_ 3.0843 3.0680 2.9490 1B 2.979 3.017 3.0876 3.25¢0
2A 0.0033 3.2467 3.2229 3.211 3.0843 3.0734 2.94¢ 4B 2.979 3.01f 3.0876 3.2500
3A 0.0000 3.2500 3.2262 — 3.0876 3.0794 2.9523 3B 2.9790 3.0094 3.0876 3.2500
3%-6 UN 2A 0.0028 3.2472 3.2290 —_ 3.1389 3.1294 3.0488 2B 3.070 3.100 3.1417 3.25¢0
3A 0.0000 3.2500 3.2318 — 3.1417 3.1346 3.0516 3B 3.0700 3.0896 3.1417 3.2500
3¥%-8 UN 2A 0.0026 3.2474 3.2324 3.224 3.1662 3.1515 3.09: 4B 3.115 3.14 3.1688 3.2500
3A 0.0000 | 32500 32350 — 3.1688  3.1623 3.1012 3B| 31150  3.1297 3.1688 3.2540
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

Major
Diameter

Threads per Inch, . X . . UNR Minor . 5 . X
and Series Allow- Major Diameter Pitch Diameter | pis c Max Minor Diameter Pitch Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max
3%-10 UNS 2A 0.0020 3.2480 3.2351 — 3.1830 3.1762 3.1290 2B 3.142 3.163 3.1850
3%-12 UN 2A 0.0019 3.2481 3.2367 — 3.1940 3.1877 3.1489 2B 3.160 3.178 3.1959
3A 0.0000 3.2500 3.2386 — 3.1959 3.1912 3.1508 3B 3.1600 3.1698 3.1959
3%-14 UNS 2A 0.0018 3.2482 3.2379 — 3.2018 3.1959 3.1632 2B 3.173 3.188 3.2036
3%-16 UN 2A 0.0017 3.2483 3.2389 —_ 3.2077 3.2021 3.1738 2B 3.182 3.196 3.2094
3A 0.0000 3.2500 3.2406 — 3.2094 3.2052 3.1755 3B 3.1820 3.1908 3.2094
3%-18 UNS 2A 0.0016 3.2484 3.2397 — 3.2123 3.2069 3.1823 2B 3.190 3.203 3.2139
3%-6 UN 2A 0.0029 3.3721 3.3539 — 3.2638 3.2543 3.1737 2B 3.195 3.225 3.2667
3A 0.0000 3.3750 3.3568 — 3.2667 3.2595 3.1766 3B 3.1950 3.2146 3.2667
3%-8 UN 2A 0.0026 3.3724 3.3574 —_ 3.2912 3.2824 3.2236 2B 3.240 3.265 3.2938
3A 0.0000 3.3750 3.3600 — 3.2938 3.2872 3.2262 3B 3.2400 3.2547 3.2938
3%-12 UN 2A 0.0019 3.3731 3.3617 — 3.3190 3.3126 3.2739 2B 3.285 3.303 3.3209
3A 0.0000 3.3750 3.3636 — 3.3209 3.3161 3.2758 3B 3.2850 3.2948 3.3209
3%-16 UN 2A 0.0017 3.3733 3.3639 — 3.3327 3.3269 3.2988 2B 3.307 3.321 3.3344
3A 0.0000 3.3750 33656 — 3.3344 3.3301 3.3005 3B| 3.3070 3.3158 3.3344
3%-4 UNC 1A 0.0033 3.4967 3.4610 — 3.3343 3.3177 3.1990 1B 3.229 3.267 3.3376
2A 0.0033 3.4967 3.4729 3.461 3.3343 3.3283 3.19¢ . 3.229 3.26f 3.3376
3A 0.0000 3.5000 34762 — 3.3376 3.3293 3.2023 3B| 3.2290 3.2594 3.3376
3%-6 UN 2A 0.0029 3.4971 3.4789 — 3.3888 3.3792 3.2987 2B 3.320 3.350 3.3917
3A 0.0000 3.5000 3.4818 — 3.3917 3.3845 3.3016 3B 3.3200 3.3396 3.3917
3%-8 UN 2A 0.0026 3.4974 3.4824 3.474 3.4162 3.4014 3.34 4 3.365 3.39 3.4188
3A 0.0000 3.5000 3.4850 — 3.4188 3.4122 3.3512 3B 3.3650 3.3797 3.4188
3%-10 UNS 2A 0.0021 3.4979 3.4850 —_ 3.4329 3.4260 3.3789 2B 3.392 3.413 3.4350
3%-12 UN 2A 0.0019 3.4981 3.4867 — 3.4440 3.4376 3.3989 2B 3.410 3.428 3.4459
3A 0.0000 3.5000 3.4886 —_ 3.4459 3.4411 3.4008 3B 3.4100 3.4198 3.4459
3%-14 UNS 2A 0.0018 3.4982 3.4879 — 3.4518 3.4457 3.4132 2B 3.423 3.438 3.4536
3%-16 UN 2A 0.0017 3.4983 3.4889 — 3.4577 3.4519 3.4238 2B 3.432 3.446 3.4594
3A 0.0000 3.5000 3.4906 — 3.4594 3.4551 3.4255 3B 3.4320 3.4408 3.4594
3%-18 UNS 2A 0.0017 3.4983 3.4896 — 3.4622 3.4567 3.4322 2B 3.440 3.453 3.4639
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

Nominal Size,

Externa?

InternaP

Threads per Inch, o . . UNR Minor X . . X Major
and Series Allow- Major Diameter Pitch Diameter | pis c Max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
573_6 UN 2A 0.0029 3.6221 3.6039 — 35138 3.5041 3.4237 2B 3.445 3.475 3.5167 3.593 3.6290
3A 0.0000 3.6250 3.6068 — 3.5167 3.5094 3.4266 3B 3.4450 3.4646 3.5167 3.5462 3.62%0
3%-8 UN 2A 0.0027 3.6223 3.6073 —_ 3.5411 3.5322 3.4735 2B 3.490 3.515 3.5438 3.5554 3.6290
3A 0.0000 3.6250 3.6100 — 3.5438 3.5371 3.4762 3B 3.4900 3.5047 3.5438 3.5425 3.62%0
3%-12 UN 2A 0.0019 3.6231 3.6117 — 3.5690 3.5626 3.5239 2B 3.535 3.553 3.5709 3.5793 3.620
3A 0.0000 3.6250 3.6136 — 3.5709 3.5661 3.5258 3B 3.5350 3.5448 3.5709 3.5472 3.6230
3%-16 UN 2A 0.0017 3.6233 3.6139 — 3.5827 3.5769 3.5488 2B 3.557 3.571 3.5844 3.5919 3.6250
3A 0.0000 3.6250 36156 — 3.5844 3.5801 3.5505 3B| 35570 3.5658 3.5844 3.5400 3.6240
3%-4 UNC 1A 0.0034 3.7466 3.7109 — 3.5842 3.5674 3.4489 1B 3.479 3.517 3.5876 3.6094 3.7500
2A 0.0034 3.7466 3.7228 3.710¢ 3.5842 3.57%0 3.44 3.479 3.51f 3.5876 3|6021 3.1500
3A 0.0000 3.7500 37262 — 3.5876 3.5792 3.4523 3B| 3.4790 3.5094 3.5876 3.5485 3.75(00
3%-6 UN 2A 0.0029 3.7471 3.7289 — 3.6388 3.6290 3.5487 2B 3.570 3.600 3.6417 3.65344 3.75¢0
3A 0.0000 3.7500 3.7318 — 3.6417 3.6344 3.5516 3B 3.5700 3.5896 3.6417 3.6412 3.7500
3%-8 UN 2A 0.0027 3.7473 3.7323 3.724 3.6661 3.6511 3.59 3.615 3.64 3.6688 3|6805 3.1500
3A 0.0000 3.7500 3.7350 — 3.6688 3.6621 3.6012 3B 3.6150 3.6297 3.6688 3.6176 3.7500
3%-10 UNS 2A 0.0021 3.7479 3.7350 — 3.6829 3.6760 3.6289 2B 3.642 3.663 3.6850 3.6940 3.75¢0
3%-12 UN 2A 0.0019 3.7481 3.7367 — 3.6940 3.6876 3.6489 2B 3.660 3.678 3.6959 3.743 3.7500
3A 0.0000 3.7500 3.7386 — 3.6959 3.6911 3.6508 3B 3.6600 3.6698 3.6959 3.7¢22 3.7500
3%-14 UNS 2A 0.0018 3.7482 3.7379 —_ 3.7018 3.6957 3.6632 2B 3.673 3.688 3.7036 3.7115 3.75¢00
3%-16 UN 2A 0.0017 3.7483 3.7389 — 3.7077 3.7019 3.6738 2B 3.682 3.696 3.7094 3.7169 3.75¢0
3A 0.0000 3.7500 3.7406 — 3.7094 3.7051 3.6755 3B| 3.6820 3.6908 3.7094 3.7150 3.75(00
3%-18 UNS 2A 0.0017 3.7483 3.7396 — 3.7122 3.7067 3.6822 2B 3.690 3.703 3.7139 3.711 3.7500
3%-6 UN 2A 0.0030 3.8720 3.8538 — 3.7637 3.7538 3.6736 2B| 3.695 3.725 3.7667 3.7795 3.8740
3A 0.0000 3.8750 3.8568 — 3.7667 3.7593 3.6766 3B 3.6950 3.7146 3.7667 3.7163 3.87%0
3%-8 UN 2A 0.0027 3.8723 3.8573 — 3.7911 3.7820 3.7235 2B 3.740 3.765 3.7938 3.8056 3.8740
3A 0.0000 3.8750 3.8600 — 3.7938 3.7870 3.7262 3B 3.7400 3.7547 3.7938 3.8(026 3.8730
3%-12 UN 2A 0.0020 3.8730 3.8616 — 3.8189 3.8124 3.7738 2B 3.785 3.803 3.8209 3.804 3.87940
3A 0.0000 3.8750 3.8636 — 3.8209 3.8160 3.7758 3B| 3.7850 3.7948 3.8209 3.8973 3.8740
3%-16 UN 2A 0.0018 3.8732 3.8638 — 3.8326 3.8267 3.7987 2B 3.807 3.821 3.8344 3.8420 3.8790
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Table 3.(Continued)Standard Series and Selected Combinations — Unified Screw Threads

. . Externa? InternaP
Nominal Size, .
Threads per Inch, . ) ) UNR Minor _ X ) ) Major
and Series Allow- Major Diameter Pitch Diameter | pjg c max Minor Diameter Pitch Diameter Diameter
Designatiof Class ance Maxd Min Mine Maxd Min (Ref.) Class Min Max Min Max Min
3A 0.0000 3.8750 3.8656 — 3.8344 3.8300 3.8005 3B 3.8070 3.8158 3.8344 3.8401 3.87
4-4 UNC 1A 0.0034 3.9966 3.9609 — 3.8342 3.8172 3.6989 1B 3.729 3.767 3.8376 3.8997 4.004
2A 0.0034 3.9966 3.9728 3.960! 3.8342 3.82%9 3.69: B 3.729 3.76 3.8376 3|8523 4.
3A 0.0000 4.0000 3.9762 —_ 3.8376 3.8291 3.7023 3B 3.7290 3.7594 3.8376 3.8487 4.00
4-6 UN 2A 0.0030 3.9970 3.9788 — 3.8887 3.8788 3.7986 2B 3.820 3.850 3.8917 3.946 4.004
3A 0.0000 4.0000 3.9818 — 3.8917 3.8843 3.8016 3B 3.8200 3.8396 3.8917 3.9014 4.00!
4-8 UN 2A 0.0027 3.9973 3.9823 3.974B 3.9161 3.9010 3.848p B 3.865 3.89 3.9188 .9307 4.
3A 0.0000 4.0000 3.9850 —_ 3.9188 3.9120 3.8512 3B 3.8650 3.8797 3.9188 3.9377 4.00
4-10 UNS 2A 0.0021 3.9979 3.9850 — 3.9329 3.9259 3.8768 2B 3.892 3.913 3.9350 3.9441 4.004
4-12 UN 2A 0.0020 3.9980 3.9866 — 3.9439 3.9374 3.8988 2B 3.910 3.928 3.9459 3.9544 4.004
3A 0.0000 4.0000 3.9886 — 3.9459 3.9410 3.9008 3B 3.9100 3.9198 3.9459 3.9423 4.00!
4-14 UNS 2A 0.0018 3.9982 3.9879 — 3.9518 3.9456 3.9132 2B 3.923 3.938 3.9536 3.9¢16 4.00q
4-16 UN 2A 0.0018 3.9982 3.9888 — 3.9576 3.9517 3.9237 2B 3.932 3.946 3.9594 3.9470 4.004
3A 0.0000 4.0000 3.9906 — 3.9594 3.9550 3.9255 3B 3.9320 3.9408 3.9594 3.9451 4.000

EESHSESESRSRC NSRS NSRS

aUse UNR designation instead of UN wherever UNR thread form is desired for external use.
bRegarding combinations of thread classes, see text on p. 1635.
CUN series external thread maximum minor diameter is basic for Class 3A and basic minus allowance for Classes 1A and 2A.
dFor Class 2A threads having an additive finish the maximum is increased, by the allowance, to the basic size, the \radsabesrastfor Class 3A.
eFor unfinished hot-rolled material not including standard fasteners with rolled threads.

All dimensions in inches.
Use UNS threads only if Standard Series do not meet requirements (see p. 1635). For sizes above 4 inches see ASME/ABS| B1.1-198

o
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1740 UNIFIED SCREW THREADS

Coarse-Thread SerieFhis series, UNC/UNRC, is the one most commonly used in the
bulk production of bolts, screws, nuts and other general engineering applications. Itis als
used for threading into lower tensile strength materials such as cast iron, mild steel ar
softer materials (bronze, brass, aluminum, magnesium and plastics) to obtain the optimu
resistance to stripping of the internal thread. It is applicable for rapid assembly or disa:
sembly, or if corrosion or slight damage is possible.

Table 4a. Coarse-Thread Series, UNC and UNRC — Basic Dimensions

Basic Basic Minor Diameter Lead Area of
Major | Tpgs, | Pitch Ext. Int. Angle A Minor Tensile
sizes Dia., per Dia.2 Thds.¢ Thds.¢ at Basic Dia. at Stress
No. or D Inch, D, s (Ref.) D, P.D. D-2h, Ared
Inches Inches n Inches Inches Inche: Deg. in Sq. In. Sq. In.
1(0.073% 0.0730 64 0.0629 0.0544 0.056:. 4 31 0.00218 0.00263
2 (0.086) 0.0860 | 56 0.0744 0.064 0.0647 4 P20.00310 0.00370
3(0.099% 0.0990 48 0.0855 0.0741] 0.0764 4 46 0.00406 0.00487
4(0.112) 0.1120 40 0.0958| 0.082; 0.0849 4 150.00496 0.00604
5(0.125) 0.1250 40 0.1088| 0.095: 0.0979 4 [110.00672 0.00796
6(0.138) 0.1380 | 32 0.1177| 0.100: 0.1042 4 p00.00745 0.00909
8(0.164) 0.1640 32 0.1437| 0.126: 0.1302 3 p80.01196 0.0140
10 (0.190) 0.1900 24 0.1629 0.1404 0.1449 4 90.01450 0.0175
12 (0.2169 0.2160 | 24 0.1889| 0.1664]  0.170 4 1 0.0206 0.0242
% 0.2500 | 20 0.2175 0.1905| 0.195 4 11 0.0269 0.0318
Ys 0.3125 18 0.2764 0.2464] 0.2524 3 40 0.0454 0.0524
% 0.3750 16 0.3344 0.3005| 0.307: 3 44 0.0678 0.0775
% 0.4375 14 0.3911 0.3525| 0.360: 3 40 0.0933 0.1063
% 0.5000 13 0.4500 0.4084| 0.416 3 1 0.1257 0.1419
Y6 0.5625 12 0.5084 0.4633| 0.472. 2 §9 0.162 0.182
% 0.6250 11 0.5660 0.5168| 0.526 2 86 0.202 0.226
% 0.7500 10 0.6850 0.6309) 0.641 2 40 0.302 0.334
% 0.8750 9 0.8028 0.7427| 0.7547 2 31 0.419 0.462
1 1.0000 8 0.9188 0.8512] 0.864 2 49 0.551 0.606
1% 1.1250 7 1.0322 0.9549 0.9704 2 31 0.693 0.763
1Y 1.2500 7 1.1572 1.0799| 1.0954 2 15 0.890 0.969
1}’8 1.3750 6 1.2667 1.1766 1.1944 2 24 1.054 1.155
1% 1.5000 6 1.3917 1.3016 1.3194 2 11 1.294 1.405
1%, 1.7500 5 1.6201 1.5119] 1.533§ 2 15 1.74 1.90
2 2.0000 4%, 1.8557 1.7353 1.7594 2 11 2.30 2.50
A 2.2500 4%, 2.1057 1.9853 2.0094 1 5% 3.02 3.25
2% 2.5000 4 2.3376 2.2023| 2.2294 1 g7 3.72 4.00
2%, 2.7500 4 2.5876 2.4523| 2.4794 1 46 4.62 4.93
3 3.0000 4 2.8376 2.7023] 2.7294 1 36 5.62 5.97
3% 3.2500 4 3.0876 2.9523] 2.9794 1 29 6.72 7.10
3% 3.500 4 3.3376 3.2023 3.2294 1 2 7.92 8.33
3% 3.7500 4 3.5876 3.4523| 3.4794 1 16 9.21 9.66
4 4.0000 4 3.8376 3.7023] 3.7294 1 1110.61 11.08

aBritish: Effective Diameter.

bSee formula, pagdst82and 1490

¢Design form for UNR threads. (See figure on pag&3)
dBasic minor diameter.

eSecondary sizes.

Fine-Thread Seriesthis series, UNF/UNRF, is suitable for the production of bolts,

screws, and nuts and for other applications where the Coarse series is not applicable. Ext
nal threads of this series have greater tensile stress area than comparable sizes of
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Coarse series. The Fine series is suitable when the resistance to stripping of both exter
and mating internal threads equals or exceeds the tensile load carrying capacity of tl
externally threaded member (see p. 1415). It is also used where the length of engagem
is short, where a smaller lead angle is desired, where the wall thickness demands a fi
pitch, or where finer adjustment is needed.

Table 4b. Fine-Thread Series, UNF and UNRF — Basic Dimensions

Basic Basic Minor Diameter Lead Area of
Major | Thds. P_itch Ext. Int. Angle A Minor Tensile
Sizes Dia., per Dia.2 Thds.¢ | Thds.4 at Basic Dia. at Stress
No. or D inch, D, |ds(Ref)| D, PD. D-2h, Ared
Inches Inches n Inches Incheg Inches  Deg. in Sq. In. Sq. In.
0 (0.060) 0.0600 80 0.0519| 0.0451  0.0465 4 P30.00151 0.00180
1(0.073% 0.0730 72 0.0640| 0.056! 0.058p 3 §7 0.00237 0.00278
2 (0.086) 0.0860 64 0.0759 0.0674  0.0691 3 #50.00339 0.00394
3 (0.099% 0.0990 56 0.0874 0.077: 0.079f 3 43 0.00451 0.00523
4(0.112) 0.1120 48 0.0985| 0.087[L  0.0894 3 510.00566 0.00661
5(0.125) 0.1250 44 0.1102f 0.0979 0.1004 3 #50.00716 0.00830
6 (0.138) 0.1380 40 0.1218| 0.1082  0.1109 3 #40.00874 0.01015
8(0.164) 0.1640 36 0.1460 0.1309 0.1339 3 p80.01285 0.01474
10 (0.190) 0.1900 32 0.1697| 0.1528  0.1562 3 R10.0175 0.0200
12 (0.2169 0.2160 28 0.1928 0.1734 0.1778 3 242 0.0226 0.258
% 0.2500 28 0.2268| 0.2074 0.2118 2 52 0.0326 0.0364
Y5 0.3125 24 0.2854 0.262! 0.2674 2 40 0.0524 0.0580
% 0.3750 24 0.3479 0.3254 0.3299 2 11 0.0809 0.0878
%s 0.4375 20 0.4050| 0.378 03831 2 15 0.1090 0.1187
% 0.5000 20 0.4675 0.440! 0.4459 1 §7 0.1486 0.1599
s 0.5625 18 0.5264 0.4964 0.502¢4 1 55 0.189 0.203
% 0.6250 18 0.5889| 0.558 05649 1 43 0.240 0.256
% 0.7500 16 0.7094 0.676: 0.6823 1 36 0.351 0.373
% 0.8750 14 0.8286 0.7901 0.797)7 1 34 0.480 0.509
1 1.0000 12 0.9459|  0.900: 0.9098 1 6 0.625 0.663
1% 1.1250 12 1.0709 1.025 1.0348 1 25 0.812 0.856
1¥ 1.2500 12 1.1959 1.150 1.1598 1 16 1.024 1.073
1% 1.3750 12 1.3209 1.275 1.2848 1 9 1.260 1.315
1% 1.5000 12 1.4459 1.400 1.4098 1 3 1.521 1.581

aBritish: Effective Diameter.

bSee formula, pagdst82and 1490

¢Design form for UNR threads. (See figure on pag&3)
dBasic minor diameter.

eSecondary sizes.

Extra-Fine-Thread SerieZhis series, UNEF/UNREF, is applicable where even finer
pitches of threads are desirable, as for short lengths of engagement and for thin-wall¢
tubes, nuts, ferrules, or couplings. Itis also generally applicable under the conditions stat:
above for the fine threads.

Constant Pitch Seriehe various constant-pitch series, UN, with 4, 6, 8, 12, 16, 20, 28
and 32 threads per inch, givenTiable 3 offer a comprehensive range of diameter-pitch
combinations for those purposes where the threads in the Coarse, Fine, and Extra-Fi
series do not meet the particular requirements of the design.

When selecting threads from these constant-pitch series, preference should be giv
wherever possible to those tabulated in the 8-, 12-, or 16-thread series.
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Table 4c. Extra-Fine-Thread Series, UNEF and UNREF — Basic Dimensions

Basic Basic Minor Diameter Lead Area of
Major Thds. Pitch Ext. Int. AngleA Minor Tensile
Sizes Dia., per Dia.2 Thds.¢ Thds.¢ at Basic Dia. at Stress
No. or D inch, D, d; (Ref) D, PD. D-2h, Ared
Inches Inches n Inches Inches Inches| Deg. M|n Sq. In Sqg. In.
12 (0.216y 0.2160 32 0.1957 0.1788 0.1822 2 56 0.0242 0.0270
% 0.2500 32 0.2297 0.2128 0.2162 2 2p 0.0344 0.0379
s 0.3125 32 0.2922 0.2753 0.2787 1 57 0.0581 0.0625
% 0.3750 32 0.3547 0.3378 0.3412 1 36 0.0878 0.0932
% 0.4375 28 0.4143 0.3949 0.3988 1 3¢ 0.1201 0.1274
% 0.5000 28 0.4768 0.4574 0.4613 1 2p 0.162 0.170
Yo 0.5625 24 0.5354 0.5129 0.5174 1 26 0.203 0.214
% 0.6250 24 0.5979 0.5754 0.5799 1 1p 0.256 0.268
e 0.6875 24 0.6604 0.6379 0.6424 1 9 0315 0.329
% 0.7500 20 0.7175 0.6905 0.6959 1 15 0.369 0.386
Fe 0.8125 20 0.7800 0.7530 0.7584 1 1p 0.439 0.458
% 0.8750 20 0.8425 0.8155 0.8209 1 5 0515 0.536
e 0.9375 20 0.9050 0.8780 0.8834 1 0 0.598 0.620
1 1.0000 20 0.9675 0.9405 0.9459 0 g7 0.687 0.711
1%e 1.0625 18 1.0264 0.9964 1.0024 0 5p 0.770 0.799
1% 1.1250 18 1.0889 1.0589 1.0649 0 56 0.871 0.901
1%e 1.1875 18 1.1514 1.1214 1.1274 0 58 0.977 1.009
1% 1.2500 18 1.2139 1.1839 1.1899 0 50 1.090 1.123
1%¢ 1.3125 18 1.2764 1.2464 1.2524 0 48 1.208 1.244
1% 1.3750 18 1.3389 1.3089 1.3149 0 46 1.333 1.370
1%¢ 1.4375 18 1.4014 1.3714 1.3774 0 48 1.464 1.503
1% 1.5000 18 1.4639 1.4339 1.4399 0 4 1.60 1.64
1%¢ 1.5625 18 1.5264 1.4964 1.5024 0 a0 174 179
1% 1.6250 18 1.5889 1.5589 1.5649 0 3B 1.89 1.94
1% 1.6875 18 1.6514 1.6214 1.6274 0 37 2.05 2.10

aBritish: Effective Diameter.

bSee formula, pagdst82and 1490

¢Design form for UNR threads. (See figure on pag3)
dBasic minor diameter.

€Secondary sizes.

8-Thread Seriesfhe 8-thread series (8-UN) is a uniform-pitch series for large diame-
ters. Although originally intended for high-pressure-joint bolts and nuts, it is now widely
used as a substitute for the Coarse-Thread Series for diameters larger than 1 inch.

12-Thread Seriesthe 12-thread series (12-UN) is a uniform pitch series for large diam-
eters requiring threads of medium-fine pitch. Although originally intended for boiler prac-
tice, itis now used as a continuation of the Fine-Thread Series for diameters larg#y than :
inches.

16-Thread Seriesthe 16-thread series (16-UN) is a uniform pitch series for large diam-
eters requiring fine-pitch threads. It is suitable for adjusting collars and retaining nuts, an
also serves as a continuation of the Extra-fine Thread Series for diameters largBfthan 1
inches.

4-, 6-, 20-, 28-, and 32-Thread Serigfese thread series have been used more or less
widely in industry for various applications where the Standard Coarse, Fine or Extra-fine
Series were not as applicable. They are now recognized as Standard Unified Thread Ser
in a specified selection of diameters for each pitchTabée 3.
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Whenever a thread in a constant-pitch series also appears in the UNC, UNF, or UNE
series, the symbols and tolerances for limits of size of UNC, UNF, or UNEF series ar
applicable, as will be seenTiables 2and3.

Table 4d. 4 — Thread Series, 4 —UN and 4 — UNR — Basic Dimensions

Sizes Minor Diameter
Basic Basic Ext. Lead Area of
Major | Pitch | Thds.¢ Int. Angle\ Minor Tensile
Second{ Dia., Dia.2 dss Thds.9 | at Basic Dia. at Stress
Primary| ary D D, (Ref.) D; P.D. D -2h, Aredd
Inches| Inches Inches Inches Inches Inchles Deg. in.  Sq.|In. Sq
¥ 25000 2.3376| 2.2023 2.2294 1 57 3.72 4.00
2% 2.6250 | 2.4626| 2.3273 23544 1 51 4.16 4.45
2% 2.7500 | 2.5876| 2.4523 24794 1 45 4.62 4.93
2% 2.8750 | 2.7126| 25773 2.6044 1 4 5.11 5.44
3e 3.0000 | 2.8376| 2.7023 2.7294 1 3 5.62 5.97
3% 3.1250 | 2.9626| 2.8273 2.8544 1 3 6.16 6.52
3Ye 3.2500 | 3.0876| 2.9523 29794 1 2 6.72 7.10
3% 3.3750 | 3.2126| 3.0773 3.1044 1 2 7.31 7.70
3y 3.5000 | 3.3376| 3.2023 3.2294 1 2 7.92 8.33
3% 3.6250 | 3.4626| 3.3273 3.3544 1 1 8.55 9.00
3y 3.7500 | 3.5876| 3.4523 3.479% 1 1 9.21 9.66
3% 3.8750 | 3.7126| 3.5773 3.6044 1 1 9.90 10.36
4e 4.0000| 3.8376[ 3.7023 3.7294 1 i1 10.61 11.08
4y 4.1250 | 3.9626( 3.8273 3.8544 1 9 11.34 11.83
4y, 4.2500 | 4.0876( 3.9523 3.979% 1 71 12.10 12.61
4% 4.3750 | 4.2126( 4.0773 4.1044 1 5 12.88 13.41
4%, 45000 | 4.3376| 4.2023 4.2294 1 3| 13.69 14.23
4% 4.6250 | 4.4626| 4.3273 4.3544 1 1) 14.52 15.1
43, 4.7500 | 4.5876( 4.4523 4.479% 1 0 154 15.9
4% 4.8750 | 4.7126| 4.5773 4.6044 O 58 16.3 16.8
5 5.0000| 4.8376| 4.702 47294 0 17.2 17.8
5% 5.1250 | 4.9626| 4.8273 4.8544 O 18.1 18.7
5Y%, 5.2500 | 5.0876| 4.9523 4.9794 O 19.1 19.7
5% 53750 | 5.2126| 5.0773 5.1044 O 20.0 20.7
5% 5.5000 | 5.3376| 5.2023 5.2294 O 21.0 21.7
5% 5.6250 | 5.4626| 5.3273 53544 O 22.1 22.7
5% 5.7500 | 5.5876| 5.4523 54794 O 23.1 23.8
5% 5.8750 | 5.7126| 5.5773 5.6044 O 24.2 24.9
6 6.0000| 5.8376| 5.702 57294 0 253 26.0

aBritish: Effective Diameter.

bSee formula, pagdst82and 1490
¢Design form for UNR threads. (See figure on page3.
dBasic minor diameter.
eThese are standard sizes of the UNC series.
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Table 4e. 6-Thread Series, 6-UN and 6-UNR—Basic Dimensions
Sizes Basic Basic Minor Diameter Lead Area of
Major Pitch Ext. Int. Angle A Minor Tensile
Dia., Dia.2 Thds.¢ Thds.¢ at Basic Dia. at Stress
Primary Secondary D D, d; (Ref.) D, P.D. D -2h, Ared
Inches Inches Inches Inche: Inches Inch Deg. in. Sq. n. Sq.|
1% 1.3750 1.2667 1.1766 1.1944 2 24 1.054 1.155
1% 1.4375 1.3292 1.2391 1.2571 2 17 1171 1.277
e 1.5000 1.3917 1.3016 1.3194 2 11 1.294 1.405
1% 1.5625 1.4542 1.3641 1.3821 2 § 1.423 1.54
1% 1.6250 1.5167 1.4271 1.4444 2 qQ 156 1.68
1% 1.6875 1.5792 1.4891 1.5071 1 55 1.70 1.83
13, 1.7500 1.6417 1.5516 1.5694 1 51 1.85 1.98
1% 1.8125 1.7042 1.6141 1.6321 1 47 2.00 2.14
1% 1.8750 1.7667 1.6766 1.6944 1 43 2.16 2.30
1% 1.9375 1.8292 1.7391 1.7571 1 40 2.33 2.47
2 2.0000 1.8917 1.8016 1.819¢ 1 2.50 2.65
2% 2.1250 2.0167 1.9266 1.9444 1 2.86 3.03
2, 2.2500 2.1417 2.0516 2.0694 1 3.25 3.42
2% 2.3750 2.2667 2.1766 2.1944 1 3.66 3.85
2% 2.5000 2.3917 2.3016 2.3194 1 4.10 4.29
2% 2.6250 2.5167 2.4266 2.4444 1 4.56 4.76
2%, 2.7500 2.6417 2.5516 2.5694 1 5.04 5.26
2% 2.8750 2.7667 2.6766 2.6944 1 5.55 5.78
3 3.0000 2.8917 2.8016 2.819¢ 1 6.09 6.33
3% 3.1250 3.0167 2.9266 2.9444 1 6.64 6.89
3 3.2500 3.1417 3.0516 3.0694 0 7.23 7.49
3% 3.3750 3.2667 3.1766 3.1944 0 7.84 8.11
3% 3.5000 3.3917 3.3016 3.319¢ 0 8.47 8.75
3% 3.6250 3.5167 3.4266 3.4444 0 9.12 9.42
3% 3.7500 3.6417 3.5516 3.569¢ 0 9.81 10.11
3% 3.8750 3.7667 3.6766 3.6944 0 10.51 10.83
4 4.0000 3.8917 3.8016 3.819 0 47 11.24 11.57
4% 4.1250 4.0167 3.9266 3.9444 0 12.00 12.33
4y, 4.2500 4.1417 4.0516 4.0694 0 12.78 13.12
4% 4.3750 4.2667 4.1766| 4.1944 0 13.58 13.94
4% 4.5000 4.3917 4.3016 4.3194 0 14.41 14.78
4% 4.6250 4.5167 4.4266 4.4444 0 15.3 15.6
43, 4.7500 4.6417 4.5516 4.5694 0 16.1 16.5
4% 4.8750 4.7667 4.6766| 4.6944 0 17.0 175
5 50000 | 4.8917| 4.8016]  4.819 0 7 18.0 18.4
5% 5.1250 5.0167 4.9266 4.9444 0 18.9 19.3
5% 5.2500 5.1417 5.0516 5.0694 0 19.9 20.3
5% 5.3750 5.2667 5.1766 5.1944 0 20.9 21.3
5% 5.5000 5.3917 5.3016 5.3194 0 21.9 22.4
5% 5.6250 5.5167 5.4266 5.4444 0 23.0 23.4
5%, 5.7500 5.6417 5.5516 5.5694 0 24.0 245
5% 5.8750 5.7667 5.6766 5.6944 0 2 25.1 25.6
6 6.0000 5.8917 5.8016 5.8194 0 1 26.3 26.8

aBritish: Effective Diameter.
bSee formula, pagdst82and 1490
¢Design form for UNR threads. (See figure on page3.
dBasic minor diameter.
€These are standard sizes of the UNC series.
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Table 4f. 8-Thread Series, 8-UN and 8-UNR—Basic Dimensions
Sizes Basic Basic Minor Diameter Lead Area of Tensile
Major Pitch | Ext.ThdsS | Int.Thds.¢ | Anglex |MinorDia.| Stress
Primary | Secondary Dia.D | Dia.?D, | ds(Ref) D, at Basic P.D| atD - 2h, Ared
Inches Inches Inches Inche: Inche: Inchgs Deg. in. Sq. Sq.|In.
1e 1.0000 0.9188 0.8512 0.8647| 2 29 0551 0.606
W 1.0625 0.9813 0.9137 0.9272 2 19 0.636 0.695
1% 1.1250 1.0438 0.9792 0.9897| 2 11 0.728 0.790
1% 1.1875 1.1063 1.0387 1.0522 2 4 0.825 0.892
1Y, 1.2500 1.1688 1.1012 1.1147| 1 57 0.929 1.000
1% 1.3125 1.2313 1.1637 1.1772 1 51  1.039 1.114
1% 1.3750 1.2938 1.2262 1.2397| 1 46  1.155 1.233
1%¢ 1.4375 1.3563 1.2887 1.3022 1 a1 1.277 1.360
1% 1.5000 1.4188 1.3512 1.3647| 1 36 1.405 1.492
1% 1.5625 1.4813 1.4137 1.4272 1 32 1.54 1.63
1% 1.6250 1.5438 1.4806 1.4897 1 29 168 1.78
1Y%, 1.6875 1.6063 1.5387 1.5522| 1 25 183 1.93
1%, 1.7500 1.6688 1.6012 1.6147| 1 22 198 2.08
1% 1.8125 1.7313 1.6637 1.6772 1 1P 214 2.25
1% 1.8750 1.7938 1.7262 1.7397| 1 16 2.30 241
196 1.9375 1.8563 1.7887 1.8022 1 m 247 2.59
2 2.0000 1.9188 1.8512 1.8647| 1 11 265 2.77
2% 2.1250 2.0438 1.9762 1.9897| 1 7 3.03 3.15
A 2.2500 2.1688 2.1012 2.1147| 1 3 3.42 3.56
2% 2.3750 2.2938 2.2262 2.2397| 1 [0/ 3.85 3.99
2% 2.5000 2.4188 2.3512 2.3647| 0 57 4.29 4.44
2% 2.6250 2.5438 2.4762 2.4897| 0 84 476 4.92
2%, 2.7500 2.6688 2.6012 2.6147| 0 81 526 5.43
2% 2.8750 2.7938 2.7262 2.7397| 0 49 578 5.95
3 3.0000 2.9188 2.8512 2.8647| 0 47  6.32 6.51
3% 3.1250 3.0438 2.9762 2.9897| 0 45  6.89 7.08
3, 3.2500 3.1688 3.1012 3.1147| 0 7.49 7.69
3% 3.3750 3.2938 3.2262 3.2397| 0 8.11 8.31
3% 3.5000 3.4188 3.3512 3.3647| 0 8.75 8.96
3% 3.6250 3.5438 3.4762 3.4897| 0 9.42 9.64
3% 3.7500 3.6688 3.6012 3.6147| 0 10.11 10.34
3% 3.8750 3.7938 3.7262 3.7397| 0 10.83 11.06
4 4.0000 3.9188 3.8512 3.8647| 0 5 11.57 11.81
4y 4.1250 4.0438 3.9762 3.9897| 0 12.34 12.59
4Y, 4.2500 4.1688 4.1012 4.1147 0 13.12 13.38
4% 4.3750 4.2938 4.2262 4.2397| 0 13.94 14.21
4%, 4.5000 4.4188 4.3512 4.3647| 0 1 1478 15.1
4% 4.6250 4.5438 4.4762 4.4897| 0 15.6 15.9
43, 4.7500 4.6688 4.6012 4.6147| 0 16.5 16.8
a4y 4.8750 4.7938 4.7262 4.7397| 0 17.4 17.7
5 5.0000 4.9188 4.8512 4.8647| 0 8 18.4 18.7
5% 5.1250 5.0438 4.9762 4.9897| 0 19.3 19.7
5% 5.2500 5.1688 5.1012 5.1147| 0 20.3 20.7
5% 5.3750 5.2938 5.2262 5.2397| 0 21.3 217
5% 5.5000 5.4188 5.3512 5.3647| 0 22.4 227
5% 5.6250 5.5438 5.4762 5.4897| 0 23.4 23.8
5%, 5.7500 5.6688 5.6012 5.6147| 0 24.5 24.9
5% 5.8750 5.7938 5.7262 5.7397| 0 25.6 26.0
6 6.0000 5.9188 5.8512 5.8647| 0 13 26.8 27.1

aBritish: Effective Diameter.

bSee formula, pagdst82and 1490
¢Design form for UNR threads. (See figure on pag#3.
dBasic minor diameter.
eThis is a standard size of the UNC series.
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Table 4g. 12-Thread series, 12-UN and 12-UNR—Basic Dimensions
Sizes Basic Basic Minor Diameter Lead Area of
Major Pitch Ext. Int. AngleA Minor Tensile
Dia., Dia.2 Thds.¢ Thds.¢ at Basic Dia. at Stress
Primary Secondary D D, d; (Ref.) D, PD. D-2h, Ared
Inches Inches Inches Inches| Inche: Inchds Deg._Win. Sq. Ih. Sq.
%e 0.5625 0.5084 0.4633 0.4723 2 59 0.162 0.182
% 0.6250 0.5709 0.5258 0.5348 2 4 0.210 0.232
Y 0.6875 0.6334 0.5883 0.5973 2 24 0.264 0.289
% 0.7500 0.6959 0.6508 0.6598 2 i 0.323 0.351
A 0.8125 0.7584 0.7133 0.7223 2 0 0.390 0.420
% 0.8750 0.8209 0.7758 0.7848 1 51 0.462 0.495
e 0.9375 0.8834 0.8383 0.8473 1 4 0.540 0.576
1 1.0000 0.9459 0.9008 0.9098 1 3 0.625 0.663
W 1.0625 1.0084 0.9633 0.9723 1 3 0.715 0.756
1% 1.1250 1.0709 1.0258 1.0348, 1 2 0.812 0.856
1% 1.1875 1.1334 1.0883 1.0973 1 2 0.915 0.961
1y 1.2500 1.1959 1.1508 1.1598 1 1 1.024 1.073
1% 1.3125 1.2584 1.2133 1.2223 1 12 1139 1.191
1% 1.3750 1.3209 1.2758 1.2848; 1 9 1.260 1.315
1% 1.4375 1.3834 1.3383 1.3473 1 6 1.388 1.445
1 1.5000 1.4459 1.4008 1.4098 1 3 1.52 158
1% 1.5625 1.5084 1.4633 1.4723 1 0| 1.66 172
1% 1.6250 1.5709 1.5258 1.5348; 0 5 1.81 1.87
1% 1.6875 1.6334 1.5883 1.5973 0 5 1.96 2.03
13, 1.7500 1.6959 1.6508 1.6598 0 54 212 2.19
1% 1.8125 1.7584 1.7133 1.7223 0 5p 228 2.35
1% 1.8750 1.8209 1.7758 1.7848; 0 5 2.45 2.53
19 1.9375 1.8834 1.8383 1.8473 0 4 2.63 271
2 2.0000 1.9459 1.9008 1.9098 0 4y 281 2.89
2% 2.1250 2.0709 2.0258 2.0348; 0 44 3.19 3.28
2 2.2500 2.1959 2.1508 2.1598 0 4P 3.60 3.69
2% 2.3750 2.3209 2.2758 2.2848; 0 3 4.04 413
2% 2.5000 2.4459 2.4008 2.4098 0 3y 4.49 4.60
2% 2.6250 2.5709 2.5258 2.5348 0 3 4.97 5.08
2%, 2.7500 2.6959 2.6508 2.6598 0 34 5.48 5.59
2% 2.8750 2.8209 2.7758 2.7848 0 32 6.01 6.13
3 3.0000 2.9459 2.9008 2.9098 0 3L 6.57 6.69
3% 3.1250 3.0709 3.0258 3.0348 0 3 7.15 7.28
3% 3.2500 3.1959 3.1508 3.1598 0 2p 775 7.89
3% 3.3750 3.3209 3.2758 3.2848 0 2y 838 8.52
3% 3.5000 3.4459 3.4008 3.4098 0 2 9.03 9.18
3% 3.6250 3.5709 3.5258 3.5348 0 2 9.71 9.86
3% 3.7500 3.6959 3.6508 3.6598 0 25 10.42 10.57
3% 3.8750 3.8209 3.7758 3.7848 0 24 1114 11.30
4 4.0000 3.9459 3.9008 3.9098| 0 2B 11.90 12.06
4y, 4.1250 4.0709 4.0258 4.0348] 0 2P 12.67 12.84
4, 4.2500 4.1959 4.1508 4.1598] 0 2p 1347 13.65
4% 4.3750 4.3209 4.2758 4.2848] 0 21l 14.30 14.48
4% 4.5000 4.4459 4.4008 4.4098| 0 2l 151 15.3
4% 4.6250 4.5709 4.5258 4.5348| 0 2p 16.0 16.2
43, 4.7500 4.6959 4.6508 4.6598| 0 19 16.9 17.1
4% 4.8750 4.8209 4.7758 4.7848| 0 19 178 18.0
5 5.0000 4.9459 4.9008 4.9098| 0 1B 18.8 19.0
5% 5.1250 5.0709 5.0258 5.0348 0 18 19.8 20.0
5%, 5.2500 5.1959 5.1508 5.1598 0 18 20.8 21.0
5% 5.3750 5.3209 5.2758 5.2848 0 1y 218 22.0
5% 5.5000 5.4459 5.4008 5.4098 0 1y 228 231
5% 5.6250 5.5709 5.5258 5.5348 0 16 239 24.1
5%, 5.7500 5.6959 5.6508 5.6598 0 16 25.0 25.2
5% 5.8750 5.8209 5.7758 5.7848; 0 16 26.1 26.4
6 6.0000 5.9459 5.9008 5.9098) 0 1p 273 275

2British: Effective Diameter.
bSee formula, pagdst82and 1490
¢Design form for UNR threads. (See figure on pag&3)
dBasic minor diameter.
eThese are standard sizes of the UNC or UNF Series.
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Table 4h. 16-Thread Series, 16-UN and 16-UNR—Basic Dimensions

Sizes Basic Basic Minor Diameter Lead Area of Tensile
Major Pitch Ext. ThdsS | Int. Thdsd AngleA Minor Dia. Stress
Primary | Secondary Dia.,D Dia.?D, d; (Ref.) D, at Basic P.D.| atD-2h, Ared
Inches Inches Inches Inches| Inches Inche: Deg. Win. Sq. Ip. Sq. |n.
¥e 0.3750 0.3344 0.3005 0.3073 3 24 0.0678 0.0775
% 0.4375 0.3969 0.3630 0.3698 2 52 0.0997 0.1114
% 0.5000 0.4594 0.4255 0.4323 2 2 0.1378 0.151
Yo 0.5625 0.5219 0.4880 0.4948 2 1L 0.182 0.198
% 0.6250 0.5844 0.5505 0.5573 1 5y 0.232 0.250
Y 0.6875 0.6469 0.6130 0.6198 1 45 0.289 0.308
¥e 0.7500 0.7094 0.6755 0.6823 1 36 0.351 0.373
Wi 0.8125 0.7719 0.7380 0.7448 1 2 0.420 0.444
% 0.8750 0.8344 0.8005 0.8073 1 2P 0.495 0.521
A 0.9375 0.8969 0.8630 0.8698 1 16 0.576 0.604
1 1.0000 0.9594 0.9255 0.9323 1 1 0.663 0.693
1% 1.0625 1.0219 0.9880 0.9948 1 7| 0.756 0.788
1% 1.1250 1.0844 1.0505 1.0573 1 3| 0.856 0.889
1% 1.1875 1.1469 1.1130 1.1198 1 0| 0.961 0.997
1Y 1.2500 1.2094 1.1755 1.1823 0 57 1.073 1111
1% 1.3125 1.2719 1.2380 1.2448 0 54 1.191 1.230
1% 1.3750 1.3344 1.3005 1.3073 0 51 1315 1.356
1% 1.4375 1.3969 1.3630 1.3698 0 49 1.445 1.488
1% 1.5000 1.4594 1.4255 1.4323 0 4F 158 1.63
1% 1.5625 1.5219 1.4880 1.4948 0 4 1.72 1.77
1% 1.6250 1.5844 1.5505 1.5573 0 48 1.87 1.92
1% 1.6875 1.6469 1.6130 1.6198 0 4p  2.03 2.08
1% 1.7500 1.7094 1.6755 1.6823 0 40 219 224
1%, 1.8125 1.7719 1.7380 1.7448 0 3D 235 241
1% 1.8750 1.8344 1.8005 1.8073 0 3y 253 2.58
196 1.9375 1.8969 1.8630 1.8698 0 36 271 277
2 2.0000 1.9594 1.9255 1.9323 0 3p 2.89 2.95
2% 2.1250 2.0844 2.0505 2.0573 0 3 3.28 3.35
2, 2.2500 2.2094 2.1755 2.1823 0 3L 3.69 3.76
2% 2.3750 2.3344 2.3005 2.3073 0 2D 413 4.21
2% 2.5000 2.4594 2.4255 2.4323 0 2 4.60 4.67
2% 2.6250 2.5844 2.5505 25573 0 2 5.08 5.16
2%, 2.7500 2.7094 2.6755 2.6823 0 2 5.59 5.68
2% 2.8750 2.8344 2.8005 2.8073 0 24 6.13 6.22
3 3.0000 2.9594 2.9255 2.9323 0 2B 6.69 6.78
3% 3.1250 3.0844 3.0505 3.0573 0 2P 7.28 7.37
3Y 3.2500 3.2094 3.1755 3.1823 0 2L 7.89 7.99
3% 3.3750 3.3344 3.3005 3.3073 0 2l 852 8.63
3% 3.5000 3.4594 3.4255 3.4323 0 2 9.18 9.29
3% 3.6250 3.5844 3.5505 3.5573 0 19 9.86 9.98
3% 3.7500 3.7094 3.6755 3.6823 0 18 10.57 10.69
3% 3.8750 3.8344 3.8005 3.8073 0 18 11.30 11.43
4 4.0000 3.9594 3.9255 3.9323 0 1f 12.06 12.19
44 4.1250 4.0844 4.0505 4.0573 0 1y 12.84 12.97
4y, 4.2500 4.2094 4.1755 4.1823 0 16 13.65 13.78
4%, 4.3750 4.3344 4.3005 4.3073 0 16 14.48 14.62
4 4.5000 4.4594 4.4255 4.4323 0 15 15.34 155
4% 4.6250 4.5844 4.5505 4.5573 0 15 16.2 16.4
43, 4.7500 4.7094 4.6755 4.6823 0 15 171 17.3
4% 4.8750 4.8344 4.8005 4.8073 0 14 18.0 18.2
5 5.0000 4.9594 4.9255 4.9323 0 14 19.0 19.2
5% 5.1250 5.0844 5.0505 5.0573 0 1B 20.0 20.1
5%, 5.2500 5.2094 5.1755 5.1823 0 18 21.0 21.1
5% 5.3750 5.3344 5.3005 5.3073 0 18 22.0 222
5% 5.5000 5.4594 5.4255 5.4323 0 1B 231 23.2
5% 5.6250 5.5844 5.5505 5.5573 0 1p 241 243
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Table 4h.(Continued)l6-Thread Series, 16-UN and 16-UNR—Basic Dimensions

Sizes Basic Basic Minor Diameter Lead Area of Tensile
Major Pitch [ Ext. Thds | Int. Thdsd AngleX | Minor Dia. Stress
Primary | Secondany Dia.,D | Dia.2D, d; (Ref) D, at Basic P.D.| atD-2h, Ared
Inches Inches Inches Inches| Inches Inche: Deg. in. Sq. Ip. Sq. |n.
5%, 5.7500 5.7094 5.6755 56823 0 1P 252 254
5% 5.8750 5.8344 5.8005 5.8073 0 1P 264 26.5
6 6.0000 5.9594 5.9255 5.9323 0 1l 275 27.7

2British: Effective Diameter.

bSee formula, pagdst82and 1490

¢Design form for UNR threads. (See figure on page3.
dBasic minor diamter.

eThese are standard sizes of the UNC or UNF Series.

Table 4i. 20-Thread Series, 20-UN and 20-UNR—Basic Dimensions

Sizes Basic Basic Minor Diameter Lead Anglex | Area of Tensile
Major Pitch [ Ext. Thds$ | Int. Thds{ atBasic | Minor Dia. Stress
Primary | Secondary Dia.D Dia.2D, d; (Ref) D, PD. atD - 2h, Ared
Inches Inches Inches Inches| Inches Inche: Deg. Win. Sq. Ip. Sq. |n.
e 0.2500 0.2175 0.1905 0.1959 4 1L 0.0269 0.0318
kA 0.3125 0.2800 0.2530 0.2584 3 1 0.0481 0.0547
% 0.3750 0.3425 0.3155 0.3209 2 4p  0.0755 0.0836
%E 0.4375 0.4050 0.3780 0.3834 2 1 0.1090 0.1187
¥ 0.5000 0.4675 0.4405 0.4459 1 5y 0.1486 0.160
Yo 0.5625 0.5300 0.5030 0.5084 1 4 0.194 0.207
% 0.6250 0.5925 0.5655 0.5709 1 32 0.246 0.261
Yo 0.6875 0.6550 0.6280 0.6334 1 24 0.304 0.320
¥ 0.7500 0.7175 0.6905 0.6959 1 16 0.369 0.386
e 0.8125 0.7800 0.7530 0.7584 1 10 0.439 0.458
7 0.8750 0.8425 0.8155 0.8209 1 5| 0515 0.536
e 0.9375 0.9050 0.8780 0.8834 1 0| 0.0.598 0.620
1e 1.0000 0.9675 0.9405 0.9459 0 57 0.687 0.711
1% 1.0625 1.0300 1.0030 1.0084 0 58 0.782 0.807
1% 1.1250 1.0925 1.0655 1.0709 0 50 0.882 0.910
1% 1.1875 1.1550 1.1280 1.1334 0 4f  0.990 1.018
1%, 1.2500 1.2175 1.1905 1.1959 0 4 1.103 1.133
1% 1.3125 1.2800 1.2530 1.2584 0 48 1.222 1.254
1% 1.3750 1.3425 1.3155 1.3209 0 41 1.348 1.382
1%s 1.4375 1.4050 1.3780 1.3834 0 3D 1.479 151
1% 1.5000 1.4675 1.4405 1.4459 0 3y 162 1.65
1% 1.5625 1.5300 1.5030 1.5084 0 3 1.76 1.80
1% 1.6250 1.5925 1.5655 1.5709 0 3¢ 1091 1.95
1% 1.6875 1.6550 1.6280 1.6334 0 3 2.07 211
13, 1.7500 1.7175 1.6905 1.6959 0 3p 223 2.27
1%, 1.8125 1.7800 1.7530 1.7584 0 3L 240 244
1% 1.8750 1.8425 1.8155 1.8209 0 3 2.57 2.62
19 1.9375 1.9050 1.8780 1.8834 0 2 2.75 2.80
2 2.0000 1.9675 1.9405 1.9459 0 2B 2.94 2.99
2% 2.1250 2.0925 2.0655 2.0709 0 26 3.33 3.39
2 2.2500 2.2175 2.1905 2.1959 0 2 3.75 3.81
2% 2.3750 2.3425 2.3155 2.3209 0 28 4.19 4.25
2% 2.5000 2.4675 2.4405 2.4459 0 2P 4.66 4.72
2% 2.6250 2.5925 2.5655 2.5709 0 2]l 515 5.21
2%, 2.7500 2.7175 2.6905 2.6959 0 2 5.66 5.73
2% 2.8750 2.8425 2.8155 2.8209 0 1 6.20 6.27
3 3.0000 2.9675 2.9405 2.9459 0 1B 6.77 6.84

aBritish: Effective Diameter.

bSee formula, pagdst82and 1490

¢Design form for UNR threads. (See figure on page3)

dBasic minor diameter.

eThese are standard sizes of the UNC, UNF, or UNEF Series.
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Table 4j. 28-Thread Series, 28-UN and 28-UNR — Basic Dimensions

Sizes Basic Basic Minor Diameter Lead Area of
Major Pitch Ext. Int. Angel Minor Tensile
Dia., Dia.2 Thds.¢ Thds.¢ at Basic Dia. at Stress
Primary Secondary D D, d; (Ref) D, PD. D-2h, Ared
Inches Inches Inches Inches| Inche: Inchgs Deg. in. Sq. Ip. Sq. |n.
12 (0.2169 0.2160 0.1928 0.1734 0.1773 3 2p 0.0226 0.0258
e 0.2500 0.2268 0.2074 0.2113 2 5P 0.0326 0,0364
kA 0.3125 0.2893 0.2699 0.2738 2 1 0.0556 0.0606
% 0.3750 0.3518 0.3324 0.3363 1 51 0.0848 0.0909
%E 0.4375 0.4143 0.3949 0.3988; 1 3¢ 0.1201 0.1274
¥ 0.5000 0.4768 0.4574 0.4613 1 2P 0.162 0.170
Yo 0.5625 0.5393 0.5199 0.5238 1 12 0.209 0.219
% 0.6250 0.6018 0.5824 0.5863 1 5| 0.263 0.274
Y 0.6875 0.6643 0.6449 0.6488 0 59 0.323 0.335
% 0.7500 0.7268 0.7074 0.7113 0 54 0.389 0.402
e 0.8125 0.7893 0.7699 0.7738 0 50 0.461 0.475
% 0.8750 0.8518 0.8324 0.8363 0 4 0.539 0.554
Bie 0.9375 0.9143 0.8949 0.8988 0 48 0.624 0.640
1 1.0000 0.9768 0.9574 0.9613 0 4 0.714 0.732
W 1.0625 1.0393 1.0199 1.0238 0 38 0.811 0.830
1% 1.1250 1.1018 1.0824 1.0863| 0 35 0914 0.933
1% 1.1875 1.1643 1.1449 1.1488 0 3¢ 1.023 1.044
1Y, 1.2500 1.2268 1.2074 1.2113 0 3p 1138 1.160
1% 1.3125 1.2893 1.2699 1.2738 0 3 1.259 1.282
1% 1.3750 1.3518 1.3324 1.3363 0 2 1.386 1411
1% 1.4375 1.4143 1.3949 1.3988 0 2 1.52 1.55
1% 1.5000 1.4768 1.4574 1.4613 0 2 1.66 1.69

aBritish: Effective Diameter.
bSee formula, pagdst82and 1490
¢Design form for UNR threads. (See figure on page3)
dBasic minor diameter.
€These are standard sizes of the UNF or UNEF Series.

Table 4k. 32-Thread Series, 32-UN and 32-UNR — Basic Dimensions

Sizes Basic Basic Minor Diameter Lead Area of Tensile
Major Pitch [ Ext.Thds¢ | Int.Thds.d AngelA Minor Dia. at Stress

Primary Secondary| Dia.D | Dia.?D, | ds(Ref) D, atBasicPD| D-2h, Ared

Inches Inches Inches Inches| Inche: Inches Deg. in. Sq. I. Sq. In.
6(0.138% 0.1380 0.1177 0.1008 0.1042] 4 5p 0.00745 0.00909

8 (0.164% 0.1640 0.1437 0.1268 0.1302] 3 5§ 0.01196 0.0140
10 (0.190y 0.1900 0.1697 0.1528 0.1562] 3 21 0.01750 0.0200
12 (0.216% 0.2160 0.1957 0.1788 0.1822] 2 56 0.0242 0.0270
e 0.2500 0.2297 0.2128 0.2162] 2 2 0.0344 0.0379
%e 0.3125 0.2922 0.2753 0.2787| 1 5f 0.0581 0.0625
¥ 0.3750 0.3547 0.3378 0.3412] 1 36 0.0878 0.0932
Y 0.4375 0.4172 0.4003 0.4037| 1 2p  0.1237 0.1301

% 0.5000 0.4797 0.4628 0.4662| 1 1L 0.166 0.173

EN 0.5625 0.5422 0.5253 0.5287| 1 3 0.214 0.222

% 0.6250 0.6047 0.5878 0.5912] 0 5f 0.268 0.278

Y 0.6875 0.6672 0.6503 0.6537| 0 51 0.329 0.339

% 0.7500 0.7297 0.7128 0.7162] 0 4y 0.395 0.407

Bie 0.8125 0.7922 0.7753 0.7787| 0 4 0.468 0.480

% 0.8750 0.8547 0.8378 0.8412] 0 4D 0.547 0.560

Fie 0.9375 0.9172 0.9003 0.9037| 0 3 0.632 0.646

1 1.0000 0.9797 0.9628 0.9662] 0 3p 0.723 0.738

2British: Effective Diameter.
bSee formula, pagdst82and 1490
¢Design form for UNR threads. (See figure on pag&3)
dBasic minor diameter.
eThese are standard sizes of the UNC, UNF, or UNEF Series.
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Fine Threads for Thin-Wall Tubin@imensions for a 27-thread series, ranging f#pm
to 1-inch nominal size, also are included’able 3 These threads are recommended for
general use on thin-wall tubing. The minimum length of complete thread is one-third of the
basic major diameter plus 5 threa¢®(185 in.).

Selected Combination$hread data are tabulatedTable 3for certain additional
selected special combinations of diameter and pitch, with pitch diameter tolerances bas
on a length of thread engagement of 9 times the pitch. The pitch diameter limits are appl
cable to a length of engagement of from 5 to 15 times the pitch. (This provision should nc
be confused with the lengths of thread on mating parts, as they may exceed the length
engagement by a considerable amount.) Thread symbols are UNS and UNRS.

Other Threads of Special Diameters, Pitches, and Lengths of Engag@imeyatd data
for special combinations of diameter, pitch, and length of engagement not included i
selected combinations are also given in the Standard but are not given here. Also, whi
design considerations require non-standard pitches or extreme conditions of engageme
not covered by the tables, the allowance and tolerances should be derived from the form
las in the Standard. The thread symbol for such special threads is UNS.

Thread Classes.—Fhread classes are distinguished from each other by the amounts o
tolerance and allowance. Classes identified by a numeral followed by the letters A and

are derived from certain Unified formulas (not shown here) in which the pitch diameter tol-
erances are based on increments of the basic major (hominal) diameter, the pitch, and |
length of engagement. These formulas and the class identification or symbols apply to &
of the Unified threads.

Classes 1A, 2A, and 3A apply to external threads only, and Classes 1B, 2B, and 3B apr
to internal threads only. The disposition of the tolerances, allowances, and crest clearanc
for the various classes is illustrated on pagésland 1752

Classes 2A and 2Blasses 2A and 2B are the most commonly used for general applica-
tions, including production of bolts, screws, nuts, and similar fasteners.

The maximum diameters of Class 2A (external) uncoated threads are less than basic
the amount of the allowance. The allowance minimizes galling and seizing in high-cycle
wrench assembly, or it can be used to accommodate plated finishes or other coating. Ho
ever, for threads with additive finish, the maximum diameters of Class 2A may be
exceeded by the amount of the allowance, for example, the 2A maximum diameters app
to an unplated part or to a part before plating whereas the basic diameters (the 2A ma
mum diameter plus allowance) apply to a part after plating. The minimum diameters o
Class 2B (internal) threads, whether or not plated or coated, are basic, affording no allov
ance or clearance in assembly at maximum metal limits.

Class 2AGCertain applications require an allowance for rapid assembly to permit appli-
cation of the proper lubricant or for residual growth due to high-temperature expansion. |
these applications, when the thread is coated and the 2A allowance is not permitted to
consumed by such coating, the thread class symbol is qualified by G following the clas
symbol.

Classes 3A and 3RBlasses 3A and 3B may be used if closer tolerances are desired tha
those provided by Classes 2A and 2B. The maximum diameters of Class 3A (externa
threads and the minimum diameters of Class 3B (internal) threads, whether or not plated
coated, are basic, affording no allowance or clearance for assembly of maximum met
components.

Classes 1A and 1Elasses 1A and 1B threads replaced American National Class 1.
These classes are intended for ordnance and other special uses. They are used on thre:
components where quick and easy assembly is necessary and where a liberal allowanc
required to permit ready assembly, even with slightly bruised or dirty threads.
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P 0.04166P Internal Thread
; 7 (Nut)

Y & 1/2 Tolerance on Major Diameter
%l 0_1‘253 < of Screw
N\
[<30° A\
\\‘\ 600

A\ L, 1/2 PD Tolerance on Nut
,1/2 Allowance (Screw only) /
‘\‘///%, 1/2 PD Tolerance on Scre/

— & /

AN\ /

Basic Form

Maximum Major Dia. of Nut
Minimum Major Dia. of Nut
Maximum Major Dia. of Screw
Minimum Major Dia. of Screw
Basic Major Dia. of Screw and Nut

1/2 Allowance
(Screw Only)

Basic Pitch Dia. of Screw ond Nut

Maximum Pitch Dia. of Screw
Minimum Pitch Dia. of Screw

1/2 Tolerance

Maximum Pitch Dia. of Nut
Minimum Pitch Dia. of Nut

Minor Dia. of Nut

UNR Maximum Minor

Dia of Screw

External Thread
(Screw)

inor Dia. of Screw

Minimum Minor
Dia. of Screw
UNR Contour
(see text)
Minimum Minor

N Nominal (Max.)

D
M
D
U
M

Limits of Size Showing Tolerances, Allowances (Neutral Space), and Crest Clearances for Unified
Classes 1A, 2A, 1B, and 2B

Maximum diameters of Class 1A (external) threads are less than basic by the amount
the same allowance as applied to Class 2A. For the intended applications in Americe
practice the allowance is not available for plating or coating. Where the thread is plated ¢
coated, special provisions are necessary. The minimum diameters of Class 1B (interne
threads, whether or not plated or coated, are basic, affording no allowance or clearance
assembly with maximum metal external thread components having maximum diametel
which are basic.
Coated 60-deg. Threads.-Although the Standard does not make recommendations for
thicknesses of, or specify limits for coatings, it does outline certain principles that will aid
mechanical interchangeability if followed whenever conditions permit.
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Limits of Size Showing Tolerances and Crest Clearances for Unified Classes 3A and 3B and America
National Classes 2 and 3

To keep finished threads within the limits of size established in the Standard, extern:
threads should not exceed basic size after plating and internal threads should not be bel
basic size after plating. This recommendation does not apply to threads coated by certe
commonly used processes such as hot-dip galvanizing where it may not be required
maintain these limits.

Class 2A provides both a tolerance and an allowance. Many thread requirements call f
coatings such as those deposited by electro-plating processes and, in general, the 2A allc
ance provides adequate undercut for such coatings. There may be variations in thickne
and symmetry of coating resulting from commercial processes but after plating the threac
should be accepted by a basic Class 3A size GO gage and a Class 2A gage as a NOT-
gage. Class 1A provides an allowance which is maintained for both coated and uncoat:
product, i.e., itis not available for coating.
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Class 3A does not include an allowance so it is suggested that the limits of size befo
plating be reduced by the amount of the 2A allowance whenever that allowance is ad
quate.

No provision is made for overcutting internal threads as coatings on such threads are n
generally required. Further, itis very difficult to deposit a significant thickness of coating
on the flanks of internal threads. Where a specific thickness of coating is required on a
internal thread, it is suggested that the thread be overcut so that the thread as coated will
accepted by a GO thread plug gage of basic size.

This Standard ASME/ANSI B1.1-1989 specifies limits of size that pertain whether
threads are coated or uncoated. Only in Class 2A threads is an allowance available
accommodate coatings. Thus, in all classes of internal threads and in all Class 1A, 2A(
and 3A external threads, limits of size must be adjusted to provide suitable provision fo
the desired coating.

For further information concerning dimensional accommodation of coating or plating
for 60-degree threads, see Section 7, ASME/ANSI B1.1-1989.

Screw Thread Selection — Combination of Classes.Whenever possible, selection
should be made froffiable 2 Standard Series Unified Screw Threads, preference being
given to the Coarse- and Fine- thread Series. If threads in the standard series do not m
the requirements of design, reference should be made to the selected combinations
Table 3 The third expedient is to compute the limits of size from the tolerance tables ol
tolerance increment tables given in the Standard. The fourth and last resort is calculatic
by the formulas given in the Standard.

The requirements for screw thread fits for specific applications depend on end use ar
can be met by specifying the proper combinations of thread classes for the componen
For example, a Class 2A external thread may be used with a Class 1B, 2B, or 3B intern
thread.

Pitch Diameter Tolerances, All Classes.-Fhe pitch diameter tolerancesTiable 3for

all classes of the UNC, UNF, 4-UN, 6-UN, and 8-UN series are based on a length ©
engagement equal to the basic major (nominal) diameter and are applicable for lengths
engagement up tdjldiameters.

The pitch diameter tolerances used able 3for all classes of the UNEF, 12-UN, 16-
UN, 20-UN, 28-UN, and 32-UN series and the UNS series, are based on a length ¢
engagement of 9 pitches and are applicable for lengths of engagement of from 5 to !
pitches.

Screw Thread Designation.—Fhe basic method of designating a screw thread is used
where the standard tolerances or limits of size based on the standard length of engagem
are applicable. The designation specifies in sequence the nominal size, number of three
perinch, thread series symbol, thread class symbol, and, finally, gaging system number
ASME/ANSI B1.3M. The nominal size is the basic major diameter and is specified as the
fractional diameter, screw number, or their decimal equivalent. Where decimal equiva
lents are used for size callout, they shall be interpreted as being nominal size designatic
only and shall have no dimensional significance beyond the fractional size or number de
ignation. The symbol LH is placed after the thread class symbol to indicate a left-han
thread:

Examples:

¥~20 UNC-2A (21) or 0.250-20 UNC-2A (21)

10-32 UNF-2A (22) or 0.190-32 UNF-2A (22)

%20 UNRF-2A (23) or 0.4375-20 UNRF-2A (23)
2-12 UN-2A (21) or 2.000-12 UN-2A (21)

¥~20 UNC-3A-LH (21) or 0.250-20 UNC-3A-LH (21)
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For uncoated standard series threads these designations may optionally be supplemer
by the addition of the pitch diameter limits of size.

Example:
¥~20 UNC-2A (21)
PD 0.2164-0.2127 (Optional for uncoated threads)

Designating Coated Threads.—For coated (or plated) Class 2A external threads, the
basic (max) major and basic (max) pitch diameters are given followed by the word:
AFTER COATING. The major and pitch diameter limits of size before coating are also
given followed by the words BEFORE COATING.
Example: %~10 UNC-2A (21)

aMajor dia 0.7500 max

PD 0.6850 max

bMajor dia 0.7482-0.7353

PD 0.6832-0.6773

aMajor and PD values are equal to basic and correspond to thkaggersfor Class 3A.
bMajor and PD limits are those Table 3for Class 2A.

} AFTER COATING

} FEFORE COATING

Certain applications require an allowance for rapid assembly, to permit application of :
proper lubricant, or for residual growth due to high-temperature expansion. In such appl
cations where the thread is to be coated and the 2A allowance is not permitted to be cc
sumed by such coating, the thread class symbol is qualified by the addition of the letter
(symbol for allowance) following the class symbol, and the maximum major and maxi-
mum pitch diameters are reduced below basic size by the amount of the 2A allowance al
followed by the words AFTER COATING. This arrangement ensures that the allowance i
maintained. The major and pitch diameter limits of size before coating are also given fol
lowed by SPL and BEFORE COATING. For information concerning the designating of
this and other special coating conditions reference should be made to American Nation
Standard ASME/ANSI B1.1-1989.

Designating UNS Threads.—UNS screw threads which have special combinations of
diameter and pitch with tolerance to Unified formulation have the basic form designatior
set out first followed always by the limits of size.

Designating Multiple Start Threads.—If a screw thread is of multiple start, it is desig-
nated by specifying in sequence the nominal size, pitch (in decimals or threads per incl
and lead (in decimals or fractions).

Other Special Designations.—For other special designations including threads with
modified limits of size or with special lengths of engagement, reference should be made
American National Standard ASME/ANSI B1.1-1989.

Hole Sizes for Tapping.—Hole size limits for tapping Classes 1B, 2B, and 3B threads of
various lengths of engagement are given in the Tapping Section.

Internal Thread Minor Diameter Tolerances.—Internal thread minor diameter toler-
ances iffable 3are based on a length of engagement equal to the nominal diameter. Fc
general applications these tolerances are suitable for lengths of engagemeldiarte 1
eters. However, some thread applications have lengths of engagement which are grea
than %, diameters or less than the nominal diameter. For such applications it may b
advantageous to increase or decrease the tolerance, respectively, as explained in the T
ping Section.
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METRIC SCREW THREADS

American National Standard Metric Screw Threads M Profile.—American National
Standard ANSI/ASME B1.13M-1983 (R1995) describes a system of metric threads fol
general fastening purposes in mechanisms and structures. The standard is in basic agi
ment with ISO screw standards and resolutions, as of the date of publication, and featur
detailed information for diameter-pitch combinations selected as to preferred standar
sizes. This Standard contains general metric standards for a 60-degree symmetrical scr
thread with a basic ISO 68 designated profile.

Application Comparison with Inch Threads.—The metric M profile threads of toler-
ance class 6H/6g (see pal#62) are intended for metric applications where the inch class
2A/2B have been used. At the minimum material limits, the 6H/6g results in a looser fit
than the 2A/2B. Tabular data are also provided for a tighter tolerance fit external thread ¢
class 4g6g which is approximately equivalent to the inch class 3A but with an allowanc
applied. It may be noted that a 4H5H/4h6h fit is approximately equivalent to class 3A/3E
fitin the inch system.

Interchangeability with Other System Threads.—Threads produced to this Standard
ANSI/ASME B1.13M are fully interchangeable with threads conforming to other
National Standards that are based on ISO 68 basic profile and ISO 965/1 tolerance pre
tices.

Threads produced to this Standard should be mechanically interchangeable with tho
produced to ANSI B1.18M-1982 (R1987) “Metric Screw Threads for Commercial
Mechanical Fasteners—Boundary Profile Defined,” of the same size and tolerance clas
However, there is a possibility that some parts may be accepted by conventional gag
used for threads made to ANSI/ASME B1.13M and rejected by the Double-NOT-GO
gages required for threads made to ANSI B1.18M.

Threads produced in accordance with M profile and MJ profile ANSI/ASME B1.21M
design data will assemble with each other. However, external MJ threads will encounte
interference on the root radii with internal M thread crests when both threads are at max
mum material condition.

Definitions.—The following definitions apply to metric screw threads — M profile.

Allowance:The minimum nominal clearance between a prescribed dimension and its
basic dimension. Allowance is not an ISO metric screw thread term but it is numerically
equal to the absolute value of the ISO teundamental deviation.

Basic Thread ProfileThe cyclical outline in an axial plane of the permanently estab-
lished boundary between the provinces of the external and internal threads. All deviatior
are with respect to this boundary. ($ég 1and6.)

Bolt Thread (External Threadthe term used in ISO metric thread standards to
describe all external threads. All symbols associated with external threads are designat
with lower case letters. This Standard uses the term external threads in accordance w
United States practice.

ClearanceThe difference between the size of the internal thread and the size of the
external thread when the latter is smaller.

Crest DiameterThe major diameter of an external thread and the minor diameter of an
internal thread.

Design ProfilesThe maximum material profiles permitted for external and internal
threads for a specified tolerance class. (8ge2and 3.)

Deviation:An ISO term for the algebraic difference between a given size (actual, mea-
sured, maximum, minimum, etc.) and the corresponding basic size. The term deviatio
does not necessarily indicate an error.

Fit: The relationship existing between two corresponding external and internal thread
with respect to the amount of clearance or interference which is present when they a
assembled.
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Fundamental DeviatiorfFor Standard threads, the deviation (upper or lower) closer to
the basic size. It is the upper deviatieg for an external thread and the lower deviation,
El, for an internal thread. (S€&. 6)

Limiting Profiles:The limiting M profile for internal threads is showrFig. 7. The lim-
iting M profile for external threads is showrfig. 8

Lower DeviationThe algebraic difference between the minimum limit of size and the
corresponding basic size.

Nut Thread (Internal Threadf term used in ISO metric thread standards to describe
all internal threads. All symbols associated with internal threads are designated with uppt
case letters. This Standard uses the tetennal threadin accordance with United States
practice.

ToleranceThe total amount of variation permitted for the size of a dimension. It is the
difference between the maximum limit of size and the minimum limit of size (i.e., the alge-
braic difference between the upper deviation and the lower deviation). The tolerance is ¢
absolute value without sign. Tolerance for threads is applied to the design size in the dire
tion of the minimum material. On external threads the tolerance is applied negatively. O
internal threads the tolerance is applied positively.

Tolerance ClassThe combination of a tolerance position with a tolerance grade. It
specifies the allowance (fundamental deviation) and tolerance for the pitch and majc
diameters of external threads and pitch and minor diameters of internal threads.

Tolerance GradeA numerical symbol that designates the tolerances of crest diameters
and pitch diameters applied to the design profiles.

Tolerance PositionA letter symbol that designates the position of the tolerance zone in
relation to the basic size. This position provides the allowance (fundamental deviation).

Upper DeviationThe algebraic difference between the maximum limit of size and the
corresponding basic size.

Basic M Profile.—The basic M thread profile also known as ISO 68 basic profile for met-
ric screw threads is shownfiig. 1with associated dimensions listedliable 3

Design M Profile for Internal Thread.— The design M profile for the internal thread at
maximum material condition is the basic ISO 68 profile. It is shoviign2with associ-
ated thread data listedTrable 3

Design M Profile for External Thread.—The design M profile for the external thread at
the no allowance maximum material condition is the basic ISO 68 profile except where
rounded root is required. For the standard (Pl@mimum radius, the ISO 68 profile is
modified at the root with a 0.17783runcation blending into two arcs with radii of 0. 25
tangent to the thread flanks as showfim 3with associated thread dataliable 3

M Crest and Root Form.—The form of crest at the major diameter of the external thread
is flat, permitting corner rounding. The external thread is truncatedt ft@f a sharp
crest. The form of the crest at the minor diameter of the internal thread is flat. It is truncate
0.2 from a sharp crest.

The crest and root tolerance zones at the major and minor diameters will permit rounde
crest and root forms in both external and internal threads.

The root profile of the external thread must lie within the “section lined” tolerance zone
shown inFig. 4 For the rounded root thread, the root profile must lie within the “section
lined” rounded root tolerance zone showrfig. 4. The profile must be a continuous,
smoothly blended non-reversing curve, no part of which has a radius of less th&h 0.125
and which is tangential to the thread flank. The profile may comprise tangent flank arc
that are joined by a tangential flat at the root.

The root profile of the internal thread must not be smaller than the basic profile. The ma>
imum major diameter must not be sharp.

General Symbols.—The general symbols used to describe the metric screw thread form:s
are shown ifTable 1
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Table 1. American National Standard Symbols for Metric Threads
ANSI/ASME B1.13M-1983 (R1995)

1757

Symbol Explanation
D Major Diameter Internal Thread
D, Minor Diameter Internal Thread
D, Pitch Diameter Internal Thread
d Major Diameter External Thread
dy Minor Diameter External Thread
d, Pitch Diameter External Thread
d3 Rounded Form Minor Diameter External Thread
P Pitch
r External Thread Root Radius
T Tolerance
Tow Tp2 Tolerances foby, D,
Te Ta2 Tolerances fod, d,
ES Upper Deviation, Internal Thread [Equals the Allowance (Fundamental Deviation) Plu
Tolerance]. Se€ig. 6
El Lower Deviation, Internal Thread Allowance (Fundamental Deviation) Fpé.
G,H Letter Designations for Tolerance Positions for Lower Deviation, Internal Thread
gh Letter Designations for Tolerance Positions for Upper Deviation, External Thread
es Upper Deviation, External Thread Allowance (Fundamental Deviation)-i§eé In the ISO
systemesis always negative for an allowance fit or zero for no allowance.
ei Lower Deviation, External Thread [Equals the Allowance (Fundamental Deviation) Plul
Tolerance]. Se€ig. 6 In the ISO systerai is always negative for an allowance fit.
H Height of Fundamental Triangle
LE Length of Engagement
LH Left Hand Thread

5 the

Standard M Profile Screw Thread Series.—Fhe standard metric screw thread series for
general purpose equipment's threaded components design and mechanical fasteners
coarse threaderies. Their diameter/pitch combinations are showiaisle 4 These
diameter/pitch combinations are the preferred sizes and should be the first choice as apy
cable. Additionafine pitchdiameter/pitch combinations are showiable 5

Table 2. American National Standard General Purpose and Mechanical Fastener
Coarse Pitch Metric Thread—M Profile SeriesANSI/ASME B1.13M-1983 (R1995)

Nom.Size Pitch Nom.Siz¢ Pitch Nom.Size Pitch Nom.Size Pitgh
1.6 0.35 6 1 22 2.5 56 55
2 0.4 8 1.25 24 3 64
25 0.45 10 15 27 32 72 6
3 0.5 12 1.75 30 35 80 6
35 0.6 14 2 36 4 90 6
4 0.7 16 2 42 45 100 6
5 0.8 20 25 48 5

aFor high strength structural steel fasteners only.

All dimensions are in millimeters.



Table 3. American National Standard Metric Thread — M Profile Data ANSI/ASME B1.13M-1983 (R1995)

Truncation of Addendum of Dedendum of Height of InternalTh-
Internal Thread Roo{ Internal Thread and| Internal Thread and read and Twice the Double
and External Truncation of Addendum External Depth of Thread External Thread Height of
Thread Crest Internal Thread Thread Difference Engagement Addendum Difference Height of Internal Thread
Shar
H H §H H §H Differenceé §H E‘H V—Thregd §H
Pitch 8 4 8 2 8 0.7113254 4 12 H 4

P 0.10825% 0.216506 0.32476® 0.43301% 0.541266 0.61602% 0.64951% 0.79385P | 0.866025# 1.08253P
0.2 0.02165 0.04330 0.06495 0.0866! 0.10825 0.123p1 0.1299 0.15877 0.14321 0.21p51
0.25 0.02706 0.05413 0.08119 0.1082! 0.13532 0.154p1 0.1623: 0.19846 0.21651 0.27p63
0.3 0.03248 0.06495 0.09743 0.1299¢ 0.16238 0.18481 0.19484 0.23B16 0.24981 0.32p76
0.35 0.03789 0.07578 0.11367 0.1515! 0.18944 0.215p1 0.2273: 0.27785 0.3¢311 0.37B89
0.4 0.04330 0.08660 0.12990 0.1732. 0.21651 0.24581 0.2598. 0.31)754 0.34641 0.43B01
0.45 0.04871 0.09743 0.14614 0.1948! 0.24357 0.277p1 0.2922 0.39724 0.3¢4971 0.48714
0.5 0.05413 0.10825 0.16238 0.2165. 0.27063 0.308p1 0.3247! 0.39693 0.43301 0.64p52
0.6 0.06495 0.12990 0.19486 0.2598! 0.32476 0.369¢2 0.3897 0.47p31 0.53962 0.64p52
0.7 0.07578 0.15155 0.22733 0.3031. 0.37889 0.431p2 0.4546! 0.55670 0.6(622 0.75§77
0.75 0.08119 0.16238 0.24357 0.32471 0.40595 0.462p2 0.4871 0.59639 0.64952 0.81J190
0.8 0.08660 0.17321 0.25981 0.3464. 0.43301 0.49282 0.5196: 0.63p09 0.69282 0.86p03
1 0.10825 0.21651 0.32476 0.4330% 0.54127 0.616¢3 0.64954% 0.79B86 0.86603 1.08p53
125 0.13532 0.27063 0.40595 0.5412 0.67658 0.770p3 0.8119 0.9932 1.04253 1.35B16
15 0.16238 0.32476 0.48714 0.6495: 0.81190 0.924p4 0.9742 1.19078 1.29904 1.62B80
1.75 0.18944 0.37889 0.56833 0.7577 0.94722 1.078p4 1.1366 1.39925 1.51554 1.89443
2 0.21651 0.43301 0.64952 0.86603 1.08253 1.232¢5 1.29904 1.58§71 1.73205 2.16p06
25 0.27063 0.54127 0.81190 1.0825. 1.35316 1.54096 1.6238 1.98164 2.14506 2.70p33
3 0.32476 0.64652 0.97428 1.29904 1.62380 1.848¢8 1.9485 2.38[157 2.594808 3.24f60
35 0.37889 0.75777 1.13666 1.51554 1.89443 2.15699 2.2733: 2.77B50 3.03109 3.78B86
4 0.43301 0.86603 1.29904 1.73209 2.16506 2.46410 2.5980: 3.17p43 3.4410 4.33p13
45 0.48714 0.97428 1.46142 1.9485 2.43570 277211 2.9228: 3.57p35 3.89711 4.87[139
5 0.54127 1.08253 1.62380 2.1650 2.70633 3.08043 3.2476! 3.96p28 4.33013 5.41p66
5.5 0.59539 1.19078 1.78618 2.3815 2.97696 3.38814 3.5723! 4.36621 4.74314 5.95B92
6 0.64952 1.29904 1.94856 2.59809 3.24760 3.69615 3.8971. 4.76p14 5.19615 6.49p19
8 0.86603 1.73205 2.59808 3.4641 4.33013 4.92820 5.19614 6.35p85 6.92820 8.66p25

aDifference between max theoretical pitch diameter and max minor diameter of external thread and between min theorétizafgiteind min minor diameter of
internal thread.
bDifference between min theoretical pitch diameter and min design minor diameter of external threadPao0tT28ius.
cDifference between max major diameter and max theoretical pitch diameter of internal thread.

All dimensions are in millimeters.

8G/.T
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Table 4. American National Standard General Purpose and Mechanical Fastener
Coarse Pitch Metric Thread—M Profile Series ANSI/ASME B1.13M-1983 (R1995)

Nom. Size Pitch Nom. Size Pitch Nom. Size Pitch Nom. Size Pitch
1.6 0.35 6 1 22 2.8 56 55
2 0.4 8 1.25 24 3 64 6
25 0.45 10 15 27 32 72 6
3 0.5 12 1.75 30 35 80 6
35 0.6 14 2 36 4 90 6
4 0.7 16 2 42 4.5 100 6
5 0.8 20 25 48 5

aFor high strength structural steel fasteners only.
All dimensions are in millimeters.

Table 5. American National Standard Fine Pitch Metric Thread—M Profile Series
ANSI/ASME B1.13M-1983 (R1995)

Nom. Nom. Nom. Nom.
Size Pitch Size Pitch Size Pitch Size Pitch
8 1 27 2 56 2 105 2

10 0.75 1.25 30 15 2 60 15 110 2
12 1 1.8 125 33 2 64 2 120 2
14 15 35 15 65 15 130 2
15 1 36 2 70 15 140 2
16 15 39 2 72 2 150 2
17 1 40 1.5 75 15 160 3
18 15 42 2 80 15 2 170 3
20 1 15 45 15 85 2 180 3
22 15 48 2 90 2 190 3
24 2 50 15 95 2 200 3
25 15 55 15 100 2

aOnly for wheel studs and nuts.
All dimensions are in millimeters.

Limits and Fits for Metric Screw Threads — M Profile.—The International (ISO)
metric tolerance system is based on a system of limits and fits. The limits of the tolerance
on the mating parts together with their allowances (fundamental deviations) determine th
fit of the assembly. For simplicity the system is described for cylindrical pariBritish
Standard for Metric 1SO Limits and F starting on page 657) but in this Standard it is
applied to screw threads. Holes are equivalent to internal threads and shafts to exterr
threads.

Basic SizeThis is the zero line or surface at assembly where the interface of the two mat
ing parts have a common referer'.ce.

Upper DeviationThis is the algebraic difference between the maximum limit of size
and the basic size. Itis designated by the French term “écart supérieur” (ES for internal ar
esfor external threads).

Lower DeviationThis is the algebraic difference between the minimum limit of size and
the basic size. Itis designated by the French term “écart inféIEl for internal ancei for
external threads).

* Basic,” when used to identify a particular dimension in this Standard, such as basic major diametel
refers to the h/H tolerance position (zero fundamental deviation) value.
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Fundamental Deviations (Allowance3hese are the deviations which are closest to the
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basic size. In the accompanying figure they woulBkendes

Fits: Fits are determined by the fundamental deviations assigned to the mating parts at
may be positive or negative. The selected fits can be clearance, transition, or interferenc
To illustrate the fits schematically, a zero line is drawn to represent the basic size as shov
in Fig. 6 By convention, the external thread lies below the zero line and the internal threa
lies above it (except for interference fits). This makes the fundamental deviation negativ
for the external thread and equal to its upper deviaignThe fundamental deviation is

positive for the internal thread and equal to its lower deviaEdn (

Internal threads
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Fig. 1. Basic M Thread Profile ISO 68 Basic Profile

\
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PROFILE

D MIN. MAJOR DIA. D, MIN. PITCH DIA.

Dy MIN. MINOR DIA.
Fig. 2. Internal Thread Design M Profile with No Allowance (Fundamental Deviation) (Maximum

Material Condition). For Dimensions s€able 3
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Basic Profile

d max. major dia.
0.697174

d, max. pitch dia.

d, basic minor dia.

(Flat Root) R =0.125P

d3 nom. minor dia.

{Rounded Root)

Fig. 3. External Thread Design M Profile with No Allowance (Fundamental Deviation) (Flanks at Max-
imum Material Condition). For Dimensions Sksble 3

Basic M profile

Upper limiting profile
for rounded root

I 0.5es

d, basic pitch dia.

f 0.5es
dy max rounded Point of - ‘
root minor dia. intersection
i H
Point of Rounded root 4

intersection h
max truncation

(See notes)

0.1443H
min truncation \ /

v d, max flat root
oo . minor dia.
d; min minor dia.

Fig. 4. M Profile, External Thread Root, Upper and Lower Limiting Profiles,fgr 0.125P and for
Flat Root (Shown for Tolerance Position g)

Notes:

1) “Section lined” portions identify tolerance zone and unshaded portions identify allowance (fun-
damental deviation).
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2) The upper limiting profile for rounded root is not a design profile; rather it indicates the limiting
acceptable condition for the rounded root which will pass a GO thread gage.
Ta2 [

4r 0

min

3) Max truncation= E - rmingl. - cos[60° — arc co% i

where H=Height of fundamental triangle
I'min= Minimum external thread root radius
Ty, = Tolerance on pitch diameter of external threasd
Fig. 5. M Profile, External Thread Root, Upper and Lower Limiting Profiles,fgr 0.125P and for
Flat Root (Shown for Tolerance Position g)

G Tolerance position H Tolerance position
for small all for no all
(Fundamental deviation) (Fundamental deviation)

+  Interal T
thread
T
Zero line |— Basic
T
' External
thread
e or f Tolerance position g Tolerance position h Tolerance position
for large allowance for small allowance for no allowance

(Fundamental deviation) (Fundamental deviation) (Fundamental deviation)

Fig. 6. Metric Tolerance System for Screw Threads

ToleranceThe tolerance is defined by a series of numerical grades. Each grade provide
numerical values for the various nominal sizes corresponding to the standard tolerance f
that grade.

In the schematic diagram the tolerance for the external thread is shown as negative. Th
the tolerance plus the fit define the lower deviatih The tolerance for the mating inter-
nal thread is shown as positive. Thus the tolerance plus the fit defines the upper deviati
(ES.

Tolerance GradeThis is indicated by a number. The system provides for a series of tol-
erance grades for each of the four screw thread parameters: minor diameter, intern
threadD,; major diameter, external threaklpitch diameter, internal threddl,; and pitch
diameter, external thread,. The tolerance grades for this Standard ANSI B1.13M were
selected from those given in ISO 965/1.

Dimension Tolerance Grades Table
D, 4,5,67,8 7
d 4,68 10
D, 4,5,67,8 8
d, 3,4567,8,9 9

Note:The underlined tolerance grades are used with normal length of thread engagement.

Tolerance PositionThis position is the allowance (fundamental deviation) and is indi-
cated by a letter. A capital letter is used for internal threads and a lower case letter for exte
nal threads. The system provides a series of tolerance positions for internal and exterr
threads. The underlined letters are used in this Standard:

Internal threads G.H Table 7
External threads ef.b Table 7
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Designations of Tolerance Grade, Tolerance Position, and Tolerance Clasdpler-
ance grade is given first followed by the tolerance position, thus: 4g or 5H. To designate tt
tolerance class the grade and position of the pitch diameter is shown first followed by th:
for the major diameter in the case of the external thread or that for the minor diameter in tf
case of the internal thread, thus 4g6g for an external thread and 5H6H for an intern
thread. If the two grades and positions are identical, it is not necessary to repeat the sy
bols, thus 4g, alone, stands for 4g4g and 5H, alone, stands for SH5H.

Lead and Flank Angle Tolerancd%or acceptance of lead and flank angles of product
screw threads, see Section 10 of ANSI/ASME B1.13M-1983 (R1995).

Short and Long Lengths of Thread Engagement when Gaged with Normal Length Cor
tacts:For short lengths of thread engagement, LE, reduce the pitch diameter tolerance
the external thread by one tolerance grade number. For long lengths of thread engageme
LE, increase the allowance (fundamental deviation) at the pitch diameter of the extern:
thread. Examples of tolerance classes required for normal, short, and long gage length cc
tacts are given in the following table.

For lengths of thread engagement classified as normal, short, and Iohabkeee

Table 6. American National Standard Length of Metric Thread Engagement
1SO 965/Jand ANSI/ASME B1.13M-1983 (R1995)

Length of Thread Engagement
Basic Major Diameted,. Pitch Short LE Normal LE Long LE
Over Up to and incl. P Up to and incl Over Up to and ingl. Over
0.2 0.5 0.5 15 15
0.25 0.6 0.6 19 1.9
15 2.8 0.35 0.8 0.8 2.6 26
0.4 1 1 3 3
0.45 1.3 13 3.8 3.8
0.35 1 1 3 3
0.5 15 15 4.5 45
0.6 17 17 5 5
28 56 07 2 2 6 6
0.75 2.2 22 6.7 6.7
0.8 25 25 7.5 7.5
0.75 2.4 24 71 7.1
1 3 3 9 9
56 1.2 125 4 4 12 12
15 5 5 15 15
1 38 3.8 11 I
1.25 4.5 4.5 13 13
15 5.6 5.6 16 16
1.2 24 175 6 6 18 18
2 8 8 24 24
25 10 10 30 30
1 4 4 12 12
15 6.3 6.3 19 19
2 85 8.5 25 25
224 45 3 12 12 36 36
35 15 15 45 45
4 18 18 53 53
4.5 21 21 63 63
15 7.5 75 22 22
2 9.5 9.5 28 28
3 15 15 45 45
45 90 4 19 19 56 56
5 24 24 71 71
55 28 28 85 85
6 32 32 95 95
2 12 12 36 36 |
3 18 18 53 53
90 180 4 24 24 7 71
6 36 36 106 106
3 20 20 60 60
180 355 4 26 26 80 80
6 40 40 118 118
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All dimensions are in millimeters.
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Normal LE Short LE Long LE
69 5969 6e6g
4g6g 3g6g 4e6g
6he 5heh 6g6h
4h6H 3h6h 4g6h

aApplies to maximum material functional size (GO thread gage) for plated 6g and 4g6g class
threads, respectively.

Coated or Plated Thread€oating is one or more applications of additive material to
the threads, including dry-film lubricants, but excluding soft or liquid lubricants that are
readily displaced in assembly or gaging. Plating is included as coating in the Standar
Unless otherwise specified, size limits for standard external tolerance classes 6g and 4g
apply prior to coating. The external thread allowance may thus be used to accommoda
the coating thickness on coated parts, provided that the maximum coating thickness is |
more than one-quarter of the allowance. Thus, the thread after coating is subject to acce
tance using a basic (tolerance position h) size GO thread gage and tolerance positior
thread gage for either minimum material, LO, or NOT-GO. Where the external thread ha
no allowance or the allowance must be maintained after coating, and for standard intern
threads, sufficient allowance must be provided prior to coating to ensure that finishe
product threads do not exceed the maximum material limits specified. For thread class:
with tolerance position H or h, coating allowances in accordancd&wiile 7for position
G or g, respectively, should be applied wherever possible.

Table 7. American National Standard Allowance (Fundamental Deviation) for Inter-
nal and External Metric Threads 1SO 965/1
ANSI/ASME B1.13M-1983 (R1995)

Allowance (Fundamental Deviatich)
Internal Thread External Thread
2 M1 " dZ

Pitch ¢ H e f 9 h
P El El es es es es
0.2 +0.017 0 -0.017 0
0.25 +0.018 0 -0.018 0
0.3 +0.018 0 -0.018 0
0.35 +0.019 0 -0.034 -0.019 0
0.4 +0.019 0 -0.034 -0.019 0
0.45 +0.020 0 -0.035 -0.020 0
0.5 +0.020 0 -0.050 -0.036 -0.020 0
0.6 +0.021 0 -0.053 -0.036 -0.021 0
0.7 +0.022 0 -0.056 -0.038 -0.022 0
0.75 +0.022 0 -0.056 -0.038 -0.022 0
0.8 +0.024 0 -0.060 -0.038 -0.024 0
1 +0.026 0 -0.060 -0.040 -0.026 0
1.25 +0.028 0 -0.063 -0.042 -0.028 0
15 +0.032 0 -0.067 -0.045 -0.032 0
1.75 +0.034 0 -0.071 -0.048 -0.034 0
2 +0.038 0 -0.071 -0.052 -0.038 0
25 +0.042 0 -0.080 -0.058 -0.042 0
3 +0.048 0 -0.085 -0.063 -0.048 0
35 +0.053 0 -0.090 -0.070 -0.053 0
4 +0.060 0 -0.095 -0.075 -0.060 0
4.5 +0.063 0 -0.100 -0.080 -0.063 0
5 +0.071 0 -0.106 -0.085 -0.071 0
55 +0.075 0 -0.112 -0.090 -0.075 0
6 +0.080 0 -0.118 -0.095 -0.080 0

aAllowance is the absolute value of fundamental deviation.

All dimensions are in millimeters.
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Dimensional Effect of Coating.—On a cylindrical surface, the effect of coating is to
change the diameter by twice the coating thickness. On a 60-degree thread, however, sir
the coating thickness is measured perpendicular to the thread surface while the pitch dia
eter is measured perpendicular to the thread axis, the effect of a uniformly coated flank
the pitch diameter is to change it by four times the thickness of the coating on the flank.
External Thread with No Allowance for Coatinfo determine gaging limits before
coating for a uniformly coated thread, decrease: 1) maximum pitch diameter by four time
maximum coating thickness; 2) minimum pitch diameter by four times minimum coating
thickness; 3) maximum major diameter by two times maximum coating thickness; and
4) minimum major diameter by two times minimum coating thickness.

External Thread with Only Nominal or Minimum Thickness Coatihgno coating
thickness tolerance is given, it is recommended that a tolerance of plus 50 per cent of tl
nominal or minimum thickness be assumed.

Then, to determine before coating gaging limits for a uniformly coated thread, decreas

1) maximum pitch diameter by six times coating thickness; 2) minimum pitch diameter
by four times coating thickness; 3) maximum major diameter by three times coating
thickness; and 4) minimum major diameter by two times coating thickness.

Adjusted Size Limitst should be noted that the before coating material limit tolerances
are less than the tolerance after coating. This is because the coating tolerance consur
some of the product tolerance. In cases there may be insufficient pitch diameter toleran
available in the before coating condition so that additional adjustments and controls will b
necessary.

Strength:On small threads (5 mm and smaller) there is a possibility that coating thick-
ness adjustments will cause base material minimum material conditions which may signi
icantly affect strength of externally threaded parts. Limitations on coating thickness or pal
redesign may then be necessary.

Internal ThreadsStandard internal threads provide no allowance for coating thickness.

To determine before coating, gaging limits for a uniformly coated thread, increase:

1) minimum pitch diameter by four times maximum coating thickness, if specified, or by
six times minimum or nominal coating thickness when a tolerance is not specified.

2) maximum pitch diameter by four times minimum or nominal coating thickness;

3) minimum minor diameter by two times maximum coating thickness, if specified, or by
three times minimum or nominal coating thickness; and 4) maximum minor diameter b
two times minimum or nominal coating thickness.

Other Considerations.—t is essential to review all possibilities adequately and consider
limitations in the threading and coating production processes before finally deciding ot
the coating process and the allowance required to accommodate the coating. A no-allo
ance thread after coating must not transgress the basic profile and is, therefore, subject
acceptance using a basic (tolerance position H/h) size GO thread gage.

Formulas for M Profile Screw Thread Limiting Dimensions.—The limiting dimen-
sions for M profile screw threads are calculated from the following formulas.

Internal Threads

Min major dia. =basic major diat+ El (Table 7
Min pitch dia. =basic major dia= 0.64951® (Table 3 +El for D, (Table j
Max pitch dia. =min pitch dia+ Ty, (Table §
Max major dia. =max pitch dia+ 0.79385P (Table 3
Min minor dia. =min major dia- 1.08253P (Table 3
Max minor dia. =min minor dia+ Ty, (Table 9
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Table 8. American National Standard Pitch-Diameter Tolerances of Internal
Metric Threads, Ty, ISO 965/1ANSI/ASME B1.13M-1983 (R1995)

Basic Major
DiameterD Tolerance Grade
Up to Pitch
Over and incl. P 4 5 6 7 8
15 2.8 0.2 0.042
0.25 0.048 0.060
0.35 0.053 0.067 0.085
0.4 0.056 0.071 0.090
0.45 0.060 0.075 0.095
2.8 5.6 0.35 0.056 0.071 0.090
0.5 0.063 0.080 0.100 0.125
0.6 0.071 0.090 0.112 0.140
0.7 0.075 0.095 0.118 0.150
0.75 0.075 0.095 0.118 0.150
0.8 0.080 0.100 0.125 0.160 0.200
5.6 11.2 0.75 0.085 0.106 0.132 0.170
1 0.095 0.118 0.150 0.190 0.236)
1.25 0.100 0.125 0.160 0.200 0.250
15 0.112 0.140 0.180 0.224 0.280|
11.2 22.4 1 0.100 0.125 0.160 0.200 0.25
1.25 0.112 0.140 0.180 0.224 0.280
15 0.118 0.150 0.190 0.236 0.300
1.75 0.125 0.160 0.200 0.250 0.315
2 0.132 0.170 0.212 0.265 0.335)
2.5 0.140 0.180 0.224 0.280 0.355|
22.4 45 1 0.106 0.132 0.170 0.212
15 0.125 0.160 0.200 0.250 0.315|
2 0.140 0.180 0.224 0.280 0.355)
3 0.170 0.212 0.265 0.335 0.425)
35 0.180 0.224 0.280 0.355 0.450|
4 0.190 0.236 0.300 0.375 0.475,
45 0.200 0.250 0.315 0.400 0.500
45 90 15 0.132 0.170 0.212 0.265| 0.334
2 0.150 0.190 0.236 0.300 0.375,
3 0.180 0.224 0.280 0.355 0.450,
4 0.200 0.250 0.315 0.400 0.500,
5 0.212 0.265 0.335 0.425 0.530,
55 0.224 0.280 0.355 0.450 0.560)
6 0.236 0.300 0.375 0.475 0.600,
90 180 2 0.160 0.200 0.250 0.315] 0.40(
3 0.190 0.236 0.300 0.375 0.475)
4 0.212 0.265 0.335 0.425 0.530,
6 0.250 0.315 0.400 0.500 0.630,
180 355 3 0.212 0.265 0.335 0.425| 0.53i
4 0.236 0.300 0.375 0.475 0.600,
6 0.265 0.335 0.425 0.530 0.670,

All dimensions are in millimeters.
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Table 9. American National Standard Minor Diameter Tolerances of Internal
Metric Threads Tp; 1SO 965/1ANSI/ASME B1.13M-1983 (R1995)

pitch Tolerance Grade

P 4 5 6 7 8

0.2 0.038

0.25 0.045 0.056

0.3 0.053 0.067 0.085

0.35 0.063 0.080 0.100

0.4 0.071 0.090 0.112

0.45 0.080 0.100 0.125

0.5 0.090 0.112 0.140 0.180

0.6 0.100 0.125 0.160 0.200

0.7 0.112 0.140 0.180 0.224

0.75 0.118 0.150 0.190 0.236

0.8 0.125 0.160 0.200 0.250 0.315
1 0.150 0.190 0.236 0.300 0.375
1.25 0.170 0.212 0.265 0.335 0.425
15 0.190 0.236 0.300 0.375 0.475
1.75 0.212 0.265 0.335 0.425 0.530
2 0.236 0.300 0.375 0.475 0.600
25 0.280 0.355 0.450 0.560 0.710
3 0.315 0.400 0.500 0.630 0.800
35 0.355 0.450 0.560 0.710 0.900
4 0.375 0.475 0.600 0.750 0.950
45 0.425 0.530 0.670 0.850 1.060
5 0.450 0.560 0.710 0.900 1.120
5.5 0.475 0.600 0.750 0.950 1.180
6 0.500 0.630 0.800 1.000 1.250

All dimensions are in millimeters.

External Threads:

Max major dia. =basic major dia- es(Table 3 (Note thaesis an abso-
lute value.)

Max flat form minor dia. =max pitch dia- 0.43301® (Table 3
Max rounded rootminor dia. =max pitch dia= 2 x max trunc. (Sekig. 4
Min rounded rootminor dia. =min pitch dia— 0.61602F (Table 3
Min root radius =0.12%°

Min major dia. = max major dia= Ty (Table 10

Max pitch dia. = basic major dia- 0.64951%® (Table 3 - esfor d,
(Table j

Min pitch dia. =max pitch dia=- Ty, (Table 1}
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Table 10. American National Standard Major Diameter Tolerances of External

Metric Threads, Ty 1ISO 965/1ANSI/ASME B1.13M-1983 (R1995)

Pitch Tolerance Grade Pitch Tolerance Grade
P 4 6 8 P 4 6 8
0.2 0.036 0.056 1.25 0.132 0.212 0.335
0.25 0.042 0.067 15 0.150 0.236 0.375
0.3 0.048 0.075 175 0.170 0.265 0.425
0.35 0.053 0.085 2 0.180 0.280 0.450
0.4 0.060 0.095 25 0.212 0.335 0.530
0.45 0.063 0.100 3 0.236 0.375 0.600
0.5 0.067 0.106 35 0.265 0.425 0.670
0.6 0.080 0.125 4 0.300 0.475 0.750
0.7 0.090 0.140 4.5 0.315 0.500 0.800
0.75 0.090 0.140 5 0.335 0.530 0.850
0.8 0.095 0.150 0.236 55 0.355 0.560 0.900
1 0.112 0.180 0.280 6 0.375 0.600 0.950

All dimensions are in millimeters.

Table 11. American National Standard Pitch-Diameter Tolerances of External
Metric Threads, Ty, 1SO 965/1 ANSI/ASME B1.13M-1983 (R1995)

Tolerance Grade

Basic Major Diametexl Pitch
Over Up to and incl. P 3 4 5 6 7 8 9
15 2.8 0.2 0.025 0.032 0.040) 0.05(
0.25 0.028 0.036 0.045 0.056
0.35 0.032 0.040 0.050 0.063| 0.08q
0.4 0.034 0.042 0.053 0.067 0.089
0.45 0.036 0.045 0.056 0.071] 0.09q
2.8 5.6 0.35 0.034 0.042 0.053] 0.067 0.085
0.5 0.038 0.048 0.060 0.075 0.095
0.6 0.042 0.053 0.067 0.085 0.104
0.7 0.045 0.056 0.071 0.090 0.112
0.75 0.045 0.056 0.071 0.090] 0.119
0.8 0.048 0.060 0.075 0.095 0.114 0.15! 0.190
5.6 112 0.75 0.050 0.063 0.080| 0.10¢ 0126 ...
1 0.056 0.071 0.090 0.112 0.140 0.18 0.22p
1.25 0.060 0.075 0.095 0.118] 0.15 0.19 0.236
15 0.067 0.085 0.106 0.132 0.17Q 0.21. 0.265
11.2 22.4 1 0.060 0.075 0.095| 0.11. 0.15 0.190 0.236
1.25 0.067 0.085 0.106 0.132] 0.17¢ 0.21p 0.265
15 0.071 0.090 0.112 0.140 0.18Q 0.224 0.280
175 0.075 0.095 0.118 0.150] 0.19¢ 0.23 0.340
2 0.080 0.100 0.125 0.160 0.200 0.25 0.31p
25 0.085 0.106 0.132 0.170 0.212 0.26! 0.335
224 a5 T 0.063 0.080 0.100 0.129 0.16 0.200 0.250
15 0.075 0.095 0.118 0.150 0.19¢ 0.23f 0.300
2 0.085 0.106 0.132 0.170 0.21: 0.26! 0.336
3 0.100 0.125 0.160 0.200 0.25¢ 0.31! 0.40p
35 0.106 0.132 0.170 0.212 0.26! 0.33! 0.425
4 0.112 0.140 0.180 0.224 0.28f 0.35! 0.45p
4.5 0.118 0.150 0.190 0.236 0.30¢ 0.37 0.475
45 90 15 0.080 0.100 0.125 0.16Q 0.20¢ 0.250 0.315
2 0.090 0.112 0.140 0.180 0.22: 0.28 0.356
3 0.106 0.132 0.170 0.212 0.26! 0.33! 0.426
4 0.118 0.150 0.190 0.236 0.30¢ 0.37! 0.476
5 0.125 0.160 0.200 0.250 0.31! 0.40¢ 0.50p
55 0.132 0.170 0.212 0.265 0.33! 0.42! 0.530
6 0.140 0.180 0.224 0.280 0.35! 0.45( 0.56p
90 180 2 0.095 0.118 0.150 0.19¢ 0.23f 0.300 0.315
3 0.112 0.140 0.180 0.224 0.280 0.35! 0.45p
4 0.125 0.160 0.200 0.250 0.315 0.40¢ 0.50p
6 0.150 0.190 0.236 0.300 0.375 0.47! 0.60p
180 355 3 0.125 0.160 0.200] 0.25( 0.31! 0.400 0.500
4 0.140 0.180 0.224 0.280 0.355 0.45 0.56p
6 0.160 0.200 0.250 0.315 0.400 0.50 0.63p

All dimensions are in millimeters.
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Tolerance Grade Comparisons.—Fhe approximate ratios of the tolerance grades shown
in Tables 98, 11, and10in terms of Grade 6 are as follows:

Minor Diameter Tolerance of Internal Threads T(Table 9: Grade 4 is 0.63, (6);
Grade 5is 0.8, (6); Grade 7 is 1.25,, (6); and Grade 8 is 1'g), (6).

Pitch Diameter Tolerance of Internal Thread;,l(Table §: Grade 4 is 0.8, (6);
Grade 5 is 1.08, (6); Grade 6 is 1.3, (6); Grade 7 is 1.T4, (6); and Grade 8 is 2.12
Tg2 (6). It should be noted that these ratios are in terms of the Grade 6 pitch diameter tole
ance for the external thread.

Major Diameter Tolerance of External Threag; (Table 1Q: Grade 4 is 0.63 (6);
and Grade 8 is 1., (6).

Pitch Diameter Tolerance of External Thread; {Table 1): Grade 3 is 0.9, (6);
Grade 4 is 0.63, (6); Grade 5is 0.8, (6); Grade 7 is 1.2%;, (6); Grade 8 is 1.8, (6);
and Grade 9 is 2y, (6).

Standard M Profile Screw Threads, Limits of Size.—The limiting M profile for inter-
nal threads is shown Ifig. 7 with associated dimensions for standard siz8abie 12
The limiting M profiles for external threads are showRig 8with associated dimensions
for standard sizes ifable 13

Table 12. Internal Metric Thread - M Profile Limiting Dimensions,
ANSI/ASME B1.13M-1983 (R1995)

. Minor DiameterD; Pitch DiameteD, Major DiameteD
Basic Thread Toler.
Designation Class Min Max Min Max Tol Min Max?
M1.6 x 0.35 6H 1221 1.321 1.37: 1.45 0.089 1.600 1.786
M2 x 0.4 6H 1.567 1.679 1.74Q 1.83 0.090 2.000 2.148
M2.5%0.45 6H 2,013 2.138 2.204 2.30 0.095 2.500 2.660
M3 x 0.5 6H 2.459 2.599 2.675 2.774 0.100 3.000 3.1y2
M3.5% 0.6 6H 2.850 3.010 3.119 3.224 0.112 3.570 3.6p9
M4 x 0.7 6H 3.242 3.422 3.545 3.663 0.118 4.000 4.2119
M5 x 0.8 6H 4.134 4.334 4.48( 4.609 0.125 5.000 5.240
M6 x 1 6H 4.917 5.153 5.350] 5.50Q 0.150] 6.000 6.2p4
M8 x 1.25 6H 6.647 6.912 7.18: 7.34 0.16Q 8.0Q0 8.340
M8 x 1 6H 6.917 7.153 7.350, 7.50Q 0.150] 8.000 8.2p4
M10x 1.5 6H 8.376 8.676 9.02§ 9.204 0.180 10.090 10.396
M10x 1.25 6H 8.647 8.912 9.18: 9.34 0.16Q 10.090 10.340
M10 x 0.75 6H 9.188 9.378 9.51 9.64! 0.132 10.000 10.240
M12x 1.75 6H 10.106 10.441 10.86 11.06] 0.20¢ 12.0p0 12.453
M12x 1.5 6H 10.376 10.676 11.02 11.21 0.19¢ 12.0p0 12.406
M12x1.25 6H 10.647 10.912 11.18: 11.36 0.18f 12.0p0 12.360
M12x1 6H 10.917 11.153 11.35 11.51 0.16 12.000 12.304
M14x 2 6H 11.835 12.210 12.701 12.91. 0.217 14.000 14.901
M14x 1.5 6H 12.376 12.676 13.02 13.21 0.19¢ 14.0p0 14.406
M15x 1 6H 13.917 14.153 14.35 14.51 0.16f 15.000 15.304
M16 x 2 6H 13.835 14.210 14.701 14.91. 0.214 16.000 16.901
M16x 1.5 6H 14.376 14.676 15.02 15.21 0.19¢ 16.0p0 16.406
M17x 1 6H 15.917 16.153 16.35 16.51 0.16f 17.000 17.304
M18x 1.5 6H 16.376 16.676 17.02 17.21 0.19¢ 18.0p0 18.406
M20x 2.5 6H 17.294 17.744 18.37 18.60 0.22: 20.0p0 20.%85
M20x 1.5 6H 18.376 18.676 19.02 19.21 0.19¢ 20.0p0 20.406
M20x 1 6H 18.917 19.153 19.35 19.51 0.16 20.000 20.304
M22x 25 6H 19.294 19.744 20.37 20.60 0.22. 22.0p0 22.%85
M22x 1.5 6H 20.376 20.676 21.02 21.21 0.19¢ 22.0p0 22.406
M24 x 3 6H 20.752 21.252 22,051 22.31 0.264 24.000 24.498
M24 x 2 6H 21.835 22.210 22.70. 22.92! 0.224 24.000 24,9413
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Table 12.(Continued)nternal Metric Thread - M Profile Limiting Dimensions,
ANSI/ASME B1.13M-1983 (R1995)

. Minor DiameterD; Pitch DiameteD, Major DiameteiD
Basic Thread Toler.
Designation Class Min Max Min Max Tol Min Max2
M25x 1.5 6H 23.376 23.676 24.02 24.22f 0.20¢ 25.0p0 25.416
M27 x 3 6H 23.752 24.252 25.051 25.31 0.269 27.000 27.498
M27 x 2 6H 24.835 25.210 25.701 25.92 0.224 27.000 27.913
M30x 3.5 6H 26.211 26.771 27.72 28.00 0.28 30.0p0 30.785
M30 x 2 6H 27.835 28.210 28.70. 28.92! 0.224 30.000 30.413
M30x 1.5 6H 28.376 28.676 29.02 29.22 0.20¢ 30.0p0 30.416
M33 x 2 6H 30.835 31.210 31.701 31.92! 0.224 33.000 33.413
M35x 1.5 6H 33.376 33.676 34.02 34.22f 0.20¢ 35.0p0 35.416
M36 x 4 6H 31.670 32.270 33.407 33.70: 0.30f 36.000 36.477
M36 x 2 6H 33.835 34.210 34.701 34.92 0.224 36.000 36.913
M39 x 2 6H 36.835 37.210 37.701 37.92! 0.224 39.000 39.413
M40 x 1.5 6H 38.376 38.676 39.02 39.22f 0.20¢ 40.0p0 40.416
M42x 4.5 6H 37.129 37.799 39.07 39.39; 0.31! 42.0p0 42.965
M42x 2 6H 39.835 40.210 40.701 40.92 0.224 42.000 42413
M45x 1.5 6H 43.376 43.676 44.02 44.22 0.20¢ 45.0p0 45.416
M48 x 5 6H 42.587 43.297 44,752 45.08 0.334 48.000 49.957
M48 x 2 6H 45.835 46.210 46.70. 46.93 0.23 48.000 48.925
M50x 1.5 6H 48.376 48.676 49.02 49.23 0.21 50.0p0 50.428
M55 x 1.5 6H 53.376 53.676 54.02f 54.23 0.21: 55.0p0 55.428
M56 x 5.5 6H 50.046 50.796 52.42 52.78: 0.35! 56.0p0 57.149
M56 x 2 6H 53.835 54.210 54.70. 54.93 0.23 56.000 56.9425
M60x 1.5 6H 58.376 58.676 59.02 59.23 0.21 60.0p0 60.428
M64 x 6 6H 57.505 58.305 60.10: 60.47 0.374 64.000 65.341
M64 x 2 6H 61.835 62.210 62.701 62.93 0.234 64.000 64.425
M65x 1.5 6H 63.376 63.676 64.021 64.23 0.21: 65.0p0 65.428
M70x 1.5 6H 68.376 68.676 69.02 69.23 0.21 70.0p0 70.428
M72x 6 6H 65.505 66.305 68.10: 68.47 0.374 72.000 73.341
M72x 2 6H 69.835 70.210 70.701 70.93 0.234 72.000 72.425
M75x 1.5 6H 73.376 73.676 74.021 74.23 0.21: 75.0p0 75.428
M80 x 6 6H 73.505 74.305 76.10 76.47 0.379 80.000 81.241
M80 x 2 6H 77.835 78.210 78.701 78.93 0.234 80.000 80.425
M80x 1.5 6H 78.376 78.676 79.02f 79.23 0.21: 80.0p0 80.428
M85 x 2 6H 82.835 83.210 83.70. 83.93 0.23 85.000 85.425
M90 x 6 6H 83.505 84.305 86.10 86.47 0.379 90.000 91.241
M90 x 2 6H 87.835 88.210 88.70. 88.93 0.234 90.000 90.425
M95 x 2 6H 92.835 93.210 93.70. 93.95 0.25 95.000 95.439
M100x 6 6H 93.505 94.305 96.10: 96.50: 0.40( 100.000 101.266
M100x 2 6H 97.835 98.210 98.70 98.95 0.25( 100.000 100.539
M105x 2 6H 102.835 103.210 103.70. 103.951 0.25 105.000 105.539
M110x 2 6H 107.835 108.210 108.70. 108.951 0.25 110.000 110.p39
M120x 2 6H 117.835 118.210 118.70. 118.951 0.25 120.000 120.539
M130x 2 6H 127.835 128.210 128.70. 128.9501 0.25 130.000 130.639
M140x 2 6H 137.835 138.210 138.70. 138.951 0.25 140.000 140.539
M150x 2 6H 147.835 148.210 148.70. 148.9! 0.25 150.000 150.539
M160x 3 6H 156.752 157.252 158.05. 158.3! 0.30f 160.000 160,733
M170x 3 6H 166.752 167.252 168.05. 168.3! 0.30¢ 170.000 170733
M180x 3 6H 176.752 177.252 178.05. 178.3 0.30¢ 180.000 180733
M190x 3 6H 186.752 187.252 188.05. 188.3 0.33! 190.000 190,768
M200x 3 6H 196.752 197.252 198.05. 198.3 0.33! 200.000 200,768

aThis reference dimension is used in design of tools, etc., and is not normally specified. Generally
major diameter acceptance is based upon maximum material condition gaging.
All dimensions are in millimeters.
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Table 13. External Metric Thread—M Profile Limiting
Dimensions ANSI/ASME B1.13M-1983 (R1995)

Basic Major Diam® Pitch Diam? Minor- , Minor .

Thread Toler. | Allow. d d Diam.d,’ Diam. dg

Desig. Class es Max Min Max Min Tol. Max Min
M1.6x 0.35 69 0.019( 1.581 1.496 1.354 1.291 0.063 1.20: 1.07p
M1.6x 0.35 4969 0.019( 1.581 1.496 1.354 1.314 0.940 1.202 1.098
M2 x 0.4 69 0.019| 1.981 1.886 1721 1.654 0.067 1.54 1.408
M2 x 0.4 4g6g 0.019| 1.981 1.886 1.721 1.679 0.442 1.54 1.433
M2.5x 0.45 69 0.020( 2.480 2.380 2.188 2.117 0.g71 1.99: 1.84p
M2.5x 0.45 4969 0.020( 2.480 2.380 2.188| 2.14 0.045 1.99: 1.846
M3 x0.5 69 0.020 | 2.980 2.874 2.655 2.580 0.075 2.43 2.27p
M3 x0.5 4g6g 0.020| 2.980 2.874 2.655 2.607 0.448 2.43 2.299
M3.5x 0.6 69 0.021| 3.479 3.354 3.089 3.004 0.085 2.82! 2.63p
M3.5x 0.6 4969 0.021| 3.479 3.354 3.089 3.034 0.953 2.829 2.667
M4 x0.7 69 0.022| 3.978 3.838 3.523 3.433 0.000 3.22 3.00p
M4 x 0.7 4g6g 0.022| 3.978 3.838 3.523 3.467 0.456 3.22 3.036
M5x0.8 69 0.024| 4.976 4.826 4.456 4.361 0.095 4.11 3.86p
M5x0.8 4969 0.024| 4.976 4.826 4.456 4.394 0.960 4.11 3.904
M6 x 1 69 0.026 | 5.974 5.794 5.324 5.212 0.1f12 4.891 4.59
M6 x 1 4g6g 0.026 | 5.974 5.794 5.324 5.253 0.071 4.89. 4.63[7
M8 x 1.25 69 0.028( 7.972 7.760 7.160 7.042 0.118 6.61 6.27p
M8 x 1.25 4969 0.028( 7.972 7.760 7.160) 7.084 0.975 6.619 6.315
M8 x 1 69 0.026 | 7.974 7.794 7.324 7.212 0.1p12 6.891 6.591
M8 x 1 4g6g 0.026 | 7.974 7.794 7.324 7.253 0.071 6.89 6.63]7
M10x 1.5 69 0.032| 9.968 9.732 8.994 8.862 0.132 8.344 7.93B
M10x 1.5 4969 0.032| 9.968 9.732 8.994 8.904 0.485 8.344 7.985
M10x 1.25 69 0.028( 9.972 9.760 9.160 9.042 0.118 8.61! 8.27p
M10x 1.25 4g6g 0.028( 9.972 9.760 9.160) 9.084 0.975 8.61! 8.315
M10x 0.75 69 0.022( 9.978 9.838 9.491 9.391 0.100 9.16 8.920
M10x 0.75 4969 0.022 9.978 9.838 9.491] 9.42i 0.963 9.166 8.966
M12x 1.75 69 0.034| 11.966| 11.701 10.82p 10.679  0.150 10.072 9.601
M12x 1.75 4g6g 0.034( 11.966( 11.70: 10.829 10.784  0.p95 10.072 9.656
M12x 1.5 69 0.032| 11.968| 11.734 10.99#4 10.884 0.140 10.34¢ 9.930
M12x 1.25 69 0.028| 11.972| 11.76 11.16p 11.028 0.132 10.619 10.2%8
M12x1.25 4g6g 0.028( 11.972( 11.76 11.140 11.0Y5 0.p85 10.619 10.3p5
M12x1 69 0.026 | 11.974| 11.794 11.324 11.206 0.118 10.891L 10.590
M12x1 4969 0.026 | 11.974| 11.794 11.324 11.249  0.075 10.891L 10.633
M14x 2 69 0.038 | 13.962| 13.682 12.66: 12,503  0.160 11.79¢ 11.291
M14x 2 4g6g 0.038 | 13.962| 13.684 12.668 12.563  0.100 11.797 11.331
M14x 1.5 69 0.032| 13.968| 13.734 12.994 12.834 0.140 12.344 11.930
M14x 1.5 4g6g 0.032| 13.968] 13.73 12994 12904  0.090 12.344 11.980
M15x 1 69 0.026 | 14.974| 14.794 14.324 14.206 0.118 13.891L 13.590
M15x 1 4g6g 0.026 | 14.974| 14.794 14324 14.249 0.075 13.891L 13.633
M16x 2 69 0.038 | 15.962| 15.682 14.66: 14503  0.160 13.79¢ 13.211
M16x 2 4g6g 0.038 | 15.962| 15.687 14.668 14.563  0.100 13.797 13.331
M16x 1.5 69 0.032| 15.968| 15.7349 14.994 14.854 0.140 14.344 13.930
M16x 1.5 4g6g 0.032| 15.968| 15.73 14994 14904 0.090 14.344 13.980
M17x1 69 0.026 | 16.974| 16.794 16.324 16.206  0.118 15.891L 15.590
M17x1 4969 0.026 | 16.974| 16.794 16.324 16.249  0.075 15.891L 15.633
M18x 1.5 69 0.032| 17.968| 17.733 16.994 16.834  0.140 16.34% 15.930
M18x 1.5 4g6g 0.032| 17.968] 17.73 16.994 16.904  0.090 16.344 15.980
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Table 13. (Continued) External Metric Thread—M Profile Limiting
Dimensions ANSI/ASME B1.13M-1983 (R1995)

Basic Major Diam.? Pitch Diam.? Minor-h Minor .

Thread Toler. | Allow, d d, Diam. .d;' Diam. d;

Desig. Class es? Max Min Max Min Tol. Max Min
M20x 25 69 0.042 (19958 [19.623 [18.334 |[18.164 | 0.170 17.252 16.624
M20x 2.5 4g6g 0.042 [19.958 |19.623 |18.334 (18.228 | 0.106 17.252 16.688
M20x 1.5 69 0.032 [19.968 |19.732 |18.994 |(18.854 | 0.140 18.344 17.930
M20x 1.5 4g6g 0.032 [19.968 |19.732 |18.994 |(18.904 | 0.090 18.344 17.980
M20x 1 69 0.026 (19974 [19.794 [19.324 |19.206 | 0.118 18.891 18.590
M20x 1 4g6g 0.026 [19.974 |19.794 |19.324 (19.249 | 0.075 18.891 18.633
M22x 2.5 69 0.042 [21.958 |21.623 |20.334 (20.164 | 0.170 19.252 18.624
M22x 1.5 69 0.032 [21.968 |21.732 |20.994 |(20.854 | 0.140 20.344 19.930
M22x 15 4g6g 0.032 (21968 |[21.732 [20.994 |20.904 | 0.090 20.344 19.980
M24x 3 69 0.048 [23.952 |23.577 |22.003 |(21.803 | 0.200 20.704 19.955
M24x 3 4g6g 0.048 [23.952 |23557 |22.003 (21.878 | 0.125 20.704 20.030
M24 x 2 69 0.038 [23.962 |23.682 |22.663 (22493 | 0.170 21.797 21.261
M24x 2 4g6g 0.038 (23962 (23682 |[22663 |22557 | 0.106 21.797 21.325
M25x 1.5 69 0.032 [24.968 |24.732 |23.994 (23.844 | 0.150 23.344 22.920
M25x 1.5 4g6g 0.032 [24.968 |24.732 |23.994 |(23.899 | 0.095 23.344 22.975
M27x 3 69 0.048 [26.952 |26.577 |25.003 |(24.803 | 0.200 23.704 22.955
M27x 2 69 0.038 [26.962 |[26.682 |[25.663 |[25.493 | 0.170 24.797 24.261
M27 x 2 4g6g 0.038 [26.962 |26.682 |25.663 |25.557 | 0.106 24.797 24.325
M30x 3.5 69 0.053 [29.947 |29.522 |27.674 |(27.462 | 0.212 26.158 25.306
M30x 3.5 4g6g 0.053 [29.947 |29.522 |27.674 (27542 | 0.132 26.158 25.386
M30x 2 69 0.038 [29.962 [29.682 |[28.663 |[28.493 | 0.170 27.797 27.261
M30x 2 4g6g 0.038 [29.962 |29.682 |28.663 |28.557 | 0.106 27.797 27.325
M30x 1.5 69 0.032 [29.968 |29.732 |28.994 |(28.844 | 0.150 28.344 27.920
M30x 1.5 4g6g 0.032 [29.968 |29.732 |28.994 (28.899 | 0.095 28.344 27.975
M33x 2 69 0.038 (32962 (32682 |[31.663 |[31.493 | 0.170 30.797 30.261
M33x 2 4g6g 0.038 [32.962 |32.682 |31.663 (31557 | 0.106 30.797 30.325
M35x 1.5 69 0.032 [34.968 |34.732 |33.994 (33.844 | 0.150 33.344 33.920
M36 x 4 69 0.060 [35.940 |35.465 |33.342 (33.118 | 0.224 31.610 30.654
M36x 4 4g6g 0.060 (35940 (35465 [33.342 [33.202 | 0.140 31610 30.738
M36 x 2 69 0.038 [35.962 |35.682 |34.663 |[34.493 | 0.170 33.797 33.261
M36 x 2 4g6g 0.038 [35.962 |35.682 |34.663 |[34.557 | 0.106 33.797 33.325
M39x 2 69 0.038 [38.962 |38.682 |37.663 |[37.493 | 0.170 36.797 36.261
M39x 2 4g6g 0.038 (38962 (38682 |[37.663 |37.557 | 0.106 36.797 36.325
M40 x 1.5 69 0.032 [39.968 |39.732 |38.994 (38.844 | 0.150 38.344 37.920
M40 x 1.5 4g6g 0.032 [39.968 |39.732 |38.994 (38.899 | 0.095 38.344 37.975
M42 x 45 69 0.063 [41.937 |41.437 |39.014 (38.778 | 0.236 37.066 36.006
M42 x 45 4g6g 0.063 (41937 [41.437 [39.014 |[38.864 | 0.150 37.066 36.092
M42 x 2 69 0.038 [41.962 |41.682 |40.663 |[40.493 | 0.170 39.797 39.261
M42x 2 4g6g 0.038 [41.962 |41.682 |40.663 |[40.557 | 0.106 39.797 39.325
M45x 1.5 69 0.032 [44.968 |44.732 |43.994 (43.844 | 0.150 43.344 42.920
M45x 1.5 4g6g 0.032 (44968 [44.732 [43.994 [43.899 | 0.095 43.344 42.975
M48 x 5 69 0.071 [47.929 |47.399 |44.681 |(44.431 | 0.250 42516 41.351
M48 x 5 4g6g 0.071 [47.929 |47.399 |44.681 (44521 | 0.160 42516 41.441
M48 x 2 69 0.038 [47.962 |47.682 |46.663 |[46.483 | 0.180 45.797 45.251
M48 x 2 4g6g 0.038 [47.962 |47.682 |46.663 |[46.551 | 0.112 45.797 45.319
M50 x 1.5 69 0.032 [49.968 |49.732 |48.994 (48.834 | 0.160 48.344 47.910
M50 x 1.5 4g6g 0.032 [49.968 |49.732 |48.994 (48.894 | 0.100 48.344 47.970
M55 x 1.5 69 0.032 [54.968 |54.732 |53.994 (53.834 | 0.160 53.344 52.910
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Table 13.(ContinuedExternal Metric Thread—M Profile Limiting
Dimensions ANSI/ASME B1.13M-1983 (R1995)

Basic Major Diam? Pitch Diam? Minor—h Minor .

Thread Toler. | Allow. d % Diam. g Diam. g4

Desig. Class es Max Min Max Min Tol. Max Min
M55x 1.5 4g6g 0.032| 54.968| 54.73 53.994 53.894 0.100 53.344 52.9f0
M56 x 5.5 69 0.075| 55.925| 55.36§ 52.358 52.088 0.265 49.971 48.700
M56 x 5.5 4969 0.075| 55.925| 55.36 52.353 52.183 0.170 49.971 48.795
M56 x 2 69 0.038 | 55.962| 55.682 54.66: 54.443  0.180 53.79¢ 53.291
M56 x 2 4g6g 0.038 | 55.962| 55.684 54.66B 54.531 0.112 53.791 53.319
M60x 1.5 6 0.032 [ 59.968| 59.732 58.99# 58.834 0.160 58.344 57.910
M60x 1.5 4969 0.032| 59.968] 59.73 58.994 58.894 0.100 58.344 57.9¥0
M64 x 6 69 0.080 | 63.920| 63.320 60.02: 59.743  0.480 57.425 56.047
M64 x 6 4g6g 0.080 | 63.920| 63.320 60.02B 59.843 0.180 57.426 56.147
M64 x 2 69 0.038 | 63.962| 63.682 62.66: 62.483 0.180 61.797 61.281
M64 x 2 4969 0.038 | 63.962| 63.684 62.66B 62.551 0.112 61.7917 61.319
M65x 1.5 69 0.032| 64.968| 64.733 63.99% 63.834 0.160 63.34¢ 62.910
M65x 1.5 4g6g 0.032| 64.968 64.73 63.994 63.894 0.100 63.344 62.970
M70x 1.5 69 0.032| 69.968| 69.73 68.994 68.834 0.160 68.34% 67.910
M70x 1.5 4969 0.032| 69.968 69.73 68.994 68.894 0.100 68.344 67.9Y0
M72x 6 69 0.080 | 71.920| 71.320 68.02: 67.743 0.480 65.425 64.047
M72x 6 4g6g 0.080( 71.920| 71.32Q0 68.02B 67.843 0.180 65.426 64.147
M72 %2 69 0.038 | 71.962| 71.682 70.66: 70.483 0.180 69.797 69.281
M72x 2 4969 0.038( 71.962| 71.684 70.66B 70.581 0.112 69.7917 69.319
M75x 1.5 69 0.032| 74.968| 74.734 73.994 73.834 0.160 73.344 72.910
M75x 1.5 4g6g 0.032| 74.968| 74.73 73.994 73.894 0.100 73.344 72.9¥0
M80 x 6 69 0.080 | 79.920| 79.320 76.02: 75.743 0.280 73.425 72.047
M80 x 6 4969 0.080( 79.920| 79.32Q0 76.02B 75.843 0.180 73.426 72.147
M80 x 2 69 0.038 | 79.962| 79.682 78.66: 78.443  0.180 77.79¢ 77.291
M80 x 2 4g6g 0.038 | 79.962| 79.684 78.668 78.531 0.112 77.797 77.319
M80x 1.5 69 0.032| 79.968| 79.733 78.994 78.834 0.160 78.344 77.910
M80x 1.5 4969 0.032| 79.968] 79.73 78.994 78.894 0.100 78.334 77.9¥0
M85 x 2 69 0.038 | 84.962| 84.682 83.66: 83.443 0.180 82.79¢ 82.291
M85 x 2 4g6g 0.038 | 84.962| 84.684 83.66B 83.531 0.112 82.7917 82.319
M90 x 6 69 0.080 | 89.920| 89.320 86.02: 85.743 0.280 83.425 82.047
M90 x 6 4969 0.080 | 89.920| 89.320 86.02B 85.843 0.180 83.426 82.147
M90 x 2 69 0.038 | 89.962| 89.682 88.66: 88.443  0.180 87.79¢ 87.291
M90 x 2 4g6g 0.038 | 89.962| 89.684 88.663 88.531 0.112 87.7917 87.319
M95 x 2 69 0.038 | 94.962| 94.682 93.66: 93.473 0.190 92.79¢ 92.241
M95 x 2 4969 0.038 | 94.962| 94.684 93.66B 93.545 0.118 92.7917 92.313
M100x 6 69 0.080 | 99.920| 99.3200 96.02: 95.743  0.300 93.425 92.047
M100x 6 4g6g 0.080 | 99.920| 99.32Q0 96.02B 95.833 0.190 93.426 92.1%7
M100x 2 69 0.038 | 99.962| 99.682 98.66: 98.473 0.190 97.79¢ 97.241
M100x 2 4969 0.038 | 99.962| 99.684 98.66B 98.545 0.118 97.791 97.313
M105x 2 69 0.038 | 104.962 104.642 103.6p3 103.473 0.190 102.797 102.241
M105x 2 4g6g 0.038 | 104.962 104.682 103.663 103.545 0.118 102.797 102.313
M110x 2 69 0.038 | 109.962 109.6942 108.6p3 108.473 0.190 107.797 107.241
M110x 2 4969 0.038 | 109.962 109.682 108.663 108.545 0.118 107.797 107.313
M120x 2 69 0.038 | 119.962 119.692 118.6p3 118.473 0.190 117.797 117.241
M120x 2 4g6g 0.038 | 119.962 119.682 118.663 118.545 0.118 117.797 117.313
M130x 2 69 0.038 | 129.962 129.692 128.6p3 128.473 0.190 127.797 127.241
M130x 2 4969 0.038 | 139.962 139.682 138.663 138.545 O0.118 137.797 137.313
M140x 2 69 0.038 | 139.962 139.642 138.6p3 138.473 0.190 137.797 137.241
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Table 13.(ContinuedExternal Metric Thread—M Profile Limiting
Dimensions ANSI/ASME B1.13M-1983 (R1995)

Basic Major Diam? Pitch Diam? Minor— . Minor .

Thread Toler. | Allow. d % Diam. g Diam. g4

Desig. Class es Max Min Max Min Tol. Max Min
M140x 2 4g6g 0.038 | 139.96p 139.682 138.663 138.545 0.118 137.797 137.313
M150x 2 69 0.038 | 149.962 149.692 148.6p3 148.473 0.190 147.797 147.241
M150x 2 4969 0.038 | 149.962 149.682 148.663 148.545 O0.118 147.797 147.313
M160x 3 69 0.048 | 159.952 159.577 158.0p3 157.179 0.p24 156.704 155.9B1
M160x 3 4g6g 0.048 | 159.95p 159.577 158.003 157.863 O0.140 156.704 156.015
M170x 3 69 0.048 | 169.952 169.5797 168.0p3 167.779 0.p24 166.704 165.9B1
M170x 3 4969 0.048  169.95p 169.577 168.003 167.863 O0.140 166.704 166.015
M180x 3 69 0.048 | 179.95%2 179.5747 178.0p3 177.179 0.p24 176.704 175.9B1
M180x 3 4g6g 0.048( 179.95p 179.597 178.003 177.863 O0.140 176.704 176.015
M190x 3 69 0.048 | 189.952 189.577 188.0p3 187.753 0.p50 186.704 185.9p5
M190x 3 4969 0.048 ( 189.95p 189.577 188.003 187.843 O0.160 186.704 185.995
M200x 3 69 0.048 | 199.952 199.577 198.0p3 197.153 0.p50 196.704 195.9p5
M200x 3 4g6g 0.048( 199.95p 199.577 198.003 197.843 O0.160 196.704 195.995

aesis an absolute value.
b(Flat form) For screw threads at maximum limits of tolerance positiadd the absolute vales

to the maximum diameters required. For maximum major diameter this value is the basic thread siz

listed inTable 12as Minimum Major DiameteiD(,,,; for maximum pitch diameter this value is the

same as listed ifable 12as Minimum Pitch Diameteb, ,;); and for maximum minor diameter this
value is the same as listedTable 12as Minimum Minor Diameteil; ).

¢(Rounded form) This reference dimension is used in the design of tools, etc. In dimensioning exter
nal threads it is not normally specified. Generally minor diameter acceptance is based upon maximur
material condition gaging.

All dimensions are in millimeters.

If the required values are not listed in these tables, they may be calculated using the d:
in Tables 36,7, 8,9, 10, and11together with the preceding formulas. If the required data
are not included in any of the tables listed above, reference should be made to Section:
and 9.3 of ANSI/ASME B1.13M, which gives design formulas.

Metric Screw Thread Designations.—Metric screw threads are identified by the letter
(M) for the thread form profile, followed by the nominal diameter size and the pitch
expressed in millimeters, separated by the siyarfd followed by the tolerance class sep-
arated by a dask) from the pitch.

The simplified international practice for designating coarse pitch M profile metric screw
threads is to leave off the pitch. Thus a MIthread is designated just M14. However, to
prevent misunderstanding, it is mandatory to use the value for pitch in all designations.

Thread acceptability gaging system requirements of ANSI B1.3M may be added to th
thread size designation as noted in the examples (numbers in parentheses) or as speci
in pertinent documentation, such as the drawing or procurement document.

Unless otherwise specified in the designation, the screw thread is right hand.
ExamplesExternal thread of M profile, right hand: M6L - 4g6g (22)
Internal thread of M profile, right hand: M61 - 5HEH (21)

Designation of Left Hand Threa@/hen a left hand thread is specified, the tolerance
class designation is followed by a dash and LH.

ExampleM6 x 1-5H6H-LH (23)
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NOTE: “SECTION LINED” PORTIONS
IDENTIFY TOLERANCE ZONE,

L
D max major dia.

Basic profile \ / H
D itch di \ / 4
, max pitch dia. D max minor dia.
\v/ 1
D, basic pitch dia. D, basic minor dia.

Fig. 7. Internal Thread — Limiting M Profile. Tolerance Position H

*This demension is used in the design of tools, etc. In demsioning internal threads it is not normally
specified. Generally, major diameter acceptance is based on maximum material condition gaging.

d basic major dia.
d Max major dia.

d Min major dia.

d, Min pitch dia.\\ /
\\\ [ -
d Max pitch dia. b «\_

d, basic pitch dia.

See Figure 4

NOTE: “SECTION LINED” PORTIONS
IDENTIFY TOLERANCE ZONE
AND UNSHADED PORTIONS
IDENTIFY ALLOWANCE
(FUNDAMENTAL DEVIATION)

Fig. 8. External Thread — Limiting M Profile. Tolerance Position g

Designation for Identical Tolerance Classdghe two tolerance class designations for
athread are identical, it is not necessary to repeat the symbols.

ExampleM6 x 1-6H (21)

Designation Using All Capital Letter8¥hen computer and teletype thread designations
use all capital letters, the external or internal thread may need further identification. Thu
the tolerance class is followed by the abbreviations EXT or INT in capital letters.

ExamplesM6 x 1-4G6G EXT; M6x 1-6H INT

Designation for Thread FitA fit between mating threads is indicated by the internal
thread tolerance class followed by the external thread tolerance class and separated b
slash.
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ExamplesM6 x 1- 6H/6g; M6x 1 - 6H/4g6g

Designation for Rounded Root External Thre@lde M profile with a minimum root
radius of 0.125P on the external thread is desirable for all threads but is mandatory f
threaded mechanical fasteners of ISO 898/I property class 8.8 (minimum tensile streng
800 MPa) and stronger. No special designation is required for these threads. Other pa
requiring a 0.125P root radius must have that radius specified.

When a special rounded root is required, its external thread designation is suffixed by tt
minimum root radius value in millimeters and the letter R.

ExampleM42 x 4.5-6g— 0.63R

Designation of Threads Having Modified Crest#here the limits of size of the major
diameter of an external thread or the minor diameter of an internal thread are modified, tt
thread designation is suffixed by the letters MOD followed by the modified diameter lim-
its.

Examples:

External thread M profile, major
diameter reduced 0.075 mm.
M6 x 1 - 4h6h MOD
Major dia = 5.745- 5.925 MOD

Internal thread M profile, minor
diameter increased 0.075 mm.
M6 x 1 - 4H5H MOD
Minor dia = 5.101- 5.291 MOD

Designation of Special ThreadSpecial diameter-pitch threads developed in accor-
dance with this Standard ANSI/ASME B1.13M are identified by the letters SPL following
the tolerance class. The limits of size for the major diameter, pitch diameter, and minc
diameter are specified below this designation.

Example:

External thread Internal thread
M6.5 x 1 - 4h6h— SPL (22) M6.5x 1 - 4H5H- SPL (23)
Major dia = 6.320- 6.500 Major dia = 6.500 min
Pitch dia = 5.779- 5.850 Pitch dia = 5.856- 5.945
Minor dia = 5.163- 5.386 Minor dia = 5.417 5.607

Designation of Multiple Start Threadé/hen a thread is required with a multiple start, it
is designated by specifying sequentially: M for metric thread, nominal diameter kize,
for lead, lead value, dash, P for pitch, pitch value, dash, tolerance class, parenthesis, sci
number of starts, and the word starts, close parenthesis.

ExamplesM16 x L4 - P2- 4h6h (TWO STARTS)
M14x L6 —P2-6H (THREE STARTS)

Designation of Coated or Plated Threatisdesignating coated or plated M threads the
tolerance class should be specified as after coating or after plating. If no designation
after coating or after plating is specified, the tolerance class applies before coating or ple
ing in accordance with ISO practice. After plating, the thread must not transgress the ma;
imum material limits for the tolerance position H/h.

ExamplesM6 x 1- 6h AFTER COATING or AFTER PLATING
M6 x 1-6g AFTER COATING or AFTER PLATING

Where the tolerance position G/g is insufficient relief for the application to hold the
threads within product limits, the coating or plating allowance may be specified as the
maximum and minimum limits of size for minor and pitch diameters of internal threads or
major and pitch diameters for external threads before coating or plating.
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ExampleAllowance on external thread M profile based on 0.010 mm minimum coating
thickness.
M6 x 1-4h6h— AFTER COATING
BEFORE COATING
Majordia = 5.780-5.940 PitcHia = 5.239-5.290

Metric Screw Threads—MJ Profile.—The MJ screw thread is intended for aerospace
metric threaded parts and for other highly stressed applications requiring high fatigu
strength, or for “no allowance” applications. The MJ profile thread is a hard metric versior
similar to the UNJ inch, MIL-S-8879, which has a 16 0.18 controlled root radius in

the external thread and the internal thread minor diameter truncated to accommodate t
external thread maximum root radius.

The American National Standard ANSI/ASME B1.21M-1978 establishes the basic tri-
angular profile for the MJ form of thread; gives a system of designations; lists the standatr
series of diameter-pitch combinations for diameters from 1.6 to 200 mm; and specifie
limiting dimensions and tolerances.

Diameter-Pitch Combinations.—This Standard includes a selected series of diameter-
pitch combinations of threads taken from International Standard ISO 261 plus some adc
tional sizes in the constant pitch series. It also includes the standard series of diamet
pitch combinations for aerospace screws, bolts, and nuts as shown below.

American National Standard Thread Series for Aerospace Screws, Bolts, and Nuts
ANSI/ASME B1.21M-1978

Nom.Size Pitch Nom.Siz¢ Pitch Nom.Size Pitc Nom.Size Pitgh
1.6 0.35 5 0.8 14 15 27 2
2 0.4 6 1 16 15 30 2
25 0.45 7 1 18 15 33 2
3 0.5 8 1 20 15 36 2
35 0.6 10 1.25 22 15 39 2
4 0.7 12 1.25 24 2

All dimensions are in millimeters.

TolerancesOne tolerance class, 4h6h, is specified in this Standard for all sizes of exter
nal threads after processing, including coating or electroplating. The tolerance position
provides no allowance. The pitch diameter tolerance is grade 4 and the major diameter tc
erance is grade 6. For coated or plated external threads having pitches of 2 mm or small
the tolerance class before processing is applied is 4g6g. The tolerance position g provid
an allowance for coating or plating only. For pitches larger than 2 mm, special allowance
are provided.

For internal threads, after all processing including coating or plating has been complete:
tolerance class 4H6H is specified for sizes 1 through 5 mm and 4H5H for sizes 6 mm ar
larger. The tolerance position H provides no allowance. The pitch diameter tolerance |
grade 4 for all sizes and the minor diameter tolerance is grade 6 for the 5 mm size ar
smaller and grade 5 for the 6 mm size and larger. For coated or plated internal threads h:
ing pitches 2 mm or smaller, the tolerance class is 4G6G for sizes 1 through 5 mm ar
4G5G for sizes 6 mm and larger. The tolerance position G provides an allowance for coa
ing or plating.

The above class tolerances are positive for internal threads and negative for exterr
threads, that is, in the direction of minimum material.

SymbolsStandard symbols appearing in the following diagrams are:
D =Basic major diameter of internal thread
D, = Basic pitch diameter of internal thread
D, = Basic minor diameter of internal thread
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d =Basic major diameter of external thread
d, = Basic pitch diameter of external thread
d, = Basic minor diameter of internal thread
d; = Diameter to bottom of external thread root radius
H=Height of fundamental triangleP =Pitch

A INTERNAL THREAD

0.5625H

EXTERNAL THREAD

0.5625H

Basic Profile

R max =
0.18042 P

0.66667H -

dy

I

d min dy min ’
R min =

dmax=d dymax=d, dymax 0.1";’(;’11 P

Internal MJ Thread Basic and Design Profiles (Above) and External MJ Thread Basic and Design Pro
files (Below) Showing Tolerance Zones
Basic DesignationsFhe aerospace metric screw thread is designated by the letters “MJ"
to identify the metric J thread form, followed by the nominal size and pitch in millimeters
(separated by the sign™) and followed by the tolerance class (separated by a dash from
the pitch). Unless otherwise specified in the designation, the thread helix is right hanc
Example: MJ6& 1-4h6h

For further details concerning limiting dimensions, allowances for coating and plating,
modified and special threads, etc., reference should be made to the Standard.
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Trapezoidal Metric Thread — Preferred Basic Sizes (DIN 103)
r—P— A
AN A A
H=1.866 has voa oy By
h=05P +a Vo3 N N 3
h.=0.5P+a-b * T—rf— e PN 7 § hn ‘
h,=0.5P+2a-b Y2 DsT b B % 3 #Dn
hes= 0.2 el X7 B s ok
|Ks s v/ v
| v Bolt [ ‘
Nom. & Depth of Bolt Nut
Major Pitch | Engage- Clearance Minor | Depth of | Major Minor | Depth of
Diam.of | Pitch, | Diam., ment, Diam., | Thread, | Diam., | Diam., | Thread,
Bolt, Dg =] E he a b K hg D, K, n
10 3 85 1.25 0.25 0.5 6.5 1.78 10.5 7.5 1.0
12 3 10.5 1.25 0.2§ 0.5 85 1.79 12.5 9.9 1.0
14 4 12 1.75 0.25 0.5 9.5 2.2§ 145 10.9 2.qo
16 4 14 1.75 0.25 0.5 115 2.2§ 16.5 12.9 2.90
18 4 16 1.75 0.25 0.5 135 2.2§ 18.5 14.9 2.9o
20 4 18 1.75 025 05 15.5 2.25 20.5 16.9 2.qo
22 5 195 2 0.25| 0.7§ 16.5 2.78 22.5 18 2.4Jo
24 5 215 2 0.25| 0.7§ 18.5 2.7§ 24.5 20 2.25
26 5 235 2 0.25| 0.7§ 20.5 2.7§ 26.5 22 2.25
28 5 255 2 0.25| 0.79 225 2.74 28.5 24 2.25
30 6 27 25 0.25| 0.7§ 235 3.2§ 30.5 25 2.75
32 6 29 25 0.25| 0.7§ 25.5 3.2§ 32.5 27 2.75
36 6 33 25 0.25| 0.7§ 29.5 3.2§ 36.5 31 2.75
40 7 36.5 3 0.25| 0.79 325 3.74 40.5 34 3.25
44 7 40.5 3 0.25| 0.7§ 36.5 3.7§ 44.5) 38 3.25
48 8 44 35 0.25| 0.7§ 39.5 4.25 48.5] 41 3.75
50 8 46 35 0.25| 0.7§ 41.5 4.2§ 50.5 43 3.715
52 8 48 3.5 0.25| 0.79 435 4.24 52.5] 45 3.715
55 9 50.5 4 0.25| 0.7§ 45.5 4.7§ 55.5 a7 4.25
60 9 55.5 4 0.25| 0.7§ 50.5 4.7§ 60.5 52 4.25
65 10 60 4.5 0.25 0.7 54.5 5.25 65.5| 56 4.15
70 10 65 4.5 0.25 0.79 59.5 5.24 70.5 61 4.15
75 10 70 4.5 0.25 0.7 64.5 5.2 75.5| 66 4.15
80 10 75 4.5 0.25 0.7 69.5 5.25 80.5| 71 4.15
85 12 79 55 0.25 0.7 725 6.25 85.5| 74 5.15
90 12 84 55 0.25 0.79 77.5 6.2 90.5| 79 5.15
95 12 89 55 0.25 0.7 82.5 6.25 95.5| 84 5.15
100 12 94 55 0.2§ 0.7 87.5 6.2 100.9 89 5.15
110 12 104 55 0.2§ 0.7 97.5 6.2 110.5 99 5.15
120 14 113 6 0.5 15 105 7.5 121 108 6.5
130 14 123 6 0.5 15 115 7.5 131 118 6.5
140 14 133 6 05 15 125 75 141 128 6.5
150 16 142 7 0.5 15 133 8.5 151 136 7.5
160 16 152 7 05 15| 143 85 161 146 7.5
170 16 162 7 0.5 15 153 8.5 171 156 7.5
180 18 171 8 05 15 161 9.5 181 164 8.5
190 18 181 8 0.5 15 171 95 191 174 8.5
200 18 191 8 0.5 15 181 9.5 201 184 8.5]
210 20 200 9 0.5 15 189 10.5 211 192 9.9
220 20 210 9 05 15 199 10.5 221 202 9.5
230 20 220 9 0.5 15 209 10.5 231 212 9.5
240 22 229 10 0.5 1.5 217 11.5 241 220 10.9
250 22 239 10 0.5 15 227 115 251 230 10.9
260 22 249 10 0.5 15 237 115 261 240 10.9
270 24 258 11 0.5 15 245 125 271 248 11.5
280 24 268 11 05 15| 255 12,5 281 258 11.9
290 24 278 11 0.5 15 265 125 291 268 11.9
300 26 287 12 0.5 15 273 13.5 301 276 12.9

All dimensions are in millimeters.

*Roots are rounded to a radivsgqual to 0.25 mm for pitches of from 3 to 12 mm inclusive and 0.5
mm for pitches of from 14 to 26 mm inclusive for power transmission.



Metric Series Threads — A comparison of Maximum Metal Dimensions of British (B.S. 1095), French (NF E03-104),
German (DIN 13), and Swiss (VSM 12003) Systems

Bolt Nut

Nosrggal Minor Diameter Major Diameter Minor Diameter

and Major Pitch British & French, Ger-

Bolt Diam. Pitch Diam. British French German Swiss German French Swiss mané& Swiss British
6 1 5.350 4.863 4.59 4.700 4.60 6.000 6.109 6.100 4.700 4.86:
7 1 6.350 5.863 5.59 5.700 5.60 7.000 7.104 7.100 5.700 5.86
8 1.25 7.188 6.579 6.24 6.376 6.25 8.000 8.13! 8.124] 6.376 6.57
9 1.25 8.188 7.579 7.24 7.376 7.25 9.000 9.13 9.124] 7.376 7.57
10 15 9.026 8.295 7.89 8.052 7.90 10.000 10.16: 10.15¢ 8.052 8.2%
11 15 10.026 9.295 8.89 9.052 8.90 11.000 11.16! 11.15¢ 9.052 9.295
12 1.75 10.863 10.011 9.54 9.726 9.55 12.000 12.18p 12.174 9.726 10.011
14 2 12.701 11.727 11.19 11.402 11.20 14.000 14.21p 14.20 11.402 11.737
16 2 14.701 13.727 13.19 13.402 13.20 16.000 16.21p 16.20( 13.402 13.737
18 25 16.376 15.158 14.48 14.752 14.50 18.000] 18.270 18.25 14.752 15.158
20 25 18.376 17.158 16.48 16.752 16.50 20.000f 20.270 20.25 16.752] 17.158
22 25 20.376 19.158 18.48 18.752 18.50 22.000f 22.270 22.25 18.752) 19.158
24 3 22.051 20.590 19.78 20.102 19.80 24.000 24.324 24.30( 20.102 20.590
27 3 25.051 23.590 22.78 23.102 22.80 27.000 27.324 27.30( 23.102 23.590
30 3.5 27.727 26.022 25.08 25.454 25.10 30.000] 30.378 30.35 25.454] 26.0p2
33 3.5 30.727 29.022 28.08 28.454 28.10 33.000] 33.378 33.35 28.454] 29.0p2
36 4 33.402 31.453 30.37 30.804 30.40 36.000 36.43p 36.40( 30.804 31.4%3
39 4 36.402 34.453 33.37 33.804 33.40 39.000 39.4: 39.40( 33.804 34.4%3
42 45 39.077 36.885 35.67 36.154 35.70 42.000 42.4 42.45 36.154] 36.8p5
45 45 42.077 39.885 38.67 39.154 38.70 45.000 45.4 45.45 39.154] 39.8p5
48 5 41.752 42.316 40.96 41.504 41.00 48.000| 48.5: 48.50 41.504 42.316
52 5 48.752 46.316 44.96 45.504 45.00 52.000 52.5: 52.500 45.504 46.316
56 55 52.428 49.748 48.26 48.856 48.30 56.000] 56.5¢ 56.55 48.856 49.748
60 55 56.428 53.748 52.26 52.856 52.30 60.000 60.5¢ 60.55! 52.856 53.748

aThe value shown is given in the German Standard; the value in the French Standard is 20.002; and in the Swiss Standard, 20.104.
bThe value shown is given in the German Standard; the value in the French Standard is 23.002; and in the Swiss Standard, 23.104.

All dimensions are in mm.

0841
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MINIATURE AND INTERFERENCE FIT THREADS

American Standard for Unified Miniature Screw Threads.—This American Standard
(B1.10-1958, R1988) introduces a new series to be known as Unified Miniature Screy
Threads and intended for general purpose fastening screws and similar uses in watch
instruments, and miniature mechanisms. Use of this series is recommended on all ne
products in place of the many improvised and unsystematized sizes now in existenc
which have never achieved broad acceptance nor recognition by standardization bodie
The series covers a diameter range from 0.30 to 1.40 millimeters (0.0118 to 0.0551 incl
and thus supplements the Unified and American thread series which begins at 0.060 in
(number 0 of the machine screw series). It comprises a total of fourteen sizes whicl
together with their respective pitches, are those endorsed by the American-British-Can
dian Conference of April 1955 as the basis for a Unified standard among the inch-usin
countries, and coincide with the corresponding range of sizes in ISO (International Orge
nization for Standardization) Recommendation No. 68. Additionally, it utilizes thread
forms which are compatible in all significant respects with both the Unified and ISO basic
thread profiles. Thus, threads in this series are interchangeable with the correspondir
sizes in both the American-British-Canadian and ISO standardization programs.

Basic Form of ThreadFhe basic profile by which the design forms of the threads cov-
ered by this standard are governed is shoWiabie 1 The thread angle is 60 degrees and
except for basic height and depth of engagement which ang thstad of 0.5412¥ the
basic profile for this thread standard is identical with the Unified and American basic
thread form. The selection of 0.52 as the exact value of the coefficient for the height of thi
basic form is based on practical manufacturing considerations and a plan evolved to sir
plify calculations and achieve more precise agreement between the metric and inch dime
sional tables.

Products made to this standard will be interchangeable with products made to other sta
dards which allow a maximum depth of engagement (or combined addendum height)
0.5412p. The resulting difference is negligible (only 0.00025 inch for the coarsest pitch)
and is completely offset by practical considerations in tapping, since internal threac
heights exceeding 0.pZre avoided in these (Unified Miniature) small thread sizes in
order to reduce excessive tap breakage.

Design Forms of Thread$he design (maximum material) forms of the external and
internal threads are shown Trable 2 These forms are derived from the basic profile
shown inTable 1by the application of clearances for the crests of the addenda at the root
of the mating dedendum forms. Basic and design form dimensions are ghaer8

Nominal SizesThe thread sizes comprising this series and their respective pitches ar
shown in the first two columns @fble 5 The fourteen sizes shownTable Shave been
systematically distributed to provide a uniformly proportioned selection over the entire
range. They are separated alternately into two categories: The sizes shown in bold type
selections made in the interest of simplification and are those to which it is recommende
that usage be confined wherever the circumstances of design permit. Where these sizes
not meet requirements the intermediate sizes shown in light type are available.

Table 1. Unified Miniature Screw Threads — Basic Thread Form

0.32475953P 0.10825318P ) F_ormula; for Basic Thread_Form

(0.375H) (0.125H) Metric units (millimeters) are used in all formulas
0.86602540P Thread Element Symbol| Formula

\{ — H) Angle of thread a 60°

-] Pitch Line Half angle of thread a 30

Ay Pitch of thread p

0":355_",," No. of threads per inch n 25.4p

- T Height of sharp V thread H 0.86603p
2 .
oo, Addendum of basic thread he | 032476
""""""""""""""""""""" Height of basic thread hy 0.5
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Table 2. Unified Miniature Screw Threads — Design Thread Form

Basis for minimum major
diameter specified in

tables
| 0.07216878P
P
A
/
0.32475953P
(0.375H)
1 0.48000000P Pitch Line
_____________________ > (0554 [T T T 0
2w\
\ ’ \ ’o_
J\ﬁr’—|» 0.32074P N,/ 0S1608439p
\|/ \/ 0.596H [ ¢
> 0.86602540P
90° (H)
* ! Axis of internal thread
r
| P r—br 0.125P
A A
fosar |
0.32475953P
(0.375H) 0.48000000P
Ny A U Sl N R ©.554m) | ____ Pitch Line
0.57259074P
(0.661H)
___________ - 0.86602540P
< AW 77 | )
N/ N/ *
Y Junction of root M \
! contour and flank Basis for maximum minor
’J diameter specified in
90° ! . Tables
_____________ v _! Axis of external thread

Formulas for Design Thread Form (maximum matetial)

External Thread Internal Thread
Thread Element | Symbpl  Formul Thread Element  Symbol Formula
Addendum has 0..3247¢ |Height of engage- he 0.5
ment
Height hg 0.6 Height of thread h, 0.556
Flat at crest Fes | 0.12%  |Flat at crest Fen | 0.27456
Radius at root Is 0.15% Radius at root [ 0.07%
(approx) (approx)

aMetric units (millimeters) are used in all formulas.
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Table 3. Unified Miniature Screw Threads—Basic and Design Form Dimensions

Basic Thread Form External Thread Design Fom Internal Thread Design Horm
Threads Height of Addendum Flat | Radiusaf] Flat | Radius at
per SharpV | Height hyp = Height | at Crest Root Height | at Crest Root
inch Pitch = = hye= hy= Fes= s = h, = Fen= fn=
n p 0.8660% 0.52p 0.3247¢ 0.6(p 0.12% 0.158 | 0.556 | 0.2745¢ | 0.07
Millimeter Dimensions
.080 0693 .0416 .0260 .048 .0100 .012q4 .0445 022 .00%8
.090 0779 .0468 .0292 .054 .0112 .0142 .05Q0 .0247 0065
.100 .0866 0520 .0325 .060 .0125 .0154 .0546 .0275 .0072
125 1083 0650 .0406 .075 .0156 .0194 .0695 .0343 .0090
.150 1299 .0780 .0487 .090 .0188 .0237 .0834 .0412 .0108
175 1516 .0910 .0568 .105 .0219 .0277 .0913 .048Q .0126
.200 1732 .1040 .0650 120 .0250 .0314 1112 .0549 .0144
.225 1949 1170 .0731 135 .0281 .0354 1291 .0618 .01¢2
.250 2165 .1300 .0812 .150 .0312 .0394 .1390 .0684 .0180
300 .2598 .1560 .0974 .180 .0375 .0474 .1648 .0824 .0216
Inch Dimensions
317, .003150 .00273 .00164] .00102 001B9 00039 ~00050 .00175 023
282, .003543 .00307 00184 .00115 .00213  .0004 .00056 .00197 026
254 .003937 .00341 00205 .00128 .002B6  .0004 .00062 00219 028
203 .004921 .00426 00256 .00160 .00295  .0006: .00Q78 00274 035
169, .005906 .00511 .00307| .00192 .003%4 .0007: .00093 .00328 043
1454 .006890 .00597 .00358| 00224 .00413 .0008! .00109 .00383 .0p050
127 .007874 | .00682 .00409 .0025¢ .00472  .00098 .00124 .00438 .00057
11%, .008858 .00767 00461 .00288 .00581 .0011. .00140 .00493 064
1084 .009843 .00852 .00512 .00320 .00591 .0012 .00156 .00547 071
847, .011811 .01023 00614 .00384 .00709  .0014 .001i87 .00657 085

aln Tables 5and6 these values are shown rounded to the nearest whole number.

Table 4. Unified Miniature Screw Threads — Formulas for Basic and Design
Dimensions and Tolerances

Formulas for Basic Dimensions

D = Basic Major Diameter and Nominal Size in millimetgrs; Pitch in millimetersg = Basic Pitch Diameter in
millimeters =D - 0.64959; andK = Basic Minor Diameter in millimeters B - 1.04¢

Formulas for Design Dimensions (Maximum Material)

External Thread

Internal Thread

D, = Major Diameter D
E, = Pitch Diameter £
K= Minor Diameter =D - 1.2(

D, = Major Diameter D + 0.072
E, = Pitch Diameter £
K, = Minor Diameter

Formulas for Tolerances on Design Dimensfons

External Thread~)

Internal Thread<)

Major Diameter Tol., 0.12+ 0.006

bMajor Diameter Tol., 0.168+ 0.008

Pitch Diameter Tol., 0.q8+ 0.008
°Minor Diameter Tol., 0.16+ 0.008

Pitch Diameter Tol., 0.p8- 0.008
Minor Diameter Tol., 0.3@+ 0.012

aThese tolerances are based on lengths of engagendgbttofl,D.

bThis tolerance establishes the maximum limit of the major diameter of the internal thread. In prac-
tice, this limit is applied to the threading tool (tap) and not gaged on the product. Values for this toler-
ance are, therefore, not giverlable 5

This tolerance establishes the minimum limit of the minor diameter of the external thread. In prac-
tice, this limit is applied to the threading tool and only gaged on the product in confirming new tools.
Values for this tolerance are, therefore, not giveraivie 5

Metric units (millimeters) apply in all formulas. Inch tolerances are not derived by direct conver-
sion of the metric values. They are the differences between the rounded off limits of size in inch units.



Table 5. Unified Miniature Screw Threads — Limits of Size and Tolerances g
- - Extgrnal Threads B - B - Intgrnal Threads - - Lead Angle [ Sectional Area a g
Major Diam. Pitch Diam. Minor Diam. Minor Diam. Pitch Diam. Major Diam. at Basic | Minor Diam. at D
Size Pitch Max? Min Maxb Min Max¢ Mind Min® Max Minb Max Mine Maxd Pitch Diam. —1.28
Designatiof mm mm mm mm mm mm mm mm mm mm mm mm mm deg njin sq mm
0.30 UNM 0.080 0.300 0.284 0.248 0.234| 0.204 0.188 0.217 0.254 0.248 0.262 0.306 0327 5 52 0.0307
0.35 UNM 0.090 0.350 0.333 0.292 0.277| 0.242 0.22p 0.256 0.2p7 0.292 0.807 0.356 0/380 5 37 0.0433
0.40 UNM 0.100 0.400 0.382 0.335 0.319] 0.280 0.25p 0.296 0.30 0.335 0.351 0.407 0{432 5 26 0.0581
0.45 UNM 0.100 0.450 0.432 0.385 0.369 0.330 0.306 0.346 0.3p0 0.385 0.401 0.457 0}482 4 44 0.0814
0.50 UNM 0.125 0.500 0.479 0.419 0.401 0.350 0.32p 0.370 0.4p2 0.419 0.437 0.509 0538 5 26 0.0908
0.55 UNM 0.125 0.550 0.529 0.469 0.451) 0.400 0.37p 0.420 0.472 0.469 0.487 0.559 0/588 4 51 0.1195
0.60 UNM 0.150 0.600 0.576 0.503 0.483] 0.420 0.388 0.444 0.5p4 0.503 0.523 0.611 0644 5 26 0.1307 <
0.70 UNM 0.175 0.700 0.673 0.586 0.564 0.490 0.45¢ 0.518 0.586 0.586 0.608 0.713 0]750 5 26 0.1780 =
0.80 UNM 0.200 0.800 0.770 0.670 0.646 0.560 0.52p 0.592 0.668 0.670 0.694 0.814 0{856 5 26 0.232 Z
0.90 UNM 0.225 0.900 0.867 0.754 0.728 0.630 0.58p 0.666 0.750 0.754 0.f8o 0.916 0]962 5 26 0.294 >
1.00 UNM 0.250 1.000 0.964 0.838 0.810 0.700 0.65p 0.740 0.8B2 0.838 0.866 1.018 1)068 5 26 0.363 =
1.10 UNM 0.250 1.100 1.064 0.938 0.910 0.800 0.75p 0.840 0.982 0.938 0.p66 1.118 1{168 4 51 0.478 c
1.20 UNM 0.250 1.200 1.164 1.038 1.010] 0.900 0.85p 0.940 1.082 1.038 1.066 1.218 1268 4 23 0.608 %
1.40 UNM 0.300 1.400 1.358 1.205 1.173 1.040 0.98¢ 1.088 1.1p6 1.205 1.p37 1.422 1{480 4 32 0.811
Thds. perin. inch inch inch inch inch inch| inch incl inch inc| inch ind deg in sqin %
0.30 UNM 318 0.0118 0.0112] 0.0098 0.00¢ 0.0080 0.0072 0.0085 0.q1I00 0.0098 0[0104 0.0120 .0129 5 52 0.0000475 bl
0.35 UNM 282 0.0138 0.0131 0.0115 0.01¢( 0.0095 0.0486 0.0101 0.9117 0.0115 010121 0.0140 .0149 5 37 0.000p671
0.40 UNM 254 0.0157 0.0150] 0.0132 0.01 0.0110 0.03j01 0.0117 0.q134 0.0132 0[0138 0.0160 .0170 5 26 0.000p901 E
0.45 UNM 254 0.0177 0.0170 0.0152 0.01 0.0130 0.0120 0.0136 0.0154 0.0152 010158 0.0180 .0190 4 44 0.000)1262
0.50 UNM 203 0.0197 0.0189 0.0165 0.01 0.0138 0.0127 0.0146 0.q166 0.0165 0[0172 0.0200 .0212 5 26 0.0004407 =
0.55 UNM 203 0.0217 0.0208 0.0185 0.01 0.0157 0.0146 0.0165 0.0186 0.0185 010192 0.0220 .0231 4 51 0.000)1852 s
0.60 UNM 169 0.0236 0.0227] 0.0198 0.01 0.0165 0.01f53 0.0175 0.q198 0.0198 0[0206 0.0240 .0254 5 26 0.000203 %
0.70 UNM 145 0.0276 0.0265 0.0231 0.0222 0.0193 0.0179 0.0204 0.9231 0.0231 010240 0.0281 .0295 5 26 0.000p76 >
0.80 UNM 127 0.0315 0.0303 0.0264 0.02 0.0220 0.0705 0.0233 0.0263 0.0264 0[0273 0.0321 .0337 5 26 0.000860 o
0.90 UNM 113 0.0354 0.0341 0.0297 0.0297 0.0248 0.0431 0.0262 0.9295 0.0297 0[0307 0.0361 .0379 5 26 0.0004156 ()
1.00 UNM 102 0.0394 0.0380] 0.0330 0.03 0.0276 0.0257 0.0291 0.9327 0.0330 0[0341 0.0401 .0420 5 26 0.000563
1.10 UNM 102 0.0433 0.0419 0.0369 0.0358 0.0315 0.0496 0.0331 0.9367 0.0369 010380 0.0440 .0460 4 51 0.000y41
1.20 UNM 102 0.0472 0.0458| 0.0409 0.03 0.0354 0.0335 0.0370 0.9q406 0.0409 0[0420 0.0480 .0499 4 23 0.000943
1.40 UNM 85 0.0551 0.0535 0.0474 0.04¢ 0.0409 0.0387 0.0428 0.0471 0.0474 010487  0.0560 .0583 4 32 0.001p57

aSizes shown in bold type are preferred.
bThis is also the basic dimension.

¢This limit, in conjunction with root form shown rable 2 is advocated for use when optical projection methods of gaging are employed. For mechanical gaging the
minimum minor diameter of the internal thread is applied.

dThis limit is provided for reference only. In practice, the form of the threading tool is relied upon for this limit.
€This limit is provided for reference only, and is not gaged. For gaging, the maximum major diameter of the externalpiptiead is a
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Table 6. Unified Miniature Screw Threads—
Minimum Root Flats for External Threads

Inch

0.00043
0.00048
0.00054

0.00067

0.00080

0.00094

0.00107

0.00120

0.00134

0.00161

Minimum Flat at Root
F. = 0.136

mm

0.0109
0.0122
0.0136
0.0170
0.0204
0.0238
0.0272
0.0306
0.0340
0.0408

Inch
0.00202

0.00227

0.00252
0.00315

0.00378

0.00441
0.00504

0.00567

0.00630
0.00756

0.69

Thread Height for Min. Flat at Root

mm

0.0512
0.0576
0.0640
0.0800
0.0960
0.1120
0.1280
0.1440
0.1600
0.1920

No. of
Threads

Per Inch

318
282
254
203
169
145
127
113
102

85

Pitch

mm
0.080
0.090

0.100
0.125
0.150
0.175
0.200
0.225

0.250

0.300

Internal Thread

(Nut)
1/2 tolerance on major dia.

of external thread

1/2 P D tolerance on
internal tolerance

1/2 P D tolerance on
T/
0.136p

external tolerance
7,
7
7
7

7
7
7
7
7
77
7%
7,
7
7
7
7
%
7
7
7
7
.

%
4
7
7
7
7
7
%
7
7
?

>
7
2
7
7%
7
7
7
%
2
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Limits of SizeFormulas used to determine limits of size are givamabie 4 the limits of
size are given iffable 5 The diagram on pader85illustrates the limits of size arfthble
6 gives values for the minimum flat at the root of the external thread shown on the diagran

Classes of Thread3he standard establishes one class of thread with zero allowance ot
all diameters. When coatings of a measurable thickness are required, they should |
included within the maximum material limits of the threads since these limits apply to bott
coated and uncoated threads.

Hole Sizes for Tappin@uggested hole sizes are given in the Tapping Section.

Interference-Fit Threads.—Interference-fit threads are threads in which the externally
threaded member is larger than the internally threaded member when both members are
the free state and that, when assembled, become the same size and develop a holc
torque through elastic compression, plastic movement of material, or both. By customn
these threads are designated Class 5.

The data ifTables 12, and3, which are based on years of research, testing and field
study, represent an American standard for interference-fit threads that overcomes the d
ficulties experienced with previous interference-fit recommendations such as are given i
Federal Screw Thread Handbook H28. These data were adopted as American Stand.
ASA B1.12-1963. Subsequently, the standard was revised and issued as Americ:
National Standard ANSI B1.12-1972. More recent research conducted by the Portsmou
Naval Shipyard has led to the current revision ASME/ANSI B1.12-1987 (R1998).

The data imrables 12, and3 provide dimensions for external and internal interference-
fit (Class 5) threads of modified American National form in the Coarse Thread series, size
¥,inch to % inches. Itis intended that interference-fit threads conforming with this stan-
dard will provide adequate torque conditions which fall within the limits shoWabie 3
The minimum torques are intended to be sufficient to ensure that externally threaded mer
bers will not loosen in service; the maximum torques establish a ceiling below which seiz
ing, galling, or torsional failure of the externally threaded components is reduced.

Tables Jand2 give external and internal thread dimensions and are based on engageme
lengths, external thread lengths, and tapping hole depths specifigblé3and in com-
pliance with the design and application data given in the following paragregtle. 4
gives the allowances afi@dble 5gives the tolerances for pitch, major, and minor diameters

for the Coarse Thread Series.
'-— q25P l
Al/\l 125 H

60° 625 H

\

250 H

Pitch
Dia.

Basic Profile of American National Standard Class 5 Interference Fit Thread

RNV =N
N

——————

Minor 90°

Dia.
I

~’l 25P }——

T

Axis of Screw Thread

T
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Max Material
Stud
(Largest Stud)

Internal
Thread

External

V

» Max Material
Tapped Hole
(Smallest Tapped

Thread

Max Major Dia

Max Pitch Dia

Minor Dia
(Design Form)

L

MAXIMUM INTERFERENCE

Note: Plastic flow of interference metal into cavities al major and minor diameters is not illustrated.

y

7,

Min Pitch Dia

Min Minor Dia

Internal
Thread
// .
2
e —— -— Min Material
Min Material AL Tapped Hole
Stud External (Largest Tapped
(Smallest Stud) Thread Hole)

Major Dia

Min Pitch Dia

— Min Interference

Max Pitch Dia

Max Minor Dia

Min Minor Dia %
MINIMUM INTERFERENCE
Note: Plastic flow of interference metal into cavities at major and minor diameters is not illustrated.
Maximum and Minimum Material Limits for Class 5 Interference-Fit Thread

Design and Application Data for Class 5 Interference-Fit Threads.-~ollowing are
conditions of usage and inspection on which satisfactory application of products made t
dimensions iMables 12, and3 are based.

Thread Designationsthe following thread designations provide a means of distin-
guishing the American Standard Class 5 Threads from the tentative Class 5 and alterns
Class 5 threads, specified in Handbook H28. They also distinguish between external at
internal American Standard Class 5 Threads.

Class 5 External Threads are designated as follows:
NC-5 HF—For driving in hard ferrous material of hardness over 160 BHN.
NC-5 CSF—For driving in copper alloy and soft ferrous material of 160 BHN or less.

NC-5 ONF—For driving in other nonferrous material (nonferrous materials other than
copper alloys), any hardness.

Class 5 Internal Threads are designated as follows:
NC-5 IF—Entire ferrous material range.
NC-5 INF—Entire nonferrous material range.
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Table 1. External Thread Dimensions for Class 5 Interference-Fit Threads
ANSI/ASME B1.12-1987 (R1998)

Major Diameter, Inches
NC-5 HF NC-5 CSF NC-5 ONF
for driving in for driving in brass for driving in
ferrous material | and ferrous material nonferrous
with hardness greatgr with hardness equa except brass Pitch Minor
than 160 BHN to or less than 160 (any hardness) Diameter, Diameter,|
Nominal L, = 1%, Diam. BHN L, = 1%, Diam. L. = 2% Diam. Inches Inches

Size Max Min Max Min Max Min Max Min Max
0.2500-20( 0.2470 0.2414 0.2470 0.2418 0.2470 0.2418 0.2230 0.2204 0]1932
0.3125-18| 0.3080 0.302q 0.3090 0.3030 0.3090 0.3030 0.2829 0.2799 012508
0.3750-16| 0.3690  0.362 0.3710 0.3646  0.3710 0.346  0.3414  0.3382  0[3053
0.4375-14| 0.4305 0.4239 0.4330 0.4258 0.4330 0.4258 0.3991 0.3955 0J3579
0.5000-13 0.4920  0.4844 0.4950  0.4816  0.4950  0.4876  0.4584  0.4547  0J4140
0.5625-12| 0.5540 0.546( 0.5575 0.5495 0.5575 0.5495 0.5176 0.5136 014695
0.6250-11| 0.6140 0.605€¢ 0.6195 0.6111 0.6195 0.6111 0.5758 0.5716 0)5233
0.7500-10| 0.7360 0.727q 0.7440 0.7350 0.7440 0.7350 0.6955 0.6910 0J6378
0.8750- 9 0.8600  0.8502 0.8685  0.85§7 0.8685  0.8487  0.8144  0.8095  0[7503
1.0000- 8| 0.9835 0.9727 0.9935 0.9837 0.9935 0.9827 0.9316 0.9262 0.8594
1.1250- 7 1.1070 1.0952 1.1180 1.1062 1.1180 1.1062 1.0465 1.0406 00640
1.2500- 7 1.2320 1.2200Q 1.2430 1.2312 1.2430 1.2312 1.1715 1.1656 10890
1.3750- 6 1.3560 1.3410 1.3680 1.3538 1.3680 1.39438 1.2839 1.2768 11877
1.5000- 6| 1.4810 1.467( 1.4930 1.4738 1.4930 1.4788 1.4089 1.4018 1127

Based on external threaded members being steel ASTM A-325 (SAE Grade 5) dr preteergth
of engagement.

Table 2. Internal Thread Dimensions for Class 5 Interference-Fit Threads
ANSI/ASME B1.12-1987 (R1998)
NC-5 IF NC-5 INF
Ferrous Material Nonferrous Material . .
Pitch Major
Nominal Minor Diam?2 Tap Minor Diam?2 Tap Diameter Diam.

Size Min Max Drill Min Max Drill Min Max Min
0.2500-20 0.196 0.206 0.203: 0.196 0.206 0.2031 0.2175 0.2201 0.p532
0.3125-18 0.252 0.263 0.261 0.252 0.2 0.2610 0.2764 0.4794 0.8161
0.3750-16  0.307 0.318 0.316! 0.307 0.3. 0.3160 0.3344  0.3376  0.B790
0.4375-14 0.374 0.381 0.375 0.360 0.3 0.3680 0.3911 0.3947 0.4421
0.5000-13 0.431 0.440 0.433. 0.417 0.4 0.4219 0.4500 0.4537 0.5050
0.5625-12 0.488 0.497 0.492 0.472 0.4 0.4844 0.5084 0.9124 0.5679
0.6250-11 0.544 0.554 0.546! 0.527 0.5 0.5313 0.5660 0.4702 0.6309
0.7500-10 0.667 0.678 0.671 0.642 0.6! 0.6496 0.6850 0.6895 0.7565
0.8750- 9 0.777 0.789 0.781 0.755 0.76f 0.7666  0.8028  0.8077  0.8822
1.0000- 8 0.890 0.904 0.890 0.865 0.88 0.87p0 0.9188 0.9p42 1.0081
1.1250- 7 1.000 1.015 1.000 0.970 0.98} 0.98¢4 1.0322 1.0881 1.1343
1.2500- 7 1.125 1.140 1.125 1.095 1.1 1.10p4 1.1572 1.1631 1.2593
1.3750- 6 1.229 1.247 1.234: 1.195 1.21] 1.2081 1.2667 1.2738 1.3858
1.5000- 6 1.354 1.372 1.359: 1.320 1.33 1.32B1 1.3917 1.3988 1.5108

aFourth decimal place is O for all sizes.

All dimensions are in inches, unless otherwise specified.

Externally Threaded ProductBoints of externally threaded components should be
chamfered or otherwise reduced to a diameter below the minimum minor diameter of th
thread. The limits apply to bare or metallic coated parts. The threads should be free fro
excessive nicks, burrs, chips, grit or other extraneous material before driving.
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Table 3. Torques, Interferences, and Engagement Lengths for Class 5
Interference-Fit Threads ANSI/ASME B1.12-1987 (R1998)

Engagement Lengths, External Thread Lengths and Tapped Hole Hepiferque at

19D

Interference Engagement|

on Pitch In Brass In Nonferrous in Ferrous

Diameter and Ferrous Except Brass Material

Nominal Ty T, | Max, | Min,

Size | Max | Min | Le Ts min | Le Ts min | lo-it | lo-ft
0.2500-20 .005% .0008 0.31 0.3¥5125-0 | 0.375( 0.625 0.688.125-0 | 0.688 12 3
0.3125-1§ .006% .000p 0.39 0.469139-0 | 0.469| 0.781 0.859.139-0 | 0.859| 19 6
0.3750-1§ .0070 .000p 0.44 0.562156-0 | 0.562( 0.93§ 1.03%.156-0 | 1.031 35 10
0.4375-14 .0080 .0008 0.54 0.656179-0 | 0.656( 1.094 1.203.179-0 | 1.203| 45 15
0.5000-13 .0084 .001p 0.67 0.750192-0 | 0.750( 1.250 1.37%.192-0 | 1.375 75 20

0.5625-12 .0092 .001|
0.6250-11 .0098 .001

2
1
9
7
5
0.743  0.844208-0 | 0.844( 1.40§ 1.54¥.208-0 | 1.547| 90 30
0.781 0.988227-0 | 0.938( 1.562 1.719.227-0 | 1.719| 120 37
0.7500-1Q .010% .001p 0.938 1.125250-0 | 1.125| 1.87§ 2.062.250-0 | 2.062| 190 60
0.8750-9| .0016 .0018 1.094 1.3#2278-0 | 1.312| 2.189 2.406.278-0 | 2.406| 250 90
1.0000- 8| .012¢ .002p 1.250 1.560312-0 | 1.500| 2.50Q 2.756.312-0 | 2.750| 400 125
1.1250-7 .0143 .002b 1.406 1.688357-0 | 1.688( 2.812 3.094.357-0 | 3.095| 470 155
1.2500- 7| .0143 .0025 1.562 1.8¥5357-0 | 1.875| 3.12§ 3.438.357-0 | 3.438| 580( 210
1.3750- ¢ .0172 .003p 1.719 2.062419-0 | 2.062| 3.43§ 3.78%.419-0 | 3.781| 705( 250
1.5000- 6 .0172 .003p 1.875 2.250419-0 | 2.250| 3.750 4.12%.419-0 | 4.125| 840( 325

aL, = Length of engagemenit, = External thread length of full form thredg.= Minimum depth of
full form thread in hole.

o UT IS OO0 O O W

ot

All dimensions are inches.

Materials for Externally Threaded Producthe length of engagement, depth of thread
engagement and pitch diameteiTiables 12, and3 are designed to produce adequate
torque conditions when heat-treated medium-carbon steel products, ASTM A-325 (SAL
Grade 5) or better, are used. In many applications, case-carburized and nonheat-trea
medium-carbon steel products of SAE Grade 4 are satisfactory. SAE Grades 1 and 2, m
be usable under certain conditions. This standard is not intended to cover the use of prc
ucts made of stainless steel, silicon bronze, brass or similar materials. When such materi
are used, the tabulated dimensions will probably require adjustment based on pilot expe
mental work with the materials involved.

Lubrication: For driving in ferrous material, a good lubricant sealer should be used, par-
ticularly in the hole. A non-carbonizing type of lubricant (such as a rubber-in-water disper:
sion) is suggested. The lubricant must be applied to the hole and it may be applied to tl
male member. In applying it to the hole, care must be taken so that an excess amount
lubricant will not cause the male member to be impeded by hydraulic pressure in a blin
hole. Where sealing is involved, the lubricant selected should be insoluble in the mediut
being sealed.

For driving, in nonferrous material, lubrication may not be needed. The use of mediun
gear oil for driving in aluminum is recommended. American research has observed that tt
minor diameter of lubricated tapped holes in non-ferrous materials may tend to close ir
that is, be reduced in driving; whereas with an unlubricated hole the minor diameter ma
tend to open up.

Driving SpeedThis standard makes no recommendation for driving speed. Some opin:
ion has been advanced that careful selection and control of driving speed is desirable
obtain optimum results with various combinations of surface hardness and roughnes
Experience with threads made to this standard may indicate what limitations should b
placed on driving speeds.
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Table 4. Allowances for Coarse Thread SerieANSI/ASME B1.12-1987 (R1998)

Difference Difference Difference Difference
Difference between Nom.| between Basic| between Basic| Max PD between Max

between Nom.| Size and Max | Minor Diam. Minor Diam. Inteference | Minor Diam.

Size and Max | Major Diam. | and Min Minor | and Min Minor or Neg and Basic

Major Diam of NC-5 CSF Diam. of Diam.of Allowance, Minor Diam.,

TPI of NC-5 HR or NC-5 ONP NC-5 I? NC-5 INF Ext Threadl Ext Thread
20 0.0030 0.0030 0.000 0.000 0.0055 0.0072
18 0.0045 0.0035 0.000 0.000 0.0065 0.0080
16 0.0060 0.0040 0.000 0.000 0.0070 0.0090
14 0.0070 0.0045 0.014 0.000 0.0080 0.0103
13 0.0080 0.0050 0.014 0.000 0.0084 0.0111
12 0.0085 0.0050 0.016 0.000 0.0092 0.0120
11 0.0110 0.0055 0.017 0.000 0.0098 0.0131
10 0.0140 0.0060 0.019 0.000 0.0105 0.0144
9 0.0150 0.0065 0.022 0.000 0.0116 0.0160
8 0.0165 0.0065 0.025 0.000 0.0128 0.0180
7 0.0180 0.0070 0.030 0.000 0.0143 0.0206
6 0.0190 0.0070 0.034 0.000 0.0172 0.0241

aThe allowances in these columns were obtained from industrial research data.

bNegative allowance is the difference between the basic pitch diameter and pitch diameter value &
maximum material condition.

All dimensions are in inches.

The difference between basic major diameter and internal thread minimum major diameter is
0.073 and is tabulated ifable 5

Table 5. Tolerances for Pitch Diameter, Major Diameter, and Minor Diameter for
Coarse Thread SeriesANSI/ASME B1.12-1987 (R1998)

Minor Diam. Minor Diam. Tolerance

PD Tolerance Major Diam. Tolerance for Tolerance for 0.07H or

for Ext and Int Tolerance for Int Thread Int Thread 0.06%° for

TPI Thread3 Ext Threadl NC-5 IF NC-5 INF Tap Major Diam.

20 0.0026 0.0052 0.010 0.010 0.0032
18 0.0030 0.0060 0.011 0.011 0.0036
16 0.0032 0.0064 0.011 0.011 0.0041
14 0.0036 0.0072 0.008 0.012 0.0046
13 0.0037 0.0074 0.008 0.012 0.0050
12 0.0040 0.0080 0.009 0.013 0.0054
11 0.0042 0.0084 0.010 0.013 0.0059
10 0.0045 0.0090 0.011 0.014 0.0065
9 0.0049 0.0098 0.012 0.014 0.0072
8 0.0054 0.0108 0.014 0.015 0.0093
7 0.0059 0.0118 0.015 0.015 0.0093
6 0.0071 0.0142 0.018 0.018 0.0108

aNational Class 3 pitch diameter tolerance from ASA B1.1-1960.
bTwice the NC-3 pitch diameter tolerance.
¢National Class 3 minor diameter tolerance from ASA B1.1-1960.

All dimensions are in inches.

Relation of Driving Torque to Length of Engagem@&uwt.ques increase directly as the
length of engagement and this increase is proportionately more rapid as size increases.
standard does not establish recommended breakloose torques.

Surface RoughnesSurface roughnesss is not a required measurement. Roughnes
between 63 and 138n. Ra is recommended. Surface roughness greater thauinl Fa
may encourage galling and tearing of threads. Surfaces with roughness lesgithaR#&3
may hold insufficient lubricant and wring or weld together.



INTERFERENCE-FIT THREADS 1791

Lead and Angle Variationhe lead variation values tabulatedimble 6are the maxi-
mum variations from specified lead between any two points not farther apart than th
length of the standard GO thread gage. Flank angle variation values tabuledbteii
are maximum variations from the basi¢ 3Mgle between thread flanks and perpendicu-
lars to the thread axis. The application of these data in accordance with ANSI/ASME
B1.3M, the screw thread gaging system for dimensional acceptability, is given in the Star
dard. Lead variation does not change the volume of displaced metal, but it exerts a cumul
tive unilateral stress on the pressure side of the thread flank. Control of the differenc
between pitch diameter size and functional diameter size to within one-half the pitch diarr
eter tolerance will hold lead and angle variables to within satisfactory limits. Both the vari-
ations may produce unacceptable torque and faulty assemblies.

Table 6. Maximum Allowable Variations in Lead and Maximum Equivalent Change
in Functional Diameter ANSI/ASME B1.12-1987 (R1998)

External and Internal Threads
Nominal Allowable Variation in Axial Lead Max Equivalent Change in Functional Dian.
Size (Plus or Minus) (Plus for Ext, Minus for Int)
0.2500-20 0.0008 0.0013
0.3125-18 0.0009 0.0015
0.3750-16 0.0009 0.0016
0.4375-14 0.0010 0.0018
0.5000-13 0.0011 0.0018
0.5625-12 0.0012 0.0020
0.6250-11 0.0012 0.0021
0.7500-10 0.0013 0.0022
0.8750- 9 0.0014 0.0024
1.0000- 8 0.0016 0.0027
1.1250- 7 0.0017 0.0030
1.2500- 7 0.0017 0.0030
1.3750- 6 0.0020 0.0036
1.5000- 6 0.0020 0.0036

All dimensions are in inches.

Note: The equivalent change in functional diameter applies to total effect of form errors.

Maximum allowable variation in lead is permitted only when all other form variations are zero.

For sizes not tabulated, maximum allowable variation in lead is equal to 0.57735 times one-half the

pitch diameter tolerance.

Table 7. Maximum Allowable Variation in 30° Basic Half-Angle of External and
Internal Screw Threads ANSI/ASME B1.12-1987 (R1998)

Allowable Variation in Allowable Variation in Allowable Variation in
Half-Angle of Thread Half-Angle of Thread Half-Angle of Thread
TPI (Plus or Minus) TPI (Plus or Minus) TPI (Plus or Minus)
32 1 30 14 O 55 8 0° 45
28 r20 13 ¢ 55 7 o 45
27 120 12 @ 50 6 o 40
24 115 11, 0° 50 5 0 40
20 110 11 o 50 4%, 0° 40
18 1° 05 10 o 50 4 0 40
16 1 00 9 0° 50
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ACME SCREW THREADS

American National Standard Acme Screw Threads.—Fhis American National Stan-
dard ASME/ANSI B1.5-1988 is a revision of American Standard ANSI B1.5-1977 and
provides for two general applications of Acme threads, namely, General Purpose and Ce
tralizing.

The limits and tolerances in this standard relate to single-start Acme threads, and may
used, if considered suitable, for multi-start Acme threads, which provide fast relative tra
versing motion when this is necessary. For information on additional allowances for multi
start Acme threads, see later section on A8§€

General Purpose Acme Threads.—Fhree classes of General Purpose threads, 2G, 3G,
and 4G, are provided in the standard, each having clearance on all diameters for free mo
ment, and may be used in assemblies with the internal thread rigidly fixed and movemel
of the external thread in a direction perpendicular to its axis limited by its bearing or bear
ings. Itis suggested that external and internal threads of the same class be used togethe
general purpose assemblies, Class 2G being the preferred choice. If less backlash or ¢
play is desired, Classes 3G and 4G are provided. Class 5G is not recommended for ne
designs.

Thread FormThe accompanying figure shows the thread form of these General Purpos
threads, and the formulas accompanying the figure determine their basic dimension
Table 1gives the basic dimensions for the most generally used pitches.

Angle of ThreadThe angle between the sides of the thread, measured in an axial plane,
29 degrees. The line bisecting this 29-degree angle shall be perpendicular to the axis of t
screw thread.

Thread SeriesA series of diameters and associated pitches is recommended in the Stal
dard as preferred. These diameters and pitches have been chosen to meet present n
with the fewest number of items in order to reduce to a minimum the inventory of bott
tools and gages. This series of diameters and associated pitches is Gaka B

Chamfers and FilletsGeneral Purpose external threads may have the crest corner cham
fered to an angle of 45 degrees with the axis to a maximum wit15fwhereP is the
pitch. This corresponds to a maximum depth of chamfer fiat of 0F0945

Basic DiametersThe max major diameter of the external thread is basic and is the nom:-
inal major diameter for all classes. The min pitch diameter of the internal thread is basi
and is equal to the basic major diameter minus the basic height of the thigzelbasic
minor diameter is the min minor diameter of the internal thread. It is equal to the basit
major diameter minus twice the basic thread height, 2

Length of Engagementhe tolerances specified in this standard are applicable to
lengths of engagement not exceeding twice the nominal major diameter.

Major and Minor Diameter Allowanceg minimum diametral clearance is provided at
the minor diameter of all external threads by establishing the maximum minor diamete
0.020 inch below the basic minor diameter of the nut for pitches of 10 threads per inch ar
coarser, and 0.10 inch for finer pitches. A minimum diametral clearance at the major diar
eter is obtained by establishing the minimum major diameter of the internal thread 0.02
inch above the basic major diameter of the screw for pitches of 10 threads per inch ar
coarser, and 0.010 inch for finer pitches.
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American National Standard General Purpose Acme Thread Form
ASME/ANSI B1.5-198&nd Stub Acme Screw Thread Form
ASME/ANSI B1.8-1988 (R1994)

0.25F (For General Purpose Acme Threads)
0.157 (For Stub Acme Threads)

N
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General Purpose and Stub Acme Thread Forms

Formulas for Finding Basic Dimensions of General Purpose Acme and Stub Acme Screw T

General Purpose

Stub Acme Threads

Pitch =P = 1+ No. threads per incim,

Basic thread height=0.P

Basic thread thickness= 0.5P

Basic flat at crest,, = 0.370P
(internal thread)

Basic flat at cresf = 0.370P — 0.259x
(P.D. allowance on ext. thd.)

F., = 0.370P - 0.259x (major dia. allowance
on internal thread)

F.s = 0.370P - 0.259% (minor dia. allowance
on ext. thread — pitch dia.
allowance on ext. thread)

Pitch =P = 1+ No. threads per incim,

Basic thread height=0.2P

Basic thread thickness= 0.5P

Basic flat at cresf,, = 0.422#
(internal thread)

Basic flat at cresf s = 0.4224 - 0.259%
(pitch dia. allowance on ext. thread)

F., = 0.422# - 0.259x (major dia. allowance
on internal thread)

F.s = 0.4224 - 0.259% (minor dia. allowance
on ext. thread — pitch dia. allowance
on ext. thread)

1793
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American National Standard Centralizing Acme Screw Thread Form
ASME/ANSI B1.5-1988

\

A
! lnlernal lhread

A
[ARY
One-half allowance
‘\ I} on major dlameler—
A

llEE =\

Y,
A A o /
oY
P/4 7/‘\\ Fen NN One half
A , ,//V allowance
on minor

J/
,// / OneAh;/lf ,/ / diameter—
%7 -‘ 4 external

0 Zall
/al::w:ﬁlcfeéznogrnnocre /
/nn pitch 7 diameter—
d|ame(er_/mternal
//external /
External thread / //

Centralizing Acme Screw Thread Form
Formulas for Finding Basic Dimensions of Centralizing Acme Screw Threads
Pitch =P = 1+ No. threads per incin; Basic thread height = 0.5P

Basic thread thickneds= 0.5°
Basic flat at cresf,, = 0.370P + 0.259x (minor. dia. allowance on internal threads)

(internal thread)

Basic flat at cresf.s= 0.370P - 0.259x (pitch diameter allowance on external thread)
(external thread)

F, = 0.370P - 0.259% (major dia. allowance on internal thread)

F,s =0.370P - 0.259x (minor dia. allowance on external thread — pitch dia. allowance on

external thread)
Stress Area of General Purpose Acme ThreaBsreomputing the tensile strength of the thread section, the 1
mum stress area based on the mean of the minimum pitch diatpetier. and the minimum minor diametdy max.

of the external thread is used:
, min.+d; maXD2
Stress Area=  3.14 7 0

whered, min. andd; max. may be computed by Formulas 4 anfiale 2aor taken froniTable 2b

Shear Area of General Purpose Acme Thre&ds.computing the shear area per inch length of engagement of
external thread, the maximum minor diameter of the internal tibgeathx., and the minimum pitch diameter of th

external threadD, min., Table 2bor Formulas 12 and Zable 2aare used:

nini-

e

Shear Area=  3.141B, max.[ 0.5+ ntan14%°(D, min.— D, max,)]
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Major and Minor Diameter Tolerance$he tolerance on the external thread major
diameter is 0.0B, whereP is the pitch, with a minimum of 0.005 inch. The tolerance on the
internal thread major diameter is 0.020 inch for 10 threads per inch and coarser and 0.0
for finer pitches. The tolerance on the external thread minor diametexipilch diame-
ter tolerance. The tolerance on the internal thread minor diameterfs/@t% minimum
of 0.005 inch.

Pitch Diameter Allowances and TolerancAfiowances on the pitch diameter of Gen-
eral Purpose Acme threads are giveifable 4 Pitch diameter tolerances are given in
Table 5 The ratios of the pitch diameter tolerances of Classes 2G, 3G, and 4G, Gener
Purpose threads are 3.0, 1.4, and 1, respectively.

An increase of 10 per cent in the allowance is recommended for each inch, or fractio
thereof, that the length of engagement exceeds two diameters.

Application of Tolerance&he tolerances specified are designed to ensure interchange:
ability and maintain a high grade of product. The tolerances on diameters of the intern:
thread are plus, being applied from minimum sizes to above the minimum sizes. The tole
ances on diameters of the external thread are minus, being applied from the maximum siz
to below the maximum sizes. The pitch diameter (or thread thickness) tolerances for &
external or internal thread of a given class are the same. The thread thickness toleranc
0.259 times the pitch diameter tolerance.

Limiting Dimensionstimiting dimensions of General Purpose Acme screw threads in
the recommended series are givefiable 2b These limits are based on the formulas in
Table 2a

For combinations of pitch and diameter other than those in the recommended series, t
formulas inTable 2aand the data ifiables 4and5 make it possible to readily determine
the limiting dimensions required.

A diagram showing the disposition of allowances, tolerances, and crest clearances f
General Purpose Acme threads appears onbége

Acme Thread Abbreviations.—The following abbreviations are recommended for use
on drawings and in specifications, and on tools and gages:

ACME =Acme threads
G =General Purpose
C=Centralizing

P =pitch
L=lead
LH = left hand

Designation of General Purpose Acme Threads.Fhe examples listed below are
given here to show how General Purpose Acme threads are designated on drawings ¢
tools:

1.750-4 ACME-2G indicates a General Purpose Class 2G Acme thread of 1.750-inc
major diameter, 4 threads per inch, single thread, right hand. The same thread, but e
hand, is designated 1.750-4 ACME-2G-LH.

2.875-0.4-0.8L.-ACME-3G indicates a General Purpose Class 3G Acme thread of
2.875-inch major diameter, pitch 0.4 inch, lead 0.8 inch, double thread, right hand.
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Table 1. American National Standard General Purpose Acme Screw Thread Form
— Basic DimensionsASME/ANSI B1.5-1988

Total Width of Flat

Thds. Height of Height of Thread Crest of Root of Internal

per Thread Thread, Thickness | Internal Thread Thread F,,
Inch Pitch, (Basic), | hs=PR2+% | (Basic), (Basic), 0.370P —0.259x

n P=1h h=P2 allowance t=P/2 Fen = 0.370P allowancé
16 0.06250 0.03125 0.0362 0.03125 0.0232 0.0206
14 0.07143 0.03571 0.0407 0.0357Y 0.0265 0.0239
12 0.08333 0.04167 0.0467 0.04167| 0.0309 0.0283
10 0.010000 0.05000 0.0600 0.0500Q 0.0371 0.0319
8 0.12500 0.06250 0.0725 0.06250] 0.0463 0.0411
6 0.16667 0.08333 0.0933 0.08333| 0.0618 0.0566
5 0.20000 0.10000 0.1100 0.10000] 0.0741 0.0689
4 0.25000 0.12500 0.1350 0.12500] 0.0927 0.0875
3 0.33333 0.16667 0.1767 0.16667| 0.1236 0.1184
2% 0.40000 0.20000 0.2100 0.20000] 0.1483 0.1431
2 0.50000 0.25000 0.2600 0.25000] 0.1853 0.1802
1% 0.66667 0.33333 0.3433 0.33333 0.2471 0.2419
1 0.75000 0.37500 0.3850 0.37500 0.2780 0.2728
1 1.00000 0.50000 0.5100 0.50000 0.3707 0.3655

aAllowance is 0.020 inch for 10 threads per inch and coarser, and 0.010 inch for finer threads.

All dimensions are in inches.

Table 2a. American National Standard General Purpose Acme Single-Start Screw
Threads — Formulas for Determining DiametersASME/ANSI B1.5-1988

ner-

D = Basic Major Diameter and Nominal Size, in Inches.
P = Pitch = 1+ Number of Threads per Inch.
E = Basic Pitch Diameter B — 0.5P
K = Basic Minor Diameter © - P
No. External Threads (Screws)
1 Major Dia., Max. =D
2 Major Dia., Min. =D minus0.0572 but not less than 0.005.
3 Pitch Dia., Max. = minusallowance fronfrable 4
4 Pitch Dia., Min. = Pitch Dia., Max. (Formula 8jinustolerance fronTable 5
5 Minor Dia., Max. =K minus0.020 for 10 threads per inch and coarser and 0.010 for f
pitches.
6 Minor Dia., Min. = Minor Dia., Max. (Formula hinus1.5x pitch diameter tolerance
from Table 5
Internal Threads (Nuts)
7 Major Dia., Min. =D plus 0.020 for 10 threads per inch and coarser and 0.010 for fing
pitches.
8 Major Dia., Max. = Major Dia., Min. (Formula B)us 0.020 for 10 threads per inch and
coarser and 0.010 for finer pitches.
9 Pitch Dia., Min. =E
10 Pitch Dia., Max. = Pitch Dia., Min. (Formula@ystolerance fronTable 5
11 Minor Dia., Min. =K
12 Minor Dia., Max. = Minor Dia., Min. (Formula 1Plus 0.0 but not less than 0.005.

=

alf Pis between two recommended pitches listehisle 3 use the coarser of the two pitches in this
formula instead of the actual valueRof



Table 2b. Limiting Dimensions of American National Standard General Purpose Acme Single-Start Screw Threads

Nominal DiameterD

O I R I B N B [ % [ = [ =
Threads per Inch
6 [ 14 ] 12 [ 12 [ w0 ] 8 | 6 | 6 5 ] 5 ] 5 ] 4
Limiting Diameters External Threads
Classes 2G, 3G, and 4G Max (D) 0.2500 0.3125 0.3750 0.4375 0.500 0.6250 0.75p0 o.ato 1.0poo 1.3250 1.£500 143750
Major Diameter Min 0.2450 0.3075 0.3709 0.432! 0.4990 0.61B8 0.7417 0.8667 0.9900 14150 12400 .3625
Classes 2G, 3G, and 4G
Minor Diameter Max 0.1775 0.2311] 0.2817 0.344p 0.38¢0 0.48p0 0.5¢33 0.6883 0.7800 0§9050 1.0300 1.1050>
Class 2G, Minor Diameter Min 0.1618] 0.214f 0.263p 0.32%3 0.3594 0.4%70 0.94372 0.p615 0[7509 .8753 p.9998 1.0740)
Class 3G, Minor Diameter Min 0.1702] 0.223 0.273D 0.33%4 0.3704 0.4$93 0.9511 0.5758 0|7664 .8912 1.0159 1.08
Class 4G, Minor Diameter Min 0.1722 0.225. 0.2756 0.3379 0.3781 0.4723 0.4546 0.p794 0]7703 .8951 [1.0199 1.0940)
5 Max 0.2148 0.2728 0.3284 0.3909 0.444; 0.5542 0.65p8 0.7442 0.8p20 1.9165 10411 124060)
Class 2G, Pitch Diameter { by
Min 0.2043 0.2614 0.3161 0.3783] 0.4301 0.5408 0.64%4 0.7¢63 0.8f26 0.9967 1.p210 1j2188
. Max 0.2158 0.2738 0.3296 0.3921 0.445 0.55%8 0.66[L5 0.7461 0.8p40 1.9186 11433 1.2430
Class 3G, Pitch Diameter {
Min 0.2109 0.2685 0.3238 0.3862 0.439: 0.5506 0.6534 0.77178 0.8849 1.qoo4 1.1339 12327_|
5 Max 0.2168 0.2748 0.3309 0.3934 0.447 0.5593 0.66p2 0.7480 0.8P60 1.4208 10455 12453
Class 4G, Pitch Diameter { . b
Min 0.2133 0.2710 0.3268 0.3892 0.4421 0.554p 0.6514 0.7420 0.8$95 1.q142 1.J1388 12380|.n
Internal Threads >
Classes 2G, 3G, and 4G ( Min 0.2600 0.3225 0.3850 0.4475| 0.520 0.6450 0.77¢0 0.8950 1.0p00 1.1450 1.p700 1 3950U
Major Diameter Max 0.2700 0.3325 0.395 0.457p 0.54¢40 0.66p0 0.7900 0.9150 1.9400 1]|1650 1.2900 [L.4150
Classes 2G, 3G, and 4G ( Min 0.1875 0.2411 0.2917 0.3542 0.400¢ 0.5000 0.58%3 0.7d83 0.8p00 0.9250 1.p500 11250
Minor Diameter Max 0.1925 0.2461 0.2967 0.359p 0.4040 0.50p2 0.5916 0.7.66 0.$100 049350 1.0600 1.1375
. Min 0.2188 0.2768 0.3333 0.3958] 0.450 0.5626 0.6667 0.7917 0.9p00 1.4250 1.J1500 1.1.2500
Class 2G, Pitch Diameter { ]
Max 0.2293 0.2882 0.3456 0.4084 0.463 0.57719 0.68f1 0.8(96 0.9194 1.9448 111701 142720
5 Min 0.2188 0.2768 0.3333 0.3958] 0.450 0.562p 0.6667 0.7917 0.9p00 1.4250 1..500 1}2500
Class 3G, Pitch Diameter {
Max 0.2237 0.2821 0.3391 0.4017 0.456. 0.5697 0.67#18 0.8¢o0 0.9po1 1.342 11594 1.2603
5 Min 0.2188 0.2768 0.3333 0.3958] 0.450¢ 0.562p 0.6667 0.7917 0.9p00 1.4250 1.1L500 1}2500
Class 4G, Pitch Diameter { ]
Max 0.2223 0.2806 0.3374 0.4004 0.4541 0.56716 0.67p5 0.7977 0.9p65 1.4316 14567 142573

aAll other dimensions are given in inches. The selection of threads per inch is arbitrary and for the purpose of eststalisiiengd.a

16T



Table 2c. Limiting Dimensions of American National Standard General Purpose Acme Single-Start Screw Threads g
Nominal DiameterD g
w1 o[ = [ w [ w [ w5 [ %] [ %]
Threads per Inch
4 I s [ s T s ] 2 ] 2 ] [ 2 ]
Limiting Diameters External Threads
Classes 2G, 3G, and 4G Max (D) 1.5000 1.7500 2.0000 2.2500 2.50001 2.750 3.0000 3.50p0 4.0doo 4.5po0 5.9000
Major Diameter Min 1.4875 1.7375 1.9875 2.2333 2.483 2.7333 2.97p0 3.4150 3.9f50 4.4750 4p750
Classes 2G, 3G, and 4G
Minor Diameter Max 1.2300 1.4800 1.7300 1.8967 2.146f 2.3947 2.48p0 2.9400 3.4800 3.9800 414800 >
Class 2G, Minor Diameter Min 1.1965 1.4456 1.694 1.857p 2.1065 2.35958 2.4326 2.9314 3.4302 3[9291 4.428: Q
Class 3G, Minor Diameter Min 1.2144 1.4640 1.713 1.878B 2.12719 2.3776 2.4%79 2.9574 3.4568 39563 4 .455%
Class 4G, Minor Diameter Min 1.2189 1.4686 1.718 1.883p 21333 2.3831 2.4$42 2.9638 3.4634 3|9631 4.4627
Class 26, Pitch Diameter (M.ax 1.3652 1.6145 1.8637 2.0713 2.3207 2.5701 2.73q0 3.23p0 3.7440 4.2B30 4.1319 %
Min 1.3429 1.5916 1.8402 2.0450 2.2939 2.542 2.704n 3.20%6 3.7008 4.1p91 44973 M
Class 3G, Pitch Diameter (M.ax 1.3677 1.6171 1.8665 2.0743 2.3239 2.573: 2.7395 3.23p8 3.7480 4.2B73 4.1364 E
Min 1.3573 1.6064 1.8555 2.0620 2.3113] 2.560 2.7248 3.2287 3.725 4.2p15 44202
Class 4G, Pitch Diameter ( Max 1.3701 1.6198 1.8693 2.0773 2.3279 2.576 2.7430 3.24p5 3.7420 4.2415 4.1409 ;:E
Min 1.3627 1.6122 1.8615 2.0685 2.3181] 2.567! 2.732%p 3.2317 3.7309 4.2B02 4.4294 g
Internal Threads lw)
Classes 2G, 3G, and 4G Min 1.5200 1.7700 2.0200 2.2700 2.5200 2.770¢ 3.020p 3.5200 4.0200 4.5p00 5.4200 "
Major Diameter Max 1.5400 1.7900 2.0400| 2.290! 2.540) 2.7990 3.04p0 3.5400 4.0400 4.5400 5/0400
Classes 2G, 3G, and 4G Min 1.2500 1.5000 1.7500 1.9167 2.1667| 2.416 2.500p 3.0000 3.5000 4.0p00 4.9000
Minor Diameter Max 1.2625 1.5125 1.7625| 1.9334 2.183p 2.4334 2.52p0 3.0250 3.5p50 4.0250 415250
Min 1.3750 1.6250 1.8750 2.0833 2.3333] 2.583: 2.750p 3.2500 3.7900 4.2500 1500
Class 2G, Pitch Diameter Max 1.3973 1.6479 1.8985 2.1096 2.3601 2.610¢ 2.7816 3.28p4 3.7432 4.2B39 846
Min 1.3750 1.6250 1.8750 2.0833 2.3333] 2.583! 2.7500 3.2500 3.7500 4.2500 500
Class 3G, Pitch Diameter Max 1.3854 1.6357 1.8860 2.0956 2.3454 2.596! 2.7647 3.26p1 3.7¢55 4.2658 4.1662
Min 1.3750 1.6250 1.8750 2.0833 2.3333] 2.583! 2.7500 3.2500 3.7500 4.2500 1500
Class 4G, Pitch Diameter Max 1.3824 1.6326 1.8828 2.0921 2.3422 2.592: 2.76Q5 3.26p8 3.7¢11 4.2613 4.1615




Table 3. General Purpose Acme Single-Start Screw Thread DataSME/ANSI B1.5-1988

Identification Basic Diameters Thread Data
Nominal Threads Classes 2G, 3G, and 4G Thickness Basic Basic Lead Angle at Basic
Sizes per Major Pitch Minor at Pitch Height of Width of Shear Stress
(Al Inch? Diameter, Diameter, Diameter, Pitch, Line, Thread, Flat, Classes 2G, 3G,and 4G  Ared Ared
Classes) n D D,=D-h D;=D-2h P t=Pl2 h=P/2 F = 0.370P A Class 3G | Class 3G
Deg Min
%, 16 0.2500 0.2188 0.1875 0.06250) 0.03125 0.03125 0.0232 5 12 0.850 00285
6 14 0.3125 0.2768 0.2411 0.07143 0.03571 0.03571] 0.0265 4 42 0.451 0[0474
% 12 0.3750 0.3333 0.2917 0.08333 0.04167 0.04167| 0.0309 4 33 0.p45 0[0699
T 12 0.4375 0.3958 0.3542 0.08333 0.04167 0.04167| 0.0309 3 50 0.p60 0[1022
¥ 10 0.5000 0.4500 0.4000 0.10000 0.05000 0.05000 0.0371 4 3 0.y49 0]1287
% 8 0.6250 0.5625 0.5000 0.12500 0.06250 0.06250] 0.0463| 4 3 0.941 0[2043
% 6 0.7500 0.6667 0.5833 0.16667 0.08333 0.08333] 0.0618| 4 33 1.108 0]2848
% 6 0.8750 0.7917 0.7083 0.16667 0.08333 0.08333] 0.0618| 3 50 1.839 0J4150
1 5 1.0000 0.9000 0.8000 0.20000] 0.10000 0.10000] 0.0741 4 3 1519 0/5354
1% 5 1.1250 1.0250 0.9250 0.20000 0.10000 0.10000] 0.0741 3 33 1.y51 0J709
17, 5 1.2500 1.1500 1.0500 0.20000 0.10000 0.10000] 0.0741 3 10 1.983 0J907
1% 4 1.3750 1.2500 1.1250 0.25000 0.12500 0.12500] 0.0927| 3 39 2.139 1/059
1% 4 1.5000 1.3750 1.2500 0.25000 0.12500 0.12500] 0.0927| 3 19 2.872 1298
1% 4 1.7500 1.6250 1.5000 0.25000 0.12500 0.12500] 0.0927| 2 48 2.837 1/851
2 4 2.0000 1.8750 1.7500 0.25000] 0.12500 0.12500] 0.0927] 2 26 3.801 2|501
2y, 3 2.2500 2.0833 1.9167 0.33333 0.16667 0.16667| 0.1236| 2 55 3.p43 3049
2%, 3 2.5000 2.3333 2.1667 0.33333 0.16667 0.16667| 0.1236 2 36 4.110 3870
23 3 2.7500 2.5833 2.4167 0.33333 0.16667 0.16667| 0.1236 2 21 4.577 4{788
3 2 3.0000 2.7500 2.5000 0.50000 0.25000 0.25000 0.1853 3 19 4.786 5[27
3% 2 3.5000 3.2500 3.0000 0.50000 0.25000 0.25000 0.1853] 2 48 5.3 750
4 2 4.0000 3.7500 3.5000 0.50000 0.25000 0.25000] 0.1853 2 26 6.67 10]12
4%, 2 4.5000 4.2500 4.0000 0.50000 0.25000 0.25000] 0.1853| 2 9 7.60 1313
5 2 5.0000 4.7500 4.5000 0.50000 0.25000 0.25000] 0.1853 1 55 8.p4 16(53

aAll other dimensions are given in inches.
bPer inch length of engagement of the external thread in line with the minor diameter crests of the internal thread. Eiganethgivninimum shear area based on
max D, and mind,.

CFigures given are the minimum stress area based on the mean of the minimum minor and pitch diameters of the external thread.

See formulas for shear area and stress area oripége

SAVIdHL M3d
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Table 4. American National Standard General Purpose Acme Single-Start Screw
Threads — Pitch Diameter AllowancesASME/ANSI B1.5-1988

Nominal Size Range Allowances on External Threalls
Class 2G, Class 3G, Class 4G,
Above InTc(?u%?:g 0'00&6 0-006*/6 0-004’\/6
0 EN 0.0024 0.0018 0.0012
s %16 0.0040 0.0030 0.0020
%16 The 0.0049 0.0037 0.0024
e e 0.0057 0.0042 0.0028
%6 W 0.0063 0.0047 0.0032
e Y 0.0069 0.0052 0.0035
Bie B 0.0075 0.0056 0.0037
Bie W 0.0080 0.0060 0.0040
W 1% 0.0085 0.0064 0.0042
1 1% 0.0089 0.0067 0.0045
1% 1% 0.0094 0.0070 0.0047
[V8 1% 0.0098 0.0073 0.0049
1% 1% 0.0105 0.0079 0.0052
1% 2% 0.0113 0.0085 0.0057
2% 2% 0.0120 0.0090 0.0060
2% 2% 0.0126 0.0095 0.0063
2% 2% 0.0133 0.0099 0.0066
2% 3, 0.0140 0.0105 0.0070
3Y, 3% 0.0150 0.0112 0.0075
3% 4y, 0.0160 0.0120 0.0080
&, %, 0.0170 0.0127 0.0085
#, 5% 0.0181 0.0136 0.0091

aThe values in columns 3 to 5 are to be used for any size within the range shown in columns 1 and :
These values are calculated from the mean of the range.

bAn increase of 10 per cent in the allowance is recommended for each inch, or fraction thereof, tha
the length of engagement exceeds two diameters.

All dimensions in inches.

Itis recommended that the sizes givelale 3be used whenever possible.

Allowances for Class 26& threads in column 3 also apply to American National Standard Stub
Acme threads ASME/ANSI B 1.8-1988.

Multiple Start Acme Threads.—The tabulated diameter-pitch data with allowances and
tolerances relate to single-start threads. These data, as tabulated, may be and often are |
for two-start Class 2G threads but this usage generally requires reduction of the full work
ing tolerances to provide a greater allowance or clearance zone between the mating thre:
to assure satisfactory assembly.

When the class of thread requires smaller working tolerances than the 2G class or wh
threads with 3, 4, or more starts are required, some additional allowances or increased t
erances or both may be needed to ensure adequate working tolerances and satisfact
assembly of mating parts.

It is suggested that the allowances showFahle 4be used for all external threads and
that allowances be applied to internal threads in the following ratios: for two-start threads
50 per cent of the allowances shown in the third, fourth, and fifth columnBatifie 4 for
three-start threads, 75 per cent of these allowances; and for four-start threads, 100 per c
of these same values.

These values will provide for a 0.25-16 ACME-2G thread size, 0.002, 0.003, and 0.00:
inch additional clearance for 2-, 3-, and 4-start threads, respectively. For a 5-2 ACME-3(
thread size the additional clearances would be 0.0091, 0.0136, and 0.0181 inch, resp
tively. GO thread plug gages and taps would be increased by these same values. To me
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tain the same working tolerances on multi-start threads, the pitch diameter of the NOT G
thread plug gage would also be increased by these same values.

For multi-start threads with more than four starts, it is believed that the 100 per cen
allowance provided by the above procedures would be adequate as index spacing variab
would generally be no greater than on a four-start thread.

Table 5. American National Standard General Purpose Acme Single-Start Screw
Threads — Pitch Diameter TolerancesASME/ANSI| B1.5-1988

Class of Thread Class of Thread
26 | 3G | 4G 26 | 3G | 4G

Norm. Diameter Increment Nom. Diameter Increment
Pf | 0,006/ | 0.0028/5 | 0.002/5 || ®&" | 0.006/5 | 0.0028/D | 0.002/D

A .00300 .00140 .00100 1% .00735 .00343 .00245

%6 .00335 .00157 .00112 1% .00794 .00370 .00265

% .00367 .00171 .00122 2 .00849 .00396 .00283

T .00397 .00185 .00132 A .00900 .00420 .00300

¥ .00424 .00198 .00141 2% .00949 .00443 .00316

% .00474 .00221 .00158 2%, .00995 .00464 .00332

A .00520 .00242 .00173 3 .01039 .00485 .00346

% .00561 .00262 .00187 3Y .01122 .00524 .00374
1 .00600 .00280 .00200 4 .01200 .00560 .00400
bt .00636 .00297 .00212 4%, .01273 .00594 .00424
1, .00671 .00313 .00224 5 .01342 .00626 .00447
EA .00704 .00328 .00235

Class of Thread Class of Thread
26 | 3G | 4G 26 | 3G | 4G

Thds. Pitch Increment Thds. Pitch Increment

per per
neh 10,030/ %n | 0.014/¥n | 0.010/7n|| "™ |0.030/¥n | 0.014/¥n | 0.010/¥n

16 .00750 .00350 .00250 4 .01500 ,00700 .00500

14 .00802 .00374 .00267 3 .01732 .00808 .00577

12 .00866 .00404 .00289 2% .01897 .00885 .00632

10 .00949 .00443 .00316 2 .02121 .00990 .00707

8 .01061 .00495 .00354 1% .02449 .01143 .00816

6 .01225 .00572 .00408 1% .02598 01212 .00866

5 .01342 .00626 .00447 1 .03000 .01400 .01000

aFor a nominal diameter between any two tabulated nominal diameters, use the diameter incremet
for the larger of the two tabulated nominal diameters.
All other dimensions are given in inches.

For any particular size of thread, the pitch diameter tolerance is obtained by addiiagrtéter
incrementfrom the upper half of the table to thigch incremenfrom the lower half of the table.
Example:A %-16 Acme-2G thread has a pitch diameter tolerance of 0.008000750 = 0.0105
inch.

The equivalent tolerance on thread thickness is 0.259 times the pitch diameter tolerance.

Columns for the 2G Class of thread in this table also apply to American National Standard Stub
Acme threads, ASME/ANSI B1.8-1988 (R1994).
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Disposition of Allowances, Tolerances, and Crest Clearances for General Purpose
Single-start Acme Threads (All Classes)

In general, for multi-start threads of Classes 2G, 3G, and 4G the percentages would |
applied, usually, to allowances for the same class, respectively. However, where exce
tionally good control over lead, angle, and spacing variables would produce close to the
retical values in the product, it is conceivable that these percentages could be applied
Class 3G or Class 4G allowances used on Class 2G internally threaded product. Also, the
percentages could be applied to Class 4G allowances used on Class 3G internally threac
product. It is not advocated that any change be made in externally threaded products.

Designations for gages or tools for internal threads could cover allowance requiremen
as follows:

GO and NOT GO thread plug gages for: 2.8753@8L-ACME-2G with 50 per cent of
the 4G internal thread allowance.

Centralizing Acme Threads.—The three classes of Centralizing Acme threads in Amer-
ican National Standard ASME/ANSI B1.5-1988, designated as 2C, 3C, and 4C, have lirr
ited clearance at the major diameters of internal and external threads so that a bearing at
major diameters maintains approximate alignment of the thread axis and prevents wedgil
on the flanks of the thread. An alternative series having centralizing control mimire
diameter is described on pat@l6 For any combination of the three classes of threads
covered in this standard some end play or backlash will result. Classes 5C and 6C are r
recommended for new designs.
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Table 6. American National Standard Centralizing Acme Screw Thread Form —
Basic DimensionsASME/ANSI B1.5-1988

Total Height 45-Deg Chamfer Crestdf \1y Fijiet | Fillet Radius
of Thread External Threads Radius at Min or
Thds Height of | (All Externall  rhreaq MinWidth | Rootof | Diameter
per Thread Threads) | Thickness Min of Chamfer-|  Tapped of Screws
Inch, Pitch, (Basic), | hs=h+% | (Basic), | Depth, Flat, Hole, Max (All)
n P h=P12 allowancé t=PI2 0.08° 0.070P 0.0e° 0.1P
16 0.06250 0.03125 0.0362 0.0312§ 0.0041 0.004p 0.0038 0.0062
14 0.07143 0.03571 0.0407 0.03571 0.0036 0.005p 0.0038 0.00771
12 0.08333 0.04167 0.0467 0.04167 0.0042 0.005 0.00%0 0.0083
10 0.10000 0.05000 0.0600 0.05004 0.0050 0.007L 0.0040 0.01p0
8 0.12500 0.06250 0.0725 0.06250 0.0062 0.008; 0.0015 0.01p5
6 0.16667 0.08333 0.0933 0.08333 0.0083 0.011 0.0190 0.01p57
5 0.20000 0.10000 0.1100 0.10000 0.0100 0.014] 0.0140 0.02p0
4 0.25000 0.12500 0.1350 0.12500 0.0125 0.017y 0.0130 0.0250
3 0.33333 0.16667 0.1767 0.16667] 0.0147 0.023 0.02¢0 0.03B3
A 0.40000 0.20000 0.2100 0.20000] 0.0200 0.028: 0.0240 0.04p0
2 0.50000 0.25000 0.2600 0.25000 0.0250 0.035¢ 0.0300 0.05p0
1% 0.66667 0.33333 0.3433 0.33333] 0.0330 0.047. 0.0440 0.06p7
1 0.75000 0.37500 0.3850 0.37500) 0.0380 0.053 0.0450 0.0750
1 1.00000 0.50000 0.5100 0.50000 0.0500 0.070f 0.06¢0 0.10po

aAllowance is 0.020 inch for 10 or less threads per inch and 0.010 inch for more than 10 threads pe
inch.
All dimensions in inches. See diagram on page4

Application: These three classes together with the accompanying specifications are fc
the purpose of ensuring the interchangeable manufacture of Centralizing Acme thread:
parts. Each user is free to select the classes best adapted to his particular needs. It is ¢
gested that external and internal threads of the same class be used together for centraliz
assemblies, Class 2C providing the maximum end play or backlash. If less backlash or el
play is desired, Classes 3C and 4C are provided. The requirement for a centralizing fit
that the sum of the major diameter tolerance plus the major diameter allowance on tt
internal thread, and the major diameter tolerance on the external thread shall equal or
less than the pitch diameter allowance on the external thread. A Class 2C external thre:
which has a larger pitch diameter allowance than either a Class 3C or 4C, can be used int
changeably with a Class 2C, 3C, or 4C internal thread and fulfill this requirement. Simi-
larly, a Class 3C external thread can be used interchangeably with a Class 3C or 4C intert
thread, but only a Class 4C internal thread can be used with a Class 4C external thread.

Thread FormThe thread form is the same as the General Purpose Acme Thread and
shown in the figure on pad&93 The formulas accompanying the figure determine the
basic dimensions, which are giverTiable 6for the most generally used pitches.

Angle of ThreadThe angle between the sides of the thread measured in an axial plane
29 degrees. The line bisecting this 29-degree angle shall be perpendicular to the axis of t
thread.

Chamfers and Fillet€External threads have the crest corners chamfered at an angle o
45 degrees with the axis to a minimum depth/8D and a maximum depthBf15. These
modifications correspond to a minimum width of chamfer flat of 0.820W a maximum
width of 0.094® (se€eTable § columns 6 and 7).

External threads for Classes 2C, 3C, and 4C may have a fillet at the minor diameter n
greater than ORL

Thread SeriesA series of diameters and pitches is recommended in the Standard as pr
ferred. These diameters and pitches have been chosen to meet present needs with the
est number of items in order to reduce to a minimum the inventory of both tools and gage
This series of diameters and associated pitches is giVebia 8
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Disposition of Allowances, Tolerances, and Crest Clearances for Centralizing
Single-Start Acme Threads—Classes 2C, 3C, and 4C

Table 7a. American National Standard Centralizing Acme Single-Start Screw
Threads — Formulas for Determining Diameters ASME/ANSI B1.5-1988

D = Nominal Size or Diameter in Inches

P = Pitch = 1 + Number of Threads per Inch
No. Classes 2C, 3C, and 4C External Threads (Screws)
1 Major Dia., Max = D (Basic).
2 Major Dia., Min = D minus tolerance from Table 11, cols. 7, 8, or 10.
3 Pitch Dia., Max = Int. Pitch Dia., Min (Formula 9) minus allowance from Table 9, cols.
3,4, o0r5.
4 Pitch Dia., Min = Ext. Pitch Dia., Max (Formula 3) minus tolerance from Table 10.
5 Minor Dia., Max = D minus P minus allowance from Table 11, col. 3.
6 Minor Dia., Min = Ext. Minor Dia., Max (Formula 5) minus 1.5 X Pitch Dia. tolerance
from Table 10.
Classes 2C, 3C, and 4C Internal Threads (Nuts)
7 Major Dia., Min = D plus allowance from Table 11, col. 4.
8 Major Dia., Max = Int. Major Dia., Min (Formula 7) plus tolerance from Table 11, cols.
7,9,0r11.
9 Pitch Dia., Min = D minus P/2 (Basic).
10 Pitch Dia., Max = Int. Pitch Dia., Min (Formula 9) plus tolerance from Table 10.
11 Minor Dia., Min = D minus 0.9P.
12 Ménor Dia., Max = Int. Minor Dia., Min (Formula 11) plus tolerance from Table 11, col.




Table 7b. Limiting Dimensions of American National Standard Centralizing Acme Single-Start Screw Threads, Classes 2C, 3C, a@d 4
ASME/ANSI B1.5-1988

Nominal DiameterD

% [ ow [ w1 [ v [ wm [ wm [ %
Threads per Inéh
Limiting Diameters 10 | 8 | 6 | 6 | 5 | 5 | 5 | 4 | 4

External Threads (@]
Classes 2C, 3C, and 4C, Major Diameter Max 0.500( 0.625p 0.75¢0 0.8760 1.0900 1.1250 1.p500 1|3750 .500&2
Class 2C, Major Diameter Min 0.4975 0.6222 0.7470] 0.871 0.996b 1.1213 1.2461 1.3Y09 1.4957 —
Class 3C, Major Diameter Min 0.4989 0.6238 0.7487| 0.873f 0.9986 1.1234 1.2483 1.3732 14082 D
Class 4C, Major Diameter Min 0.4993 0.6242 0.7491] 0.874: 0.999D 1.1239 1.2489 1.3f38 1.4988 ')2
Classes 2C, 3C, and 4C, Minor Diameter Max 0.380( 0.480 0.5633 0.6883 0.7800 0.9050 1.9300 1/1050 ].230(:1?‘
Class 2C, Minor Diameter Min 0.3594 0.4570 0.5371 0.6614 0.750] 0.8743 0.9998 1.0719 1.1965 2
Class 3C, Minor Diameter Min 0.3704 0.4693 0.5511 0.675 0.766 0.8912 1.01p9 1.0896 14144 @)
Class 4C, Minor Diameter Min 0.3731 0.4723 0.5546 0.6794 0.770B 0.89%31 1.01p9 1.0940 1.2188 >
Class 2C. Pitch Diameter Max 0.4443 0.5562 0.6598 0.7842 0.8920 1.0165 1.141. 1.2406 13652 O
! Min 0.4306 0.5408 0.6424 0.7663 0.8726 0.9967| 1.121 1.218p 13439 =
Class 3C, Pitch Diameter Max 0.4458 0.5578 0.6615 0.7861 0.8940 1.0184| 1.143: 1.2430 1.36)7 (n/)-l
Min 0.4394 0.5506 0.6534 0.7778 0.8849 1.0094 1.133 1.232f 1.35]3 o)
Class 4C, Pitch Diameter Max 0.4472 0.5593 0.6632 0.7880 0.8960 1.0209 1.145! 1.2433 1.37p1 by
Min 0.4426 0.5542 0.6574 0.7820 0.8895 1.0142] 1.138: 1.238p 1.3627 m
Internal Threads E
Classes 2C, 3C, and 4C, Major Diameter Min 0.5007 0.625 0.7509 0.87p9 1.0910 1.1p61 1.2511 1B762 15012~
Classes 2C and 3C, Major Diameter Max 0.5032 0.628 0.7539 0.8792 1.0445 1.1p98 1.4550 1.B803 1|s055 L
Class 4C, Major Diameter Max 0.5021 0.6274 0.752¢ 0.877 1.0030 0.1282 1.2433 1.3f85 1.8036 %
Classes 2C, 3C, and 4C, Min 0.4100 0.5125 0.6000 0.7250 0.8200 0.9450 0.070( 1.150p 127%0 X
Minor Diameter Max 0.04150 0.5187 0.6083 0.7333 0.8300 0.955( 1.080 1.1635 128p5 O
Class 2C, Pitch Diameter Min 0.4500 0.5625 0.6667 0.7917 0.9000 1.0250 1.150¢ 1.250p 1.37%0 "

Max 0.4637 0.5779 0.6841 0.8096 0.9194 1.0444 1.170 1.2720 1.3973

Class 3C, Pitch Diameter Min 0.4500 0.5625 0.6667 0.7917 0.9000 1.0250 1.150 1.250p 1.37%0

Max 0.4564 0.5697 0.6748 0.8000 0.9091 1.0342 1.159: 1.26Q3 1.38p4

Class 4C, Pitch Diameter Min 0.4500 0.5625 0.6667 0.7917 0.9000 1.0250 1.150 1.250p 1.37%0

Max 0.4546 0.5676 0.6725 0.7977 0.9065 1.0314| 1.156 1.2573 1.38p4

aAll other dimensions are in inches. The selection of threads per inch is arbitrary and for the purpose of establishirty a standa
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Table 7b.(Continued)Limiting Dimensions of American National Standard Centralizing Acme Single-Start Screw Threads, Classes 2C,

3C, and 4C ASME/ANSI B1.5-1988

Nominal DiameterD

908T

wm | 2 [ o | [ s [ e | [ # ]
Threads per Inch
Limiting Diameters 4 | 4 | 3 | 3 | 3 | 2 | 2 | | |
External Threads @)
Classes 2C, 3C, and 4C, Major Diameter Max 1.750p 2.0000 2.2900 2.5000 2.71500 3.p000 3|5000 .0000 (t.5000 5,000@
Class 2C, Major Diameter Min 1.7454 1.9951] 2.244 2.494p 2.7442 2.9989 3.4935 3.9930 441926 4.p922 ]
Class 3C, Major Diameter Min 1.7480 1.9979 2.247 2.497] 2.74715 2.9974 3.4972 3.9970 4.41968 4.p966
Class 4C, Major Diameter Min 1.7487 1.9986] 2.248! 2.49801 2.74%3 2.9983 3.4981 3.9980 4.4979 4.p978 ,)Z
Classes 2C, 3C, and 4C, Minor Diameter Max 1.480] 1.73¢0 1.89p7 2.1467 2.3p67 2.4800 219800 4.4800 .9800 1.480N
Class 2C, Minor Diameter Min 1.4456 1.6948 1.8574 2.106p 2.3548 2.43p6 2.9314 3.4802 3.9291 4.4281 2
Class 3C, Minor Diameter Min 1.4640 1.7136) 1.8789 2.127] 2.3716 24579 2.9%74 3.4568 3.9563 44558 @)
Class 4C, Minor Diameter Min 1.4685 1.7183| 1.8834 2.133 2.3831 2.46p42 2.9638 3.4634 3.9631 44627 >
; 5 Max 1.6145 1.8637 2.0713 2.3207 2.5700] 2.736! 3.23 3.7340 4.2330 4.7419 (@)
Class 2C, Pitch Diameter { . <
Min 1.5916 1.8402 2.0450 2.2939 2.5427 2.7044 3.202 3.7048 4.1901 4.6973 m
. . Max 1.6171 1.8665 2.0743 2.3238 2.5734 2.739 3.23: 3.7380 4.2473 4.7464
Class 3C, Pitch Diameter {0 wn
Min 1.6064 1.8555 2.0620 2.3113 2.5607 2.724 3.223] 3.7235 4215 4702 (O
" 5 Max 1.6198 1.8693 2.0773 2.3270 2.5767] 2.743 3.24; 3.74p0 4.2415 47409 X
Class 4C, Pitch Diameter { m
Min 1.6122 1.8615 2.0685 2.3181 2.5676 2.732 3.231 3.73¢9 4.2302 4.7204 E
Internal Threads 3
Classes 2C, 3C, and 4C, Major Diameter Min 1.751] 2.0014 2.255 2.5016 2.7p17 3.4017 35019 40020 5021 .0022_—L
Classes 2C and 3C, Major Diameter Max 1.755 2.0043 2.25¢7 25071 2.7p75 3.qo7s 3.p084 410090 5095 .01000
Class 4C, Major Diameter Max 1.7539 2.0042 2.254! 2.5048 2.7550 3.0(¢52 3.5p56 4.0060 4063 5067 g
Classes 2C, 3C, and 4C, Min 1.5250 1.7750 1.9500 2.2000 2.4500 2.5501 3.050] 3.55¢0 4.0900 45500
Minor Diameter Max 1.5375 1.7875 1.9667 2.2167 2.4667 2,575 3.07! 3.5750 4.0150 45150 U0
; 5 Min 1.6250 1.8750 2.0833 2.3333 2.5833 2.7501 3.250] 3.75¢0 4.2900 4.7900
Class 2C, Pitch Diameter {
Max 1.6479 1.8985 2.1096 2.3601 2.6106] 2.781 3.28: 3.78p2 4.2439 4.7946
. . Min 1.6250 1.8750 2.0833 2.3333 2.5833 2.750 3.250] 3.75¢0 4.2500 4.7900
Class 3C, Pitch Diameter {
Max 1.6357 1.8860 2.0956 2.3458 2.5960] 2.764 3.2691 3.76%5 4.2458 4.7462
- . Min 1.6250 1.8750 2.0833 2.3333 2.5833 2.7501 3.250] 3.75¢0 4.2900 4.7900
Class 4C Pitch Diameter {
Max 1.6326 1.8828 2.0921 2.3422 2.5924 2.760! 3.26! 3.7611 4.2413 4.7¢15




Table 8. American National Standard Centralizing Acme Single-Start Screw Thread DatAA SME/ANSI B1.5-1988

Identification Diameters Thread Data
Threads Centralizing, Classes 2C, 3C, and 4C Basic Lead Angle at Basic Pitch Diametef

Nominal per Basic Major [~ Pitch ~ Minor Thickness at|  Height of Basic Width

Sizes Inch2 Diameter, | DiameteD, = | DiameterD,; = Pitch, Pitch Line, Thread, of Flat, Centralizing Classes 2C,

(All Classes) n D (D-h) (D -2h) P t=P/2 h="P/2 F = 0.370P 3C, and 4C)
Deg Min

A 16 0.2500 0.2188 0.1875 0.06250 0.03124 0.0312p 0.0239 5 12
%6 14 0.3125 0.2768 0.2411 0.07143 0.03571 0.0357L 0.0264 4 42
% 12 0.3750 0.3333 0.2917 0.08333 0.04161 0.0416f 0.0309 4 33
T 12 0.4375 0.3958 0.3542 0.08333 0.04161 0.0416f 0.0309 3 50

¥ 10 0.5000 0.4500 0.4000 0.10000 0.0500 0.0500p 0.0371 4 3

% 8 0.6250 0.5625 0.5000 0.12500 0.0625( 0.0625] 0.0469 4 3

A 6 0.7500 0.6667 0.5833 0.16667 0.08339 0.0833] 0.0614 4 33

A 6 0.8750 0.7917 0.7083 0.16667 0.08339 0.0833] 0.0619 3 50
1 5 1.0000 0.9000 0.8000 0.20000 0.1000 0.1000] 0.0741 4 3
1 5 1.1250 1.0250 0.9250 0.20000 0.10004 0.1000 0.0747] 3 33
1, 5 1.2500 1.1500 1.0500 0.20000 0.1000d 0.1000 0.0747] 3 10
1% 4 1.3750 1.2500 1.1250 0.25000 0.12504 0.1250 0.0927 3 39
1% 4 1.5000 1.3750 1.2500 0.25000 0.12504 0.1250 0.0927 3 19
19, 4 1.7500 1.6250 1.5000 0.25000 0.12504 0.1250 0.0927 2 48
2 4 2.0000 1.8750 1.7500 0.25000 0.1250 0.1250 0.0921 2 26
2y, 3 2.2500 2.0833 1.9167 0.33333 0.16667 0.1666 0.1234 2 55
2% 3 2.5000 2.3333 2.1667 0.33333 0.16667 0.1666 0.1234 2 36
23, 3 2.7500 2.5833 2.4167 0.33333 0.16667 0.1666 0.1234 2 21
3 2 3.0000 2.7500 2.5000 0.50000 0.2500 0.2500] 0.1859 3 19
3% 2 3.5000 3.2500 3.0000 0.50000 0.25004 0.2500 0.1853 2 48
4 2 4.0000 3.7500 3.5000 0.50000 0.2500( 0.2500) 0.1854 2 26
4%, 2 4.5000 4.2500 4.0000 0.50000 0.25004 0.2500 0.1853 2 9
5 2 5.0000 4.7500 4.5000 0.50000 0.2500 0.2500 0.1859 1 55

aAll other dimensions are given in inches.

SAVIYHL M3JOS INDV ONIZITVHLNIO
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1808 CENTRALIZING ACME SCREW THREADS

Table 9. American National Standard Centralizing Acme Single-Start Screw
Threads — Pitch Diameter AllowancesASME/ANSI B1.5-1988

Nominal Size Range Allowances on External Thredds
Centralizing
Class 2C, Class 3C, Class 4C,

Above To and Including 0-00&/6 0-006\/6 0-004*/6
0 Y 0.0024 0.0018 0.0012
%o %16 0.0040 0.0030 0.0020
s T 0.0049 0.0037 0.0024
e %6 0.0057 0.0042 0.0028
%o Y 0.0063 0.0047 0.0032
Y Bie 0.0069 0.0052 0.0035
Bie Bie 0.0075 0.0056 0.0037
EN Wi 0.0080 0.0060 0.0040
We 1% 0.0085 0.0064 0.0042
1% 1% 0.0089 0.0067 0.0045
1% (/8 0.0094 0.0070 0.0047
46 1% 0.0098 0.0073 0.0049
1% 1% 0.0105 0.0079 0.0052
1% 2% 0.0113 0.0085 0.0057
2% 2%, 0.0120 0.0090 0.0060
2% 2% 0.0126 0.0095 0.0063
2% 2% 0.0133 0.0099 0.0066
2% 3Y, 0.0140 0.0105 0.0070
3%, 3% 0.0150 0.0112 0.0075
3%, 4y, 0.0160 0.0120 0.0080
a4, 3, 0.0170 0.0127 0.0085
43, 5% 0.0181 0.0136 0.0091

aThe values in columns 3 to 5 are to be used for any size within the range shown in columns 1 and :
These values are calculated from the mean of the range.
bAn increase of 10 per cent in the allowance is recommended for each inch, or fraction thereof, tha
the length of engagement exceeds two diameters.
All dimensions are given in inches.
Itis recommended that the sizes givefable 8be used whenever possible.
Basic DiametersThe maximum major diameter of the external thread is basic and is the
nominal major diameter for all classes.
The minimum pitch diameter of the internal thread is basic for all classes and is equal 1
the basic major diametBrminus the basic height of threédThe minimum minor diam-
eter of the internal thread for all classes i®@fove basic.

Length of Engagemerithe tolerances specified in this Standard are applicable to
lengths of engagement not exceeding twice the nominal major diameter.

Pitch Diameter Allowancesgllowances applied to the pitch diameter of the external
thread for all classes are giveriliable 9

Major and Minor Diameter Allowanceg& minimum diametral clearance is provided at
the minor diameter of all external threads by establishing the maximum minor diamete
0.020 inch below the basic minor diameter for 10 threads per inch and coarser, and 0.0
inch for finer pitches and by establishing the minimum minor diameter of the internal
thread O.P greater than the basic minor diameter.

A minimum diametral clearance at the major diameter is obtained by establishing th

minimum major diameter of the internal thre@d01./D above the basic major diameter
These allowances are showTable 11



CENTRALIZING ACME SCREW THREADS 1809

Table 10. American National Standard Centralizing Acme Single-Start Screw
Threads — Pitch Diameter TolerancesASME/ANSI| B1.5-1988

Class of Thread Class of Thread
2C | 3C | 4C 2C | 3C | 4C
Diameter Increment Diameter Increment

Nom. Nom.

P’ | 0.006/5 | 0.0028/D | 0.002/5 || P& | 0.006/D |0.0028/D | 0.002/D

A .00300 .00140 .00100 1, .00735 .00343 .00245
%6 .00335 .00157 .00112 EA .00794 .00370 .00265

% .00367 .00171 .00122 2 .00849 .00396 .00283
T .00397 .00185 .00132 2y, .00900 .00420 .00300

¥ .00424 .00198 .00141 2% .00949 .00443 .00316

% .00474 .00221 .00158 23 .00995 .00464 .00332
A .00520 .00242 .00173 3 .01039 .00485 .00346
% .00561 .00262 .00187 3% .01122 .00524 .00374
1 .00600 .00280 .00200 4 .01200 .00560 .00400|
1% .00636 .00297 .00212 4%, .01273 .00594 .00424
1, .00671 .00313 .00224 5 .01342 .00626 .00447
1% .00704 .00328 .00235

Class of Thread Class of Thread
2c | 3c | ac 2c | 3c | ac

Thds. Pitch Increment Thds. Pitch Increment

per per

eh 1 0.030/%n| 0.014/¥n| 0.010/7n|| ™™ |0.030/¥n|0.014/%n|0.010/¥n
16 .00750 .00350 .00250 4 .01500 .00700 .00500]
14 .00802 .00374 .00267 3 .01732 .00808 .00577|
12 .00866 .00404 .00289 2% .01897 .00885 .00632
10 .00949 .00443 .00316 2 .02121 .00990 .00707|

8 .01061 .00495 .00354 1% .02449 .01143 .00816

6 .01225 .00572 .00408 1% .02598 .01212 .00866

5 .01342 .00626 .00447 1 .03000 .01400 .01000|

aFor a nominal diameter between any two tabulated nominal diameters, use the diameter incremer
for the larger of the two tabulated nominal diameters.

All dimensions are given in inches.

For any particular size of thread, the pitch diameter tolerance is obtained by addiiagrtéter
incrementfrom the upper half of the table to thigch incremenfrom the lower half of the table.
Example:A 0.250-16-ACME-2C thread has a pitch diameter tolerance of 0.008000750 =
0.0105 inch.

The equivalent tolerance on thread thickness is 0.259 times the pitch diameter tolerance.



Table 11. American National Standard Centralizing Acme Single-Start Screw Threads — Tolerances and Allowances for Major and Min

Diameters ASME/ANSI B1.5-1988

Allowance From Basic Major and Toler.
Minor Diameters (All Classes) on Minor Tolerance on Major Diameter Plus on Internal, Minus on External Threads
Internal Thread Diam, PAll Class 2C Class 3C Class 4C
Minor Diam, ¢ Major Diam,d Minor Internal External and External Internal External Internal
Thdg All External (Plus Diam,© Threads, Internal Threads)) Thread, Thread, Thread, Thread,

(w et (ieas® | 0.0010/D) ¥ e 000356 | 000155 | 000356 | 00010/5 | 0.0020/5

A 16 0.010 0.0005 0.0062 0.0050 0.0017 0.0007 0.0017 0.0005 0.0019

Y6 14 0.010 0.0006 0.0071 0.0050 0.0020 0.0008 0.0020 0.0006 0.0011

% 12 0.010 0.0006 0.0083 0.0050 0.0021 0.0009 0.0021 0.0006 0.0017

T 12 0.010 0.0007 0.0083 0.0050 0.0023 0.0010 0.0023 0.0007 0.0013

¥ 10 0.020 0.0007 0.0100 0.0050 0.0025 0.0011 0.0025 0.0007 0.0014

% 8 0.020 0.0008 0.0125 0.0062 0.0028 0.0012 0.0028 0.0008 0.0014

A 6 0.020 0.0009 0.0167 0.0083 0.0030 0.0013 0.0030 0.0009 0.0017

% 6 0.020 0.0009 0.0167 0.0083 0.0033 0.0014 0.0033 0.0009 0.0019
1 5 0.020 0.0010 0.0200 0.0100 0.0035 0.0015 0.0035 0.0010 0.0029
iEA 5 0.020 0.0011 0.0200 0.0100 0.0037 0.0016 0.0037 0.0011 0.0021
1, 5 0.020 0.0011 0.0200 0.0100 0.0039 0.0017 0.0039 0.0011 0.0022
1% 4 0.020 0.0012 0.0250 0.0125 0.0041 0.0018 0.0041 0.0012 0.0023
1% 4 0.020 0.0012 0.0250 0.0125 0.0043 0.0018 0.0043 0.0012 0.0024
19, 4 0.020 0.0013 0.0250 0.0125 0.0046 0.0020 0.0046 0.0013 0.002¢
2 4 0.020 0.0014 0.0250 0.0125 0.0049 0.0021 0.0049 0.0014 0.0029
2y, 3 0.020 0.0015 0.0333 0.0167 0.0052 0.0022 0.0052 0.0015 0.0030
2% 3 0.020 0.0016 0.0333 0.0167 0.0055 0.0024 0.0055 0.0016 0.0032
2%, 3 0.020 0.0017 0.0333 0.0167 0.0058 0.0025 0.0058 0.0017 0.0033
3 2 0.020 0.0017 0.0500 0.0250 0.0061 0.0026 0.0061 0.0017 0.0034§
3Y% 2 0.020 0.0019 0.0500 0.0250 0.0065 0.0028 0.0065 0.0019 0.0037]
4 2 0.020 0.0020 0.0500 0.0250 0.0070 0.0030 0.0070 0.0020 0.0049
4%, 2 0.020 0.0021 0.0500 0.0250 0.0074 0.0032 0.0074 0.0021 0.0042
5 2 0.020 0.0022 0.0500 0.0250 0.0078 0.0034 0.0078 0.0022 0.0049

aAll other dimensions are given in inches. Intermediate pitches take the values of the next coarser pitch listed.
bTo avoid a complicated formula and still provide an adequate tolerance, the pitch factor is used as a basis, with thetemaincersdt at 0.005 in.
¢The minimum clearance at the minor diameter between the internal and external thread is the sum of the values in cofumns 3 and

dThe minimum clearance at the major diameter between the internal and external thread is equal to col. 4.

Tolerance on minor diameter of all external threads is pich diameter tolerance.
Values for intermediate diameters should be calculated from the formulas in column headings, but ordinarily may be interpolated

0T8T
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CENTRALIZING ACME SCREW THREADS 1811

Major and Minor Diameter Tolerance$he tolerances on the major and minor diame-
ters of the external and internal threads are list€dlite 11and are based upon the formu-
las seven in the column headings.

An increase of 10 per cent in the allowance is recommended for each inch or fractio
thereof that the length of engagement exceeds two diameters.

For information on gages for Centralizing Acme threads the Standard ASME/ANSI B1.5
should be consulted.

Pitch Diameter Tolerance®itch diameter tolerances for Classes 2C, 3C and 4C for var-
ious practicable combinations of diameter and pitch are giveatile 10 The ratios of the
pitch diameter tolerances of Classes 2C, 3C, and 4C are 3.0, 1.4, and 1, respectively.

Application of Tolerance&he tolerances specified are such as to insure interchange-
ability and maintain a high grade of product. The tolerances on the diameters of intern:
threads are plus, being applied from the minimum sizes to above the minimum sizes. Tt
tolerances on the diameters of external threads are minus, being applied from the ma
mum sizes to below the maximum sizes. The pitch diameter tolerances for an external
internal thread of a given class are the same

Limiting Dimensionstimiting dimensions for Centralizing Acme threads in the pre-
ferred series of diameters and pitches are giv@alie 7b These limits are based on the
formulas inTable 7a

For combinations of pitch and diameter other than those in the preferred series the form
las inTable 7aand the data in the tables referred to therein make it possible to readily detel
mine the limiting dimension required.

Designation of Centralizing Acme Threads.—Fhe following examples are given to
show how these Acme threads are designated on drawings, in specifications, and on to
and gages:

Example, 1.750-6-ACME-4@1dicates a Centralizing Class 4C Acme thread of 1.750-
inch major diameter, 0.1667-inch pitch, single thread, right-hand.

Example, 1.750-6-ACME-4C-LHhdicates the same thread left-hand.

Example, 2.875-0.4P-0.8L-ACME-3C (Two Stdrtjticates a Centralizing Class 3C
Acme thread with 2.875-inch major diameter, 0.4-inch pitch, 0.8-inch lead, double threac
right-hand.

Example, 2.500-0.3333P-0.6667L-ACME-4C (Two Stiart)icates a Centralizing
Class 4C Acme thread with 2.500-inch nominal major diameter (basic major diamete
2.500 inches), 0.3333-inch pitch, 0.6667-inch lead, double thread, right-hand. The sam
thread left-hand would have LH at the end of the designation.

American National Standard Stub Acme Threads.—Fhis American National Stan-
dard ASME/ANSI B1.8-1988 (R1994) provides a Stub Acme screw thread for those
unusual applications where, due to mechanical or metallurgical considerations, a coars
pitch thread of shallow depth is required. The fit of Stub Acme threads corresponds to tf
Class 2G General Purpose Acme thread in American National Standard ANSI B1.5-198¢
For a fit having less backlash, the tolerances and allowances for Classes 3G or 4G Gene
Purpose Acme threads may be used.

Thread FormThe thread form and basic formulas for Stub Acme threads are given or
pagel793and the basic dimensionsTiable 12



1812 CENTRALIZING ACME SCREW THREADS

Table 12. American National Standard Stub Acme Screw Thread Form — Basic
Dimensions ASME/ANSI B1.8-1988 (R1994)

Total Width of Flat
Thds. Height of Height of Thread Crestof | Root of Internal
per Thread Thread, Thickness | InternalThrea Thread,
Inch? Pitch, (Basic), 0.3P+% (Basic), (Basic), 0.4224 -0.259
n P=1h 0. allowancé P2 0.4224 xallowancé
16 0.06250 0.01875 0.0238 0.03125 0.0264 0.0238
14 0.07143 0.02143 0.0264 0.03571 0.0302 0.0276
12 0.08333 0.02500 0.0300 0.04167 0.0352 0.0326
10 0.10000 0.03000 0.0400 0.05000 0.0422 0.0370
9 0.11111 0.03333 0.0433 0.05556 0.0469 0.0417
8 0.12500 0.03750 0.0475 0.06250 0.0528 0.0476
7 0.14286 0.04285 0.0529 0.07143 0.0603 0.0551
6 0.16667 0.05000 0.0600 0.08333 0.0704 0.0652
5 0.20000 0.06000 0.0700 0.10000 0.0845 0.0793
4 0.25000 0.07500 0.0850 0.12500 0.1056 0.1004
3% 0.28571 0.08571 0.0957 0.14286 0.1207 0.1155
3 0.33333 0.10000 0.1100 0.16667 0.1408 0.1356
2% 0.40000 0.12000 0.1300 0.20000 0.1690 0.1638
2 0.50000 0.15000 0.1600 0.25000 0.2112 0.2060
1% 0.66667 0.20000 0.2100 0.33333 0.2816 0.2764
1% 0.75000 0.22500 0.2350 0.37500 0.3168 0.3116
1 1.00000 0.30000 0.3100 0.50000 0.4224 0.4172

aAll other dimensions in inches. See diagram, pEZE]
b Allowance is 0.020 inch for 10 or less threads per inch and 0.010 inch for more than 10 threads pe
inch.

Table 13a. American National Standard Stub Acme Single-Start Screw Threads —
Formulas for Determining Diameters ASME/ANSI B1.8-1988 (R1994)
D = Basic Major Diameter and Nominal Size in Inches
D, = Basic Pitch Diameter B - 0.3°
D, = Basic Minor Diameter - 0.6P

No. External Threads (Screws)

Major Dia., Max =D.

Major Dia., Min. =D minus0.0%.

Pitch Dia., Max. =D, minusallowance from column Jable 4

Pitch Dia., Min. = Pitch Dia., Max. (Formula8jinusClass 2G tolerance froifable 5
Minor Dia., Max. =D, minus0.020 for 10 threads per inch and coarser and 0.010 for fjner
pitches.

6 | Minor Dia., Min. = Minor Dia., Max. (Formula 5hinusClass 2G pitch diameter tolerande
from Table 5

Internal Threads (Nuts)

7 | Major Dia., Min. =D plus0.020 for 10 threads per inch and coarser and 0.010 for fine
pitches.

8 | Major Dia., Max.= Major Dia., Min. (Formula pJusClass 2G pitch diameter tolerance
from Table 5

9 |Pitch Dia., Min. =D, =D - 0.3P

10 | Pitch Dia., Max. = Pitch Dia., Min. (Formula@lus Class 2G tolerance froffable 5
11 | Minor Dia., Min. =D, =D - 0.6P

12 | Minor Dia., Max = Minor Dia., Min. (Formula 1pJus0.05°.

a b WN PP




Table 13b. Limiting Dimensions for American National Standard Stub Acme Single-Start Screw ThreaddSME/ANSI B1.8-1988 (R1994)

Nominal DiameterD
%] % % % w 1 % [ % [ % [ 1 [ m | o [ %
Threads per Inch
16 | 14 12 12 10 | 8 | 6 | 6 | 5 | 5 | 5 | 4
Limiting Diameters External Threads
Major Dia. { Max (D) 0.2500 0.3125 0.3750 0.4375 0.5000 0.625! 0.7500 0.87%0 1.04oo 1.1p50 1.2500 1.3750
) Min 0.2469 0.3089 0.3708 0.4333 0.4950 0.618: 0.741F 0.8647 0.9900 1.1150 1.3400 1.3626)
Pitch Dia { ng 0.2272 0.2871 0.3451 0.4076 0.4643 0.581. 0.6931 0.81f5 0.9320 1.0665 1.1811 1.29
) Min 0.2167 0.2757 0.3328 0.3950 0.4506 0.565:¢ 0.675( 0.7996 0.91P6 1.0B67 1.1610 1.268¢
Minor Dia { ng 0.2024 0.2597 0.3150 0.3775 0.4200 0.5301 0.6300 0.75p0 0.84o0 0.9850 1.1100 1.205@|
) Min 0.1919 0.2483 0.3027 0.3649 0.4063 0.5141 0.612B 0.73]1 0.8406 0.9p52 1.4899 1.183
Tnternal Threads —
Major Dia. ¢ Min 0.2600 0.3225 0.3850 0.4475 0.5200] 0.6450 0.771 0.89§0 1.0200 1.7700 1.39
) Max 0.2705 0.3339 0.3973 0.4601 0.5337] 0.660: 0.78 0.91p9 1.0394 1.2901 1.41
Pitch Dia { Min 0.2312 0.2911 0.3500 0.4125 0.4700] 0.587! 0.70¢ 0.82%0 0.9400 1.3900 1.30
) Max 0.2417 0.3025 0.3623 0.4251 0.4837] 0.602! 0.71 0.84p9 0.9994 1.2101 1.32
Minor Dia { Min 0.2125 0.2696 0.3250 0.3875 0.4400 0.550¢ 0.65¢ 0.77%0 0.8800 1.1300 1.2250>
) Max 0.2156 0.2732 0.3292 0.3917 0.4450) 0.556: 0.65¢ 0.78p3 0.8400 1.1400 1.2376)
aAll other dimensions are given in inches. %
Nominal DiameterD (7]
v, | wm 2 2, 2, 7 | s [ % [ 4 | % [ s 9
Threads per Inch m
Z I 7 Z 3 3] 3] 2| 2| 2| 2 2 s
Limiting Diameters External Threads —
Major Dia { Max (D) 1.5000 1.7500 2.0000 2.2500 2.5000 2.7500 3.000t¢ 3.5040 4.00p0 4.5¢Joo 5.4o00 L
) Min 1.4875 1.7375 1.9875 2.2333 2.4833 2.7333 2.9751 3.4750 3.97%0 4.47150 44750 O
pitch Dia { Max 1.4152 1.6645 1.9137 2.1380 2.3874 2.6367 2.836 3.33940 3.83j0 4.3330 4.4319 g
) Min 1.3929 1.6416 1.8902 21117 2.3606 2.6094 2.804: 3.3026 3.80p8 4.2991 4.9973
Minor Dia { Max 1.3300 1.5800 1.8300 2.0300 2.2800 2.5304 2.680f 3.18¢0 3.68p0 4.1400 4.4800 8
) Min 1.3077 1.5571 1.8065 2.0037 2.2532 2.5027| 2.648: 3.1476 3.64$8 4.1461 4.4454
Tnternal Threads
Major Dia { Min 1.5200 1.7700 2.0200 2.2700 2.5200 2.7700] 3.0201 3.5200 4.0290 4.5700 5.4200
) Max 1.5423 1.7929 2.0435 2.2963 2.5468 2.7979 3.051 3.5544 4.05p2 4.59439 5.4546
pitch Dia { Min 1.4250 1.6750 1.9250 2.1500 2.4000 2.6500] 2.850¢ 3.3500 3.8500 4.3900 4.4500
) Max 1.4473 1.6979 1.9485 2.1763 2.4268 2.6779 2.881 3.3844 3.88p2 4.3¢439 4.8846
Minor Dia { Min 1.3500 1.6000 1.8500 2.0500 2.3000 2.5500] 2.700t¢ 3.2000 3.70p0 4.2qoo 4.71000
) Max 1.3625 1.6125 1.8625 2.0667 2.3167 2.5667 2.725! 3.2240 3.72p0 4.2350 4.1250
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1814 STUB ACME SCREW THREADS

Allowances and Tolerancebhe major and minor diameter allowances for Stub Acme
threads are the same as those given for General Purpose Acme threadsl@@page

Pitch diameter allowances for Stub Acme threads are the same as for Class 2G Gene
Purpose Acme threads and are given in columnTable 4 Pitch diameter tolerances for
Stub Acme threads are the same as for Class 2G General Purpose Acme threads and
given in columns 2 and 7 @&ble 5

Limiting Dimensionstimiting dimensions of American Standard Stub Acme threads
may be determined by using the formulas givehahle 13aor directly fromTable 13b
The diagram below shows the limits of size for Stub Acme threads.

Thread SeriesA preferred series of diameters and pitches for General Purpose Acme
threadsTable 14 is recommended for Stub Acme threads.

P
t<— Basic thickness of thread P/2 —
Internal Thread
(Nut) ) z 2 =5
a3 C = [T} o €
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R Y =Sz 924 @ ©
385 |/ S55 .55 58
c T2 T AT g © < ..gd 3 . S
CET 0 T goSs8TId 8 <
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Limits of Size, Allowances, Tolerances, and Crest Clearances for American National Standard Stub
Acme Threads

Stub Acme Thread Designations.—Fhe method of designation for Standard Stub Acme
threads is illustrated in the following examples: 0.500-20 Stub Acme indic#t@sch
major diameter, 20 threads per inch, right hand, single thread, Standard Stub Acme thre:
The designation 0.500-20 Stub Acme-LH indicates the same thread except that it is le
hand.

Alternative Stub Acme Threads.—Since one Stub Acme thread form may not meet the
requirements of all applications, basic data for two of the other commonly used forms ar
included in the appendix of the American Standard for Stub Acme Threads. These st
called Modified Form 1 and Modified Form 2 threads utilize the same tolerances anc
allowances as Standard Stub Acme threads and have the same major diameter and b:
thread thickness at the pitchline (B)5The basic height of Form 1 threalsis 0.37%;

for Form 2 itis 0.25B. The basic width of flat at the crest of the internal thread is OR1030
for Form 1 and 0.43%3for Form 2.



Table 14. Stub Acme Screw Thread DatsASME/ANSI B1.8-19881994)

Identification Basic Diameters Thread Data
Threads Major Pitch Minor Thread Thicknes$ Basic Thread | Basic Width Lead Angle
Nominal per Inch? Diameter, Diameter, Diameter, Pitch, at Pitch Line, Height, of Flat, at Basic Pitch
Sizes n D D,=D-h D;=D-2h P t=P/2 h=0.% 0.4224 Diameter
Deg Min

A 16 0.2500 0.2312 0.2125 0.0625( 0.03125 0.01879] 0.0264 4 Sp

%6 14 0.3125 0.2911 0.2696 0.0714% 0.03572 0.02143] 0.0302 4 2B

% 12 0.3750 0.3500 0.3250 0.08333 0.04167 0.02500] 0.0352 4 2p

T 12 0.4375 0.4125 0.3875 0.08333 0.04167 0.02500] 0.0352 3 af

¥ 10 0.5000 0.4700 0.4400 0.10009 0.05000 0.03000] 0.0422 3 5p

% 8 0.6250 0.5875 0.5500 0.12500] 0.06250 0.03750] 0.0528| 3 5p

% 6 0.7500 0.7000 0.6500 0.16667| 0.08333 0.05000] 0.0704 4 2

A 6 0.8750 0.8250 0.7750 0.16667| 0.08333 0.05000 0.0704 3 a1
1 5 1.0000 0.9400 0.8800 0.20009 0.10000 0.06000] 0.0844 3 5p
1 5 1.1250 1.0650 1.0050 0.20000] 0.10000 0.06000] 0.0845 3 2p
1, 5 1.2500 1.1900 1.1300 0.20000] 0.10000 0.06000 0.0845 3 t
1% 4 1.3750 1.3000 1.2250 0.25000] 0.12500 0.07500 0.105¢| 3 3
1% 4 1.5000 1.4250 1.3500 0.25000] 0.12500 0.07500] 0.1056| 3 1P
13, 4 1.7500 1.6750 1.6000 0.25000] 0.12500 0.07500] 0.1056| 2 48
2 4 2.0000 1.9250 1.8500 0.25009 0.12500 0.07500] 0.1054 2 2p
2y, 3 2.2500 2.1500 2.0500 0.33333 0.16667 0.10000] 0.1408| 2 5
2% 3 2.5000 2.4000 2.3000 0.33333 0.16667 0.10000] 0.1408| 2 3p
2%, 3 2.7500 2.6500 2.5500 0.33333 0.16667 0.10000] 0.1408 2 1
3 2 3.0000 2.8500 2.7000 0.50009 0.25000 0.15000] 0.2112 3 1p
3% 2 3.5000 3.3500 3.2000 0.50000] 0.25000 0.15000 0.2112 2 4
4 2 4.0000 3.8500 3.7000 0.5000q 0.25000 0.15000] 0.2112 2 2p
4%, 2 4.5000 4.3500 4.2000 0.50000] 0.25000 0.15000] 0.2112 2
5 2 5.0000 4.8500 4.7000 0.5000q 0.25000 0.15000] 0.2112 1 5B

aAll other dimensions are given in inches.
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1816 ALTERNATIVE CENTRALIZING ACME SCREW THREADS

The pitch diameter and minor diameter for Form 1 threads will be smaller than similal
values for the Standard Stub Acme Form and for Form 2 they will be larger owing to the
differences in basic thread heigfhiTherefore, in calculating the dimensions of Form 1 and
Form 2 threads using Formulas 1 through IPable 13ait is only necessary to substitute
the following values in applying the formulas: For FornD3~=D - 0.379,D, =D -

0.7%; for Form2D,=D - 0.25PD, =D - 0.5P.

Thread DesignatioriThese threads are designated in the same manner as Standard St
Acme threads except for the insertion of either M1 or M2 after “Acme.” Thus, 0.500-20
Stub Acme M1 for a Form 1 thread; and 0.500-20 Stub Acme M2 for a Form 2 thread.

Acme Centralizing Threads—Alternative Series with Minor Diameter Centralizing
Control.—When Acme centralizing threads are produced in single units or in very small
quantities (and principally in sizes larger than the range of commercial taps and dies
where the manufacturing process employs cutting tools (such as lathe cutting), it may t
economically advantageous and therefore desirable to have the centralizing control of tt
mating threads located at thnénor diameters.

Particularly under the above-mentioned type of manufacturing, the two advantages cite
for minor diameter centralizing control over centralizing control at the major diameters of
the mating threads are: 1) Greater ease and faster checking of machined thread dim¢
sions. It is much easier to measure the minor diameter (root) of the external thread and t
mating minor diameter (crest or bore) of the internal thread than it is to determine the maj
diameter (root) of the internal thread and the major diameter (crest or turn) of the extern:
thread; and 2) better manufacturing control of the machined size due to greater ease
checking.

In the event that minor diameter centralizing is necessary, recalculate all thread dimel
sions, reversing major and minor diameter allowances, tolerances, radii, and chamfer.

60-Degree Stub Thread.—Former American Standard B1.3-1941 included a 60-degree
stub thread for use where design or operating conditions could be better satisfied by the

of this thread, or other modified threads, than by Acme threads. Data for 60-Degree Stt
thread form are given in the accompanying diagram.

60-Degree Stub Thread
0.02p— } 0.2165p

N\—E 5/,

5— /!
Y4 Pitch Diam.
Allowance
0.02p L_O.2165p
0.227p

A clearance of at least 0.82itch is added to deptito produce extra depth, thus avoid-
ing interference with threads of mating part at minor or major diameters.

Basic thread thickness at pitch line = 8.pitchp; basic depttn = 0.433x pitch; basic
width of flat at crest = 0.28 pitch; width of flat at root of screw thread = 0.22pitch;
basic pitch diameter = basic major diamet€r433x pitch; basic minor diameter = basic
major diameter 0.866x pitch.
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10-Degree Modified Square Thread.—Fhe included angle between the sides of the
thread is 10 degrees (see accompanying diagram). The angle of 10 degrees results i
thread which is the practical equivalent of a “square thread,” and yet is capable of econor
ical production. Multiple thread milling cutters and ground thread taps should not be spec
ified for modified square threads of the larger lead angles without consulting the cutting
tool manufacturer.

Formulas:

In the following formulasp = basic
major diameterE = basic pitch diame-
ter;K = basic minor diametep;= pitch;

h = basic depth of thread on screw dep
when there is no clearance between rc
of screw and crest of thread on niut;
basic thickness of thread at pitch lifre;
= basic width of flat at crest of screv
thread;G = basic width of flat at root of
screw threadC = clearance betweer
root of screw and crest of thread on nt
E=D-0.5;K=D-p; h=0.9 (see
Note);t =0.5; F = 0.456%; G = 0.456 — (0.17x C). Note:A clearance should be added

to depthh to avoid interference with threads of mating parts at minor or major diameters.
Threads of Buttress Form.—The buttress form of thread has certain advantages in appli-
cations involving exceptionally high stresses along the thread axis in one direction only
The contacting flank of the thread, which takes the thrust, is referred to@eskare

flank and is so nearly perpendicular to the thread axis that the radial component of th
thrust is reduced to a minimum. Because of the small radial thrust, this form of thread i
particularly applicable where tubular members are screwed together, as in the case
breech mechanisms of large guns and airplane propeller hubs.

Diagram1A shows a common form. The front or load-resisting face is perpendicular to
the axis of the screw and the thread angle is 45 degrees. According to one rule, the pitct
=2x screw diameter 15. The thread depthmay equa¥, x pitch, making the flaft= % x

pitch. Sometimes depthis reduced té; x pitch, making =%;x pitch.

Clearance (See Note) (.25p

4
2 [

0:4563p—E“'?—

7 | h

|

Diam.
Allowance

Clearance (See Note}

P
©ONUT et
1*3“ ok
L B I t
£ scREW §
R
c

Fig. 1. Buttress Form Threads

The load-resisting side or flank may be inclined an amount (diagBymanging usually
from 1 to 5 degrees to avoid cutter interference in milling the thread. With an angle of
degrees and an included thread angle of 50 degrees, if the width offthelftath crest and
root equaldg x pitch, then the thread depth equals & @@&ch or?,d,.

The saw-tooth form of thread illustrated by diagrd@ is known in Germany as the
“Sagengewinde” and in Italy as the “Fillettatura a dente di Sega.” Pitches are standardize
from 2 millimeters up to 48 millimeters in the German and Italian specifications. The front
face inclines 3 degrees from the perpendicular and the included angle is 33 degrees.
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The thread depttifor the screw = 0.867 &pitchP. The thread deptfor the nut=0.75
x pitch. Dimensior = 0.341x P. The widthf of flat at the crest of the thread on the screw

=0.26384x pitch. Radius at the root = 0.1242%7 pitch. The clearance spage 0.11777
x pitch.

American National Standard Buttress Inch Screw Threads.—Fhe buttress form of

thread has certain advantages in applications involving exceptionally high stresses alol
the thread axis in one direction only. As the thrust side (load flank) of the standard buttre:
thread is made very nearly perpendicular to the thread axis, the radial component of tt
thrust is reduced to a minimum. On account of the small radial thrust, the buttress form
thread is particularly applicable when tubular members are screwed together. Examples
actual applications are the breech assemblies of large guns, airplane propeller hubs, &

columns for hydraulic presses.

Table 1. American National Standard Inch Buttress Screw Threads—
Basic DimensionsANSI B1.9-1973 (R1992)

aAll other dimensions are in inches.
b Minimum root truncation is one-half of maximum.
¢Minimum root radius is one-half of maximum.

Table 2. American National Standard Diameter—Pitch Combinations for 7/45°
Buttress Threads ANSI B1.9-1973 (R1992)

Basic Height of Height of Max. Max. Width of
Thds2 Heightof | Sharp-v Crest Thread, Root Root Flat at

per Pitch, Thread, | ThreadH = | Truncation,| hsorh,= | Truncation? | Radius¢ | CrestF =

Inch p h=0.60 0.89064 |f=0.1453p| 0.6627p |s=0.082¢ | r=0.0714 | 0.16316
20 0.0500 0.0300 0.0445 0.0073 0.0331 0.0041L 0.0036 0.00B2
16 0.0625 0.0375 0.0557 0.0091 0.0414 0.0052 0.0045 0.01p2
12 0.0833 0.0500 0.0742 0.0121 0.0553 0.0069 0.0089 0.01B6
10 0.1000 0.0600 0.0891 0.0145 0.066: 0.008 0.00711 0.0163
8 0.1250 0.0750 0.1113 0.0182 0.082§ 0.010 0.0089 0.02p4
6 0.1667 0.1000 0.1484 0.0242 0.110§ 0.013 0.0119 0.02y1
5 0.2000 0.1200 0.1781 0.0291 0.132§ 0.016! 0.0143 0.03p6
4 0.2500 0.1500 0.2227 0.0363 0.1657 0.020 0.0179 0.04p8
3 0.3333 0.2000 0.2969 0.0484 0.2209 0.027! 0.0238 0.05¢3
2% 0.4000 0.2400 0.3563 0.0581 0.2651 0.033f 0.0286 0.0653
2 0.5000 0.3000 0.4453 0.0727 0.3314 0.041 0.0357 0.081L6
1% 0.6667 0.4000 0.5938 0.0969 0.4418 0.055 0.0476 0.1088
1, 0.8000 0.4800 0.7125 0.1163 0.5302 0.066 0.0572 0.13p5
1 1.0000 0.6000 0.8906 0.1453 0.6627 0.082 0.0714 0.1682

Preferred Nominal Threads per Preferred Nominal Threads per
Major Diameters,Inches Inch? Major Diameters, Inches Inch?
0.5, 0,625, 0.75 (20, 16, 12) 45,5,55,6 (%3?'5%3’)?’3
0.875, 1.0 (16, 12, 10) 7,8,9,10 . }f';)’: g.‘s, 2
1.25,1.375, 1.5 16, (12, 10, 8), 6 11,12,14, 16 3‘?:265?
175.2 22525 16, 12;10, 8,6), 82',6%.:: 2;25
16,12, 1 18, 20, 22, 24 25,2
275,3,38,4 ©.6.9.4 v r iz

apreferred pitches are in pitches are in parentheses.

In selecting the form of thread recommended as standard ANSI B1.9-1973 (R1992)
manufacture by milling, grinding, rolling, or other suitable means, has been taken into cor
sideration. All dimensions are in inches.
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Form of American National Standard 7/45° Buttress
Thread with 0.6p Basic Height of Thread Engagement

Internal Thread

r
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x LB 77 N\ \\‘.\
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ih | //\
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r
(Basic) Pitch Dia. €)

Min Pitch Dia. of Internal Thread
Max Pitch Dia. of External Thread
Nominal (Basic) Major Dia. (D)

A
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w1 o°
© @

Q
/)gf

N 45°
E

SN

1 0.02
N ; radius
approx.
\\ (Optional)

Minor Dia. of External Thread
Minor Dia. of Internal Thread
(Basic) Minor Dia. (K)

Major Dia. of External Thread

ROUND ROOT EXTERNAL THREAD

Internal Thread

Max Corner Rounding =r

_ X
R
5h 5GA
he 5h' /4R F
H hyop * i\
.5h hg
¥ 2
\Q \\
BTN

N
Max Corner Rounding =r
(Basic) Pitch Dia. E)
Min Pitch Dia. of Internal Threa
Max Pitch Dia. of External Thread——
Nominal (Basic) Major Dia. (D)——

0.02(
Radius
Approx.
(Optional)

(Basic) Minor

S Dia. (K)

Minor Dia. of External Thread
Minor Dia. of Internal Thread
Major Dia. of External Thread

FLAT ROOT EXTERNAL THREAD

Heavy Line Indicates Basic Form
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Table 3. American National Standard Buttress Inch Screw Thread Symbols

and Form
Thread Element Max. Material (Basic) Min. Material

Pitch p

Height of sharp-V thread H =0.8906%

Basic height of thread engagement | h =0.6

Root radius (theoretical)(see footnéye| r =0.0714p Min. r =0.035%

Root truncation s =0.082¢ Min. s =0.5; Max.s= 0.041p

Root truncation for flat root form s =0.0826 Min. s =0.5; Max.s= 0.041p

Flat width for flat  root form S =0.092® Min. S =0.0469

Allowance G (see text)

Height of thread ~ engagement he =h-0.5G Min. hy = Max. h, = [0.5 tol. on major
dia. external threadl 0.5 tol. on
minor dia. internal thread].

Crest truncation f =0.1453p

Crest width F =0.1631¢

Major diameter D

Major diameter of internal thread D, =D+0.1254p Max.D, = Max. pitch dia.of internal
thread+ 0.8080%

Major diameter of external thread D, =D-G Min.Dy =D-G-Dtol.

Pitch diameter E

Pitch diameter of internal thread [E, =D-h Max.E, =D-h+PDtol.

(see footnoté)
Pitch diameter of external thread (E;, =D-h-G Min. Eg =D-h-G-PDtol.
(see footnoté)

Minor diameter

Minor diameter of external thread [K; =D -1.325432 -G | Min. K¢ = Min. pitch dia. of external
thread- 0.8080%

Minor diameter of internal thread K, =D-2h Min. K, =D-2h+Ktol

Height of thread of internal thread | h, =0.6627p

Height of thread ofexternal thread hy  =0.6627p

Pitch diameter increment for lead AE|

Pitch diameter increment AEa;

for 45° clearance flank angle

Pitch diameter increment fof Toad | AEa,

flank angle

Length of engagement L

e

aUnless the flat root form is specified, the rounded root form of the external and internal thread shall

be a continuous, smoothly blended curve within the zone defined by OfiB&imum to 0.0357

minimum radius. The resulting curve shall have no reversals or sudden angular variations, and shall k
tangent to the flanks of the thread. There is, in practice, almost no chance that the rounded thread for

will be achieved strictly as basically specified, that is, as a true radius.

bThe pitch diameteX tolerances for GO and NOT GO threaded plug gages are applied to the inter-

nal product limits foE, and MaxE,,.

¢The pitch diameténtolerances for GO and NOT GO threaded setting plug gages are applied to the

external product limits fdEgand Min.E.
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Form of ThreadThe form of the buttress thread is shown in the accompanying figure
and has the following characteristics:

A) A load flank angle, measured in an axial plane, of 7 degrees from the normal to th
axis.

B) A clearance flank angle, measured in an axial plane, of 45 degrees from the normal
the axis.

C) Equal truncations at the crests of the external and internal threads such that the ba
height of thread engagement (assuming no allowance) is equal to 0.6 of the pitch.

D) Equal radii, at the roots of the external and internal basic thread forms tangential to th
load flank and the clearance flank. (There is, in practice, almost no chance that the thre:
forms will be achieved strictly as basically specified, thatis, as true radii.) When specified
equal flat roots of the external and internal thread may be supplied.

Buttress Thread Tolerances.—Folerances from basic size on external threads are
applied in a minus direction and on internal threads in a plus direction.

Pitch Diameter Tolerancehe following formula is used for determining the pitch
diameter product tolerance for Class 2 (standard grade) external or internal threads:

PD tolerance= 0.002/D + 0.00278 /L + 0.00854/p

where D =basic major diameter of external thread (assuming no allowance)
L. =length of engagement
p =pitch of thread
When the length of engagement is taken gs th@ formula reduces to

0.0023/D +0.0173/p

Itis to be noted that this formula relates specifically to Class 2 (standard grade) PD tole
ances. Class 3 (precision grade) PD tolerances are two-thirds of Class 2 PD toleranc
Pitch diameter tolerances based on this latter formula, for various diameter pitch combin:
tions, are given iffables 4and5.

Functional SizeDeviations in lead and flank angle of product threads increase the func-
tional size of an external thread and decrease the functional size of an internal thread by t
cumulative effect of the diameter equivalents of these deviations. The functional size of a
buttress product threads shall not exceed the maximum-material limit.

Tolerances on Major Diameter of External Thread and Minor Diameter of Internal
Thread:Unless otherwise specified, these tolerances should be the same as the pitch dia
eter tolerance for the class used.

Tolerances on Minor Diameter of External Thread and Major Diameter of Internal
Thread:It will be sufficientin most instances to state only the maximum minor diameter of
the external thread and the minimum major diameter of the internal thread without any to
erance. However, the root truncation from a sharp V should not be greater thap 8826
less than 0.0418

Lead and Flank Angle Deviations for ClasSRe deviations in lead and flank angles
may consume the entire tolerance zone between maximum and minimum material produ
limits given inTable 4

Diameter Equivalents for Variations in Lead and Flank Angles for Cla$8: com-
bined diameter equivalents of variations in lead (including helix deviations), and flank
angle for Class 3, shall not exceed 50 percent of the pitch diameter tolerances given
Table 5
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Table 4. American National Standard Class 2 (Standard Grade) Tolerances for
Buttress Inch Screw ThreadsANSI B1.9-1973 (R1992)

Basic Major Diameter, Inch
From | Over | Over | Over | Over | Over | Over | Over | Over PitchH
Thds. | Pitcha | 05 | 07 | 1.0 | 15 [ 25 4 6 10 16 Increment,
AR R R b e e kel A A R
Tolerance on Major Diameter of External Thread,Pitch Diameter of Externgl and Inch
Internal Threads, and Minor Diameter of Internal Thread, Inch
20 0.0500| .0056 .00387
16 0.0625| .0060 .0062 .0065 .0068 .00f3 B e R o .0043
12 0.0833| .0067| .006! .007L .0095 .0080 .0Q84 Ao 4o .0049p
10 0.1000 .0074 .007! .0080 .0084 .0089 .0995 .0[LO2 .00547
8 0.1250 .0083 .0086 .0091 .0095 .0101 .0108 .0f15 .0061R2
6 0.1667 .0094 .009¢ .01Q0 .01¢5 .0111 .0118 .0p25 .00706
5 0.2000 .010: .010f .0112 .01p7 .0124 .0132 .00774
4 0.2500 .011. .011p .0121 .01p7 .0134 .0141 .00865
3 0.3333 .013¢  .0140 .0147 .0154 .00999
25 0.4000 .0149 0156 .01f64 .01094
2.0 0.5000 .0142 .01¢9 .0n77 .01223
15 0.6667 . .0188 .01p6 .01413]
1.25| 0.8000 .0202 .020p9 .01547|
1.0 1.0000 .0227 .01730

Diameter Incremertt,0.002 %
.00169[ .00189{ .0021[5 .0025}2 .OOZPG .00:{542 .0q400 .0@470 .qo543
aFor threads with pitches not shown in this table, pitch increment to be used in tolerance formula is
to be determined by use of formutaD. Tolerance=  0.002/D + 0.0027§/L,+0.00854/p  , where:
D = basic major diameter of external thread (assuming no allowangee)ength of engagement, and
p = pitch of thread.
bWhen the length of engagement is taken @sth@ formula reduces t0.0023/D + 0.0173/p
cDiameteD, used in diameter increment formula, is based on the average of the range.

Table 5. American National Standard Class 3 (Precision Grade) Tolerances for
Buttress Inch Screw ThreadsANSI B1.9-1973 (R1992)

Basic Major Diameter, Inch
From Over Over Over Over Over Over Over Over
Threads Pitch, 0.5 0.7 1.0 15 25 4 6 10 16
per p thru thru thru thru thru thru thru thru thru
Inch Inch 0.7 1.0 15 25 4 6 10 16 24
Tolerance on Major Diameter of External Thread, Pitch Diameter of External and Intgrnal
Threads, and Minor Diameter of Internal Thread, Inch

20 0.0500 .0037

16 0.0625 .0040 .0042 .004: .004p .0049

12 0.0833 .0044 .0046 004 .005 .0043 .0056 BN

10 0.1000 .0049 .0051) .005: .0056 .00%9 00p3 .0068 4
8 0.1250 .0055 .0054 .006! 0064 .0067 .00[72 .0077
6 0.1667 .0061 .0064 .006 .0070 .0074 .00[78 .0083
5 .02000 .0068| .0071 .007¢ .0078 .0083 .0qss
4 0.2500 .0074 .00771 .008p .0084 .0089 .0q94
3 .03333 .008 .0098 .0048 0103
25 0.4000 . .010 .0104 .0109
2.0 0.5000 .010 .01113 .0118
15 0.6667 .012p .0130
125 0.8000 .0136 .0139
1.0 1.0000 .0152




BUTTRESS THREADS 1823

Tolerances on Taper and Roundné&sere are no requirements for taper and roundness
for Class 2 buttress screw threads.

The major and minor diameters of Class 3 buttress threads shall not taper nor be out
round to the extent that specified limits for major and minor diameter are exceeded. Th
taper and out-of-roundness of the pitch diameter for Class 3 buttress threads shall n
exceed 50 per cent of the pitch-diameter tolerances.

Allowances for Easy Assembly.—An allowance (clearance) should be provided on all
external threads to secure easy assembly of parts. The amount of the allowance is deduc
from the nominal major, pitch, and minor diameters of the external thread when the max
mum material condition of the external thread is to be determined.

The minimum internal thread is basic.

The amount of the allowance is the same for both classes and is equal to the Class 3 pit
diameter tolerance as calculated by the formulas previously given. The allowances for va
ious diameter-pitch combinations are givefiable 6

Table 6. American National Standard External Thread Allowances for Classes 2 and
3 Buttress Inch Screw ThreadsANSI B1.9-1973 (R1992)

Basic Major Diameter, Inch
. From Over Over Over Over Over Over Over Over
Threads | Pitch, | “o5" | 97 | 10 | 15 | 25 4 6 10 16
e i tru | thru | thru | thru | thru | thru | thru | thru | thru
0.7 1.0 1.5 25 4 6 10 16 24
Allowance on Major, Minor and Pitch Diameters of External Thread, Inch
20 0.0500 .0037 . .
16 0.0625 .0040 .0042 .004 .004p .0049
12 0.0833 .0044 .0046 .004 .005 .0053 .0056 o S
10 0.1000 .0049 .0051 .005: .0056 .00%9 .00p3 .0068
8 0.1250 .0055 .0059 .006 .0064 .0067 .0072 .0077
6 0.1667 .0061 .0064 .006 .0070 .0074 .0078 .0083
5 0.2000 .0068| .0071 .007p .0078 .0083 .0gss
4 0.2500 .0074 .0077 .008p .00§4 .0089 .0q94
3 0.3333 .0089 .009B .0098 .0193
25 0.4000 .010 .0104 .0109
2.0 0.5000 .010 .01113 .0118
15 0.6667 .012p .0130
1.25 0.8000 .0136 .0139
1.0 1.0000 .0152

Example Showing Dimensions for a Typical Buttress Thread.-Fhe dimensions for a
2-inch diameter, 4 threads per inch, Class 2 buttress thread with flank angles of 7 degre
and 45 degrees are
h =basic thread height = 0.1500eble )
hy=h, = height of thread in external and internal threads = 0.1B&1¢ J
G =pitch-diameter allowance on external thread = 0.00able §
Tolerance on PD of external and internal threads = 0.0l 9
Tolerance on major diameter of external thread and minor diameter of internal thread
0.0112Table 9
Internal Thread
Basic Major Diameter = D=2.0000
Min. Major Diameter = D-2h+2h,=2.0314 (se&able )
Min. Pitch Diameter = D-h=1.8500 (se&able )
Max. Pitch Diameter = D-h+PD Tolerance = 1.8612 (s@able 9
Min. Minor Diameter = D-2h=1.7000 (se&able )
Max. Minor Diameter = D- 2h + Minor Diameter Tolerance
=1.7112 (se@able 4
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External Thread
Max Major Diameter = D- G = 1.9926 (se€&able §
Min Major Diameter = D- G - Major Diameter Tolerance
=1.9814 (se&@ables 4and6)
Max Pitch Diameter = D-h—-G =1.8426 (se&ables land6)
Min Pitch Diameter = D-h-G-PD Tolerance = 1.8314 (s@able 4
Max Minor Diameter = D— G - 2h,= 1.6612 (se@ables 1land6)
Buttress Thread Designations.—When only the designation, BUTT is used, the thread is
“pull” type buttress (external thread pulls) with the clearance flank leading and the 7-
degree pressure flank following. When the designation, PUSH-BUTT is used, the thread
a push type buttress (external thread pushes) with the 7-degree load flank leading and 1
45-degree clearance flank following. Whenever possible this description should be cor
firmed by a simplified view showing thread angles on the drawing of the product that ha:
the buttress thread.
Standard Buttress Thread#: buttress thread is considered to be standard when:
1) opposite flank angles are 7-degrees and 45-degrees; 2) basic thread height is 0.€
3) tolerances and allowances are as showalites 4hrough6; and 4) length of
engagement is plor less.
Thread Designation Abbreviationist thread designations on drawings, tools, gages,
and in specifications, the following abbreviations and letters are to be used:

BUTT for buttress thread, pull type

PUSH-BUTT for buttress thread, push type

LH for left-hand thread (Absence of LH indicates that the thread is a
right-hand thread.)

P for pitch

L for lead

A for external thread

B for internal thread

Note:Absence of A or B after thread class indicates that designation covers both th
external and internal threads.

Le for length of thread engagement
SPL for special

FL for flat root thread

E for pitch diameter

TPI for threads per inch

THD for thread

Designation Sequence for Buttress Inch Screw Threads.When designating single-
start standard buttress threads the nominal size is given first, the threads per inch next, tt
PUSH if the internal member is to push, but nothing if it is to pull, then the class of threa
(2 or 3), then whether external (A) or internal (B), then LH if left-hand, but nothing if right-
hand, and finally FL if a flat root thread, but nothing if a radiused root thread; thus, 2.5-¢
BUTT-2A indicates a 2.5 inch, 8 threads per inch buttress thread, Class 2 external, righ
hand, internal member to pull, with radiused root of thread. The designation 2.5-8 PUSF
BUTT-2A-LH-FL signifies a 2.5 inch size, 8 threads per inch buttress thread with internal
member to push, Class 2 external, left-hand, and flat root.

A multiple-start standard buttress thread is similarly designated but the pitch is giver
instead of the threads per inch, followed by the lead and the number of starts is indicated
parentheses after the class of thread. Thus, 10-0.25P-0.5L — BUTT-3B (2 start) indicates
10-inch thread with 4 threads per inch, 0.5 inch lead, buttress form with internal member t
pull, Class 3 internal, 2 starts, with radiused root of thread.
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BRITISH THREADS

British Standard Buttress Threads B.S. 1657: 1950.-Specifications for buttress
threads in this standard are similar to those in the American Standard except: 1) A bas
depth of thread of Oplis used instead of (6 2) Sizes below 1 inch are not included;

3) Tolerances on major and minor diameters are the same as the pitch diameter tole
ances, whereas in the American Standard separate tolerances are provided; however,
vision is made for smaller major and minor diameter tolerances when crest surfaces
screws or nuts are used as datum surfaces, or when the resulting reduction in depth
engagement must be limited; and 4) Certain combinations of large diameters with fin
pitches are provided that are not encouraged in the American Standard.

Lowenherz Thread.—The Lowenherz thread has flats at the top and bottom the same a
the U.S. standard form, but the angle is 53 degrees 8 minutes. The depth equaise.75
pitch, and the width of the flats at the top and bottom is equal to 8.1®5pitch. This
screw thread is based on the metric system and is used for measuring instruments, es
cially in Germany.

Loéwenherz Thread
Diameter Approximate Diameter Approximate
Pitch, No. of Threads Pitch Milli- | No. of Threads
Millimeters Inches Millimeters per Inch Millimeters| Inches meters per Inch
1.0 0.0394 0.25 101.6 9.0 0.3543 1.30 19.5
12 0.0472 0.25 101.6 10.0 0.3937 1.40 18.1
1.4 0.0551 0.30 84.7 12.0 0.4724 1.60 15.9
17 0.0669 0.35 72.6 14.0 0.5512 1.80 14.1
20 0.0787 0.40 63.5 16.0 0.6299 2.00 12.7
23 0.0905 0.40 63.5 18.0 0.7087 2.20 115
2.6 0.1024 0.45 56.4 20.0 0.7874 2.40 10.6
3.0 0.1181 0.50 50.8 22.0 0.8661 2.80 9.1
3.5 0.1378 0.60 423 24.0 0.9450 2.80 9.1
4.0 0.1575 0.70 36.3 26.0 1.0236 3.20 7.9
4.5 0.1772 0.75 33.9 28.0 1.1024 3.20 79
5.0 0.1968 0.80 317 30.0 1.1811 3.60 7.1
5.5 0.2165 0.90 282 32.0 1.2599 3.60 7.1
6.0 0.2362 1.00 25.4 36.0 1.4173 4.00 6.4
7.0 0.2756 1.10 231 40.0 1.5748 4.40 5.7
8.0 0.3150 1.20 211

International Metric Thread System.—The Systéme Internationale (S.I.) Thread was
adopted at the International Congress for the standardization of screw threads held in Zt
ich in 1898. The thread form is similar to the American standard (formerly U.S. Standard)
excepting the depth which is greater. There is a clearance between the root and mating cr
fixed at a maximum o¥;s the height of the fundamental triangle or 0.065ditch. A

rounded root profile is recommended. This system formed the basis of the normal metri
series of many European countries.

Depth d = 0.7035P max; 0.685% min.
Flat f=0.125P
Radius r=0.0633P max.; 0.054 min.
Tap drill dia = major dia.-pitch
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British Standard Unified Screw Threads of UNJ Basic Profile.—This British Stan-

dard B.S. 4084: 1978 arises from a request originating from within the British aircraft
industry and is based upon specifications for Unified screw threads and American militar:
standard MIL-S-8879.

These UNJ threads, having an enlarged root radius, were introduced for applicatior
requiring high fatigue strength where working stress levels are high, in order to minimize
size and weight, as in aircraft engines, airframes, missiles, space vehicles and simil
designs where size and weight are critical. To meet these requirements the root radius
external Unified threads is controlled between appreciably enlarged limits, the minol
diameter of the mating internal threads being appropriately increased to insure the nece
sary clearance. The requirement for high strength is further met by restricting the tolet
ances for UNJ threads to the highest classes, Classes 3A and 3B, of Unified screw threa

The standard, not described further here, contains both a coarse and a fine pitch serie:
threads.

British Standard ISO Metric Screw Threads.—BS 3643:Part 1:1981 (1998) provides
principles and basic data for ISO metric screw threads. It covers single-start, parallel scre
threads of from 1 to 300 millimeters in diameter. Part 2 of the Standard gives the specific:
tions for selected limits of size.

Basic Profile:The I1SO basic profile for triangular screw threads is shoviAignl and
basic dimensions of this profile are giveMable 1

Table 1. British Standard ISO Metric Screw Threads—Basic Profile Dimensions
BS 3643:1981 (1998)

Pitch H H FH Hi4 H/8

P 0.08660% 0.5412P 0.32476 0.2165P 0.1082%

0.2 0.173 205 0.108 253 0.064 952 0.043 301 0.021 65

0.25 0.216 506 0.135 316 0.081 190 0.054 127, 0.027 06:

0.3 0.259 808 0.162 380 0.097 428 0.064 952 0.032 47

0.35 0.303 109 0.189 443 0.113 666 0.075 777, 0.037 88!

0.4 0.346 410 0.216 506 0.129 904 0.086 603 0.043 30

0.45 0.389 711 0.243 570 0.146 142 0.097 428 0.048 71
0.5 0.433 013 0.270 633 0.162 380 0.108 253 0.054 12

0.6 0.519 615 0.324 760 0.194 856 0.129 904 0.064 95

0.7 0.606 218 0.378 886 0.227 322 0.151 554 0.075 77

0.75 0.649 519 0.405 949 0.243 570 0.162 380, 0.081 191
0.8 0.692 820 0.433 013 0.259 808 0.173 205 0.086 60:

1 0.866 025 0.541 266 0.324 760 0.216 506 0.108 25:

1.25 1.082 532 0.676 582 0.405 949 0.270 633 0.135 31
15 1.299 038 0.811 899 0.487 139 0.324 760 0.162 38

1.75 1.515 544 0.947 215 0.568 329 0.378 886, 0.189 44
2 1.732 051 1.082 532 0.649 519 0.433 013 0.216 504
2.5 2.165 063 1.353 165 0.811 899 0.541 266 0.270 63

3 2.598 076 1.623 798 0.974 279 0.649 519 0.324 76(

35 3.031 089 1.894 431 1.136 658 0.757 772 0.378 88

4 3.464 102 2.165 063 1.299 038 0.866 025 0.433 019
4.5 3.897 114 2.435 696 1.461 418 0.974 279 0.487 13

5 4330 127 2.706 329 1.623 798 1.082 532 0.541 264
5.5 4.763 140 2.976 962 1.786 177 1.190 785 0.595 39

6 5.196 152 3.247 595 1.948 557 1.299 038 0.649 51

8 6.928 203 4.330 127 2.598 076 1.732 051 0.866 024

aThis pitch is not used in any of the ISO metric standard series.
All dimensions are given in millimeters.
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Tolerance SystenThe tolerance system definegerance classes terms of a combi-
nation of golerance gradéfigure) and @olerance positioffletter). The tolerance position
is defined by the distance between the basic size and the nearest end of the tolerance zc
this distance being known as fi@damental deviatiork|, in the case of internal threads,
and es in the case of external threads. These tolerance positions with respect to the be
size (zero line) are shownfiig. 2and fundamental deviations for nut and bolt threads are
giveninTable 2

Table 2. Fundamental Deviations for Nut Threads and Bolt Threads

Nut Thread Bolt Thread Nut Thread Bolt Thread
D, D, d d, D, D, d,d,
Tolerance Position Tolerance Position

c [H] e[ t] g ]n s H[ e[ t] g n

Fundamental Deviation Fundamental Deviation

Pi"fh El El es es es es Pi"fh El El es es| eg e

mm pm pm um um um pm mm pm pm um um um pm
0.2 +17 0 =17 0 1.25( +28 0 -63 -42 -28 0
0.25( +18 0 -18 0 15 +32 0 -67 -45 -32 0
0.3 +18 0 -18 0 1.75( +34 0 =71 -48 -34 0
0.35( +19 0 -34 -19 0 2 +38 0 71 -52 -38 0
0.4 +19 0 -34 -19 0 25 +42 0 -80 -58 -42 0
0.45| +20 0 -35 -20 0 3 +48 0 -85 -63 -48 0
0.5 +20 0 -50 -36 -20 0 35 +53 0 -90 =70 -53 0
0.6 +21 0 -53 -36 -21 0 4 +60 0 -95 -75 -60 0
0.7 +22 0 -56 -38 =22 0 45 +63 0 -100 -80 -63 0
075 +22 0 -56 -38 -22 0 5 +71 0 -106 | -85 =71 0
0.8 +24 0 -60 -38 -24 0 55 +75 0 -112 -90 =75 0
1 +26 0 -60 -40 -26 0 6 +80 0 -118 -95 -80 0

SeeFigs. 1and 2 for meaning of symbols.

Tolerance Gradestolerance grades specified in the Standard for each of the four main
screw thread diameters are as follows:

Minor diameter of nut threadBY): tolerance grades 4, 5, 6, 7, and 8.

Major diameter of bolt threadd)( tolerance grades 4, 6, and 8.

Pitch diameter of nut threads.): tolerance grades 4, 5, 6, 7, and 8.

Pitch diameter of bolt threadd,): tolerance grades 3, 4,5, 6, 7, 8, and 9.

Tolerance PositionsFolerance positions are G and H for nut threads and e, f, g, and h for

bolt threads. The relationship of these tolerance position identifying letters to the amour
of fundamental deviation is shownTable 2

P HI8
-~ P8 3/8H

D =maj. diam. of internal thread;
d =maj. diam. of external th

N 60° . 4\ 58H . D,=pitch diam. of internal thread;
\ J 30° d, =pitch diam. of internal thread;
P2 — [ D, =minor diam. of internal thread,
D/d T d, =minor diam. of external thread;
Dyldy | e -'!P/4 L_ H/4 P =Pitch;

‘ D, 90 H =height of fundamental angle;
' l—\— - AXIS OF SCREW THREAD

Fig. 1. Basic Profile of ISO Metric Thread
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Tolerance Classedo reduce the number of gages and tools, the Standard specifies the
the tolerance positions and classes shall be chosen from those liEédtein 3and4 for
short, normal, and long lengths of thread engagement. The following rules apply for thi
choice of tolerance qualitfine: for precision threads when little variation of fit character
is neededMedium:for general use; andoarse:for cases where manufacturing difficul-
ties can arise as, for example, when threading hot-rolled bars and long blind holes. If t
actual length of thread engagement is unknown, as in the manufacturing of standard bol
normal is recommended.

-
! s [t

T— Zero Line

ei [ +  T=tolerance
s T es and ES = upper deviations
ZA__ Y ¢iand EI = lower deviations
Fig. 2. Tolerance Positions with Respect to Zero Line (Basic Size)

Table 3. Tolerance Classes for Nuts

Tolerance Position G Tolerance Position H
Tolerance
Quality Short Normal Long Short Normal Long
Fine 4Ha 5H2 6H2
Medium 5G 6G G 5He 6Hed 7He
Coarse G 8@ TH?2 8Ha

aSecond choice.
Third choice; these are to be avoided.
CFirst choice.

dFor commercial nut and bolt threads. S$able Sfor short, normal, and long categories.

Table 4. Tolerance Classes for Bolts

Tole- Tolerance Position e Tolerance Position|f Tolerance Position g Tolerance Positipn h
lance

Quality | Short | Normal| Long| Shorf Normal Long Short Normal Lomg Shprt Norfal Lgng
Fine 3h4r? 4ht 5h4r?
Medium| ... =3 7e68 | ... 6fL ... | 5g6g | 6gt4 | 7g6¢ | 5h6r? [ 6M | 7hek
Coarse| ... 8¢ | 998¢

See footnotes tbable 3 and sedable 5Sfor short, normal, and long categories.

Note:Any of the recommended tolerance classes for nuts can be combined with any of the recom-
mended tolerance classes for bolts with the exception of sizes M1.4 and smaller for which the com-
bination 5H/6h or finer shall be chosen. However, to guarantee a sufficient overlap, the finished
components should preferably be made to form the fits H/g, H/h, or G/h.
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Table 5. Lengths of Thread Engagements for Short, Normal, and Long Categories

Basic Major Basic Major
Diameter Diameter
d Short Normal Long| d Short Normal Long
Length of Thread Length of Thread
Engagement Engagement
Up to Up to Upto Upto Up to Upto
and Pitch and and and Pitch and and
Over | Incl. P Incl. Over | Incl. Over || Over | Incl. P Incl. Over | Incl. Over
0.99 1.4 0.2 0.5 0.5 14 14 224 45 1 4 f 1 12
0.25 0.6 0.6 17 1.7 15 6. 6.B 1 1
0.3 0.7 0.7 2 2 2 8.5 8.4 25| 2
1.4 2.8 0.2 0.5 0.5 15 14 3 12 12 3 3p
0.25 0.6 0.6 19 1.9 35 15 15 45 4!
0.35 0.8 0.8 26 2.6 4 18 18 53 5!
0.4 1 1 3 3 4.5 21 21 63 63|
045| 13 13 38| 38 4y 90 1§ 76 15 2 2
2.8 5.6 0.35] 1 1 3 3 2 9.9 9. 24 2
0.5 15 15 4.5 4.5 3 15 15 45 44
0.6 17 1.7 5 5 4 19 19 56 56|
0.7 2 2 6 6 5 24 24 71 71
0.75 22 2.2 6.7 6.7| 55 28 28 84 8
0.8 25 25 75 7.5 6 32 32 95 9§
56 | 112 | o075 24| 24| 71| 7. 9| 8 2 12 13 36 36
1 3 3 9 9 3 18 18 53 53
1.25 4 4 12 12 4 24 24 71 71
15 5 5 15 15 6 36 36 106 10§
11.2 224 1 3.8 3.8 11 11 18 30 3 20| 2q 60 0
1.25 4.5 4.5 13 13 4 26 26 80 8
15 5.6 5.6 16 16 6 40 40 118 11
175 6 6 18 18
2 8 8 24 24
25 10 10 30 30

All dimensions are given in millimeters.

Design ProfilesThe design profiles for ISO metric internal and external screw threads
are shown ifrig. 3 These represent the profiles of the threads at their maximum metal con
dition. It may be noted that the root of each thread is deepened so as to clear the basic
crest of the other thread. The contact between the thread is thus confined to their slopil
flanks. However, for nut threads as well as bolt threads, the actual root contours shall not
any point violate the basic profile.

Designation:Screw threads complying with the requirements of the Standard shall be
designated by the letter M followed by values of the nominal diameter and of the pitch
expressed in millimeters, and separated by thessigrample: M6x 0.75. The absence of
the indication of pitch means that a coarse pitch is specified.

The complete designation of a screw thread consists of a designation for the thread s\
tem and size, and a designation for the crest diameter tolerance. Each class designat
consists of: a figure indicating the tolerance grade; and a letter indicating the toleranc
position, capital for nuts, lower case for bolts. If the two class designations for a thread ai
the same (one for the pitch diameter and one for the crest diameter), it is not necessary
repeat the symbols. As examples, a bolt thread designated M10-6g signifies a thread of
mm nominal diameter in the Coarse Thread Series having a tolerance class 6g for bo
pitch and major diameters. A designation ML0-5g6g signifies a bolt thread of 10 mm
nominal diameter having a pitch of 1 mm, a tolerance class 5g for pitch diameter, and a tc
erance class 6g for major diameter. A designation M10-6H signifies a nut thread of 10 mr
diameter in the Coarse Thread Series having a tolerance class 6H for both pitch and mir
diameters.
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Nut (Internal Thread) In practice the root

is rounded and cleared
beyond a width of P/8

Bolt (External Thread)

In practice the root

is rounded and cleared
beyond a width of P/8

Pitch line

Fig. 3. Maximum Material Profiles for Internal and External Threads

A fit between mating parts is indicated by the nut thread tolerance class followed by th
bolt thread tolerance class separated by an oblique siEx&mplesM6-6H/6g and M20
x 2-6H/5g6g. For coated threads, the tolerances apply to the parts before coating, unle
otherwise specified. After coating, the actual thread profile shall not at any point excee
the maximum material limits for either tolerance position H or h.
Fundamental Deviation Formula¥$he formulas used to calculate the fundamental
deviations inTable 2are:
Elg = +(15+ 11P)
El,=0
es, = —(50+ 11P) except for threads with£0.45 mm
es=-(30+11P)
eg=—(15+11P)
anckes, =0
In these formulas, El and es are expressed in micrometelPsigimmillimeters.
Crest Diameter Tolerance Formulabhe tolerances for the major diameter of bolt
threadsT,), grade 6, iTable 7 were calculated from the formula:
T4(6) = 180p2 3L
JP

In this formula,T; (6) is in micrometers aridis in millimeters. For tolerance grades 4
and 8:T; (4) = 0.63T (6) andT, (8) = 1.6T, (6), respectively.
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Table 6. British Standard ISO Metric Screw Threads: Limits and
Tolerances for Finished Uncoated Threads for Normal Lengths of
EngagementBS 3643: Part 2: 1981
Pitch External Threads (Bolts) Internal Threads (Nuts)
= 5 Minor ﬁ
co| § Major Dia. Pitch Dia. Dia S Minor Dia
£ £ g 2 Fund e
zal| o iy dev. Max | Tol(-) | Max | Tol(-) | Min IS Max | Tol(-)
02 ) 1.000| 0036 087¢ 003p 0717 4 D40 ofg21  d.oss
- 0.017 | 0.983] 0.05§ 0858 0048 0.6
029 0 1,000 0.04 450774 4.045
; 0.018 | 0.982| 0.067 056  4.785 (.056
02 0 1100 0.03 D40 0[92T .038
11 - 0.017 | 1.083 0.05
029 0 T.100| 0.04 D45 0874 4.045
; 0.018 | 1.082| 0.06] los6  d.885 (.056
02 0 T.200] 0.03 D40 1021 .038
12 ; 0.017 | 1.183] 0.05
“Tozd 0 1,200 0.04 D45 0[974 .045
i 0.018 | 1.182| 0.06] 056  0.985 (.056
02 0 T200| 0.03 D40 1221 .038
i 0.017 | 1.383] 0.05
14 0 T.400| 0.04 a8 1128 .053
0.3 0.018 | 1.382[ 0.07 060 1142  (.067
1.16p 0.085
02 0 T.600] 0.0 P4z 1[a2T  .038
i 0.017 | 1.583] 0.054
1.6 0 T.600] 0.053 P53 1284 .063
0.35 0.019 | 1.581f 0.08 067 1,301  (.080
1.32)  0.140
02 0 1800 0.03§ P42 1f621 .038
- 0.017 | 1.783| 0.054
1.8 0 T.800] 0.053 P53 1484 .063
0.35 0.019 | 1.781 0.08 067 1,501  (.080
1.52] 0.10
029 |0 2,000 0.042] 486 0.p48  1[774 4.045
- 0.018 | 1.982| 0.06] 060 1,785  0.056
2 0 2,000 0.060 56 1638 4.071
0.4 0.019 | 1.981f 0.09 071 1657 (.090
1.679 0.112
029 |0 2.200( 0.042 a8 1[974  4.045
- 0.018 | 2.182| 0.06] 060 1,985 0.056
2.2 0 2.200( 0.063 P60 1[793  .080
0.45 0.020 | 2.180| 0.10( 075 1,813  (.100
1.838 0.125
0 2500 0.053 P53 2184 .063
0.35 69| 0.019 | 2.481 0.08 067 2201  (.080
25 2.22] 0.140
’ 0 2500 0.063 P60 2093 .080
0.45 0.020 | 2.480| 0.10( 075 2113  (.100
2138 0125
0 3.000[ 0.053 P56 2[684  .063
0.356g| 0.019 | 2.981 0.08 071 2701  (.080
3 2.72)  0.140
0 3.000] 0.06 P80 2571 Q112
05 0.020 | 2.980| 0.104 100 2599 0.140
2.639 0.180
0 3500 0.053 P56 3184 .063
0.35 69| 0.019 | 3.481 0.08 071 3201 (.080
35 3.22] 0.140
i 0 3:500( 0.080) )90 2[975 (.125
0.6 0.021 | 3.479| 0.12 112 3010 .160
3.050 0.200
0 2.000[ 0.06 D80 37T Q112
0.5 0.020 | 3.980| 0.104 100 3599 0.140
4 3.639 0.180
0 Z.000| 0.090 95 3382 (.140
0.7 0.022 | 3.978 0.14¢ 118 3422 .180
3.466  0.224
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Table 6. British Standard ISO Metric Screw Threads: Limits and
Tolerances for Finished Uncoated Threads for Normal Lengths of
EngagementBS 3643: Part 2: 198(Continued)

Pitch External Threads (Bolts) Internal Threads (Nuts)
=% ﬁ Minor ﬁ Major
co| & o Major Dia. Pitch Dia. Dia o | _Dia. Pitch Dia. Minor Dia
E 5 g | 2 |=| Fund =
za| o £ (2] dev. | Max Tol(-) [ Max 2| Min Max | Tol(-) | Max [ Tol(-)
4h| 0 4500 0.067 4.17! 5H 45p0 4.355 0.p80 4071 Q.112
0.5|6g|0.020 | 4.480, 0.106 4.155 gH 4900 4.p75 0J100 4.099 .140
45 7H | 4500 4.300| 0.124 4.13p 0.180
) 4h[ 0 4.500[ 0.090 4.01 4500 4.d08 095 3|838 (.150
0.7 69| 0.022 | 4.478 0.14 3.991L gH 4.900 4.131 0118 3878 .190
7H | 4500| 4.163| 0.15Q 3.92# 0.236
4h| 0 5.000] 0.06 4.67! 5.0p0 4.755 0.pg80 4[571 1112
0.5 |6g| 0.020 [ 4.980| 0.10 4.65p H 5000 475 0{100 4599 .140
5 4.800| 0.12§ 4.63 0.140
4h[0 5.000( 0.095 4.480 4480 O.I00 4[294 (.160
0.8 6g|( 0.024 | 4.976/ 0.15 4.45| 00 4.605 0{125 4334 200
4.640| 0.16 4384 0.250
4h[ 0 5.500( 0.067 5.17 5.255 0p80 5[071 (.112
55 0.5(6g| 0.020 | 5.480] 0.106 5.155 .500 5.275 0{100 §.099 .140
5.300] 0.124 5.139 0.140
4h[ 0 6.000( 0.090 5.51 5.419 0.106 5[338 (.150
0.75 6g| 0.022 | 5.978 0.14 5.491L .00 5.645 0{132 5378 .190
6 5.683| 0.17¢ 5.424 0.236
4h| 0 6.000[ 0.112 5.35 5468 018 5|107 .190
1 6g| 0.026 | 5974 0.18 5.3244 00 5.500 0150 §.153 .236
8g| 0.026 5.974( 0.28 5.32¢4 00 5.540 0{190 §217 .300
4h| 0 7.000( 0.090 6.619 0.l106 6338 (.150
0.749 6g| 0.022 6.978 0.14( 00 6.645 0{132 .378 190
7 6.683| 0.17 6.424 0.296
4h| 0 7.000( 0.112 6.468 0.118 6[107 (.190
1 69| 0.026 | 6.974 0.18 00 6.500 0150 §.153 236
89| 0.026 | 6.974] 0.28 00 6.540 0J190 §.217 .300
4h[ 0 8.000[ 0.112 . 7468 0.118 7|
1 |[6g|0.026 | 7.974] 0.18 gH 8.Jo0 7.500 0j150 7.
8 8g| 0.026 | 7.974] 0.28 TH 8.4o0 7.540 0j190 7.
4h| 0 8.000[ 0.132 5H 8.0p0 7.313 0.[25 6|
1.2§ 69| 0.028 | 7.972| 0.217 H 8400 7.848 0{160
8g| 0.028 7.972] 0.33 TH 8,400 7.888 0j200
4h| 0 9.000( 0.132 8H 9.0p0 8.313 0.125 7
9 1.2 6g| 0.028 8.972( 0.21% H 9.Q00 8.848 0]160 7.
89| 0.028 | 8972 0.33 TH 9.Joo 8.888 0j200 7.
4h[ 0 10.009 0.132 §H 10.000 9.313 0f125 8§
1.25 6g| 0.028 9.972( 0.21% @H 10.p00 9.848 0j160 4§.
10 89| 0.028 | 9.972| 0.33 TH 10.p00 9.888 0[200 §.
4h[ 0 10.009 0.15¢ H 10.000 9.166 0[140 §
15 69| 0.032 [ 9.968 0.234 gH 10.p00 9.p06 0[180 §.
8g| 0.032 [ 9.968 0.37 TH 10.p00 9.p50 0224 §.
4h| 0 11.000 0.15¢ 9H 11.p00 10[166 0[140 9612 .236
11 15 6g| 0.032 [ 10.968 0.23 H 11.p00 10{206 01180 676 D.300
8g| 0.032 | 10.96 0.37 H 11.p00 101250 0{224 751 D.375
4h| 0 12.000 0.132 gH 12.p00 11/328 0140 1p.859 1212
1.256g| 0.028 | 11.97. 0.21. H 12/000 11398 (.180 10.912 (0.265
12 8g| 0.028 | 11.97: 0.33! H 12/000 11412 {.224 10.985 [0.335
4h| 0 12.000 0.17q gH 12.000 11[023 0160 19.371 .265
1.7§ 69| 0.034 [ 11.96¢ 0.26! H 12000 111063 (200 10.441 [0.335
89| 0.034 | 11.96¢ 0.42 H 12000 114113 (250 10.531 [0.425
4h[ 0 14.0090 0.15¢ H 14.p00 13[176 0[150 1P.612 P.236
1.5 [6g| 0.032 | 13.963 0.23 H 14)000 13.216 ({.190 12.676 [0.300
14 8g| 0.032 | 13.968 0.37 H 14)000 13.262 (.236 12.751 [0.375
4h| 0 14.0090 0.18q 9H 14.p00 12[871 0[170 1p.135 P.300
2 6g| 0.038 | 13.96: 0.28! H 14/000 12913 d.212 12.210 (0.375
8g| 0.038 | 13.96: 0.45( H 14/000 12966 (.265 12.310 (0.475
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Table 6. British Standard ISO Metric Screw Threads: Limits and
Tolerances for Finished Uncoated Threads for Normal Lengths of
EngagementBS 3643: Part 2: 198(Continued)

Pitch External Threads (Bolts) Internal Threads (Nuts)
=% 2 Minor 2] Major
co| & '—L'; Major Dia. Pitch Dia. Dia g Dia. Pitch Dia. Minor Dia
g % § 2 |~ | Fund =
za| o L [~ | dev. [ Max | Tol(-) | Max [ Tol(-) | Min 2| Min Max | Tol(-) | Max [ Tol(-)
4h| 0 16.00 0.15 15.026 0.090 14.012 H 16.p00 15[176 0|150 1@.612 .236
15 (6g| 0032 | 15963 0.23¢ 14.994 0.140 13.930 $H 16/000 15216 (.190 14.676 (0.300
16 8g| 0.032 | 15.96 0.37 14.994 0.224 13.846 H 16J000 15262 (.236 14.751 [0.375
4h[ 0 16.000 0.180 14.701 0.100 13.369 §H 16.p00 14]871 O0|170 1f.135 DP.300
2 6g| 0.038 | 15.96: 0.28( 14.663 0.160 13.271 H 16{000 14913 (.212 14.210 (0.375
89| 0.038 | 15.962 0.450 14.6¢3 0.2%0 13.181 JH 16J000 14.966 (.265 14.310 [0.475
4h[ 0 18.000 0.150 17.026 0.090 16.012 §H 18.p00 17|176 O0|150 1p.612 DP.236
15(6g[ 0032 | 17.968 0.23¢ 16.994 0.140 15930 $H 18/000 17.216 (.190 16.676 (0.300
18 8g| 0.032 | 17.96 0.37 16.994 0.224 15.846 H 18J000 17.262 (.236 16.751 [0.375
4h[ 0 18000 0.217 16.376 0.106 14.430 §H 18.p00 16|556 0180 1p.649 D.355
25 6g|( 0.042 | 17.95 0.33! 16.334 0.170 14.¢24 H 18/000 16.600 (.224 15.774 (0.450
89| 0.042 | 17.958 0.530 16.334 0.265 14.529 JH 18J000 16.656 (.280 15.854 [0.560
2h[0 20.000 0.150 19.026 0.090 18.012 §H 20.p00 19(176 O[150 1B.612 P.236
15 (6g[0.032 | 19.963 0.23¢ 18.994 0.140 17.930 $H 20000 0J190 0190 18.676 [0.300
20 8g| 0.032 | 19.96 0.37 18.994 0.224 17.8§46 H 20{000 19.262 (.236 18.751 [0.375
4h[ 0 20.000 0.217 18376 0.106 16.430 §H 20.p00 18|556 O[180 1y.649 p.355
25 6g|( 0.042 | 19.95 0.33! 18.334 0.170 16.624 H 20/000 18600 Q.224 17.744 (0.450
89| 0.042 | 19.958 0.530 18.334 0.265 16.$29 JH 20J000 1§.650 {.280 17.854 [0.560
4h[0 22.000 0.150 21.0%6 0.090 20.012 §H 22.p00 21[I76 O[150 2p.612 P.236
15 (6g[0.032 | 21.968 0.23¢ 20.994 0.140 19.930 $H 22/000 21216 (.190 Z0.676 (0.300
22 8g| 0.032 | 21.96 0.37 20.994 0.224 19.846 H 22/000 21262 (.236 40.751 [0.375
4h[0 22.000 0.217 20.376 0.106 18.430 §H 22.p00 20|556 O[180 1p.649 p.335
25 6g|( 0.042 | 21.95 0.33! 20.334 0.170 18.24 H 22/000 20.600 {.224 19.744 (0.450
89| 0.042 | 21.958 0.530 20.334 0.265 18.529 JH 22J000 2(.656 {.280 19.854 [0.560
4h| 0 24000 0.180 22.701 0.106 21.363 §H 24.p00 22[881 0[180 2p.135 p.300
2 6g| 0.038 | 23.96: 0.28! 22.663 0.170 21.261 H 24/000 23925 (.224 22.210 (0.375
24 89| 0.038 | 23.962 0.450 22.6¢3 0.265 21.166 JH 24J000 22981 {.280 242.310 [0.475
4h[0 24000 0.23§ 22041 0.125 20.078 §H 24.p00 22[263 0[212 2[L.152 p.400
3 69| 0.048 | 23.952 0.37% 22.003 0.200 19.955 6H 24000 4.265 21.252 (0.500
89| 0.048 | 23.952 0.600 22.003 0.315 19.840 fH 24000 (.335 21.382 [0.630
2h[0 27.000 0.180 25.7T 0.106 24.363 §H 27.p00 0180 2p.135 p.300
2 |6g|0.038 [ 26.962 0.280 25.6¢3 0.170 24.261 ¢EH 27000 4.224 25.210 (0.375
27 89| 0.038 | 26.962 0.45Q0 25.6¢3 0.265 24.166 fH 27000 (.280 25.310 (0.475
4h[ 0 27.000 0.23§ 25.09T H  27.p00 0[212 2/ 152 P.400
3 69| 0.048 | 26.952 0.37% 25.003 H 271000 4.265 24.252 (0.500
89| 0.048 | 26.952 0.600 25.003 H 27]000 (.335 24.382 [0.630
Zh|0 30.000 0.180 28.7qT H—30.p00 0[180 2B.135 D.300
2 |6g|0.038 [ 29.962 0.280 28.6¢3 H 30000 4.224 28.210 (0.375
30 89| 0.038 | 29.962 0.450 28.643 H 30j000 (.280 28.310 (0.475
2h[0 30.000 0.26§ 27.7 H~ 30.p00 0[224 2p.661 D.450
35 69| 0.053 | 29.947 0.42% 27.674 H 30000 4.280 26.771 [0.560
89| 0.053 | 29.947 0.670 27.674 H 30j000 (.355 26.921 [0.710
Zh|0 33000 0.180 31.7qT H 33,000 O[T80 3[.135 p.300
2 |6g|0.038 [ 32.962 0.280 31.643 H 331000 4.224 31.210 (0.375
33 89| 0.038 | 32.962 0.450 30.643 H 33j000 4.280 9 0.475
4h[0 33.000 0.26§ 30.7 H 33,000 O[22 2p. .450
35 6g| 0.053 | 32.947 0.42% 30.674 H 33j000 q.280 249. 0.560
89| 0.053 | 32.947 0.670 30.674 H 33j000 (.355 29. 0.710
4R 0 36.000 0.300 33.402 H 36 0[236 3p. 475
36 4 6g| 0.060 | 35.940 0.47% 33.342 H 36 q. 10.600
89| 0.060 | 35.940 0.750 33.342 H 36 q. 0.750
2R 0 39.000 0300 36.402 H 394 475
39 4 69| 0.060 | 38.940 0.47% 36.342 H 39 .300 10.600
8g| 0.060 | 38.940 0.750 36.342 H 39 .375 0.750

aThis table provides coarse- and fine-pitch series data for threads lialersfor first, second,
and third choices. For constant-pitch series and for larger sizes than are shown, refer to the Standar
bThe fundamental deviation for internal threads (nuts) is zero for threads in this table.
All dimensions are in millimeters.
The tolerances for the minor diameter of nut thredgg (grade 6, imable 7 were cal-
culated as follows:
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For pitches 0.2 to 0.8 mrfig, (6) = 433 - 190P-22
For pitches 1 mm and coarseg, (6) = 230%".

In these formulas], (6) is in micrometers arfdis in millimeters. For tolerance grades
4,5,7, and 8Tp, (4) = 0.63Tp, (6); Tpy (5) = 0.8Tp, (6); Tpy (7) = 1.25Tp, (6); andTp,
(8) = 1.6Tp, (6), respectively.

Diameter/Pitch Combination®art 1 of BS 3643 provides a choice of diameter/pitch
combinations shown hereTiable 6 The use of first-choice items is preferred but if neces-
sary, second, then third choice combinations may be selected. If pitches finer than tho:
given inTable 6are necessary, only the following pitches should be used: 3, 2, 1.5, 1, 0.75
0.5, 0.35, 0.25, and 0.2 mm. When selecting such pitches it should be noted that there
increasing difficulty in meeting tolerance requirements as the diameter is increased for
given pitch. It is suggested that diameters greater than the following should not be use
with the pitches indicated:

Pitch, mm 0.5 075 1 15 2 3
Maximum Diameter, mm 22 33 80 150 200 300

In cases where itis necessary to use a thread with a pitch larger than 6 mm, in the diame
range of 150 to 300 mm, the 8 mm pitch should be used.

Limits and Tolerances for Finished Uncoated Thre&dst 2 of BS 3643 specifies the
fundamental deviations, tolerances, and limits of size for the tolerance classes 4H, 5H, 6|
and 7H for internal threads (nuts) and 4h, 6g, and 8g for external threads (bolts) for coars
pitch series within the range of 1 to 68 mm; fine-pitch series within the range of 1 to 33 mm
and constant pitch series within the range of 8 to 300 mm diameter.

The data inTable 7provide the first, second, and third choice combinations shown in
Table 6except that constant-pitch series threads are omitted. For diameters larger the
shown inTable 7 and for constant-pitch series data, refer to the Standard.

Table 7. British Standard ISO Metric Screw Threads —
Diameter/Pitch Combinations BS 3643:Part 1:1981 (1998)

Nominal Diameter Nominal Diameter
Choices Coarse Fine Constant Choices Constant
1st 2nd 3rd Pitch Pitch Pitch 1st 2nd 3rd Pitch
1 0.25 0.2 70 6,4,3,2,1.5
11 0.25 0.2 72 6,4,3,215
12 0.25 0.2 75 43215
14 0.3 0.2 76 6,4,3,215
16 0.35 0.2 78 2
18 0.35 0.2 80 6,4,3,21.5
20 0.4 0.25 82 2
22 0.45 0.25 85 6,432
25 0.45 0.35 90 6,432
3 0.5 0.35 95 6,4,3,2
35 0.6 0.35 100 6,4,3,2
4 0.7 0.5 105 6,4,3,2
4.5 0.75 0.5 110 6,432
5 0.8 0.5 115 6,432
5.5 (0.5) 120 64,32
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Table 7.(Continued)British Standard ISO Metric Screw Threads —
Diameter/Pitch Combinations BS 3643:Part 1:1981 (1998)

Nominal Diameter Nominal Diameter
Choices . Choices
Coarse Fine Constant Constant
1st 2nd 3rd Pitch Pitch Pitch 1st 2nd 3rd Pitch
6 1 0.75 125 6,432
. 7 1 0.75 130 6,432
8 1.25 1 0.75 135 6,4,3,2
9 1.25 1,0.75 140 6,432
10 15 1.25 1,0.75 145 6,4,3,2
11 15 1,0.75 150 6,432
12 1.75 1.25 151 155 6,43
14 2 15 1251 160 6,43
15 151 165 6,4,3
16 2 15 1 170 6,4,3
17 151 175 6,4,3
18 25 15 21 180 6,4,3
20 25 15 2,1 185 6,4,3
22 25 15 21 190 6,4,3
24 3 2 151 195 6,4,3
25 2,151 200 6,4,3
26 15 205 6,4,3
27 3 2 151 210 6,4,3
28 2,151 215 6,4,3
30 35 2 3151 220 6,4,3
32 2,15 225 6,4,3
33 35 2 (3).15, 230 6,43
35 15 235 6,4,3
36 4 3,215 . 240 6,4,3
38 15 245 6,4,3
39 4 3,215 250 6,4,3
40 3,215 255 6,4
42 45 4.5 43215 260 6,4
48 5 432,15 265 6,4
50 3,215 270 6,4
52 5 432,15 275 6,4
55 43215 280 6,4
56 55 432,15 285 6,4
58 43215 290 6,4
60 55 432,15 295 6,4
62 43215 300 6,4
64 6 432,15
65 43215
68 6 432,15

a0nly for spark plugs for engines.

bOnly for locking nuts for bearings.

All dimensions are given in millimeters.

Pitches in parentheses () are to be avoided as far as possible.
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British Standard Whitworth (BSW) and British Standard Fine (BSF) Threads.—

The BSW is the Coarse Thread series and the BSF is the Fine Thread series of Briti
Standard 84:1956—Parallel Screw Threads of Whitworth Form. The dimensions given il
the tables on the following pages for the major, effective, and minor diameters are, respe
tively, the maximum limits of these diameters for bolts and the minimum limits for nuts.
Formulas for the tolerances on these diameters are given in the table below.

Whitworth Standard Thread Form.— This thread form is used for the British Standard
Whitworth (BSW) and British Standard Fine (BSF) screw threads. More recently, both
threads have been known as parallel screw threads of Whitworth form.

With standardization of the Unified thread, the Whitworth thread form is expected to be
used only for replacements or spare parts. Tables of British Standard Parallel Scre
Threads of Whitworth Form will be found on the following pages; tolerance formulas are
given in the table below. The form of the thread is shown by the diagram. If

p = pitch,d = depth of thread,= radius at crest and root,
andn = number of threads per inch, then
d = ¥%pxcot 2730 = 0.64032D = 0.640327n
r = 0.137329 = 0.13732%n
It is recommended that stainless steel bolts of nominal
size¥,inch and below should not be made to Close Class
limits but rather to Medium or Free Class limits. Nominal sizes a¥joreh should have
maximum and minimum limits 0.001 inch smaller than the values obtained from the table
Tolerance Classes : Close Class bo#pplies to screw threads requiring a fine snug fit,
and should be used only for special work where refined accuracy of pitch and thread for
are particularly requirededium Class bolts and nuspplies to the better class of ordi-
nary interchangeable screw thredei®e Class boltsApplies to the majority of bolts of

ordinary commercial qualitiNormal Class nutsApplies to ordinary commercial quality
nuts; this class is intended for use with Medium or Free Class bolts.

Table 1. Tolerance Formulas for BSW and BSF Threads

Class or Fit Tolerance in inchég+ for nuts,- for bolts)
Major Dia. Effective Dia. Minor Dia.
Close %T+0.0L/p %T %T+0.013/p
Bolts Medium T+0.0L/p T T+0.02/p

Free %T+0.0L/p #r %T+0.02/p
Close %T 0.2p+0.004
Nuts Medium T X 0.2p +0.00%
Normal %T 0.20+0.007

aThe symbolIT = 0.002¥D + 0.003,/L + 0.005/p , wherB = major diameter of thread in inchés;
= length of engagement in inches; pitch in inches. The symbpkignifies pitch.

bFor 26 threads per inch and finer.

¢For 24 and 22 threads per inch.

dFor 20 threads per inch and coarser.
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Table 2. Thraeds of Whitworth Form—Basic Dimensions

H p
/6 *
p=1+n
H=0.96049p ‘
H/6 =0.16008p h
h=0.64032p H L
©=0.0739176
r=0.137329% 7
L v
He
Threads Triangular Depth of Depth of
per Inch Pitch Height Shortening Thread Rounding Radius
n p H H6 h e r
72 0.013889 0.013340 0.002223 0.008894 0.001027 0.0019017
60 0.016667 0.016009 0.002668 0.010672 0.001237 0.002289
56 0.017857 0.017151 0.002859 0.011434 0.00132C 0.002452
48 0.020833 0.020010 0.003335 0.013340 0.00154¢ 0.00286{L
40 0.025000 0.024012 0.004002 0.016008 0.001184B 0.003433
36 0.027778 0.026680 0.004447 0.017787 0.002059 0.003815
32 0.031250 0.030015 0.005003 0.020010 0.00231 0.0042!
28 0.035714 0.034303 0.005717 0.022869 0.00264( 0.00491
26 0.038462 0.036942 0.006157 0.024628 0.00284: 0.0052
24 0.041667 0.040020 0.006670 0.026680 0.00308C 0.0057
22 0.045455 0.043659 0.007276 0.029106 0.003364 0.0062
20 0.050000 0.048025 0.008004 0.032016 0.003694 0.0068!
19 0.052632 0.050553 0.008425 0.033702 0.00389 0.0072:
18 0.055556 0.053361 0.008893 0.035574 0.004107 0.0076:
16 0.062500 0.060031 0.010005 0.040020 0.00462 0.0085
14 0.071429 0.068607 0.011434 0.045738 0.00528C 0.0098
12 0.083333 0.080041 0.013340 0.053361 0.00616 0.0114
11 0.090909 0.087317 0.014553 0.058212 0.00672 0.0124
10 0.100000 0.096049 0.016008 0.064033 0.007397 0.0137:
9 0.111111 0.106721 0.017787 0.071147 0.008213 0.01525p
8 0.125000 0.120061 0.020010 0.080041 0.00924( 0.01716p
7 0.142857 0.137213 0.022869 0.091475 0.01056( 0.01961B
6 0.166667 0.160082 0.026680 0.106721 0.012324 0.02288B
5 0.20000 0.192098 0.032016 0.128065 0.014784 0.02746p
45 0.222222 0.213442 0.035574 0.142295 0.016426 0.030518
0.250000 0.240123 0.040020 0.160082 0.018479 0.03433p
35 0.285714 0.274426 0.045738 0.182951 0.02111¢ 0.039237
3.25 0.307692 0.295536 0.049256 0.197024 0.022744 0.042255
3 0.333333 0.320164 0.053361 0.213442 0.024639 0.04577p
2.875 0.347826 0.334084 0.055681 0.222722, 0.02571 0.0477¢7
275 0.363636 0.349269 0.058212 0.232846 0.02687 0.049938
2.625 0.380952 0.365901 0.060984 0.243934 0.028154 0.052316
25 0.400000 0.384196 0.064033 0.256131 0.029561 0.054932

—_Dimensions are in INches.

AllowancesOnly Free Class and Medium Class bolts have an allowance. For nomina
sizes o, inch down td/inch, the allowance is 30 per cent of the Medium Class bolt effec-
tive-diameter tolerance (OTp for sizes less thaifinch, the allowance for tHg-inch size

applies. Allowances are applied minus from the basic bolt dimensions; the tolerances a
then applied to the reduced dimensions.
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Table 3. British Standard Whitworth (BSW) and British Standard Fine (BSF) Screw
Thread Series—Basic Dimension8S 84:1956 (obsolescent)

Nominal Threads Depth of Major Effective Minor Area at Bot- Tap
Size, per Pitch, Thread, | Diameter,| Diameter,| Diameter,| tom ofThread,) Drill
Inches Inch Inches Inches Inches Inches Inches Sq. in. Dia.
Coarse Thread Series (BSW)
% 40 0.02500| 0.0160] 0.1250]  0.109 0.90! 0.0068 2.55
EA 24 0.04167 | 0.0267| 0.1875  0.160 0.13. 0.0141 3.70
% 20 0.05000| 0.0320| 0.2500| 0.218 0.18 0.0272 5.10
A 18 0.05556 | 0.0356| 0.3125  0.276 0.241 0.0457 6.50
% 16 0.06250 | 0.0400| 0.3750|  0.335 0.29! 0.0683 7.90 n
e 14 0.07143| 0.0457| 04375  0.391 0.34 0.0941 9.30
% 12 0.08333| 0.0534| 050000  0.446 0.39: 0.1214 10.50 nf
% 12 0.08333| 0.0534| 05625  0.509 0.45! 0.1631 12.10. n}
% 11 0.09091| 0.0582| 0.6250|  0.566 0.50! 0.2032 13.50 nf
@ 11 0.09091| 0.0582| 0.6875  0.629 0.571 0.2562 15.00 nf
% 10 0.10000| 0.0640| 0.7500|  0.686 0.622} 0.3039 16.25 nf
% 9 011111 0.0711| 08750  0.803 0.732] 0.4218 19.25
1 8 0.12500 | 0.0800| 1.0000(  0.920 0.84 0.5542 22.00
1% 7 0.14286 | 0.0915| 1.1250]  1.033§  0.942) 0.6960 24.75
1%, 7 0.14286 | 0.0915| 1.2500|  1.1584 1.067 0.8942 28.00
1% 6 0.16667 | 0.1067 | 15000  1.393 1.286 1.3000 33.50
1% 5 0.20000 | 0.1281| 1.7500|  1.621 1.493 1.7530 39.00
2 4.5 022222 0.1423| 20000  1.857 1.71 2.3110 44,50
2%, 4 0.25000 | 0.1601| 2.2500|  2.089 1.929 2.9250
2% 4 0.25000 | 0.1601| 25000  2.339 2.179) 3.7320
27, 35 0.28571| 0.1830| 2.7500|  2.567 2.38. 4.4640 Tap drill diame-
3 35 028571 0.1830| 3.0000  2.817 2.6340 5.4490 ters shown in
3y 3.25 0.30769| 0.1970| 32500  3.053 2.8560 6.4040 this column are
3% 3.25 0.30769| 0.1970| 35000  3.303 3.1060 7.5790 recommended
39 3 0.33333 | 0.2134| 37500 3.536§  3.323 8.674p sizes listed in
4 3 0.33333| 0.2134| 4.0000  3.786 3.57: 10.03q0 B.S. 1157:1975
4y, 2.875 | 0.34783| 0.2227| 4500Q ~ 4.277 4.0546 12.91¢0 and provide
5 2.75 0.36364| 0.2328| 5000  4.767 45344 16.1500 from 77 to 87%
5% 2.625 | 038095 0.2439| 55000  5.256 5.0142 19.73(0 of full thread.
6 2.5 0.40000| 0.2561|  6.0000  5.743 5.4878 23.65¢0
Fine Thread Series (BSF)
W]san 32 0.03125 0.0200 0. 1879 0167 0147 0.0I7T 400
A 28 0.03571| 00229| 02188  0.195 0.17: 0.0235 4.60
% 26 0.03846| 00246 02500  0.2254 0.20! 0.0317 5.30
9t 26 0.03846 | 0.0246| 02812  0.256 0.232) 0.0423 6.10
6 22 0.04545| 00291| 03125 0.2834 0.25. 0.0508 6.80
% 20 0.05000| 0.0320| 0.3750|  0.343 0.31 0.0760 8.30
e 18 0.05556 | 0.0356| 04375  0.401 0.33 0.1094 9.70 n}
% 16 0.06250 | 0.0400|  0.5000(  0.460 0.42! 0.1385 11.10 nf
96 16 0.06250 | 0.0400| 05625  0.522 0.482) 0.1828 12.70 nf
% 14 0.07143| 0.0457| 06250  0.579 0.53; 0.2236 14.00 nf
o 14 0.07143| 0.0457| 06875  0.641 0.59 0.2791 15.50 nf
% 12 0.08333| 0.0534| 075000  0.696 0.64 0.3249 16.75 nf
% 11 0.09091| 00582| 0.8750|  0.816 0.75! 0.4520 19.75 nf
1 10 0.10000| 0.0640| 1.0000  0.936 0.87: 0.59712 22.75 nj
1% 9 011111 | 0.0711| 11250  1.053 0.982] 0.7586 25.50
1, 9 0.11111 | 0.0711| 12500  1.178 1.107 0.9639 28.50
1% 8 0.12500 | 0.0800| 1.3750|  1.295 1.215 1.1590 31.50 n
1% 8 0.12500 | 0.0800| 15000  1.420 1.340 1.4100 34.50
15 8 0.12500 | 0.0800| 16250  1.545 1.465 1.6860
1% 7 0.14286 | 0.0915| 17500  1.6584 1.567 1.9280
2 7 0.14286 | 0.0915| 2.0000(  1.908 1.817 2.5930 i
2y, 6 016667 | 01067| 22500 21433  2.03§ 32580 |20 Al sizes
2% 6 0.16667 | 0.1067 | 25000  2.393 2.286| 4.1080 ¢olumn are
2%, 6 0.16667 | 0.1067 | 2.7500|  2.643 2.536| 5.0540 recommended
3 5 0.20000 | 0.1281| 3.0000  2.871 2.74 5.9130 sizes shown in
3y 5 0.20000 | 0.1281| 3.2500|  3.121 2.993] 7.0390 B.S. 1157:1975
3% 45 0.22222| 0.1423| 35000  3.357 3.21 8.12qoand provide
3% 45 022222| 01423 3.7500  3.607 3.46 9.4370from 78 to 88%
4 45 0.22222| 01423 40000 ~ 3.857 37154 10.84¢o0f full thread.
4, 4 0.25000 | 0.1601| 4.2500|  4.089 3.929) 12.1300

aTo be dispensed with wherever possible.
bThe use of 2 BA threads is recommended.
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British Association Standard Thread (BA).—This screw thread system is recom-
mended by the British Standards Institution for use in preference to the BSW and BSF sy
tems for all screws smaller thaginch except that the use of the “0” BA thread be
discontinued in favor of thErin. BSF It is further recommended that in the selection of
sizes, preference be given to even numbered BA sizes. The thread form is shown by t

diagram.

BRITISH ASSOCIATION THREADS

It is a symmetrical V-thread, of #7degree included angle, having its crests and roots
rounded with equal radii, such that the basic depth of the thread is 0.6000 of the pitcl
Wherep = pitch of threadH = depth of V-thready = depth of BA thread,=radius at root

1839

H = 1.13634xp
h = 0.60000x p
r = 0.18083x p
s = 0.26817xp

and crest of thread, asé root and crest truncation.

Table 4. British Association (BA) Standard Thread, Basic Dimensions
BS 93:1951 (obsolescent)

Bolt and Nut

Depth of Major Effective Minor Threads

Designation Pitch, Thread, Diameter, Diameter, Diameter, Radius, per Inch
Number mm mm mm mm mm mm (approx.)
0 1.0000 0.600 6.00 5.400 4.80 0.1808 25.4
1 0.9000 0.540 5.30 4.760 4.22 0.1627| 28.2
2 0.8100 0.485 4.70 4.215 3.73 0.1465| 31.4
3 0.7300 0.440 4.10 3.660 3.22 0.1320] 34.8
4 0.6600 0.395 3.60 3.205 281 0.1193] 38.5
5 0.5900 0.355 3.20 2.845 2.49 0.1067| 43.0
6 0.5300 0.320 2.80 2.480 216 0.0958 47.9
7 0.4800 0.290 2.50 2210 1.92 0.0868 52.9
8 0.4300 0.260 2.20 1.940 1.68 0.0778 59.1
9 0.3900 0.235 1.90 1.665 1.43 0.0705| 65.1
10 0.3500 0.210 1.70 1.490 1.28 0.0633) 72.6
11 0.3100 0.185 1.50 1.315 113 0.0561 82.0
12 0.2800 0.170 1.30 1.130 0.96 0.0506 90.7

13 0.2500 0.150 1.20 1.050 0.90 0.0452 102

14 0.2300 0.140 1.00 0.860 0.72 0.0416| 110

15 0.2100 0.125 0.90 0.775 0.65 0.0380| 121

16 0.1900 0.115 0.79 0.675 0.56 0.0344) 134

Tolerances and Allowanceswo classes of bolts and one for nuts are provi@Géake

Class boltsare intended for precision parts subject to stress, no allowance being provide
between maximum bolt and minimum nut si2ésrmal Class boltare intended for gen-
eral commercial production and general engineering use; for sizes 0 to 10 BA, an allow

ance of 0.025 mm is provided.

Table 5. Tolerance Formulas for British Association (BA) Screw Threads

Tolerance £ for nuts,- for bolts)

Class or Fit Major Dia. Effective Dia. Minor Dia.
Close Class 0 to 10 BA incl. 0.ASm 0.0% +0.02 mm 0.1+ 0.04 mm
Bolts Normal Class 0 to 10 BA incl. 0.p0nm 0.1p +0.025 mm 0.2p+0.05 mm
Normal Class 11 to 16 BA incl 0.a%nm 0.1¢ +0.025 mm 0.2+ 0.05 mm

Nuts All Classes 0.2+ 0.03 mm 0.376mm

In these formulag = pitch in millimeters.
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OTHER THREADS

British Standard for Spark Plugs BS 45:1972 (withdrawn).—T his revised British
Standard refers solely to spark plugs used in automobiles and industrial spark ignitio
internal combustion engines. The basic thread form is that of the ISO metric (se
pagel827). In assigning tolerances to the threads of the spark plug and the tapped hole
full consideration has been given to the desirability of achieving the closest possible me:
sure of interchangeability between British spark plugs and engines, and those made to t
standards of other ISO Member Bodies.

Basic Thread Dimensions for Spark Plug and Tapped Hole in Cylinder Head

Nom. Major Dia. Pitch Dia. Minor Dia.

Size Pitch Thread Max. Min. Max. Min. Max. Min.
14 1.25 Plug |13.937 13.725 13.125 12.993 12.402] 12.18
14 1.25 Hole 14.00 13.368 13.188 12.91 12.647
18 15 Plug 17.933 17.697 16.959 16.819 16.092, 15.84!
18 15 Hole 18.00 17.216 17.026 16.67 16.376
aNot specified

All dimensions are given in millimeters.

The tolerance grades for finished spark plugs and corresponding tapped holes in the cylinder heac
are: for 14 mm size, 6e for spark plugs and 6H for tapped holes which gives a minimum clearance of
0.063 mm; and for 18 mm size, 6e for spark plugs and 6H for tapped holes which gives a minimum
clearance of 0.067 mm.

These minimum clearances are intended to prevent the possibility of seizure, as a result of combus
tion deposits on the bare threads, when removing the spark plugs and applies to both ferrous and nor
ferrous materials. These clearances are also intended to enable spark plugs with threads in accol
dance with this standard to be fitted into existing holes.

S.A.E. Standard Threads for Spark Plugs

Sizet | Major Diameter | Pitch Diameter | Minor Diameter
NomxPich [ Max. [  Min. [ Max. [  Mn [  Max._ | Min.
Spark Plug Threads, mm (inches)
M18x 1.5 17.933 17.803 16.959 16.853 16.053
(0.07060) (0.7009) (0.6677) (0.6635) (0.6320)
M14x 1.25 13.868 13.741 13.104 12.997 12.339
(0.5460) (0.5410) (0.5159) (0.5117) (0.4858)
M12x 1.25 11.862 11.735 11.100 10.998 10.211
(0.4670) (0.4620) (0.4370) (0.4330) (0.4020)
M10x 1.0 9.974 9.794 9.324 9.212 8.747
(0.3927) (0.3856) (0.3671) (0.3627) (0.3444)
Tapped Hole Threads, mm (inches)
M18x 1.5 18.039 17.153 17.026 16.426 16.266
(0.7102) (0.6753) (0.6703) (0.6467) (0.6404)
M14x 1.25 14.034 13.297 13.188 12.692 12.499
(0.5525) (0.5235) (0.5192) (0.4997) (0.4921)
M12x 1.25 12.000 11.242 11.188 10.559 10.366
(0.4724) (0.4426) (0.4405) (0.4157) (0.4081)
M10x 1.0 10.000 9.500 9.350 9.153 8.917
(0.3937) (0.3740) (0.3681) (0,3604) (0.3511)

aM14 and M18 are preferred for new applications.

In order to keep the wear on the threading tools within permissible limits, the threads in the spark
plug GO (ring) gage shall be truncated to the maximum minor diameter of the spark plug, and in the
tapped hole GO (plug) gage to the minimum major diameter of the tapped hole. The plain plug gage
for checking the minor diameter of the tapped hole shall be the minimum specified. The thread form
is that of the ISO metric (see patg27).

Reprinted with permission © 1990 Society of Automotive Engineers, Inc.



Table 1. ANSI Standard Hose Coupling Threads for NPSH, NH, and NHR Nipples and Coupling SwivelNSI/ASME B1.20.7-1991

) Nipple (External) Thread Coupling (Internal) Thread
’\é?zrg' Thds ,_?:i;'ﬁt Major Pitch Minor Minor Pitch Major
of per : Thread of Dia. Dia. Dia. Dia. Dia. Dia.
Hose Inch Designation Pitch | Thread| Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
Yo, % % 115 .75-11.5NH .0869¢ .0564B 1.0625 1.0455 1.0060 0.9975 0.p495 0.9595 .9765 1.0160 |1.0245
Yo % % 115 .75-11.5NHR .0869¢ .05648 1.0520 1.0350 1.0100 0.9930 0.p495 0.9720 $.9930 1.0160 |1.0280
A 14 .5-14NPSH .07143 .0463P 0.8248 0.8]08 0.7784 0.{714 0.f320 0.7395 ¢.7535 0.7859 [0.7929
% 14 .75-14NPSH .07143 .04639 1.0353 1.0213 0.9889 0.9819 0.9425 0.9500 §.9640 0.9964 [1.0034
1 115 1-11.5NPSH .0869p .05648 1.2951 1.2y81 1.2396 1.p301 11821 1.1921 [1.2091 1.2486 | 1.2571
1, 115 1.25-11.5NPSH .0869p .05648 1.6399 1.6P29 1.5834 1p749 1(5629 1.5369 [1.5539 1.5934 | 1.6019
1% 115 1.5-11.5NPSH .0869p .05648 1.8788 1.8618 1.8223 1.B138 1|7658 1.7758 [1.7928 1.8323 | 1.8408
2 115 2-11.5NPSH .0869p .05648 2.3528 2.3358 2.2963 2.p878 2[2398 2.2498 P.2668 2.3063 | 2.3148
2, 8 2.5-8NPSH .1250Q .0811p 2.8434 2.8412 2.7622 2.4511 2.6810 2.6930 2.7152 2.7742 |2.7853
3 8 3-8NPSH 112500 .0811p 3.4697 3.4475 3.3885 3.4774 3.3073 3.3193 3.3415 3.4005 |3.4116
3 8 3.5-8NPSH .1250Q .0811p 3.9700 3.9478 3.8888 3.4777 3.8076 3.8196 3.8418 3.9008 [3.9119
4 8 4-8NPSH 112500 .0811p 4.4683 4.4461 4.3871 4.3760 4.8059 4.3179 4.3401 4.3991 |4.4102
4 6 4-6NH (SPL) 16667 .1082p 4.9082 4.8722 4.7999 4.1819 4.6916 4.7117 4.7477 4.8200 |4.8380

All dimensions are given in inches.

1.0725
1.0680
0.8323
1.0428
13651
1.6299
16888
2.3828
2.8%4
3.4817
3.9820
4.4@3
49283
[

Dimensions given for the maximum minor diameter of the nipple are figured to the intersection of the worn tool arc witina demtegh crest and root. The
minimum minor diameter of the nipple shall be that corresponding to a flat at the minor diameter of the minimum nippl&pqaattmay be determined by sub-

tracting 0.793p from the minimum pitch diameter of the nipple. (See Fig. 1.)

Dimensions given for the minimum major diameter of the coupling correspond to the bagj; 8iat the profile at the major diameter produced by a worn tool must
not fall below the basic outline. The maximum major diameter of the coupling shall be that corresponding to a flat atdizeresgoof the maximum coupling equal
to %, and may be determined by adding 0.7988the maximum pitch diameter of the coupling. (See Fig. 1.)

NH and NHR threads are used for garden hose applications. NPSH threads are used for steam, air and all other hosecbeneatiengt with standard pipe

threads. NH (SPL) threads are used for marine applications.

8T
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Table 2. ANSI Standard Hose Coupling Screw Thread Lengths
ANSI/ASME B1.20.7-1991

]-—L
35
60° 1
t
C
|
Approx
Approx .
. Coupl.| No.
Nom. 1.D. O.D. | Length| Length| Depth| Thd. | Thds.
Size Thds.| of of of of of |[Length| in
of per |Nipple,| Ext. |Nipple,| Pilot, |Coupl., s Length
Hose Inch C Thd. L | H T T
%% 115 2 | s | % % e | % 4
%% % US| w | W | % | K| Y | % | %
% Wl W | | B | K| e | Y% | %
% 14 B 1 %6 % 2% % 5%
1 115 1%, 1%, %6 Y Y % 4y,
v, 115 1%, | 1% % 2 Yo | Ym | %
1% 115 | 17, | 1% % % Yo | Y2 | 5%
2 W5 2% | 2% | % | Y | P | % | &
2% 8 | My | 2 | 1 4 P | e | 5%
3 8 | 3 | 3% | 1% | % | V| Y | 6%
3, 8 | | 3% |V | W% | B | B | %
4 8 | My | 4% | 1% | % | U | Y | 6%
4 6 |4 | M |1 | % | W | % | M

All dimensions are given in inches. For thread designatiofage 1

ANSI Standard Hose Coupling Screw Threads.—Fhreads for hose couplings, valves,
and all other fittings used in direct connection with hose intended for domestic, industrial
and general service in sizBs%, 9, 1, ¥, 1%, 2, 2, 3, 3, and 4 inches are covered by
American National Standard ANSI/ASME B1.20.7-1991 These threads are designated
follows:

NH — Standard hose coupling threads of full form as produced by cutting or rolling.

NHR — Standard hose coupling threads for garden hose applications where the desit
utilizes thin walled material which is formed to the desired thread.

NPSH — Standard straight hose coupling thread series insteetinches for joining
to American National Standard taper pipe threads using a gasket to seal the joint.

Thread dimensions are givenTiable land thread lengths rable 2
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INTERNAL THREAD
(COUPLING SWIVEL)

1
“allowance
(external thread only)

MAX
WITH WORN TOOL

MIN

MAX

MIN
MAX
MIN
MAX
MIN —~|

MAJOR DIAM. OF INTERNAL THREAD <
MAX
MIN -

PERMISSIBLE PROFILE WITH WORN TOOL

BASIC MAJOR DIAM., D.
MAJOR DIAM. EXTERNAL THREAD (

BASIC MINOR DIAM. ——|

EXTERNAL THREAD
(NIPPLE)

PITCH DIAM. OF INTERNAL THREAD <
PITCH DIAM. OF EXTERNAL THREAD <

BASIC PITCH DIAMETER

)

90°

p=PITCH

h = BASIC THREAD HEIGHT
=0.649519

f = BASIC TRUNCATION

AXIS OF SCREW THREAD

MINOR DIAM. INTERNAL THREAD —

MINOR DIAM. EXTERNAL THREAD <

= é h = 0.10825p

Fig. 1. Thread Form for ANSI Standard Hose Coupling Threads, NPSH, NH, and NHR. Heavy Line
Shows Basic Size.

American National Fire Hose Connection Screw Thread.—Fhis thread is specified in

the National Fire Protection Association's Standard NFPA No. 194-1974. It covers the
dimensions for screw thread connections for fire hose couplings, suction hose coupling
relay supply hose couplings, fire pump suctions, discharge valves, fire hydrants, nozzle

adaptors, reducers, caps, plugs, wyes, siamese connections, standpipe connections,
sprinkler connections.

Form of threadThe basic form of thread is as showfrig. 1 It has an included angle of
60 degrees and is truncated top and bottom. The flat at the root and crest of the basic thre
form is equal tdj (0.125) times the pitch in inches. The height of the thread is equal to
0.649519 times the pitch. The outer ends of both external and internal threads are tern
nated by the blunt start or “Higbee Cut” on full thread to avoid crossing and mutilation of
thread.

Thread DesignatioriThe thread is designated by specifying in sequence the nominal
size of the connection, number of threads per inch followed by the thread symbol NH
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Thus, .75-8NH indicates a nominal size connection of 0.75 inch diameter with 8 thread
perinch.

Basic Dimensionsthe basic dimensions of the thread are as giv&alite 1

Table 1. Basic Dimensions of NH Thread&FPA 1963—-1993 Edition

Minimum Internal Thread Dimensions

Threads BasicThread
Nom. | perinch Thread Pitch, Height, Min. Minor Basic Pitch | BasicMajor
Size (tpi) Designation p h Dia. Dia. Dia.

% 8 0.75-8 NH 0.12500 0.08119 1.2246 1.3058 1.387(
1 8 1-8 NH 0.12500 0.08119 1.2246 1.3058 1.3870|
1% 9 1.5-9 NH 0.11111 0.07217 1.8577 1.9298 2.0020|
2%, 75 2.5-7.5NH 0.13333 0.08660 2.9104 2.9970] 3.0834
3 6 3-6 NH 0.16667 0.10825 3.4223 3.5306 3.6389
3% 6 3.5-6 NH 0.16667 0.10825 4.0473 4.1556 4.2639
4 4 4-4 NH 0.25000 0.16238 47111 4.8735 5.0359
4%, 4 4.5-4 NH 0.25000 0.16238 5.4611 5.6235 5.7859
5 4 5-4 NH 0.25000 0.16238 5.9602 6.1226 6.2850
6 4 6-4 NH 0.25000 0.16238 6.7252 6.8876 7.0500]

Threads External Thread Dimensions (Nipple)
Nom. | perInch Thread Pitch, Max.Major Max. Pitch Max Minor
Size (tpi) Designation p Allowance Dia. Dia. Dia.

%, 8 0.75-8 NH 0.12500 0.0120 1.3750 1.2938 1.212¢|
1 8 1-8 NH 0.12500 0.0120 1.3750 1.2938 1.2126
1% 9 1.5-9NH 0.11111 0.0120 1.9900 1.9178 1.8457|
2% 7.5 2.5-7.5NH 0.13333 0.0150 3.0686 2.9820 2.8954
3 6 3-6 NH 0.16667 0.0150 3.6239 3.5156 3.4073
3% 6 3.5-6 NH 0.16667 0.0200 4.2439 4.1356 4.0273]
4 4 4-4 NH 0.25000 0.0250 5.0109 4.8485 4.6861
4y, 4 4.5-4 NH 0.25000 0.0250 5.7609 5.5985 5.4361
5 4 5-4 NH 0.25000 0.0250 6.2600 6.0976 5.9352
6 4 6-4 NH 0.25000 0.0250 7.0250 6.8626 6.7002]

All dimensions are in inches.

Thread Limits of Sizé:imits of size for NH external threads are giveifable 2 Limits
of size for NH internal threads are giveTiable 3

TolerancesThe pitch-diameter tolerances for mating external and internal threads are
the same. Pitch-diameter tolerances include lead and half-angle deviations. Lead devi
tions consuming one-half of the pitch-diameter tolerance are 0.0032 inh for and
1¥-inch sizes; 0.0046 inch fo#ginch size; 0.0052 inch for 3-, and;3nch sizes; and
0.0072 inch for 4-,%-, 5-, and 6-inch sizes. Half-angle deviations consuming one-half of
the pitch-diameter tolerance are 1 degree, 42 minutés ford 1-inch sizes; 1 degree, 54
minutes for ¥-inch size; 2 degrees, 17 minutes f#ifich size; 2 degrees, 4 minutes for
3-and 3 inch size; and 1 degree, 55 minutes for 4, &-, and 6-inch sizes.

Tolerances for the external threads are

Major diameter tolerance =@pitch-diameter tolerance

Minor diameter tolerance = pitch-diameter toleran@s/9

The minimum minor diameter of the external thread is such as to result in a flat equal t
one-third of thep/8 basic flat, op/24, at the root when the pitch diameter of the external
thread is at its minimum value. The maximum minor diameter is basic, but may be such
results from the use of a worn or rounded threading tool. The maximum minor diameter i
shown inFig. 1and is the diameter upon which the minor diameter tolerance formula
shown above is based.

Tolerances for the internal threads are
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Minor diameter tolerance =x®pitch-diameter tolerance

The minimum minor diameter of the internal thread is such as to result in a bapi8 flat,
at the crest when the pitch diameter of the thread is at its minimum value.

Major diameter tolerance = pitch-diameter tolerand#9 2

Table 2. Limits of Size and Tolerances for NH External Threads (Nipples)
NFPA 1963, 1993 Edition

External Thread (Nipple)
Threads - - - n - "
Nom. per Inch Major Diameter Pitch Diameter Minor? Dia.
Size (tpi) Max. Min. Toler. Max. Min. Toler. Max.

% 8 1.3750 1.3528 0.0222 1.2938 1.282 0.011f1 1.212
1 8 1.3750 1.3528 0.0222 1.2934 1.282 0.0111 1.212f
1 9 1.9900 1.9678 0.0222 1.9178 1.906 0.012f1 1.845
2% 75 3.0686 3.0366 0.0320 2.982( 2.966/ 0.0160 2.895¢
3 6 3.6239 3.5879 0.0360 3.515¢ 3.497 0.0190 3.407.
3% 6 4.2439 4.2079 0.0360 4.1356 4.117 0.0180 4.027:
4 4 5.0109 4.9609 0.0500 4.8485 4.823! 0.0250 4.686:.
4%, 4 5.7609 5.7109 0.0500 5.5985 5.573! 0.0250 5.436:
5 4 6.2600 6.2100 0.0500 6.097¢ 6.072f 0.0250 5.935
6 4 7.0250 6.9750 0.0500 6.8626 6.837 0.0250 6.700;

aDimensions given for the maximum minor diameter of the nipple are figured to the intersection of
the worn tool arc with a center line through crest and root. The minimum minor diameter of the nipple
shall be that corresponding to a flat at the minor diameter of the minimum nipple egR4ktod may
be determined by subtractingtiQ (or 0.7939) from the minimum pitch diameter of the nipple.

All dimensions are in inches.

Table 3. Limits of Size and Tolerances for NH Internal Threads (Couplings)
NFPA 1963, 1993 Edition

Internal Thread (Coupling)
Threads n - - " - "
Nom. | per Inch Major Diameter Pitch Diameter Minor Dia.
Size (tpi) Min. Max. Toler. Min. Max. Toler. Min.

A 8 1.2246 1.2468 0.0222 1.3058 1.316! 0.0111 1.387
1 8 1.2246 1.2468 0.0222 1.3059§ 1.3169 0.0111 1.387
1% 9 1.8577 1.8799 0.0222 1.9298 1.940 0.0111 2.002
2%, 75 2.9104 2.9424 0.0320 2.997¢ 3.013f 0.0160 3.083
3 6 3.4223 3.4583 0.0360 3.5306 3.548 0.01§0 3.638
3% 6 4.0473 4.0833 0.0360 4.1556] 4.173f 0.0180 4.263
4 4 47111 4.7611 0.0500 4.8734 4.898 0.0290 5.035!
4%, 4 5.4611 55111 0.0500 5.6235] 5.648! 0.0250 5.785
5 4 5.9602 6.0102 0.0500 6.1224 6.147 0.0250 6.285
6 4 6.7252 6.7752 0.0500 6.887q 6.912 0.0250 7.050¢

aDimensions for the minimum major diameter of the coupling correspond to the bagi@jlearid
the profile at the major diameter produced by a worn tool must not fall below the basic outline. The
maximum major diameter of the coupling shall be that corresponding to a flat at the major diameter o
the maximum coupling equal pi24 and may be determined by adding/2Xor 0.7939) to the max-
imum pitch diameter of the coupling.

All dimensions are in inches.
Gages and Gagindzull information on gage dimensions and the use of gages in check-

ing the NH thread are given in NFPA Standard No. 1963, 1993 Edition, published by the
National Fire Protection Association, Batterymarch Park, Quincy, MA 02269.

The information and data taken from this standard are reproduced with the permission
the NFPA.
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Rolled Threads for Screw Shells of Electric Sockets and Lamp Bases—
American Standard

Male or Base Screw Shells Before Assembly

Threads Pitch Depth of | Radius Cre: Major Dia. Minor Diam.

Size per Inch P ThreadD RootR Max. A Min. a Max. B Min. b
Miniature 14 0.07143 0.020 0.0210 0.37p 0.370 0.3B5 0.330
Candelabra 10 0.10000 0.025 0.0312 0.465 0.460 0.415 0410
Intermediate 9 0.11111 0.027 0.0353 0.6%1 0.645 0.897 0.p91
Medium 7 0.14286 0.033 0.0470 1.03¢ 1.031 0.9y1 0.965
Mogul 4 0.25000 0.050 0.0906 1.55 1.545 1.4%5 1.445

Socket Screw Shells Before Assembly
Miniature 14 0.07143 0.020 0.0210 0.3885 0.3775 0.3435 0.8375
Candelabra 10 0.10000 0.025 0.0312 0.4f6 0.470 0.426 0420
Intermediate 9 0.11111 0.027 0.0353 0.664 0.6p7 0.410 0.p03
Medium 7 0.14286 0.033 0.0470 1.058 1.045 0.987 0.979
Mogul 4 0.25000 0.050 0.0906 1.57 1.565 1.417 1.465

All dimensions are in inches.

Base Screw Shell Gage TolerancHsreaded ring gages—"“Go,” Max. thread size to
minus 0.0003 inch; “Not Go,” Min. thread size to plus 0.0003 inch. Plain ring gages—
“Go,” Max. thread O.D. to minus 0.0002 inch; “Not Go,” Min. thread O.D. to plus 0.0002
inch.

Socket Screw Shell Gag&$ireaded plug gages—"Go,” Min. thread size to plus 0.0003
inch; “Not Go,” Max. thread size to minus 0.0003 inch. Plain plug gages—“Go,” Min.
minor dia. to plus 0.0002 inch; “Not Go,” Max. minor dia. to minus 0.0002 inch.

Check Gages for Base Screw Shell Gagbseaded plugs for checking threaded ring
gages—"Go,” Max. thread size to minus 0.0003 inch; “Not Go,” Min. thread size to plus
0.0003 inch.

Instrument Makers' System.—The standard screw system of the Royal Microscopical
Society of London, also known as the “Society Thread,” is employed for microscope
objectives and the nose pieces of the microscope into which these objectives screw. T
form of the thread is the standard Whitworth form. The number of threads per inch is 3€
The dimensions are as follows:

Male thread, outside dia., max. 0.7982 inch, min. 0.7952 inch;
root dia., max. 0.7626 inch, min. 0.7596 inch;

Female thread, root of thread, max. 0.7674 inch, min. 0.7644 inch;
top of thread, max. 0.8030 inch, min. 0.8000 inch.

Pipe Threads.—The types of threads used on pipe and pipe fittings may be classec
according to their intended use: 1) threads that when assembled with a sealer will produ
a pressure-tight joint; 2) threads that when assembled without a sealer will produce a pre
sure-tight joint; 3) threads that provide free- and loose-fitting mechanical joints without
pressure tightness; and 4) threads that produce rigid mechanical joints without presst
tightness.
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American National Standard pipe threads described in the following paragraphs provid
taper and straight pipe threads for use in various combinations and with certain modifice
tions to meet these specific needs.

American National Standard Taper Pipe Threads.—he basic dimensions of the
ANSI Standard taper pipe thread are givehdble 4

Form of ThreadThe angle between the sides of the thread is 60 degrees when measure
in an axial plane, and the line bisecting this angle is perpendicular to the axis. The depth
the truncated thread is based on factors entering into the manufacture of cutting tools a
the making of tight joints and is given by the formula3able 4or the data iTable 1
obtained from these formulas. Although the standard shows flat surfaces at the crest a
root of the thread, some rounding may occur in commercial practice, and it is intended th:
the pipe threads of product shall be acceptable when crest and root of the tools or chas
lie within the limits shown iTable 1

Table 1. Limits on Crest and Root of American National Standard External and
Internal Taper Pipe Threads, NPT ANSI/ASME B1.20.1-1983 (R1992)

g w A

ya Cres
N\ A
7\/7 v

inimum4 t/Maximum ~ Minimum
Truncation  Truncation»  Truncation \\
Maximum

\ Truncation \
\ Roo\ \\\\\
EXTERNAL THREAD

Threads Height of Pipe Thread, Truncation, Width of FlatF,

per Height of Shar h f Equivalent toTruncation
Inch V Thread H Max. Min. Min. Max. Min. Max.

27 0.03208 0.02963 0.02496 0.0012 0.0036 0.001: 0.0041
18 0.04811 0.04444 0.03833 0.0018 0.0049 0.002 0.0057
14 0.06186 0.05714 0.05071 0.0024 0.0056 0.002 0.006¢4
11% 0.07531 0.06957 0.06261 0.0029 0.0063| 0.003 0.007B

8 0.10825 0.10000 0.09275 0.0041 0.0078 0.004 0.009p

All dimensions are in inches and are given to four or five decimal places only to avoid errors in
computations, not to indicate required precision.

Pitch Diameter Formuladn the following formulas, which apply to the ANSI Standard
taper pipe thread, = pitch diameter at end of pifg; = pitch diameter at the large end of
the internal thread and at the gaging nof2ls; outside diameter of pipe; = length of
hand-tight or normal engagement between external and internal threadssic length
of effective external taper thread; gnd pitch = 1+ number of threads per inch.

E, = D—(0.05D +1.1)p
E, = Ey+0.0628.,

Thread LengthThe formula forl, determines the length of the effective thread and
includes approximately two usable threads that are slightly imperfect at the crest. The no
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mal length of engagement;, between external and internal taper threads, when assem-
bled by hand, is controlled by the use of the gages.

L, = (0.80D +6.8)p

Taper:The taper of the thread is 1 in 16, or 0.75 inch per foot, measured on the diamet
and along the axis. The corresponding half-angle of taper or angle with the center line is
degree, 47 minutes.

Tolerances on Thread Elements.-Fhe maximum allowable variation in the commer-
cial product (manufacturing tolerance) is one turn large or small from the basic dimen
sions.

The permissible variations in thread elements on steel products and all pipe made of ste
wrought iron, or brass, exclusive of butt-weld pipe, are givélralile 2 This table is a
guide for establishing the limits of the thread elements of taps, dies, and thread chase
These limits may be required on product threads.

On pipe fittings and valves (not steel) for steam pressures 300 pounds and below, it
intended that plug and ring gage practice as set up in the Standard ANSI B1.20.1 will prc
vide for a satisfactory check of accumulated variations of taper, lead, and angle in suc
product. Therefore, no tolerances on thread elements have been established for this cla

For service conditions where a more exact check is required, procedures have bel
developed by industry to supplement the regulation plug and ring method of gaging.

Table 2. Tolerances on Taper, Lead, and Angle of Pipe Threads of Steel Products and
All Pipe of Steel, Wrought Iron, or Brass ANSI B1.20-1983 (R1992)
(Exclusive of Butt-Weld Pipe)

Threads Taper on Pitch Line¥ in./ft) Lead in Length | 60 Degree Anglg
per of Effective of Threads,
Nominal Pipe Size Inch Max. Min. Threads Degrees

Yo % 27 +% EA +0.003 2%

%% 18 A EA +0.003 +2

% 1 + s +0.003 2
1,1, 1% 2 1% +% Y +0.003 1%
2% and larger 8 +% Y +0.003 +1%

aThe tolerance on lead shall:b8.003 in. per inch on any size threaded to an effective thread length
greater than 1in.

For tolerances on height of thread, $able 1
The limits specified in this table are intended to serve as a guide for establishing limits of the thread
elements of taps, dies, and thread chasers. These limits may be required on product threads.

Table 3. Internal Threads in Pipe Couplings, NPSC for Pressuretight Joints with
Lubricant or Sealer ANSI/ASME B1.20.1-1983 (R1992)

Nom.Pipe-| Thds.per|_Minor®Dia. Pitch Diametet Nom. | tpqs. peq Minor?Dia. Pitch Diametér
Size Inch Min. Min. Max. Pipe Inch Min. Min. Max.
% 27 0.340 0.3701 0.3771 1% 11 1.745 1.8142 1.8305
% 18 0.442 0.4864 0.4968 2 11, 2.219 2.2881 2.3044
% 18 0.577 0.6218 0.6322 2% 8 2.650 2.7504 2.7739
% 14 0.715 0.7717 0.7851 3 8 3.277 3.376 3.40Q02
% 14 0.925 0.9822 0.9956 3% 8 3.777 3.8771 3.9005
1 11% 1.161 1.2305 1.2468 4 8 4.275 4.375: 4.39
1, 11 1506 15752 | 15915 T

aAs the ANSI Standard Pipe Thread form is maintained, the major and minor diameters of the inter-
nal thread vary with the pitch diameter. All dimensions are given in inches.

bThe actual pitch diameter of the straight tapped hole will be slightly smaller than the value given
when gaged with a taper plug gage as called for in ANSI/ASME B1.20.1.
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Table 4. Basic Dimensions, American National Standard Taper Pipe Threads, NPT
ANSI/ASME B1.20.1-1983 (R1992)

| Imperfect Threads due
L, Vv to Chamfer on die
% L jz‘)’ Taper of Thread 1 in 16
Measured on Diameter
L, o L, N
AN N\
T
E;
For all dimensions, see corresponding reference letter in table.
Angle between sides of thread is 60 degrees. Taper of thread, on dianfgbechiper foot. Angle of taper with center line i
' L"I'ﬁe basic maximum thread heightof the truncated thread is Ositch of thread. The crest and root are truncated a minium
of 0.033x pitch for all pitches. For maximum depth of truncation, Egle 1
Handtight Effective
) ! _Pitch Engagemen} . Thread, bia
vominal | er | The® | T | Segmng| e | 8T [Trenaw | S
Pipe Pipe, Inch, Thread, of External 1 2
Size D n p Thread By In. In.

Y 0.3125 27 0.03704 0.27118 0.16( 0.28118 0.2611L 0.28750
% 0.405 27 0.03704 0.36351] 0.1615 0.37360 0.263p 0.38(000
i 0.540 18 0.05556 0.47739 0.2278 0.49163 0.401B 0.50250
% 0.675 18 0.05556 0.61201 0.24q 0.62701 0.407B 0.63%50
¥ 0.840 14 0.07143 0.75843 0.32¢ 0.77843 0.533f 0.79179
% 1.050 14 0.07143 0.96768] 0.339 0.98887 0.545f 1.00179

1 1.315 11, 0.08696 1.21363 0.400 1.2386: 0.6828 1.25680

1%, 1.660 11% 0.08696 1.55713 0.420 1.5833 0.70694 1.60180

1% 1.900 11, 0.08696 1.79609 0.420 1.8223: 0.723§ 1.84180

2 2.375 11% 0.08696 2.26902 0.436 2.2962 0.7564 2.31630
2% 2.875 8 0.12500 2.71953 0.682 2.762 1.137 2.79062
3 3.500 8 0.12500 3.34062| 0.76! 3.388! 1.200p 3.41862
3% 4.000 8 0.12500 3.83750 0.821 3.888: 1.250 3.91862
4 4.500 8 0.12500 4.33438| 0.844 4.38712 1.300p 4.418562
5 5.563 8 0.12500 5.39073 0.937 5.44920 1.406B 5.47462
6 6.625 8 0.12500 6.44609 0.95¢ 6.50597 1.512p 6.54062
8 8.625 8 0.12500 8.43359 1.063 8.50008 1.712p 8.54(62
10 10.750 8 0.12500 10.5453] 1.21 10.62094 1.9290 10.66562
12 12.750 8 0.12500 12.53281 1.36 12.61781 2.1250 12.66562
14 OD 14.000 8 0.12500 13.7750( 1.56! 13.87262 2.2500 13.91p62
16 OD 16.000 8 0.12500 15.7625 1.81 15.87515 2.4500 15.91p562
18 OD 18.000 8 0.12500 17.7500 2.00 17.87500 2.6500 17.91p62
200D 20.000 8 0.12500 19.7375( 2.12! 19.87081 2.8500 19.91p62
24 0D 24.000 8 0.12500 23.7125( 2.37! 23.86094 3.2500 23.91562

aAlso pitch diameter at gaging notch (handtight plane).
b Also length of thin ring gage and length from gaging notch to small end of plug gage.
¢Also length of plug gage.
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Table 5. Basic Dimensions, American National Standard Taper Pipe Threads, NPT
ANSI/ASME B1.20.1-1983 (R1992)

Wrench Makeup Lengtl . Overall Length Nominal Perfect . Basic Minor
Nominal for Internal Thread 'I\'/I'?rnelza Externalg External Threads Heolfghl Dia. at Small
Pipe Length¢ Dia., (3.47 thds.), Thread, Length, Dia., Thread, | End of Pipe’
Size Ly E; \ Ly Ls Es h Ko
Y 0.1111 0.26424 0.1285 0.3896 0.1870] 0.28287 0.02968 0.2416
% 0.1111 0.35656 0.1285 0.3924 0.1898 0.37537 0.02968 0.3339
A 0.1667 0.46697 0.1928 0.5946 0.2907| 0.49556 0.04441 0.4339
% 0.1667 0.60160 0.1928 0.6006 0.2967| 0.63056 0.04441 0.5676
% 0.2143 0.74504 0.2478 0.7815 0.3909 0.78286 0.05714 0.7013
% 0.2143 0.95429 0.2478 0.7935 0.4029| 0.99286 0.05714 0.9105
1 0.2609 1.19733 0.3017 0.9845 0.5089 1.24543 0.06957 1.1441
1, 0.2609 1.54083 0.3017 1.0085 0.5329] 1.59048 0.0695[7 1.48716
1% 0.2609 1.77978 0.3017 1.0252 0.5496 1.83048 0.0695[7 1.72¢5
2 0.2609 2.25272 0.3017 1.0582 0.5826 2.30543 0.06957 2.1995
2% 0.2500 | 2.70391 0.4337 15712 0.8875 2.77501 0.10000¢0 2.619p
3 0.2500 | 3.32500 0.4337 1.6337 0.9500 3.4000¢ 0.10000¢0 3.240p
3% 0.2500 3.82188 0.4337 1.6837 1.0000 3.90000 0.1000p0 3.7315
4 0.2500 4.31875 0.4337 1.7337 1.0500] 4.40000 0.100000 4.2344
5 0.2500 5.37511 0.4337 1.8400 1.1563 5.46300 0.100000 5.2907
6 0.2500 6.43047 0.4337 1.9462 1.2625 6.52500 0.100000 6.3461
8 0.2500 8.41797 0.4337 2.1462 1.4625 8.52500 0.100000 8.3336
10 0.2500 | 10.52969 0.4337 2.3587 1.675( 10.650¢0 0.100Q00 10.44p3
12 0.2500 | 12.51719 0.4337 2.5587 1.875( 12.650¢00 0.100Q00 12.43p8
14 0D 0.2500 | 13.75938 0.4337 2.6837 2.000 13.90000 0.100000 13.6750
16 OD 0.2500 | 15.74688 0.4337 2.8837 2.200¢ 15.90000 0.100000 15.6625
18 OD 0.2500 | 17.73438 0.4337 3.0837 2.400¢ 17.90000 0.100000 17.6500
20 OD 0.2500 | 19.72188 0.4337 3.2837 2.600¢ 19.90000 0.100000 19.6375
24 OD 0.2500 | 23.69688 0.4337 3.6837 3.000¢ 23.90000 0.100000 23.6125

aThe length_s from the end of the pipe determines the plane beyond which the thread form is imper-
fect at the crest. The next two threads are perfect at the root. At this plane the cone formed by the cres
of the thread intersects the cylinder forming the external surface of thégxe, — 2p.

bGiven as information for use in selecting tap drills.

¢Three threads for 2-inch size and smaller; two threads for larger sizes.

dMilitary Specification MIL—P—7105 gives the wrench makeup as three threads for 3 in. and
smaller. Theég; dimensions are then as follows: Sizgi2., 2.69609 and size 3in., 3.31719.

All dimensions given in inches.

Increase in diameter per thread is equal to 0.0625/

The basic dimensions of the ANSI Standard Taper Pipe Thread are given in inches to four or five
decimal places. While this implies a greater degree of precision than is ordinarily attained, these
dimensions are the basis of gage dimensions and are so expressed for the purpose of eliminatin
errors in computations.

Engagement Between External and Internal Taper Threads.-Fhe normal length of
engagement between external and internal taper threads when screwed together handti
is shown ag, in Table 4 This length is controlled by the construction and use of the pipe
thread gages. Itis recognized that in special applications, such as flanges for high-press
work, longer thread engagement is used, in which case the pitch di&@n@table 4 is
maintained and the pitch diamelgrat the end of the pipe is proportionately smaller.

Railing Joint Taper Pipe Threads, NPTR.—Railing joints require a rigid mechanical
thread joint with external and internal taper threads. The external thread is basically tt
same as the ANSI Standard Taper Pipe Thread, except thatsfresigh 2 inches are
shortened by 3 threads and sizBgt&ough 4 inches are shortened by 4 threads to permit
the use of the larger end of the pipe thread. A recess in the fitting covers the last scratch
imperfect threads on the pipe.
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Straight Pipe Threads in Pipe Couplings, NPSC.-Fhreads in pipe couplings made in
accordance with the ANSI B1.20.1 specifications are straight (parallel) threads of the sam
thread form as the ANSI Standard Taper Pipe Thread. They are used to form pressureti
joints when assembled with an ANSI Standard external taper pipe thread and made up w
lubricant or sealant. These joints are recommended for comparatively low pressures onl
Straight Pipe Threads for Mechanical Joints, NPSM, NPSL, and NPSH.-While
external and internal taper pipe threads are recommended for pipe joints in practicall
every service, there are mechanical joints where straight pipe threads are used to adv
tage. Three types covered by ANSI B1.20.1 are:

Free-Fitting Mechanical Joints for Fixtures (External and Internal), NPSk&ndard
iron, steel, and brass pipe are often used for special applications where there are no inter
pressures. Where straight thread joints are required for mechanical assemblies, strai
pipe threads are often found more suitable or convenient. Dimensions of these threads :
giveninTable 6

Table 6. American National Standard Straight Pipe Threads for Mechanical Joints,
NPSM and NPSL ANSI/ASME B1.20.1-1983 (R1992)

Nominal | Threads External Thread Internal Thread
Pipe per [ Major Diameter | Pitch Diameter Minor Diameter] Pitch Diameter
Size Inch Allowancel Max.2 | Min. | Max. | Min. Min.2 | Max. | Min . | Max.
Free-fitting Mechanical Joints for Fixtures—NPSM
% 27 0.0011 0.39f 0.390 0.3725 0.3689 0.358 0[364 0.3736 0[3783
% 18 0.0013 0.52 0.517 0.4903 0.4859 0.468 0/481 0.4916 0[4974
% 18 0.0014 0.662 0.643 0.62%6 0.6411 0.6p3 0le12 0.6270 0]6329
% 14 0.0015 0.82 0.813 0.77¢9 0.7718 0.747 0{759 0.y784 0]7851
% 14 0.0016 1.034  1.024 0.9873 0.9820 0.958 0{970 0.9889 0/9958
1 1% 0.0017 1.29 1.2 1.2369 1.2311 1.201 1p11 1.2386 1462
1, 11% 0.0018 1.63: 1.62f 1.5816 1.57p6 1.546 155 1.5834 15912
1 11 0.0018 1.87 1.8 1.8205 1.8144 1.785 1794 1.8223 18302
2 11 0.0019 2.35. 2.3 2.2944 2.2882 2.2%9 2068 2.2963 23044
2% 8 0.0022 2.84 2.826 2.7600 2.7926 2.708 2[727 2.1622 217720
3 8 0.0023 3.46f 3.492 3.3862 3.3786 3.384 3|353 3.p885 3[3984
3% 8 0.0023 3.96 3.953 3.8865 3.8788 3.885 3[848 3.$888 3{8988
4 8 0.0023 4.46| 4.441 4.3848 4.37971 4.383 41346 4.8871 4{3971
5 8 0.0024 5.52 5.513 5.4469 5.4390 5.3p5 5408 5.4493 54598
6 8 0.0024 6.58p 6.570 6.5086 6.4955 6.4p2 6464 6.5060 65165
Loose-fitting Mechanical Joints for Locknut Connections—NPSL
% 27 0409 .. 0.3840] 0.380 0367 .. 0.3863 0.3898
A 18 0.541) ... 0.5038 0.498 0479 ... 0.5073 0.512!
% 18 0.678 ... 0.6409 0.635 0.607 ... 0.6444 0.649¢
A 14 0.844 ... 0.7963 0.789 0.753 ... 0.8008 0.807
% 14 1.054 ... 1.0067 1.000 0.964 ... 1.0112 1.017
1 11 1.31g ... 1.2604 1.252: 1.208 ... 1.2658 1.273
1%, 11 1.663 ... 1.605] 1.597 1553 .. 1.6106 1.618
1% 1% 1.902) ... 1.8441 1.836 17927 .. 1.8495 1.857
2 11% 2.376 ... 2.3180| 2.309 2264 ... 2.3234 2.331
2 8 2.877 ... 2.7934 2.781 271 ... 2.8012 2.812
3 8 3.503 ... 3.4198 3.408 3.344 ... 3.4276 3.439;
3Y 8 4.003 ... 3.920 3.908: 3.843 ... 3.9279 3.939
4 8 4502 ... 4.4184 4.406 4343 ... 4.4262 4.437!
5 8 5.564] ... 5.4805 5.468: 5.40§ ... 5.4884 5.500.
6 8 6.620 ... 6.5372 6.525! 6.462 ... 6.5450] 6.556
8 8 8.615 ... 8.5313 8.5191 8.45¢ ... 8.5391] 8.550:
10 8 10.739 ... 10.6522 10.640 10.577 ... 10.6600Q 10.671f
12 8 12.732 ... 12.6491) 12.6374 12.574 ... 12.6569 12.668
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aAs the ANSI Standard Straight Pipe Thread form of thread is maintained, the major and the minor
diameters of the internal thread and the minor diameter of the external thread vary with the pitch diam
eter. The major diameter of the external thread is usually determined by the diameter of the pipe
These theoretical diameters result from adding the depth of the truncated thread (0xG§@025e
maximum pitch diameters, and it should be understood that commercial pipe will not always have
these maximum major diameters.

bThis is the same as the pitch diameter at end of internal tiEgResic.(SeeTable 4)

All dimensions are given in inches.

Notes for Free-fitting Fixture Threads:

The minor diameters of external threads and major diameters of internal threads are those as pro
duced by commercial straight pipe dies and commercial ground straight pipe taps.

The major diameter of the external thread has been calculated on the basis of a truncation of
0.1082%, and the minor diameter of the internal thread has been calculated on the basis of a trunca-
tion of 0.2165p, to provide no interference at crest and root when product is gaged with gages made
in accordance with the Standard.

Notes for Loose-fitting Locknut Threads:

The locknut thread is established on the basis of retaining the greatest possible amount of meta
thickness between the bottom of the thread and the inside of the pipe.

In order that a locknut may fit loosely on the externally threaded part, an allowance equal to the
“increase in pitch diameter per turn” is provided, with a tolerancéafiths for both external and
internal threads.

Loose-Fitting Mechanical Joints With Locknuts (External and Internal), NPBLs
thread is designed to produce a pipe thread having the largest diameter that it is possible
cut on standard pipe. The dimensions of these threads are giasiéré It will be noted
that the maximum major diameter of the external thread is slightly greater than the nomin:
outside diameter of the pipe. The normal manufacturer's variation in pipe diameter prc
vides for this increase.

Loose-Fitting Mechanical Joints for Hose Couplings (External and Internal), NPSH:

Hose coupling joints are ordinarily made with straight internal and external loose-fitting
threads. There are several standards of hose threads having various diameters and pitc
One of these is based on the ANSI Standard pipe thread and by the use of this thread ser
it is possible to join small hose couplings in si%ge 4 inches, inclusive, to ends of stan-
dard pipe having ANSI Standard External Pipe Threads, using a gasket to seal the join
For the hose coupling thread dimensions ABS| Standard Hose Coupling Screw
Threadsstarting on page 1842.

Thread Designation and Notation.—American National Standard Pipe Threads are des-
ignated by specifying in sequence the nominal size, number of threads per inch, and t
symbols for the thread series and form,%gs:18 NPT. The symbol designations are as
follows: NPT—American National Standard Taper Pipe Thread; NPTR—American
National Standard Taper Pipe Thread for Railing Joints; NPSC—American National Stan
dard Straight Pipe Thread for Couplings; NPSM—American National Standard Straigh
Pipe Thread for Free-fitting Mechanical Joints; NPSL—American National Standard
Straight Pipe Thread for Loose-fitting Mechanical Joints with Locknuts; and NPSH—
American National Standard Straight Pipe Thread for Hose Couplings.
American National Standard Dryseal Pipe Threads for Pressure-Tight Joints.—
Dryseal pipe threads are based on the USA (American) pipe thread; however, they diffe
in that they are designed to seal pressure-tight joints without the necessity of using seali
compounds. To accomplish this, some modification of thread form and greater accuracy |
manufacture is required. The roots of both the external and internal threads are truncat
slightly more than the crests, i.e., roots have wider flats than crests so that metal-to-met
contact occurs at the crests and roots coincident with, or prior to, flank contact. Thus, asttl
threads are assembled by wrenching, the roots of the threads crush the sharper crests o
mating threads. This sealing action at both major and minor diameters tends to prevent s
ral leakage and makes the joints pressure-tight without the necessity of using sealing col
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pounds, provided that the threads are in accordance with standard specifications al
tolerances and are not damaged by galling in assembly. The control of crest and root tru
cation is simplified by the use of properly designed threading tools. Also, itis desirable tha
both external and internal threads have full thread height for the length of hand engag
ment. Where not functionally objectionable, the use of a compatible lubricant or sealant |
permissible to minimize the possibility of galling. This is desirable in assembling Dryseal
pipe threads in refrigeration and other systems to effect a pressure-tight seal. The crest
root of Dryseal pipe threads may be slightly rounded, but are acceptable if they lie withir
the truncation limits given ifable 7

Table 7. American National Standard Dryseal Pipe Threads—Limits on
Crest and Root Truncation ANSI B1.20.3-1976 (R1998)

Truncation
Height of Minimum Maximum
Th;,i?ds ST"};ar;lDa(\j/ At Crest At Root At Crest At Root

Inch (H) Formula Inch Formula Inch Formul; Inch Formula Inch|
27 0.03208 0.047 0.0017 0.098 0.0035 0.098 0.0035 0.14p 0.0052
18 0.04811 0.047 0.0026 0.078 0.0043 0.07p 0.0043 0.10p 0.0061
14 0.06180 0.036 0.0026 0.06p 0.0043 0.06p 0.0043 0.08p 0.0061
1%, 0.07531 0.04p 0.0035 0.06p 0.0052 0.06p 0.0052 0.09p 0.0078
8 0.10825 0.042 0.0052 0.05p 0.0069 0.05p 0.0069 0.076 0.0095

All dimensions are given in inches. In the formufas pitch.

Types of Dryseal Pipe Thread.—American National Standard ANSI B1.20.3-1976
(R1998) covers four types of standard Dryseal pipe threads:

NPTF—Dryseal USA (American) Standard Taper Pipe Thread

PTF-SAE SHORT—Dryseal SAE Short Taper Pipe Thread

NPSF—Dryseal USA (American) Standard Fuel Internal Straight Pipe Thread

NPSI|—Dryseal USA (American) Standard Intermediate Internal Straight Pipe Thread

NPTF ThreadsThis type applies to both external and internal threads and is suitable for
pipe joints in practically every type of service. Of all Dryseal pipe threads, NPTF externa
and internal threads mated are generally conceded to be superior for strength and seal si
they have the longest length of thread and, theoretically, interference (sealing) occurs
every engaged thread root and crest. Use of tapered internal threads, such as NPTF or P
SAE SHORT in hard or brittle materials having thin sections will minimize the possibility
of fracture.

There are two classes of NTPF threads. Class 1 threads are made to interfere (seal) at |
and crest when mated, but inspection of crest and root truncation is not required. Cons
quently, Class 1 threads are intended for applications where close control of tooling i
required for conformance of truncation or where sealing is accomplished by means of
sealant applied to the threads.

Class 2 threads are theoretically identical to those made to Class 1, however, inspecti
of root and crest truncation is required. Consequently, where a sealant is not used, there
more assurance of a pressure-tight seal for Class 2 threads than for Class 1 threads.

PTF-SAE SHORT Threadsxternal threads of this type conform in all respects with
NPTF threads except that the thread length has been shortened by eliminating one thre
from the small (entering) end. These threads are designed for applications where clearar
is not sufficient for the full length of the NPTF threads or for economy of material where
the full thread length is not necessary.

Internal threads of this type conform in all respects with NPTF threads, except that th
thread length has been shortened by eliminating one thread from the large (entry) en
These threads are designed for thin materials where thickness is not sufficient for the ft
thread length of the NPTF threads or for economy in tapping where the full thread length |
not necessary.
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Pressure-tight joints without the use of lubricant or sealer can best be ensured where m
ing components are both threaded with NPTF threads. This should be considered befc
specifying PTF-SAE SHORT external or internal threads.

NPSF ThreadsThreads of this type are straight (cylindrical) instead of tapered and are
internal only. They are more economical to produce than tapered internal threads, b
when assembled do not offer as strong a guarantee of sealing since root and crest inter
ence will not occur for all threads. NPSF threads are generally used with soft or ductil
materials which will tend to adjust at assembly to the taper of external threads, but may
used in hard or brittle materials where the section is thick.

NPSI ThreadsThreads of this type are straight (cylindrical) instead of tapered, are inter-
nal only and are slightly larger in diameter than NPSF threads but have the same tolerar
and thread length. They are more economical to produce than tapered threads and may
used in hard or brittle materials where the section is thick or where there is little expansio
at assembly with external taper threads. As with NPSF threads, NPSI threads when asse
bled do not offer as strong a guarantee of sealing as do tapered internal threads.

For more complete specifications for production and acceptance of Dryseal pipe thread
see ANSI B1.20.3 (Inch) and ANSI B1.20.4 (Metric Translation), and for gaging and
inspection, see ANSI BI.20.5 (Inch) and ANSI B1.20.6M (Metric Translation).

Designation of Dryseal Pipe Threadshe standard Dryseal pipe threads are designated
by specifying in sequence nominal size, thread series symbol, and class:

Examplesk27 NPTF-1

%27 PTF-SAE SHORT

%18 NPTF-1 AFTER PLATING

Table 8. Recommended Limitation of Assembly among the Various Types of Dryseal

Threads
External Dryseal Thread For Assembly with Internal Dryseal Thread
Type Description Type Description
1 NPTF (tapered), 1 NPTF (tapered), int thd
ext thd 2ab | PTF-SAE SHORT (tapered), int thd

3ac | NPSF (straight), int thd
4acd | NPSI (straight), int thd
2ae | PTF-SAE SHORT (tapered) 4 NPSI (straight), int thd
ext thd 1 NPTF (tapered), int thd

aPressure-tight joints without the use of a sealant can best be ensured where both components ¢
threaded with NPTF (full length threads), since theoretically interference (sealing) occurs at all
threads, but there are two less threads engaged than for NPTF assemblies. When straight interr
threads are used, there is interference only at one thread depending on ductility of materials.

bPTF-SAE SHORT internal threads are primarily intended for assembly with type 1-NPTF external
threads. They are not designed for, and at extreme tolerance limits may not assemble with, type 2-PT!
SAE SHORT external threads.

¢There is no external straight Dryseal thread.

dNPSlI internal threads are primarily intended for assembly with type 2-PTF-SAE SHORT external
threads but will also assemble with full length type 1 NPTF external threads.

ePTF-SAE SHORT external threads are primarily intended for assembly with type 4-NPSl internal
threads but can also be used with type 1-NPTF internal threads. They are not designed for, and
extreme tolerance limits may not assemble with, type 2-PTF-SAE SHORT internal threads or type 3-
NPSF internal threads.

An assembly with straight internal pipe threads and taper external pipe threads is frequently more
advantageous than an all taper thread assembly, particularly in automotive and other allied industries
where economy and rapid production are major considerations. Dryseal threads are not used in
assemblies in which both components have straight pipe threads.
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Table 9. Suggested Tap Drill Sizes for Internal Dryseal Pipe Threads

L HAND

\

)
'

ENGAGEMENT

DIAM DIAM
Taper Pipe Thread Straight Pipe Thread
Minor
Diameter Minor
At Distance Drill Sizé Diameter
Probabl
Drill Ly Li+Ly
Oversize| From From
Cut Large Large Without With

Size (Mean) End End Reamer Reamer NPSF NPSI | Drill Size*
Y27 0.0038 0.2443 0.2374 “C"(0.242 “A” (0.234; 0.248p 0.2505 “D” (0.244
Y27 0.0044 0.3367 0.3298  “Q"(0.332) 2,(0.328) | 0.3406 0.3429| “R"(0.339)
Y18 0.0047 0.4362 0.4258  7,,(0.438) %%£0.422) | 0.4422 0.4457| 74(0.438)
%-18 0.0049 | 0.5708| 05604 9(0.562) | %¢(0.563) | 0.5776 | 0.5811| %,(0.578)
¥-14 0.0051 0.7034 0.6901  43,(0.703) %6(0.688) | 0.7133 0.7180| 4%,(0.703)
314 0.0060 | 0.9127| 0.8993 %,,(0.906) | %,(0.891) | 0.9238 | 0.9283| 5,(0.922)
1-1%, 0.0080 1.1470 1.1307| 1%,(1.141) | 2(1.125) 1.1600 1.1655| 1%;,(1.156)
1-11% | 0.0100 | 1.4905| 1.4742| 13, (1.484) | 1%, (1.469)

1113 | 00120 | 1.7295| 1.7132] 1%, (1.719) | %,(1.703)

2-1%, 0.0160 2.2024 2.1861 2%,(2.188) | 2, (2.172)

2%-8 0.0180 | 2.6234| 2.6000| 23%,(2.609) | %,(2.578)

3-8 0.0200 3.2445 3.221% 3%%,(3.234) | 3%,(3.203)

i

aSome drill sizes listed may not be standard drills.

All dimensions are given in inches.

Special Dryseal Threads.—Where design limitations, economy of material, permanent
installation, or other limiting conditions prevail, consideration may be given to using a spe

cial Dryseal thread series.
Dryseal Special Short Taper Pipe Thread, PTF-SPL SHOREads of this series con-

formin all respects to PTF-SAE SHORT threads except that the full thread length has be
further shortened by eliminating one thread at the small end of internal threads or or

thread at the large end of external threads.

Dryseal Special Extra Short Taper Pipe Thread, PTF-SPL EXTRA SHDRFads of
this series conform in all respects to PTF-SAE SHORT threads except that the full threa
length has been further shortened by eliminating two threads at the small end of intern

threads or two threads at the large end of external threads.

Limitations of Assemblyf:able 10applies where Dryseal Special Short or Extra Short

Taper Pipe Threads are to be assembled as special combinations.
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Table 10. Assembly Limitations for Special Combinations of Dryseal Threads

BRITISH PIPE THREADS

May Assemble with

May Assemble with

PTF SPL SHORT
EXTERNAL

PTF SPL EXTRA

PTF-SAE SHORT
INTERNAL

NPSF INTERNAL

PTF SPL SHORT
INTERNAL

NPTF or NPSI
INTERNAL

SHORT EXTERNAL
PTF SPL EXTRA
SHORT INTERNAL

PTF SPL SHORT

INTERNAL PTF-SAE SHORT

EXTERNAL NPTF EXTERNAL

PTF SPL EXTRA
SHORT INTERNAL
aOnly when the external thread or the internal thread or both are held closer than the standard tole
ance, the external thread toward the minimum and the internal thread toward the maximum pitct
diameter to provide a minimum of one turn hand engagement. At extreme tolerance limits the short
ened full-thread lengths reduce hand engagement and the threads may not start to assemble.
bOnly when the internal thread or the external thread or both are held closer than the standard tole
ance, the internal thread toward the minimum and the external thread toward the maximum pitct
diameter to provide a minimum of two turns for wrench make-up and sealing. At extreme tolerance
limits the shortened full-thread lengths reduce wrench make-up and the threads may not seal.

Dryseal Fine Taper Thread Series, F-PTHe need for finer pitches for nominal pipe
sizes has brought into use applications of 27 threads per iffghatmi¥-inch pipe sizes.
There may be other needs that require finer pitches for larger pipe sizes. Itis recommend
that the existing threads per inch be applied to the next larger pipe size for a fine threz
series, thus¥-27,%27,%-18,9,-18, 1-14, ¥-14, B/-14, and 2-14. This series applies to
external and internal threads of full length and is suitable for applications where thread
finer than NPTF are required.

Dryseal Special Diameter-Pitch Combination Series, SPL-ERer applications of
diameter-pitch combinations have come into use where taper pipe threads are applied
nominal size thin wall tubing. These combinations ¥87,%-27,%,-27,%27, and 1-27.

This series applies to external and internal threads of full length and is applicable to thi
wall nominal diameter outside tubing.

Designation of Special Dryseal Pipe Threaflse designations used for these special
dryseal pipe threads are as follows:

%27 PTF-SPL SHORT

}/8—27 PTF-SPL EXTRA SHORT

%27 SPL PTF, OD 0.500

Note that in the last designation the OD of tubing is given.

British Standard Pipe Threads for Non-pressure-tight Joints.—T he threads in BS
2779:1973—"Specifications for Pipe Threads where Pressure-tight Joints are not Made c
the Threads” are Whitworth form parallel fastening threads that are generally used for fa:
tening purposes such as the mechanical assembly of component parts of fittings, cocks ¢
valves. They are not suitable where pressure-tight joints are made on the threads.

The crests of the basic Whitworth thread form may be truncated to certain limits of siz
given in the Standard except on internal threads, when they are likely to be assembled w
external threads conforming to the requirements of BS 21 “British Standard Pipe Threac
for Pressure-tight Joints” (see pad57).
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For external threads two classes of tolerance are provided and for internal, one class. T
two classes of tolerance for external threads are Class A and Class B. For economy of me
ufacture the class B fit should be chosen whenever possible. The class A is reserved f
those applications where the closer tolerance is essential. Class A tolerance is an entir
negative value, equivalent to the internal thread tolerance. Class B tolerance is an entire
negative value twice that of class A tolerance. Tables showing limits and dimensions a
given in the Standard.

The thread series specified in this Standard shall be designated by the letter “G”. A typ
cal reference on a drawing might be/;Gfor internal thread; “® A", for external thread,
class A: and “G4 B”, for external thread, class B. Where no class reference is stated for
external threads, that of class B will be assumed. The designation of truncated threads st
have the addition of the letter “T” to the designation, i.€;, TGand G/, BT.

British Standard Pipe Threads (Non-pressure-tight Joints)—Metric and Inch
Basic SizesBS 2779:1973

Q Q
a5 a5
-E 2| Threads Depth of| Major Pitch Minor -E 2 | Threads Depth of| Major Pitch Minor
Sg per Inctt | Thread | Diameter| Diameter| Diamete! S g per Inctt | Thread | Diameter| Diameter| Diameter
5 o
¥ 28 { 0.581 7.723 7.142 6.561 13, { 1.479 | 53.746 52.267 50.788
6 0.0229 0.3041 0.2812] 0.258p( 4 11 0.05§2  2.1160 2.0578 1.9996
% 28 { 0.581 9.728 9.147 8.566 2 1 1.479 | 59.614 58.135 56.656
0.0229 0.3830 0.3601] 0.337p| 0.05§2  2.3470 2.2888 2.2306
% 19 0.856 13.157 12.301 11.445 %, 1 { 1.479 | 65.710 64.231 62.752
0.0337 0.5180 0.4843| 0.450 0.0542 2.5870 2.5288 2.4706
3 19 ¢ 0.856 16.662 15.806 14.950 P 1 g 1.479 75.184 73.705 72.226
8 0.0337 0.6560 0.6223] 0.588 2 0.0542 2.96(00 2.9018 2.8436
% 1 1.162 20.955 19.793 18.631 2, 1 g 1.479 | 81.534 80.055 78.576
0.0457 0.8250 0.7793] 0.733p[ 0.05§2  3.21¢0 3.15(18 3.0936
5 14 1.162 22911 21.749 20.587| 3 1 1.479 87.884 86.405 84.926
° 0.0457 0.9020 0.8563| 0.810p 0.05§2  3.4600 3.4018 3.3436
3, 14 1.162 26.441 25.279 24.117| 3y, 1 g 1.479 |100.330 98.851 97.372
N 0.0457 1.0410 0.9953] 0.949p( ~2 0.05§2  3.9500 3.8918 3.8336
7 14 { 1.162 30.201 29.039 27.877| 4 1 1.479 |113.030 | 111.551| 110.072]
8 0.0457 1.1890 1.1433 1.097p) 0.05§2  4.4500 4.3918 4.3336
1 1 1.479 33.249 31.770 30.291 W, 1 { 1.479 |125.730 | 124.251 | 122.772
0.0582 1.3090 1.2508 1.192] 2 0.0542 4.9500 4.89018 4.8836
1w 1 1.479 37.897 36.418 34.939 5 1 g 1.479 |138.430 | 136.951 | 135.472]
8 0.0582 1.4920 1.4338 1.375 0.0542 5.45(00 5.39018 5.3336
1, 1 g 1.479 41.910 40.431 38.952] 5, 1 1.479 |151.130 | 149.651 | 148.172]
4 0.0582 1.6500 1.5918 1.533p 2 0.05§2  5.9500 5.8918 5.8336
1% 1 g 1.479 47.803 46.324 44,845 6 1 1.479 |163.830 | 162.351  160.872]
2 0.0582 1.8820 1.8238 1.765p| 0.05§2  6.4500 6.39118 6.3336

aThe thread pitches in millimeters are as follows: 0.907 for 28 threads per inch. 1.337 for 19 thread:
perinch, 1.814 for 14 threads per inch, and 2.309 for 11 threads per inch.

Each basic metric dimension is given in roman figures (nominal sizes excepted) and each basic
inch dimension is shown in italics directly beneath it.

British Standard Pipe Threads for Pressure-tight Joints.— he threads in BS
21:1973—"Specification for Pipe Threads where Pressure-tight Joints are Made on th
Threads” are based on the Whitworth thread form and are specifiedasitit)g threads
These relate to pipe threads for joints made pressure-tight by the mating of the threac
they include taper external threads for assembly with either taper or parallel interne
threads (parallel external pipe threads are not suitable as jointing threads); lamdg2)
screw threadd hese relate to parallel external pipe threads used for longscrews (connec
tors) specified in BS 1387 where a pressure-tight joint is achieved by the compression of
soft material onto the surface of the external thread by tightening a back nut against
socket.
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British Standard External and Internal Pipe Threads (Pressure-tight Joints)—
Metric and Inch Dimensions and Limits of SizeBS 21:1973

l\flLlJme;erI Tol.,+ | Tol.,+
S of Useful| and-, and-,
oo et Gage Plane. Lengin | Thveads|Gage | on Dian-
Threads Toler- | for Basic| Face of | Parallel
Nominal per ance Gage | Int. Taper| Int.
Size Inch? Major Pitch Minor Basic| (+ and-) | Lengtt? | Thread | Threads
7.723 7.142 6.561 | (4% 1) ™% 1) 0.071
% 8 { 0.304 0.2812 0.2583| 4.0 0.9 6.5 11 0.0028
y 9.728 | 9147 | 8566 | (4% (1) (™ (1% | o071
® 28 { 0.383 0.3601 0.3372| 4.0 0.9 6.5 11 0.0028
y 13.157 12.301 11.445 | (4%) 1) ) 1) 0.104
¢ 1 { 0.518 0.4843 0.4506| 6.0 13 9.7 1.7 0.0041
5 16.662 15.806 14.950 | (4%) 1) (%) 1) 0.104
® 1 { 0.656 0.6223 0.5886 6.4 13 10.1 1.7 0.004
20.955 19.793 18.631 | (4%) 1) ) 1% 0.142
% 1 { 0.825 0.7793 0.7336| 8.2 1.8 13.2 2.3 0.0056
, 26.441 | 25.279 | 24.117 | (5%) @) 8) (1% 0.142
¢ 1 { 1.041 0.9953 0.9496| 9.5 18 145 2.3 0.0056
33.249 31.770 30.291 | (4%) 1) ) 1) 0.180
' " { 1.309 1.2508 1.1926 10.4 23 16.8 2.9 0.0071
y 41.910 40.431 38.952 | (5%) 1) 8% 1) 0.180
P 1 { 1.650 1.5918 1.5336| 12.7 23 19.1 2.9 0.0071
47.803 46.324 44.845 | (5%) 1) 8% 1) 0.180
v 1 { 1.882 1.8238 1.7656| 12.7 23 19.1 2.9 0.0071
59.614 | 58.135 | 56.656 | (6%) (1) (10%) (1% | 0.180
2 H { 2.347 2.2888 2.2306| 15.9 2.3 234 2.9 0.0071
y 75.184 | 73705 | 72226 | (7% | () | (1% | (1 | 0216
% 1 { 2.960 2.9018 2.8436| 17.5 35 26.7 35 0.0085
87.884 | 86.405 | 84.926 | (8 | (1) | (12%y | (1 | 0.216
3 1 { 3.460 34018 | 3.3436| 20.6 35 20.8 35 | 0.0085
[113.030 |111.551 | 110.072 (11) (1h) (15%) (%) 0.216
4 1 { 4.450 4.3918 4.3336| 25.4 35 35.8 35 0.0085
[138.430 [136.951 | 135.472| (12%) | (1% 1% (1% | 0216
° 1 { 5.450 5.3918 5.3336| 28.6 35 40.1 35 0.0085
[163.830 |162.351 | 160.872| (1% | (1% am @y | o216
6 " { 6.450 6.3918 6.3336| 28.6 35 40.1 3.5 0.0085

aln the Standard BS 21:1973 the thread pitches in millimeters are as follows: 0.907 for 28 threads pe
inch, 1.337 for 19 threads per inch, 1.814 for 14 threads per inch, and 2.309 for 11 threads per inch.

bThis is the minimum number of useful threads on the pipe for the basic gage length; for the maxi-
mum and minimum gage lengths, the minimum numbers of useful threads are, respectively, greate
and less by the amount of tolerance in the column to the left. The design of internally threaded part
shall make allowance for receiving pipe ends of up to the minimum number of useful threads corre-

sponding to the maximum gage length; the minimum number of usfiial threads shall be no less

than 80 per cent of the minimum number of useful external threads for the minimum gage length.

Each basic metric dimension is given in roman figures (nominal sizes excepted) and each basic
inch dimension is shown in italics directly beneath it. Figures in () are numbers of turns of thread

with metric linear equivalents given beneath. Taper of taper thread is 1 in 16 on diameter.
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MEASURING SCREW THREADS

Measuring Screw Threads

Pitch and Lead of Screw Threads.—Fhepitchof a screw thread is the distance from the
center of one thread to the center of the next thread. This applies no matter whether t
screw has a single, double, triple or quadruple threade®@hef a screw thread is the dis-
tance the nut will move forward on the screw if it is turned around one full revolution. In a
single-threaded screw, the pitch and lead are equal, because the nut would move forwe
the distance from one thread to the next, if turned around once. In a double-threaded scre
the nut will move forward two threads, or twice the pitch, so that in this case the lead equa
twice the pitch. In a triple-threaded screw, the lead equals three times the pitch, and so o

The word “pitch” is often, although improperly, used to denotetineber of threads per
inch. Screws are spoken of as having a 12-pitch thread, when twelve threads per inch
what is really meant. The number of threads per inch equals 1 divided by the pitch, c
expressed as a formula:

Number of threads per inch L
pitch
The pitch of a screw equals 1 divided by the number of threads per inch, or:
1

Pitch = number of threads per inch

If the number of threads per inch equals 16, the pitip # the pitch equals 0.05, the
number of threads equals D.05 = 20. If the pitch #&inch, the number of threads per inch
equals ¥ %=2%,

Confusion is often caused by the indefinite designation of multiple-thread screws (dou
ble, triple, quadruple, etc.). The expression, “four threads per inch, triple,” for example, i
not to be recommended. It means that the screw is cut with four triple threads or wit
twelve threads per inch, if the threads are counted by placing a scale alongside the scre
To cut this screw, the lathe would be geared to cut four threads per inch, but they would t
cut only to the depth required for twelve threads per inch. The best expression, when a mu
tiple-thread is to be cut, is to say, in this ca¥gnth lead¥,,inch pitch, triple thread.” For
single-threaded screws, only the number of threads per inch and the form of the thread ¢
specified. The word “single” is not required.

Measuring Screw Thread Pitch Diameters by Thread Micrometers.-As the pitch or
angle diameter of a tap or screw is the most important dimension, it is necessary that tl
pitch diameter of screw threads be measured, in addition to the outside diameter.

Fig. 1.
One method of measuring in the angle of a thread is by means of a special screw thre
micrometer, as shown in the accompanying engrafiigg,L The fixed anvil is W-shaped
to engage two thread flanks, and the movable pointis cone-shaped so as to enable it to et
the space between two threads, and at the same time be at liberty to revolve. The cont
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points are on the sides of the thread, as they necessarily must be in order that the pitch die
eter may be determined. The cone-shaped point of the measuring screw is slightly round
so that it will not bear in the bottom of the thread. There is also sufficient clearance at th
bottom of the V-shaped anvil to prevent it from bearing on the top of the thread. The mov
able point is adapted to measuring all pitches, but the fixed anvil is limited in its capacity
To cover the whole range of pitches, from the finest to the coarsest, a number of fixe
anvils are therefore required.

To find the theoretical pitch diameter, which is measured by the micrometer, subtrac
twice the addendum of the thread from the standard outside diameter. The addendum of
thread for the American and other standard threads is given in the section on screw thre
systems.

Ball-point Micrometers.—If standard plug gages are available, it is not necessary to
actually measure the pitch diameter, but merely to compare it with the standard gage.
this case, a ball-point micrometer, as showFign 2 may be employed. Two types of ball-
point micrometers are ordinarily used. One is simply a regular plain micrometer with bal
points made to slip over both measuring points. (SE&B2) This makes a kind of com-
bination plain and ball-point micrometer, the ball points being easily removed. These bal
points, however, do not fit solidly on their seats, even if they are split, as shown, and are a
to cause errors in measurements. The best, and, in the long run, the cheapest, method |
use a regular micrometer arranged as shown Brill and ream out both the end of the
measuring screw or spindle and the anvil, and fit ball points into them as shown. Car
should be taken to have the ball point in the spindle run true. The holes in the micromet
spindle and anvil and the shanks on the points are tapered to insure a good fit. e hole
spindleG is provided so that the ball point can be easily driven out when a change for :
larger or smaller size of ball point is required.

Fig. 2.

A ball-point micrometer may be used for comparingatingleof a screw thread, with that
of a gage. This can be done by using different sizes of ball points, comparing the size fir
near the root of the thread, then (using a larger ball point) at about the point of the pitc
diameter, and finally near the top of the thread (using in the latter case, of course, a mu
larger ball point). If the gage and thread measurements are the same at each of the th
points referred to, this indicates that the thread angle is correct.

Measuring Screw Threads by Three-wire Method.—Fheeffectiveor pitch diameteof

a screw thread may be measured very accurately by means of some form of micromet
and three wires of equal diameter. This method is extensively used in checking the acc
racy of threaded plug gages and other precision screw threads. Two of the wires are plac
in contact with the thread on one side and the third wire in a position diametrically opposit
as illustrated by the diagram, (see table “Formulas for Checking Pitch Diameters of Scre
Threads”) and the dimension over the wires is determined by means of a micrometer. A
ordinary micrometer is commonly used but some form of “floating micrometer” is prefer-
able, especially for measuring thread gages and other precision work. The floatin
micrometer is mounted upon a compound slide so that it can move freely in directions pa
allel or at right angles to the axis of the screw, which is held in a horizontal position
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between adjustable centers. With this arrangement the micrometer is held constantly
right angles to the axis of the screw so that only one wire on each side may be used inste
of having two on one side and one on the other, as is necessary when using an ordin:
micrometer. The pitch diameter may be determined accurately if the correct micromete
reading for wires of a given size is known.

Classes of Formulas for Three-Wire Measurement.~#arious formulas have been
established for checking the pitch diameters of screw threads by measurement over wir
of known size. These formulas differ with regard to their simplicity or complexity and
resulting accuracy. They also differ in that some show what measutéroeat the wires
should be to obtain a given pitch diameewhereas others show the value of the pitch
diametelE for a given measuremelit

Formulas for Finding Measurement Nin using a formula for finding the value of mea-
surementV, the required pitch diameteris inserted in the formula. Then, in cutting or
grinding a screw thread, the actual measureiieistmade to conform to the calculated
value ofM. Formulas for finding measuremevtmay be modified so that the basic major
or outside diameter is inserted in the formula instead of the pitch diameter; however, th
pitch-diameter type of formula is preferable because the pitch diameter is a more importa
dimension than the major diameter.

Formulas for Finding Pitch Diameters Bome formulas are arranged to show the value
of the pitch diametef when measuremeht is known. Thus, the value bfis first deter-
mined by measurement and then is inserted in the formula for finding the correspondin
pitch diameteE. This type of formula is useful for determining the pitch diameter of an
existing thread gage or other screw thread in connection with inspection work. The for
mula for finding measuremektis more convenient to use in the shop or tool room in cut-
ting or grinding new threads, because the pitch diameter is specified on the drawing and t
problem is to find the value of measuremidrfor obtaining that pitch diameter.

General Classes of Screw Thread Profiles.-Fhread profiles may be divided into three
general classes or types as follows:

Screw HelicoidRepresented by a screw thread having a straight-line profile in the axial
plane. Such a screw thread may be cut in a lathe by using a straight-sided single-poi
tool, provided the top surface lies in the axial plane.

Involute Helicoid:Represented either by a screw thread or a helical gear tooth having a
involute profile in a plane perpendicular to the axis. A rolled screw thread, theoretically
at least, is an exact involute helicoid.

Intermediate ProfilesAn intermediate profile that lies somewhere between the screw
helicoid and the involute helicoid will be formed on a screw thread either by milling or
grinding with a straight-sided wheel set in alignment with the thread groove. The
resulting form will approach closely the involute helicoid form. In milling or grinding
athread, the included cutter or wheel angle may either equal the standard thread an
(which is always measured in the axial plane) or the cutter or wheel angle may b
reduced to approximate, at least, the thread angle in the normal plane. In practice, :
these variations affect the three-wire measurement.

Accuracy of Formulas for Checking Pitch Diameters by Three-Wire Method.—F he

exact measuremeht for a given pitch diameter depends upon the lead angle, the threac
angle, and the profile or cross-sectional shape of the thread. As pointed out in the precedi
paragraph, the profile depends upon the method of cutting or forming the thread. In
milled or ground thread, the profile is affected not only by the cutter or wheel angle, bu
also by the diameter of the cutter or wheel; hence, because of these variations, an ab
lutely exact and reasonably simple general formula for measurdineaninot be estab-
lished; however, if the lead angle is low, as with a standard single-thread screw, an
especially if the thread angle is high like a 60-degree thread, simple formulas that are n
arranged to compensate for the lead angle are used ordinarily and meet most practic
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requirements, particularly in measuring 60-degree threads. If lead angles are large enou
to greatly affect the result, as with most multiple threads (especially Acme or 29-degre
worm threads), a formula should be used that compensates for the lead angle sufficiently
obtain the necessary accuracy.

The formulas that follow include 1) a very simple type in which the effect of the lead
angle on measureméts entirely ignored. This simple formula usually is applicable to
the measurement of 60-degree single-thread screws, except possibly when gage-mak
accuracy is required; 2) formulas that do include the effect of the lead angle but, neverth
less, are approximations and not always suitable for the higher lead angles when extrer
accuracy is required; and 3) formulas for the higher lead angles and the most preci:
classes of work.

Where approximate formulas are applied consistently in the measurement of both thre:
plug gages and the thread “setting plugs” for ring gages, interchangeability might b
secured, assuming that such approximate formulas were universally employed.

Wire Sizes for Checking Pitch Diameters of Screw Threads.4+n checking screw
threads by the 3-wire method, the general practice is to use measuring wires of the s
called “best size.” The “best-size” wire is one that contacts at the pitch line or midslope o
the thread because then the measurement of the pitch diameter is least affected by an e
inthe thread angle. In the following formula for determining approximately the “best-size”
wire or the diameter for pitch-line contaét= one-half included angle of thread in the
axial plane.

0.5 pitch _

Best-size wire= = 0.5 pitchx secA
COsA P

For 60-degree threads, this formula reduces to

Best-size wire=  0.57738 pitch

Diameters of Wires for Measuring American Standard and
British Standard Whitworth Screw Threads

Threads Pitch, Wire Diameters for American Standard Threagls Wire Diameters for Whitworth Standard Threads
per Inch Inch Max. Min. Pitch-Line Contact| Max. Min. Pitch-Line Contagt
4 0.2500 0.2250 0.1400 0.1443 0.1900] 0.135( 0.1409
4%, 0.2222 0.2000 0.1244 0.1283 0.1689 0.120 0.1253
5 0.2000 0.1800 0.1120 0.1155 0.1520| 0.108( 0.1127
5%, 0.1818 0.1636 0.1018 0.1050 0.1382 0.0982 0.1025
6 0.1667 0.1500 0.0933 0.0962 0.1267 0.090 0.0939
7 0.1428 0.1283 0.0800 0.0825 0.1086 0.077 0.0805
8 0.1250 0.1125 0.0700 0.0722 0.0950 0.067! 0.0705
9 0.1111 0.1000 0.0622 0.0641 0.0844 0.060¢ 0.0626
10 0.1000 0.0900 0.0560 0.0577 0.0760 0.054¢ 0.0564
11 0.0909 0.0818 0.0509 0.0525 0.0691 0.049: 0.0512
12 0.0833 0.0750 0.0467 0.0481 0.0633 0.045 0.0470
13 0.0769 0.0692 0.0431 0.0444 0.0584 0.041! 0.0434
14 0.0714 0.0643 0.0400 0.0412 0.0543 0.038 0.0403
16 0.0625 0.0562 0.0350 0.0361 0.0475 0.033 0.0352
18 0.0555 0.0500 0.0311 0.0321 0.0422 0.030 0.0313
20 0.0500 0.0450 0.0280 0.0289 0.0380 0.0271 0.0282
22 0.0454 0.0409 0.0254 0.0262 0.0345 0.024! 0.0256
24 0.0417 0.0375 0.0233 0.0240 0.0317 0.022! 0.0235
28 0.0357 0.0321 0.0200 0.0206 0.0271 0.019: 0.0201
32 0.0312 0.0281 0.0175 0.0180 0.0237| 0.016! 0.0176
36 0.0278 0.0250 0.0156 0.0160 0.021Y 0.015 0.0156
40 0.0250 0.0225 0.0140 0.0144 0.0190 0.013! 0.0141
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These formulas are based upon a thread groove of zero lead angle because ordinary v
ations in the lead angle have little effect on the wire diameter and it is desirable to use ot
wire size for a given pitch regardless of the lead angle. A theoretically correct solution fo
finding theexactsize for pitch-line contact involves the use of cumbersome indeterminate
equations with solution by successive trials. The accompanying table gives the wire siz¢
for both American Standard (formerly, U.S. Standard) and the Whitworth Standarc
Threads. The following formulas for determining wire diameters do not give the extreme
theoretical limits, but the smallest and largest practicable sizes. The diameters in the tak
are based upon these approximate formulas.

Smallest wire diameter = 0.5Gitch
American Standard Largest wire diameter = 0.90pitch
Diameter for pitch-line contact = 0.5778%pitch
Smallest wire diameter = 0.%4itch
Whitworth Largest wire diameter = 0. Zgpitch
Diameter for pitch-line contact = 0.56389itch

Measuring Wire Accuracy.—A set of three measuring wires should have the same diam-
eter within 0.0002 inch. To measure the pitch diameter of a screw-thread gage to an acc
racy of 0.0001 inch by means of wires, it is necessary to know the wire diameters t
0.00002 inch. If the diameters of the wires are known only to an accuracy of 0.0001 inct
an accuracy better than 0.0003 inch in the measurement of pitch diameter cannot |
expected. The wires should be accurately finished hardened steel cylinders of the ma
mum possible hardness without being brittle. The hardness should not be less than that ¢
responding to a Knoop indentation number of 630. A wire of this hardness can be cut wit
a file only with difficulty. The surface should not be rougher than the equivalent of a devi-
ation of 3 microinches from a true cylindrical surface.

Measuring or Contact Pressure.—n measuring screw threads or screw-thread gages by
the 3-wire method, variations in contact pressure will result in different readings. The
effect of a variation in contact pressure in measuring threads of fine pitches is indicated t
the difference in readings obtained with pressures of 2 and 5 pounds in checking a thre
plug gage having 24 threads per inch. The reading over the wires with 5 pounds presst
was 0.00013 inch less than with 2 pounds pressure. For pitches finer than 20 threads |
inch, a pressure of 16 ounces is recommended by the National Bureau of Standards, ni
National Institute of Standards and Technology (NIST). For pitches of 20 threads per inc
and coarser, a pressure dpounds is recommended.

For Acme threads, the wire presses against the sides of the thread with a pressure
approximately twice that of the measuring instrument. To limit the tendency of the wires tc
wedge in between the sides of an Acme thread, it is recommended that pitch-diameter me
surements be made at 1 pound on 8 threads per inch and finer, #mbat®ls for pitches
coarser than 8 threads per inch.

Approximate Three-Wire Formulas That Do Not Compensate for Lead Angle.-A
general formula in which the effect of lead angle is ignored is as follows (see accompany
ing notation used in formulas):

M = E—TcotA+ W(1+ cscA) 1)
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This formula can be simplified for any given thread angle and pitch. To illustrate,
becausd = 0.5, M = E - 0.5P cot 30 + W(1 + 2), for a 60-degree thread, such as the
American Standard,

M = E-0.8660F + 3W

The accompanying table contains these simplified formulas for different standarc
threads. Two formulas are given for each. The upper one is used when the measurem
over wiresM, is known and the corresponding pitch diamd&gs required; the lower for-
mula gives the measuremdnfor a specified value of pitch diameter. These formulas are
sufficiently accurate for checking practically all standard 60-degree single-thread screw
because of the low lead angles, which vary frérhlto 4° 31 in the American Standard
Coarse-Thread Series.

Bureau of Standards (now NIST) General Formula.—Formula (2) which follows,
compensates quite largely for the effect of the lead angle. It is from the National Bureau c
Standards Handbook H 28 (1944), now FED-STD-H28. The formula, however, as her
given has been arranged for finding the valud ¢instead oE).

M = E—TcotA+W(1 + cScA + 0.5anchosAcotA) 2)

This expression is also found in ANSI/ASME B1.2-1983 R1992. The Bureau of Standard
usesFormula (2)in preference t&ormula (1)when the value of O\ tar? B cosA cotA
exceeds 0.00015, with the larger lead angles. If this test is applied to American Standa
60-degree threads, it will show thadrmula (1)is generally applicable; but for 29-degree
Acme or worm thread&,ormula (2)(or some other that includes the effect of lead angle)
should be employed.

Notation Used in Formulas for Checking Pitch Diameters by Three-Wire Method

A=one-half included thread angle in the axial plane
A, =one-half included thread angle in the normal plane or in plane perpendicular to
sides of thread = one-half included angle of cutter when thread is milledl,(tah
tanA x cosB). (Note: Included angle of milling cutter or grinding wheel may
equal the nominal included angle of thread, or may be reduced to whatever hormal
angle is required to make the thread angle standard in the axial plane. In ejther
caseA, = one-half cutter angle.)
B =lead angle at pitch diameter = helix angle of thread as measured from a plane pel
pendicular to the axis. Td=L + 3.141€&
D =basic major or outside diameter
E =pitch diameter (basic, maximum, or minimum) for whidhs required, or pitch
diameter corresponding to measurenidnt
F=angle required ifformulas (4h)(4d), and(4e)
G =angle required ifrormula (4)
H=helix angle at pitch diameter and measured from axis’=®or tanH = cotB
H, = helix angle aR, measured from axis
L =lead of thread = pitcR x number of threadS
M =dimension over wires
P =pitch = 1+ number of threads per inch
R, =radius required ifrormulas (4)and(4e)
S =number of “starts” or threads on a multiple-threaded worm or screw
T=0.5P = width of thread in axial plane at diameker
T, =arc thickness on pitch cylinder in plane perpendicular to axis
W =wire or pin diameter
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Formulas for Checking Pitch Diameters of Screw Threads

The formulas below do not compensate for the effect of the |ead
angle upon measuremevit but they are sufficiently accurate for
checking standard single-thread screws unless exceptional acguracy
is required. See accompanying information on effect of lead anhgle;
also matter relating to measuring wire sizes, accuracy required for

such wires, and contact or measuring pressure. The approximate
best wire size for pitch-line contact may be obtained by the formula

W = 0.5x pitchx sed included thread angle
For 60-degree thread#/ = 0.57735x pitch.

Formulas for determining measuremdhtorresponding to correct pitch

Form of diameter and the pitch diametecorresponding to a given measurenmarer
Thread AN
wires?
When measuremeM is known.
A’\\‘m?ncaln E = M+0.86603 —3W
ational ) . . .
Standard When pitch diametek is used in formula.
Unified M = E-0.8660F + 3W

The American Standard formerly was known as U.S. Standard.

When measuremeM is known.
British E = M+0.960% —3.165W
m?:]?;]?;{g When pitch diamete is used in formula.
M = E-0.960% + 3.165W

When measuremeM is known.
British E = M+1.1363 —3.4829V

Association . . . .
Standard When pitch diametef is used in formula.
M = E-1.1363F + 3.4829V
When measuremeM is known.
Lowenherz E = M+ P-3.2359V

Thread When pitch diameteE is used in formula.
M = E—P+ 3.2359V

When measuremeM is known.

Sharp E =M+ 0.8660% —3W

V-Thread When pitch diametek is used in formula.
M = E-0.8660F + 3W
International Use the formula given above for the American National Standard Unified
Standard Thread.
Pipe See accompanying paragraphBuckingham Exact Involute Helicoid For-

Thread mula Applied to Screw Threads

Acme and See Buckingham Formulas patf#69 alsoThree-wire Measurement of

Worm Threads | Acme and Stub Acme Thread Pitch Diameter

Buttress Form Different forms of buttress threads are used. See paragrafiresWire
of Thread Method Applied to Buttress Threads

aThe wires must be lapped to a uniform diameter and it is very important to insert in the rule or for-
mula the wire diameter as determined by precise means of measurement. Any error will be multiplied
See paragraph on Wire Sizes for Checking Pitch Diameters.
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Values of Constants Used in Formulas for Measuring Pitch Diameters of
Screws by the Three-wire System

No. of American Standard Unifie Whitworth No. of American Standard Unifie Whitworth
Threads and Sharp V-Thread Thread Threads and Sharp V-Thread Thread
per Inch 0.8660% 0.9605 per Inch 0.8660% 0.9605°

A 0.38490 0.42689 18 0.04811 0.05336
A 0.36464 0.40442 20 0.04330 0.04803
2% 0.34641 0.38420 22 0.03936 0.04366
2% 0.32992 0.36590 24 0.03608 0.04002
2, 0.31492 0.34927 26 0.03331 0.03694
27 0.30123 0.33409 28 0.03093 0.03430
3 0.28868 0.32017 30 0.02887 0.03202
3y, 0.26647 0.29554 32 0.02706 0.03002
3Y, 0.24744 0.27443 34 0.02547 0.02825
4 0.21651 0.24013 36 0.02406 0.02668
4% 0.19245 0.21344 38 0.02279 0.02528
5 0.17321 0.19210 40 0.02165 0.02401
5% 0.15746 0.17464 42 0.02062 0.02287
6 0.14434 0.16008 44 0.01968 0.02183
7 0.12372 0.13721 46 0.01883 0.02088
8 0.10825 0.12006 48 0.01804 0.02001
9 0.09623 0.10672 50 0.01732 0.01921

10 0.08660 0.09605 52 0.01665 0.01847

11 0.07873 0.08732 56 0.01546 0.01715

12 0.07217 0.08004 60 0.01443 0.01601

13 0.06662 0.07388 64 0.01353 0.01501

14 0.06186 0.06861 68 0.01274 0.01412

15 0.05774 0.06403 72 0.01203 0.01334

16 0.05413 0.06003 80 0.01083 0.01201

Three-wire System

Constants Used for Measuring Pitch Diameters of Metric Screws by the

jpagel865are used. In the table above, the values of 0.886868W are in inches so that the valuesfoandM calculated from ti
ormulas on pagé865are also in inches.

P!tch 0.8660? W P!tch 0.8(_360:P W Pitch 0.8(_3603J W
n n n n n n n n n

mm Inches Inches mm Inches Inches mm Inches Inches
0.2 0.00682 0.00455 0.75| 0.02557 0.0170f] 3. 0.11933 0.07956
0.25 0.00852 0.00568 0.8 0.02728 0.0181 4 0.13638 0.09092
0.3 0.01023 0.00682 1 0.03410 0.0227: 4. 0.15348 0.102p9
0.35 0.01193 0.00796 1.29 0.04262 0.02841f 5 0.17048 0.11365
0.4 0.01364 0.00909 15 0.05114 0.0341 5. 0.18753 0.12502
0.45 0.01534 0.01023 1.79 0.05967 0.03978 6 0.204857 0.13¢38
05 0.01705 0.01137 2 0.06819 0.0454 8 0.3068p 0.18184
0.6 0.02046 0.01364 25 0.08524 0.0568;

0.7 0.02387 0.01591 3 0.10229 0.0681!

This table may be used for American National Standard Metric Threads. The formulas for American Standard Unified Threads or

e

Why Small Thread Angle Affects Accuracy of Three-Wire Measurement.—t mea-
suring or checking Acme threads, or any others having a comparatively small thread ang
A, itis particularly important to use a formula that compensates largely, if not entirely, for
the effect of the lead angle, especially in all gage and precision work. The effect of the lec
angle on the position of the wires and upon the resulting measurérizamuch greater in

a 29-degree thread than in a higher thread angle such, for example, as a 60-degree thre
This effect results from an increase in the cotangent of the thread angle as this ang
becomes smaller. The reduction in the width of the thread groove in the normal plane du
to the lead angle causes a wire of given size to rest higher in the groove of a thread havin
small thread angla (like a 29-degree thread) than in the groove of a thread with a larger
angle (like a 60-degree American Standard).
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Acme Threadsthree-wire measurements of high accuracy require the Reroiula
(4). For most measurements, howearmula (2)or (3) gives satisfactory results. The
table on pagé&872lists suitable wire sizes for usefnrmulas (2and(4).

Dimensions Over Wires of Given Diameter for Checking Screw
Threads of American National Form (U.S. Standard) and the V-Form

No. of Dimension over No. of Dimension over
Dia. Threads Wire Wires Dia. Threads Wire Wires
of per Dia. V- us. of per Dia. V- us.
Thread Inch Used Thread Thread Thread Inch Used Thread Thread
i 18 0.035 0.2588 0.2708| % 8 0.090 0.9285 0.9556
i 20 0.035 0.2684 0.2792] % 9 0.090 0.9525 0.9766
A 22 0.035 0.2763 0.2861] % 10 0.090 0.9718 0.9935
A 24 0.035 0.2828 0.2919| Bie 8 0.090 0.9910 1.0181
Y6 18 0.035 0.3213 0.3333] Bie 9 0.090 1.0150 1.0391
Y6 20 0.035 0.3309 0.3417| 1 8 0.090 1.053p 1.0806
Y6 22 0.035 0.3388 0.3486 1 9 0.090 1.077p 1.1016
% 24 0.035 0.3453 0.3544 A 7 0.090 1.1476 1.1785
% 16 0.040 0.3867 0.4003| 1, 7 0.090 1.2726 1.3035
% 18 0.040 0.3988 0.4108| 1% 6 0.150 1.5363 1.5724
% 20 0.040 0.4084 0.4192] 1 6 0.150 1.6613 1.6974
The 14 0.050 0.4638 0.4793] 1% 5% 0.150 1.7601 1.7995
The 16 0.050 0.4792 0.4928| 13, 5 0.150 1.8536 1.8969
% 12 0.050 0.5057 0.5237| 1% 5 0.150 1.9786 2.0219
% 13 0.050 0.5168 0.5334 2 4%, 0.150 2.0651 21132
A 14 0.050 0.5263 0.5418| 2y, 4%, 0.150 2.3151 2.3632
%6 12 0.050 0.5682 0.5862, 2% 4 0.150 2.5170 25711
%6 14 0.050 0.5888 0.6043| 2%, 4 0.150 2.7670 2.28211
% 10 0.070 0.6618 0.6835] 3 3% 0.200 3.1051 3.1670
% 11 0.070 0.6775 0.6972, 3y, 3% 0.200 3.3551 3.4170
% 12 0.070 0.6907 0.7087| 3Y 3Y 0.250 3.7171 3.7837
Y 10 0.070 0.7243 0.7460| 3% 3 0.250 3.9226 3.9948
Y 11 0.070 0.7400 0.7597| 4 3 0.250 4.172p 4.2448
% 10 0.070 0.7868 0.8085 4, 2% 0.250 4.3975 4.4729
% 11 0.070 0.8025 0.8222] 4%, 2% 0.250 4.6202 4.6989
% 12 0.070 0.8157 0.8337| 43, 2% 0.250 4.8402 4.9227
B 9 0.070 0.8300 0.8541 5 2% 0.250 5.0572 5.1438
B 10 0.070 0.8493 0.8710

Buckingham Simplified Formula which Includes Effect of Lead Angle.—The For-
mula (3)which follows gives very accurate results for the lower lead angles in determining
measuremeril. However, if extreme accuracy is essential, it may be advisable to use the
involute helicoid formulas as explained later.

T x cosB

M = E+W(+sinA,) (3) where W= TCosA, (3a)

Theoretically correct equations for determining measureMemné complex and cumber-
some to applyFormula (3)combines simplicity with a degree of accuracy which meets all
but the most exacting requirements, particularly for lead angles below 8 or 10 degrees al
the higher thread angles. However, the wire diameter usedtimula (3)must conform to

that obtained byrormula (3a}fo permit a direct solution or one not involving indetermi-
nate equations and successive trials.

Application of Buckingham Formulén the application dformula (3)o screw or worm
threads, two general cases are to be considered.
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Table for Measuring Whitworth Standard Threads by the Three-wire Method

No. of Dia. No. of Dia.
Dia. Threads| Dia. Measured Dia. Threads Dia. Measured
of per of Wire over of per of Wire over
Thread Inch Used Wires Thread Inch Used Wires
% 40 0.018 0.1420 2%, 4 0.150 2.3247
iR 24 0.030 0.2158 2% 4 0.150 2.4497
% 20 0.035 0.2808 2, 4 0.150 25747
Y6 18 0.040 0.3502 2% 4 0.150 2.6997
% 16 0.040 0.4015 2, 3% 0.200 2.9257
e 14 0.050 0.4815 2% 3% 0.200 3.0507
% 12 0.050 0.5249 3 3% 0.200 3.1757
%6 12 0.050 0.5874 3% 3% 0.200 3.3007
% 11 0.070 0.7011 3 3%, 0.200 3.3905
Y 11 0.070 0.7636 3% 3y, 0.200 3.5155
A 10 0.070 0.8115 3y, 3y, 0.200 3.6405
B 10 0.070 0.8740 3% 3, 0.200 3.7655
% 9 0.070 0.9187 33, 3 0.200 3.8495
Bis 9 0.070 0.9812 3% 3 0.200 3.9745
1 8 0.090 1.0848 4 3 0.200 4.0995
/N 8 0.090 1.1473 4% 3 0.200 4.2245
1% 7 0.090 1.1812 4y, 2% 0.250 4.4846
1% 7 0.090 1.2437 4% 2% 0.250 4.6096
1, 7 0.090 1.3062 4y, 2% 0.250 4.7346
19 7 0.090 1.3687 43, 2% 0.250 4.8596
1% 6 0.120 1.4881 43, 2%, 0.250 4.9593
1% 6 0.120 1.5506 4% 2%, 0.250 5.0843
1% 6 0.120 1.6131 5 2%, 0.250 5.2093
19 6 0.120 1.6756 5% 2%, 0.250 5.3343
1% 5 0.120 1.6847 5%, 2% 0.250 5.4316
1% 5 0.120 1.7472 5% 2% 0.250 5.5566
13, 5 0.120 1.8097 5%, 2% 0.250 5.6816
1% 5 0.120 1.8722 5% 2% 0.250 5.8066
1% 4, 0.150 1.9942 5%, 2% 0.250 5.9011
15,6 4y, 0.150 2.0567 5% 2, 0.250 6.0261
2 4, 0.150 2.1192 6 2 0.250 6.1511
2% 4%, 0.150 2.2442

All dimensions are given in inches.

Case 1The screw thread or worm is to be milled with a cutter having an included angle
equal to the nominal or standard thread angle that is assumed to be the angle in the &
plane. For example, a 60-degree cutter is to be used for milling a thread. In this case, t
thread angle in the plane of the axis will exceed 60 degrees by an amount increasing wi
the lead angle. This variation from the standard angle may be of little or no practical impor
tance if the lead angle is small or if the mating nut (or teeth in worm gearing) is formed t
suit the thread as milled.

Case 2The screw thread or worm is to be milled with a cutter reduced to whatever nor-
mal angle is equivalent to the standard thread angle in the axial plane. For example, a 2
degree Acme thread is to be milled with a cutter having some angle smaller than 29 degre
(the reduction increasing with the lead angle) to make the thread angle standard in t
plane of the axis. Theoretically, the milling cutter angle should always be corrected to su
the normal angle; but if the lead angle is small, such correction may be unnecessary.

If the thread is cut in a lathe to the standard angle as measured in the axial plane, Cas
applies in determining the pin sidéand the overall measuremét



MEASURING SCREW THREADS 1869

In solving all problems under Case 1, arfgleised irfFormulas (3pnd(3a)equals one-
half the included angle of the milling cutter.

When Case 2 applies, andlefor milled threads also equals one-half the included angle
of the cutter, but the cutter angle is reduced and is determined as follows:

tanA, = tanA x cosB

The included angle of the cutter or the normal included angle of the thread grofye = 2
Examples 1 and 2, which follow, illustrate Cases 1 and 2.

Example 1(Case 1)ake, for example, an Acme screw thread that is milled with a cutter
having an included angle of 29 degrees; consequently, the angle of the thread exceeds
degrees in the axial section.

The outside or major diameter is 3 inches; the plghch; the lead, 1 inch; the number
of threads or “starts,” 2. Find pin sivéand measuremeht.

Pitch diameteE = 2.75;T = 0.25;L = 1.0;A, = 14.50 tanA, = 0.258618; sim\, =
0.25038; and coA, = 0.968148.

- 1.0 - -
tanB = 3TA16x 275~ 0.115749 B = 6.6025
_ 0.25x 0.993368_ .
W = 0o6e1ds 0.25651 inch

M = 2.75+ 0.2565X% ( ¥ 0.25038= 3.0707 inches

Note:This value ofM is only 0.0001 inch larger than that obtained by using the very
accurate involute helicoldormula (4)discussed on the following page.

Example 2(Case 2X triple-threaded worm has a pitch diameter of 2.481 inches, pitch of
1.5 inches, lead of 4.5 inches, lead angle of 30 degrees, and nominal thread angle of
degrees in the axial plane. Milling cutter angle is to be reddced).75 inch; co8 =
0.866025; and taA = 0.57735. Again useormula (3)o see if it is applicable.

TanA, = tanA x cosB = 0.57735«< 0.866025 = 0.5000; henée = 26.563, making the
included cutter angle 53.13CosA, = 0.89443; sif\, = 0.44721.

0.75x 0.866025_

W = W = 0.72618 inch

M = 2.481+ 0.7261& ( * 0.44731= 3.532 inches

Note:If the value of measuremeidtis determined by using the followifgrmula (4)it
will be found thatM = 3.515+ inches; hence the error equals 3.532 - 3.515 = 0.017 inch
approximately, which indicates tHadrmula (3)is not accurate enough here. The applica-
tion of this simpleFormula (3) will depend upon the lead angle and thread angle (as pre-
viously explained) and upon the class of work.

Buckingham Exact Involute Helicoid Formula Applied to Screw Threads.—-When

extreme accuracy is required in finding measuredior obtaining a given pitch diame-

ter, the equations that follow, although somewhat cumbersome to apply, have the merit

providing a direct and very accurate solution; consequently, they are preferable to the ind

terminate equations and successive trial solutions heretofore employed when extreme p

cision is required. These equations are exact for involute helical gears and, consequent

give theoretically correct results when applied to a screw thread of the involute helicoide

form; they also give very close approximations for threads having intermediate profiles.
Helical Gear Equation Applied to Screw Thread Measurentergpplying the helical

gear equations to a screw thread, use either the axial or normal thread angle and the I¢

angle of the helix. To keep the solution on a practical basis, either threadanglg as

the case may be, is assumed to equal the cutter angle of a milled thread. Actually, the pi
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file of a milled thread will have some curvature in both axial and normal sections; henc
anglesA andA, represent the angular approximations of these slightly curved profiles. The
equations that follow give the values needed to solve the screw thread problem as a heli
gear problem.

M 2R, W
= —— + 4
cosG @
tanA _ tanA, _E
-l _ 2 R, = =cosF (4b)
tan tanB sinB “a b2
T, = ta%B (4c) tanH, = cosF x tanH (4d)
. Ty . W T
= =+ —_— =
invG g tiv F IR cos, S (4e)

The tables of involute functions starting on p@g@rovide values for angles from 14 to
51 degrees, used for gear calculations. The formula for involute functions o8jagg
be used to extend this table as required.

Example 3To illustrate the application &formula (4)and the supplementary formulas,
assume that the number of st&ts6; pitch diameteE = 0.6250; normal thread andig=
20°; lead of threatl =0.864 inchT=0.072; W =0.07013 inch.

tanB = — = —— = 0.44003 B = 23.75r

gcosF = %0)( 0.74193= 0.23185
T T 0.072

= B ~ 044003 016362

tanH, = cosFtanH = 0.7419% 2.2725% 1.68609 H, = 59.328
The involute function o6 is found next byFormula (4e)

0.16362 0.07013 3.1416 _
0.625 016884 oG osie 051012 6 - 020381
Since 0.20351 is outside the values for involute functions given in the tables oA®ages

through101use the formula for involute functions on p&3Jeto extend these tables as
required. It will be found that 44 deg. 21 min. or 44.350 degrees is the angular equivalent «
0.20351; hence; = 44.350 degrees.

_ 2Ry _ 2x0.23185 _ i
= KG+ = m+0.07013— 0.71859 inch

Accuracy of Formulas (3) and(4) Compared.—With the involute helicoidormula

(4) any wire size that makes contact with the flanks of the thread may be used; however,
the preceding example, the wire diam&tewas obtained blformula (3a)n order to com-
pareFormula (4)with (3) . If Example (3) is solved byormula (3), M = 0.71912; hence

the difference between the values/bbbtained witFormulas (3pnd(4) equals 0.71912

ivG =
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-0.71859 = 0.00053 inch. The included thread angle in this case is 40 dedressulas
(3) and(4) are applied to a 29-degree thread, the difference in measurémarttse error
resulting from the use dformulas (3will be larger. For example, with an Acme thread
having a lead angle of about 34 degrees, the difference in valMesttéined by the two
formulas equals 0.0008 inch.

Three-wire Measurement of Acme and Stub Acme Thread Pitch Diameter.+~or

single- and multiple-start Acme and Stub Acme threads having lead angles of less than
degrees, the approximate three-wire formula given on pag&and the best wire size
taken from the table on pa@872may be used.

Multiple-start Acme and Stub Acme threads commonly have a lead angle of greater tha
5 degrees. For these, a direct determination of the actual pitch diameter is obtained |
using the formulaE =M — (C +¢) in conjunction with the table on pa873 To enter the
table, the lead ang of the thread to be measured must be known. It is found by the for-
mula: tanB = L + 3.141€, whereL is the lead of the thread aBglis the nominal pitch
diameter. The best wire size is now found by taking the valweas given in the table for
lead angleB, with interpolation, and dividing it by the number of threads per inch. The
value of C+c), given in the table for lead anddds also divided by the number of threads
per inch to get + c). Using the best size wires, the actual measurement overWises
made and the actual pitch diameEdound by using the formul& =M - (C +c).

ExampleFor a5 tpi, 4-start Acme thread with a 13.9%2d angle, using three 0.10024-
inch wiresM = 1.1498 inches, hen&s= 1.1498-0.1248 = 1.0250 inches.

Under certain conditions, a wire may contact one thread flank at two points, and it is the
advisable to substitute balls of the same diameter as the wires.

Checking Thickness of Acme Screw Threads.4/ some instances it may be preferable
to check the thread thickness instead of the pitch diameter, especially if there is a thre:
thickness tolerance.

A direct method, applicable to the larger pitches, is to use a vernier gear-tooth caliper fc
measuring the thickness in thermalplane of the thread. This measurement, for an Amer-
ican Standard General Purpose Acme thread, should be made at a distance belsiw the
outside diameter equal p#4. The thickness at this basic pitch-line depth and in the axial
plane should bp/2 - 0.259x the pitch diameter allowance from the table on @80
with a tolerance ahinus0.259x the pitch diameter tolerance from the table on g4,

The thickness in the normal plane or plane of measurement is equal to the thickness in t
axial plane multiplied by the cosine of the helix angle. The helix angle may be determine
from the formula:

tangent of helix angle = lead of threa¢B.1416x pitch diameter)

Three-Wire Method for Checking Thickness of Acme Threads.—Fhe application of

the 3-wire method of checking the thickness of an Acme screw thread is included in th
Report of the National Screw Thread Commission. In applying the 3-wire method for
checking thread thickness, the procedure is the same as in checking pitch diameter (s
Three-wire Measurement of Acme and Stub Acme Thread Pitch Digrakterugh a dif-
ferent formula is required. Assume tiat basic major diameter of screMt;= measure-
ment over wiresyV = diameter of wires$= tangent of helix angle at pitch lirfé= pitch;

T =thread thickness at depth equal to B.25

T = 1.12931x P + 0.25862x (M — D)-W x (1.29152+ 0.4840%2)

This formula transposed to show the correct measuremMamuivalent to a given
required thread thickness is as follows:

Wx (1.29152+ 0.4840%%) + T —1.12931x P

M =D+ 0.25862
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Wire Sizes for Three-Wire Measurement of Acme Threads with
Lead Angles of Less than 5 Degrees

Threads Best Threads Best

per Inch Size Max. Min. per Inch Size Max. Min.
1 0.51645 0.65001 0.48726 5 0.10329 0.1300p 0.09745
1 0.38734 0.48751 0.36545 6 0.086094 0.1083# 0.08121
1% 0.34430 0.43334 0.32484 8 0.06454 0.0812p 0.06091
2 0.25822 0.32501 0.24363 10 0.05164 0.06500 0.04873
2% 0.20658 0.26001 0.19491 12 0.04304 0.0541) 0.04061
3 0.17215 0.21667 0.16242 14 0.0368 0.04643 0.03480
4 0.12911 0.16250 0.12182 16 0.03224 0.04063 0.03045

Wire sizes are based upon zero helix angle. Best size = 0.8 p@45; maximum size = 0.650013

x pitch; minimum size = 0.487263pitch.

ExampleAn Acme General Purpose thread, Class 2G, has a 5-inch basic major diamete
0.5-inch pitch, and 1-inch lead (double thread). Assume the wire size is 0.258 inch. Dete
mine measuremeM for a thread thickneSsat the basic pitch line of 0.2454 inchig the
maximum thickness at the basic pitch line and equal €h& basic thicknessp.259x
allowance fronTable 4 pagel180Q)

+0.258><[ 1.29152 0.48407( 0.067(1+ 0.2454— 1.1293k 0.5

M =5 0.25862

= 5.056 inches

Testing Angle of Thread by Three-Wire Method.—The error in the angle of a thread
may be determined by using sets of wires of two diameters, the measurement over the t
sets of wires being followed by calculations to determine the amount of error, assumin
that the angle cannot be tested by comparison with a standard plug gage, known to be ¢
rect. The diameter of the small wires for the American Standard thread is usually about 0
times the pitch and the diameter of the large wires, about 0.9 times the pitch. The total di
ference between the measurements over the large and small sets of wires is first det
mined. If the thread is an American Standard or any other form having an included angle ¢
60 degrees, the difference between the two measurements should equal three times the
ference between the diameters of the wires used. Thus, if the wires are 0.116 and 0.076 ir
in diameter, respectively, the difference equals 0-10.8676 = 0.040 inch. Therefore, the
difference between the micrometer readings for a standard angle of 60 degrees»xquals
0.040 = 0.120 inch for this example. If the angle is incorrect, the amount of error may b
determined by the following formula, which applies to any thread regardless of angle:

sina = A
B-A

where A=difference in diameters of the large and small wires used
B =total difference between the measurements over the large and small wires
a=one-half the included thread angle

ExampleThe diameter of the large wires used for testing the angle of a thread is 0.11
inch and of the small wires 0.076 inch. The measurement over the two sets of wires shov
atotal difference of 0.122 inch instead of the correct difference, 0.120 inch, for a standat
angle of 60 degrees when using the sizes of wires mentioned. The amount of error is det
mined as follows:

0.040  _ 0.040

0122- 0.040 0082 04878

sina =
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A table of sines shows that this value (0.4878) is the sine of 29 degrees 12 minute
approximately. Therefore, the angle of the thread is 58 degrees 24 minutes or 1 degree
minutes less than the standard angle.

Best Wire Diameters and Constants for Three-wire Measurement of Acme and Stub
Acme Threads with Large Lead Angles—1—inch Axial Pitch

Lead 1-start threads 2-start threads Leaq 2-start threads 3-start threads
angle,B, angle,B,

deg. Wy (C+0) Wy (C+0) deg. (C+0) Wy (C+0)

5.0 0.51450 | 0.64311] 0.5144 0.64290 10.9 0.63p18 050847  0.63463

5.1 0.51442 | 0.64301| 0.5143 0.64279 10.4] 0.63#98 050381  0.63442

5.2 0.51435 | 0.64291|  0.5142 0.64268 10.2 0.63#78 050815  0.683420

5.3 051427 | 0.64282|  0.5141 0.64256 103 0.63#57  0.50800  0.63399

5.4 051419 | 0.64272| 05141 5 10.4 0.63#36  0.5(784  0.63378

5.5 051411 | 0.64261| 0.5140 104 0.63#16  0.50768  0.63356

5.6 0.51403 | 0.64251|  0.5139 10.4 0.63895  0.5(751  0.63333

5.7 0.51395 | 0.64240|  0.51384 10.7] 0.63875 050735  0.63311

5.8 0.51386 | 0.64229|  0.5137 10.8 0.53854  0.5(718  0.63288

5.9 051377 | 0.64218| 0.5136 109 0.63833 050701  0.63265

6.0 0.51368 | 0.64207|  0.5135 119 0.63813 050684  0.63242

6.1 051359 | 0.64195|  0.5134 111 0.63p92 050667  0.63219

6.2 0.51350 | 0.64184|  0.5133 11.2 0.63p71 050649  0.63195

6.3 051340 | 0.64172|  0.4132 113 0.63p50 050632  0.68172

6.4 0.51330 | 0.64160|  0.5131 114 0.63p28 050615  0.63149

6.5 051320 | 0.64147|  0.5130 114 0.63p06 050597  0.63126

6.6 0.51310 | 0.64134|  0.5129 11.4 0.63184 050579  0.68102

6.7 051300 | 0.64122| 0.5128 11.7] 0.63162 050561  0.683078

6.8 0.51290 | 0.64110|  0.5127 11.8 0.63140  0.5(Q544  0.68055

6.9 0.51280 | 0.64097| 0.51264 119 0.63117 050526  0.63031

7.0 0.51270 | 0.64085  0.51254 12,9 0.63p95 050507  0.683006

7.1 051259 | 0.64072| 0.5124 12.1] 0.63p72 050488  0.62981

7.2 0.51249 | 0.64060|  0.5123 12.2 0.63p50 050470  0.62956

7.3 051238 | 0.64047| 0.5122 12.3 0.63p27 050451  0.62931

7.4 051227 | 0.64034| 0.5120 12.4 0.63p04 050432  0.62906

75 051217 | 0.64021| 0.5119 124 0.62p81 050413  0.62881

7.6 0.51206 | 0.64008|  0.5118 12.4 0.62p58 050394  0.62856

7.7 0.51196 | 0.63996| 0.51174 12.7] 0.62p34 050375  0.62830

7.8 0.51186 | 0.63983| 0.5116 12.8 0.62p11 050356  0.62805

7.9 051175 | 0.63970|  0.5115 12.9 0.62888 050336  0.62779

8.0 0.51164 | 0.63957|  0.5113 13.9 0.62865

8.1 051153 | 0.63944| 0.5112 13.4] 0.62841

8.2 051142 | 0.63930|  0.5111 13.2) 0.62817

8.3 051130 | 0.63916| 0.5110 133 0.62f92

8.4 051118 | 0.63902|  0.5108 134 0.62]78

8.5 0.51105 | 0.63887| 0.5107 134 0.62]43

8.6 0.51093 | 0.63873|  0.5106 13.4 0.62f18

8.7 051081 | 0.63859| 0.5104 13.7] 0.62694 Fg’ ‘I"etse

88 | 051069 063845 0.5103 138 0.62670  proad

8.9 0.51057 | 0.63831| 0.5102 139 0.62645 values

9.0 0.51044 | 0.63817|  0.5100 14.9 0.6221 see

9.1 051032 | 0.63802|  0.5099 14.1] 0.62596 table

9.2 051019 | 0.63788|  0.5097 14.2 0.62571 foug‘;ing

9.3 0.51006 | 0.63774|  0.5096 14.3 0.62546 page.

9.4 0.50993 | 0.63759|  0.5095 14.4 0.62520

9.5 050981 | 0.63744| 0.5093 14.9 0.624194

9.6 0.50968 | 0.63730|  0.5092 14.4 0.62168

9.7 0.50955 | 0.63715|  0.5090 14.7 0.624142

9.8 0.50941 | 0.63700|  0.5089 14.8 0.62417

9.9 0.50927 | 0.63685|  0.5087 14.9 0.62391

10.0 0.50913 | 0.63670|  0.5086 15.9 0.62B65

All dimensions are in inches.

Values given fow, and C+ c), in table are for 1-inch pitch axial threads. For other pitches, divide
table values by number of threads per inch.
Courtesy of Van Keuren Co.
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Best Wire Diameters and Constants for Three-wire Measurement of Acme and
Stub Acme Threads with Large Lead Angles—1-inch Axial Pitch

Lead 3-start threads 4-start threads Lea 3-start threads 4-start threads
angle B, angle B,
deg. Wy (C+o), Wy (C+o), deg. Wy (C+o), Wy (C+o),
13.0 0.50316| 0.62754 0.50297 0.62694 18. 0.49154 0.61250 0.4p109 0.
131 0.50295| 0.62723 0.5027)7 0.62667 18. 0.49127 0.61216 0.4p082 0.
13.2 0.50275| 0.62699 0.50256 0.62639 18. 0.49]101 0.61182 0.4p054 0.
133 0.50255| 0.62674 0.50235 0.626]11 18. 0.49074 0.61148 0.4p027 0.
13.4 0.50235 0.6264 0.50215 0.62583 18. 0.49047 0.61114 0.4B999 0.
135 0.50214| 0.62619 0.50194  0.625%5 18. 0.49020 0.61080 0.4B971 0.
13.6 0.50194| 0.62594 0.50178 0.62526 18. 0.48992  0.61045 0.4B943 0.
13.7 0.50173| 0.62564 0.5015P 0.62498 18. 0.48965 0.61011 0.4B915 0.
13.8 0.50152| 0.62537 0.5013] 0.62469 18. 0.48938 0.6(976  0.4B887 0.
13.9 0.50131| 0.62509 0.5010] 0.62440 18. 0.48910 0.6(941 0.4B859 0.
14.0 0.50110| 0.62481 0.5008 0.62411 19. 0.48882 0.60906 0.48830 0.
141 0.50089| 0.62453 0.5006 0.62381 19. 0.48854 0.60871 0.4B800 0.
14.2 0.50068| 0.62428  0.5004 0.623%1 19. 0.48825 0.60835 0.4B771 0.
143 0.50046| 0.62397 0.5002] 0.62321 19. 0.48797 0.64799 0.4B742 0.
14.4 0.50024| 0.62364 0.4999 0.62291 19. 0.48769 0.64764 0.4B713 0.
145 0.50003| 0.6234Q  0.4997| 0.62262 19. 0.48741 0.64729 0.4B684 0.
14.6 0.49981| 0.62314  0.4995) 0.62252 19. 0.48712 0.60693 0.4B655 0.
14.7 0.49959| 0.62883  0.4993 0.62202 19. 0.48638 0.60657 0.4B625 0.
148 0.49936| 0.62253  0.4991] 0.62172 19. 0.48655 0.60621 0.4B596 0.
14.9 0.49914| 0.62224  0.4988] 0.62141 19. 0.48626 0.6(585 0.4B566 0.
15.0 0.49891| 0.62193  0.4986 0.62110 20. 0.48%597 0.60549 0.4B536 O
15.1 0.49869| 0.621664  0.4984] 0.62080 20. 0.48506 | 0.60320]
15.2 0.49846| 0.62137  0.4981] 0.62049 20. 0.48476 | 0.60281]
15.3 0.49824| 0.6210§ 0.4979 0.62017 20. 0.48445 | 0.60241]
15.4 0.42801| 0.62074  0.4977| 0.61985 20. 0.48415 | 0.60202]
155 0.49778| 0.62044 0.4974 0.619%3 20. 0.48384 | 0.60162]
15.6 0.49754| 0.62011 0.4972 0.61921 20. 0.48354 | 0.60123]
15.7 0.49731| 0.61987 0.4969 0.61889 20. 0.48323 | 0.60083]
15.8 0.49707( 0.6195¢ 0.4967| 0.61857 20. 0.48292 | 0.60042)
15.9 0.49683| 0.6192 0.4965| 0.618%25 20. 0.48261 | 0.60002]
16.0 0.49659| 0.6189§  0.4962 0.61793 21. 0.48230 | 0.59961]
16.1 0.49635| 0.61864  0.4960] 0.61760 21. 0.48198 | 0.49920]
16.2 0.49611| 0.61833  0.4957| 0.61727 21. 0.481166| 0.59879
16.3 0.49586| 0.61801  0.4955] 0.61694 21. 0.48134 | 0.59838]
16.4 0.49562( 0.6177 0.4952 0.61661 21. 0.48103 | 0.59797|
16.5 0.49537| 0.6173§  0.4950] 0.61628 21. 0.48701 | 0.59756
16.6 0.49512| 0.6170 0.4947) 0.61594 21. 0.48040 | 0.59715]
16.7 0.49488| 0.61675  0.4945 0.61560 21. 0.48008 | 0.59674]
16.8 0.40463| 0.61643  0.4942 0.61526 21. 0.47975 | 0.59632]
16.9 0.49438( 0.61611  0.4940) 0.61492 21. 0.47943 | 0.59590]
17.0 0.49414( 0.6158 0.4937] 0.61458 22, 0.47910 | 0.59548
171 0.49389| 0.61544  0.4934 0.61424 22. 0.47878 | 0.59507
17.2 0.49363| 0.61513  0.4932 0.61389 22. 0.47845 | 0.59465]
17.3 0.49337| 0.61487  0.4929 0.613%4 22. 0.47812 | 0.59422]
17.4 0.49311| 0.61449  0.4926 0.61319 22. 0.47778 | 0.59379
175 0.49285( 0.6141  0.4924 0.61284 22. 0.47745| 0.59336)
17.6 0.49259( 0.6138 0.4921 0.61250 22, 0.47711| 0.52993
17.7 0.49233| 0.6135Q0  0.4919 0.61215 22. 0.47677 | 0.59250]
17.8 0.49206| 0.61314 0.4916 0.61180 22. 0.47643 | 0.59207
17.9 0.49180| 0.61283 0.4913 0.61144 22. 0.47610 | 0.59164]
23.0 0.47577 | 0.59121]

All dimensions are in inches.

Values given fow, and C +c), in table are for 1-inch pitch axial threads. For other pitches divide
table values by number of threads per inch.
Courtesy of Van Keuren Co.
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Measuring Taper Screw Threads by Three-Wire Method.—When the 3-wire method
is used in measuring a taper screw thread, the measurement is along a line that is not
pendicular to the axis of the screw thread, the inclination from the perpendicular equalin
one-half the included angle of the taper. The formula that follows compensates for thi
inclination resulting from contact of the measuring instrument surfaces, with two wires or
one side and one on the other. The taper thread is measured over the wires in the usual i
ner except that the single wire must be located in the thread at a point where the effecti
diameter is to be checked (as described more fully later). The formula shows the dimensic
equivalent to the correct pitch diameter at this given point. The general formula for tape
screw threads follows:
_ E—(cota)/2N + W(1 + csca)
- sed
where M = measurement over the 3 wires

E =pitch diameter

a=one-half the angle of the thread

N =number of threads per inch

W =diameter of wires; and

b =one-half the angle of taper.

This formula is not theoretically correct but it is accurate for screw threads having taper

of %,inch per foot or less. This general formula can be simplified for a given thread angle

and taper. The simplified formula following (in whi€h= pitch) is for an American
National Standard pipe thread:

M

E—(0.86603x P) + 3x W
1.00049

Standard pitch diameters for pipe threads will be found in the section “American Pipe
Threads,” which also shows the location, or distance, of this pitch diameter from the end
the pipe. In using the formula for finding dimensiMrover the wires,the single wire is
placed in whatever part of the thread groove locates it at the point where the pitch diamet
is to be checked. The wire must be accurately located at this point. The other wires are th
placed on each side of the thread that is diametrically opposite the single wire. If the pip
thread is straight or without taper,

M = E—(0.86603x P) +3x W

Application of Formula to Taper Pipe Threads illustrate the use of the formula for
taper threads, assume that dimengibis required for an American Standard 3-inch pipe
thread gageTable 4starting on pag&849shows that the 3-inch size has 8 threads per
inch, or a pitch of 0.125 inch, and a pitch diameter at the gaging notch of 3.3885 inche
Assume that the wire diameter is 0.07217 inch: Then when the pitch diameter is correct

_ 3.3885-(0.8660% 0.125+3x 0.07217 _ .
M 100049 3.495 inches

Pitch Diameter Equivalent to a Given Measurement Over the Wites:formula fol-
lowing may be used to check the pitch diameter at any point along a tapering thread whe
measuremem¥l over wires of a given diameter is known. In this formlla,the effective
or pitch diameter at the position occupied by the single wire. The formula is not theoreti
cally correct but gives very accurate results when applied to tap#rici per foot or
less.

M =

E = 1.00049x M + (0.86603x P) —3 x W

ExampleMeasuremenl = 3.495 inches at the gaging notch of a 3-inch pipe thread and
the wire diameter = 0.07217 inch. Then
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E = 1.00049x 3.495 ( 0.86608 0.1p53x 0.07217= 3.3885 inches

Pitch Diameter at Any Point Along Taper Screw Thré&tien the pitch diameter in
any position along a tapering thread is known, the pitch diameter at any other position me
be determined as follows:

Multiply the distance (measured along the axis) between the location of the known pitcl
diameter and the location of the required pitch diameter, by the taper per inch or by 0.062
for American National Standard pipe threads. Add this product to the known diameter, i
the required diameter is at a large part of the taper, or subtract if the required diameter
smaller.

ExampleThe pitch diameter of a 3-inch American National Standard pipe thread is
3.3885 at the gaging notch. Determine the pitch diameter at the small end. The table sta
ing on pagel849shows that the distance between the gaging notch and the small end of
3-inch pipe is 0.77 inch. Hence the pitch diameter at the small end = 3:38857 x
0.0625) = 3.3404 inches.

Three-Wire Method Applied to Buttress Threads.—The angles of buttress threads
vary somewhat, especially on the front or load-resisting Bimtenula (1) which follows,

may be applied to any angles required. In this formMlameasurement over wires when
pitch diameteiE is correctA = included angle of thread and thread groave;angle of

front face or load-resisting side, measured from a line perpendicular to screw thread axi
P = pitch of thread; and/ = wire diameter.

M = E—[m} +W[1+ cos%‘—e%x csc'g} @

P
[/_
M5

-]

/]
fl

For given angle8 anda, this general formula may be simplified as showRdymulas (3)
and(4). These simplified formulas contain constants with values depending upon&angles
anda.

Wire DiameterThe wire diameter for obtaining pitch-line contact at the back of a but-
tress thread may be determined by the following geRerahula (2)

_ cosa
B PEi + cosA] @)

45-Degree Buttress Threat@ihe buttress thread shown by the diagram at the left, has a
front or load-resisting side that is perpendicular to the axis of the screw. Measuvement
equivalent to a correct pitch diameemay be determined Byormula (3)

M = E-P+(Wx3.4142 3)
Wire diametekV for pitch-line contact at back of thread = 0.58itch.

W
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50-Degree Buttress Thread with Front-face Inclination of 5 DegiEkss buttress
thread form is illustrated by the diagram at the right. Measurevhequivalent to the cor-
rect pitch diametelf may be determined #yormula (4)

M = E—-(Px0.91955 + (W x 3.2235 (4)
Wire diameteiW for pitch-line contact at back of thread = 0.606itch. If the width of
flat at crest and root % x pitch, depth = 0.68 pitch.

American National Standard Buttress Threads ANSI B1.9-T97i3: buttress screw
thread has an included thread angle of 52 degrees and a front face inclination of 7 degre
Measurements! equivalent to a pitch diametémay be determined #yormula (5)

M = E—0.89064 + 3.15689N + ¢ 5)
The wire angle correction factors less than 0.0004 inch for recommended combinations
of thread diameters and pitches and may be neglected. Use of wire diamété&id 14 P
is recommended.
Measurement of Pitch Diameter of Thread Ring Gages.-Fhe application of direct
methods of measurement to determine the pitch diameter of thread ring gages prese
serious difficulties, particularly in securing proper contact pressure when a high degree ¢
precision is required. The usual practice is to fit the ring gage to a master setting plug
When the thread ring gage is of correct lead, angle, and thread form, within close limits
this method is quite satisfactory and represents standard American practice. It is the or
method available for small sizes of threads. For the larger sizes, various more or less sat
factory methods have been devised, but none of these have found wide application.
Screw Thread Gage Classification.—Screw thread gages are classified by their degree
of accuracy, that is, by the amount of tolerance afforded the gage manufacturer and tl
wear allowance, if any.

There are also three classifications according to use: 1) Working gages for controllin
production; 2) inspection gages for rejection or acceptance of the finished product; and
3) reference gages for determining the accuracy of the working and inspection gages.

American National Standard for Gages and Gaging for Unified Inch Screw Threads
ANSI/ASME B1.2-1983 (R1991).—Fhis standard covers gaging methods for conform-
ance of Unified Screw threads and provides the essential specifications for applicabl
gages required for unified inch screw threads.

The standard includes the following gagesfmrduct Internal Thread:

GO Working Thread Plug Gader inspecting the maximum-material GO functional
limit.

NOT GO (HI) Thread Plug Gader inspecting the NOT GO (HI) functional diameter
limit.

Thread Snap Gage—GO Segments or Railinspecting the maximum-material GO
functional limit.

Thread Snap Gage—NOT GO (HI) Segments or Ruolisspecting the NOT GO (HI)
functional diameter limit.

Thread Snap Gages—Minimum Material: Pitch Diameter Cone Type and Vee anc
Thread Groove Diameter Typer inspecting the minimum-material limit pitch diameter.

Thread-Setting Solid Ring Gafg setting internal thread indicating and snap gages.

Plain Plug, Snap, and Indicating Gages checking the minor diameter of internal
threads.

Snap and Indicating Gagésr checking the major diameter of internal threads.

Functional Indicating Thread Gader inspecting the maximum-material GO func-
tional limit and size and the NOT GO (HI) functional diameter limit and size.
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Minimum-Material Indicating Thread Gagder inspecting the minimum-material limit
and size.

Indicating Runout Thread Gader inspecting runout of the minor diameter to pitch
diameter.

In addition to these gages for product internal threads, the Standard also covers differe
tial gaging and such instruments as pitch micrometers, thread-measuring balls, optic
comparator and toolmaker's microscope, profile tracing instrument, surface roughnes
measuring instrument, and roundness measuring equipment.

The Standard includes the following gagesHfayduct External Thread:

GO Working Thread Ring Gader inspecting the maximum-material GO functional
limit.

NOT GO (LO) Thread Ring Gadr inspecting the NOT GO (LO) functional diameter
limit.

Thread Snap Gage—GO Segments or Raflinspecting the maximum-material GO
functional limit.

Thread Snap Gage—NOT GO (LO) Segments or Rolisspecting the NOT GO (LO)
functional diameter limit.

Thread Snap Gages—Cone and Vee Type and Minimum Material Thread Groove Dian
eter Typédor inspecting the minimum-material pitch diameter limit.

Plain Ring and Snap Gagés checking the major diameter.
Snap Gagéor checking the minor diameter.

Functional Indicating Thread Gader inspecting the maximum-material GO func-
tional limit and size and the NOT GO (LO) functional diameter limit and size.

Minimum-Material Indicating Thread Gader inspecting the minimum-material limit
and size.

Indicating Runout Gagir inspecting the runout of the major diameter to the pitch
diameter.

W Tolerance Thread-Setting Plug Gdgesetting adjustable thread ring gages, check-
ing solid thread ring gages, setting thread snap limit gages, and setting indicating thre:
gages.

Plain Check Plug Gage for Thread Ring Gégeverifying the minor diameter limits of
thread ring gages after the thread rings have been properly set with the applicable thres
setting plug gages.

Indicating Plain Diameter Gagier checking the major diameter.

Indicating Gagdor checking the minor diameter.

In addition to these gages for product external threads, the Standard also covers differe
tial gaging and such instruments as thread micrometers, thread-measuring wires, optic
comparator and toolmaker's microscope, profile tracing instrument, electromechanice
lead tester, helical path attachment used with GO type thread indicating gage, helical pa
analyzer, surface roughness measuring equipment, and roundness measuring equipme

The standard lists the following for use of Threaded and Plain Gages for verification o
product internal threads:

Tolerance:Unless otherwise specified all thread gages which directly check the produc
thread shall be X tolerance for all classes.

GO Thread Plug Gage&O thread plug gages must enter and pass through the full
threaded length of the product freely. The GO thread plug gage is a cumulative check of ¢
thread elements except the minor diameter.



THREAD GAGES 1879

NOT GO (HI) Thread Plug GageNOT GO (HI) thread plug gages when applied to the
product internal thread may engage only the end threads (which may not be representat
of the complete thread). Entering threads on product are incomplete and permit gage
start. Starting threads on NOT GO (HI) plugs are subject to greater wear than the remaini
threads. Such wear in combination with the incomplete product threads permits furthe
entry of the gage. NOT GO (HI) functional diameter is acceptable when the NOT GO (HI)
thread plug gage applied to the product internal thread does not enter more than three cc
plete turns. The gage should not be forced. Special requirements such as exceptionally tl
or ductile material, small number of threads, etc., may necessitate modification of thi:
practice.

GO and NOT GO Plain Plug Gages for Minor Diameter of Product Internal Thread:

(Recommended in Class Z tolerance.) GO plain plug gages must completely enter ar
pass through the length of the product without force. NOT GO cylindrical plug gage mus
not enter.

The standard lists the following for use of Thread Gages for verification of product exter:
nal threads:

GO Thread Ring Gagesudjustable GO thread ring gages must be set to the applicable
W tolerance setting plugs to assure they are within specified limits. The product threa
must freely enter the GO thread ring gage for the entire length of the threaded portion. Tt
GO thread ring gage is a cumulative check of all thread elements except the major diam
ter.

NOT GO (LO) Thread Ring Gagd$OT GO (LO) thread ring gages must be set to the
applicable W tolerance setting plugs to assure that they are within specified limits. NO
GO (LO) thread ring gages when applied to the product external thread may engage on
the end threads (which may not be representative of the complete product thread)

Starting threads on NOT GO (LO) rings are subject to greater wear than the remainin
threads. Such wear in combination with the incomplete threads at the end of the produ
thread permit further entry in the gage. NOT GO (LO) functional diameter is acceptable
when the NOT GO (LO) thread ring gage applied to the product external thread does n
pass over the thread more than three complete turns. The gage should not be forced. S
cial requirements such as exceptionally thin or ductile material, small number of thread:
etc., may necessitate modification of this practice.

GO and NOT GO Plain Ring and Snap Gages for Checking Major Diameter of Product
External ThreadThe GO gage must completely receive or pass over the major diameter o
the product external thread to ensure that the major diameter does not exceed the ma
mum-material-limit. The NOT GO gage must not pass over the major diameter of the prod
uct external thread to ensure that the major diameter is not less than the minimum-materi:
limit.

Limitations concerning the use of gages are given in the standard as follows:

Product threadsiccepted by a gage of one type may be verified by other types. Itis pos:
sible, however, that parts which are near either rejection limit may be accepted by one tyj
and rejected by another. Also, it is possible for two individual limit gages of the same type
to be at the opposite extremes of the gage tolerances permitted, and borderline prod
threads accepted by one gage could be rejected by another. For these reasons, a pro
screw thread is considered acceptable when it passes a test by any of the permissible gz
in ANSI B1.3 for the gaging system that are within the tolerances.

Gaging large product external and internal threadgial to above 6.25-inch nominal
size with plain and threaded plug and ring gages presents problems for technical and ec
nomic reasons. In these instances, verification may be based on use of modified snap
indicating gages or measurement of thread elements. Various types of gages or measur
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devices in addition to those defined in the Standard are available and acceptable wh
properly correlated to this Standard. Producer and user should agree on the method ¢
equipment used.

Thread Forms of Gages.—Fhread forms of gages for product internal and external
threads are given ihable 1 The Standard ANSI/ASME B1.2-1983 (R1991) also gives
illustrations of the thread forms of truncated thread setting plug gages, the thread forms |
full-form thread setting plug gages, the thread forms of solid thread setting ring gages, ar
an illustration that shows the chip groove and removal of partial thread.

Thread Gage Tolerances.—Gage tolerances of thread plug and ring gages, thread setting
plugs, and setting rings for Unified screw threads, designated as W and X tolerances, &
given inTable. W tolerances represent the highest commercial grade of accuracy an
workmanship, and are specified for thread setting gages; X tolerances are larger than
tolerances and are used for product inspection gages. Tolerances for plain gages are gi
in Table 3

Determining Size of GageBhe three-wire method of determining pitch diameter size of
plug gages is recommended for gages covered by American National Standard B1.
described in Appendix B of the 1983 issue of that Standard.

Size limit adjustments of thread ring and external thread snap gages are determined
their fit on their respective calibrated setting plugs. Indicating gages and thread gages f
product external threads are controlled by reference to appropriate calibrated setting pluc

Size limit adjustments of internal thread snap gages are determined by their fit on the
respective calibrated setting rings. Indicating gages and other adjustable thread gages
product internal threads are controlled by reference to appropriate calibrated setting ring
or by direct measuring methods.

Interpretation of ToleranceS.olerances on lead, half-angle, and pitch diameter are
variations which may be taken independently for each of these elements and may be tak
to the extent allowed by respective tabulated dimensional limits. The tabulated toleranc
on any one element must not be exceeded, even though variations in the other two eleme
are smaller than the respective tabulated tolerances.

Direction of Tolerance on GageAt the maximum-material limit (GO), the dimensions
of all gages used for final conformance gaging are to be within limits of size of the produc
thread. At the functional diameter limit, using NOT GO (HI and LO) thread gages, the
standard practice is to have the gage tolerance within the limits of size of the produc
thread.

Formulas for Limits of Gage&ormulas for limits of American National Standard
Gages for Unified screw threads are givefable 5 Some constants which are required
to determine gage dimensions are tabulatddbie 4

Table 1. Thread Forms of Gages for Product
Internal and External Threads
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Table 1.(Continued)Thread Forms of Gages for Product
Internal and External Threads
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Table 2. American National Standard Tolerance for GO, HI, and LO Thread Gages
for Unified Inch Screw Thread

Tolerance Tol. on Major and Tolerance on
on Lead Tol. on Minor Diams? Pitch Diametér
Thread
To & Half- To& | Above To& | Above | Apove | Apove | Above
Thds. | incl. | Above | angle incl. %to | Above | incl. %to Wto 410 8to
per %in. %in. @), %in. 4in. 4in. %in. | in. | 4in. gin. | 12in¢
Inch Dia. Dia. minutes Dia. Dia. Dia. Dia. Dia. Dia. Dia. Dia.
W GAGES
80,72 .0001| .0001§ 20 000! 0008 ... 0001 | .00015
64 .0001 .00015 20 .0003 .0004 ... .0001 .00015
56 .0001 .00015 20 .0003 .0004 ... .0001 .00015 .0002
48 .0001 .00015 18 .0003 .0004 ... .0001 .00015 .0002
44, 40 .0001 .00014 15 .000: .ooog ... .0001 .00015 .0002
36 .0001 .00015 12 .0003 .0004 ... .0001 .00015 .0002
32 .0001 .00015 12 .0003 .000! .000f7 .0001 .00015 .0Q02 .00025 .0003
28,27 | .00015| .00014 8 .000§ .000! .00q7 .00p1 .00015 .0p02 .00025 .p003
24,20 | .00015| .0001§ 8 .0005 .000! .00q7 .0001 .00015 .0p02 .00025 9003
18 .00015 | .00015| 8 .0005 .000! .000f7 .00Q1 .00915 .0902 .0Q025 .qoo3
16 .00015 | .00015| 8 .0006 .000 .000p .00Q1 .00p2 .00p25 .0po3 .qoo4
14,13 .0002 .0002 6 .000q .000f .0000 .000115 .0002 .00025 .0p03 004
12 .0002 .0002 6 0006 .0004 .0009 .00015 .00p2 .00025 .0p03 .qoo4
1% .0002 .0002 6 .0006 .0006 .000! .00015 .0002 .00025 .0003 .0po4
11 .0002 .0002 6 0006 .0004 .0009 .00015 .00p2 .00025 .0p03 .qoo4
10 .00025 6 .0006 .0009 .0002 .0025 .0003 0004
9 .00025 6 .0007 .0011 .0002 .00025 .0003 .0004
8 .00025 5 .0007 .0011 .0002 .00025 .0003 .0004
7 .0003 5 .0007 .0011 .0002 .00025 .0003 .0004
6 .0003 5 .0008 .0013 .0002 .00025 .0003 .0004
5 .0003 4 .0008 .0013 .00025 .0003 .0004
4%, .0003 4 .0008 .0013 .00025 .0003 .0004
4 .0003 4 .0009 .0015 .00025 .0003 .0004
X GAGES
80, 72 .0002 .0002 30 .0003 .000: .0002 .0002
64 .0002 .0002 30 .0004) .0004 ... .0002 .0002
56, 48 .0002 .0002 30 .0004 .000: .0002 .0002 .0003
44, 40 .0002 .0002 20 .0004 .000. .0002 .0002 .0003
36 .0002 .0002 20 .0004] .0004 .0002 .0002 .0003
32,28 .0003 .0003 15 .0004 .000! .0097 .0003 .0003 .0004 .0pos .qoo6
27,24 .0003 .0003 15 .0004 .000! .00Q7 .0003 .0003 .0004 .0pos .¢oo6
20 .0003 .0003 15 .0005| .000§ .0oop .0043 .00p3 .0qo4 .0005 0006
18 .0003 .0003 10 .0005| .000§ .0oof .0043 .0003 .0qo4 .0005 .0006
16, 14 .0003 .0003 10 .000 .000¢ .00d9 .0003 .0003 .0004 .0po6 .g008
13,12 .0003 .0003 10 .0004 .000 .0009 .0003 .0003 .0004 .0po6 .qoo8
1% .0003 .0003 10 0006 .000q .000! .0008 .0003 .00p4 .0906 .0pos
11,10 .0003 .0003 10 .0004 .000 .0009 .0003 .0003 .0004 .0po6 .qoo8
9 .0003 .0003 10 .0007] .0007 .001L .0043 .0003 .0004 .0006 .0pos
8,7 .0004 .0004 5 .0007| .0007 .001fL .0004 .00p4 .0qos .0006 .qoos
6 .0004 .0004 5 0008 .000g .001: .ooo¢4 .0004 .00p5 .09o6 .0pos
5,4 .0004 .0004 5 .0008 .0008 .001. .0005 .0006 .0008
4 .0004 .0004 5 .0009 .0009 .001! .0005 .0006 .0008

2Allowable variation in lead between any two threads not farther apart than the length of the stan-
dard gage as shown in ANSI B47.1. The tolerance on lead establishes the width of a zone, measur
parallel to the axis of the thread, within which the actual helical path must lie for the specified length
of the thread. Measurements are taken from a fixed reference point, located at the start of the first fu
thread, to a sufficient number of positions along the entire helix to detect all types of lead variations.
The amounts that these positions vary from their basic (theoretical) positions are recorded with du
respect to sign. The greatest variation in each direct)ds $éelected, and the sum of their values, dis-
regarding sign, must not exceed the tolerance limits specified for W gages.

bTolerances apply to designated size of thread. The application of the tolerances is specified in th
Standard.

¢Above 12 in. the tolerance is directly proportional to the tolerance given in this column below, in the
ratio of the diameter to 12 in.

All dimensions are given in inches unless otherwise specified.
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Table 3. American National Standard Tolerances for Plain Cylindrical Gages
ANSI/ASME B1.2-1983 (R1991)

Size Range Tolerance Class
To and XX | X I Y I z | L

Above Including Tolerance

0.020 0.825 .00002 .00004 .00007 .00010 .00024
0.825 1.510 .00003 .00006 .00009 .00012 .00024
1.510 2.510 .00004 .00008 .00012 .00016! .00037
2.510 4.510 .00005 .00010 .00015 .00020 .00044
4510 6.510 .000065 .00013 .00019 .00025| .0005
6.510 9.010 .00008 .00016 .00024 .00032 .00064
9.010 12.010 .00010 .00020 .00030 .00040| .0008

aTolerances apply to actual diameter of plug or ring. Apply tolerances as specified in the Standard
Symbols XX, X, Y, Z, and ZZ are standard gage tolerance classes.

All dimensions are given in inches.

Table 4. Constants for Computing Thread Gage Dimensions
ANSI/ASME B1.2-1983 (R1991)

Threads ‘ Height of Sharp V-
Inch Plgh’ 0.060/p2 +0.017 05p 087 ngggé%_ .)143/50_1) .2%{55@
80 .012500 .0034 .00063 .0010 .010825 .00541 .00271
72 .013889 .0037 .00069 .00124 .012028 00601 .00301
64 .015625 .0040 .00078 .00134 .013532 .00677 .00338
56 .017857 .0044 .00089 .0015§ 015465 .00773 .00387
48 .020833 .0049 .00104 .00181 .018042 .00902 00451
44 .022727 .0052 .00114] .0019 1019682 .00984 .00492
40 .025000 .0056 .00125 .0021 .021651 .01083 .00541
36 .027778 .0060 .00139 .00244 .024056 .01203 .00601
32 .031250 .0065 .00156 .00274 .027063 .013! .00617
28 .035714 .0071 .00179 .00311 .030929 .01546 .00713
27 .037037 .0073 .00185 .00323 .032075 .016 00802
24 .041667 .0079 .00208 .00361 .036084 .018 .00902
20 .050000 .0090 .00250 .00434 .043301 .02165 .01083
18 .055556 .0097 .00278 .00489 .048113 .02406 .01203
16 .062500 .0105 .00313 .00544 0.54127 .02706 .013%3
14 .071429 .0115 .00357 .00621 .061859 .030! .01546
13 .076923 .0122 .00385 0066 066617 .03331 .01665
12 .083333 .0129 .00417 .00729 .072169 .036! 01804
11% .086957 .0133 .00435 .00757] .075307 .0376] .018¢3
11 .090909 .0137 .00451 .00791 .078730 .039. .019¢8
10 100000 .0146 .00500 .0087 .086603 .043: .02165
9 111111 .0158 .00556 .00967 096225 .048. .02406
8 125000 0171 .00625 .01084 .108253 .054. .02706
7 .142857 .0188 .00714 .01243 123718 061 .03093
6 166667 .0210 .00833 .0145(¢ 144338 .072 .03608
5 .200000 .0239 .01000 .01744 1173205 .086! .04330
4%, 222222 .0258 01111 .01933 .192450 .0962| .04811
4 .250000 .0281 .01250 .0217§ .216506 .108: .05413

All dimensions are given in inches unless otherwise specified.
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Table 5. Formulas for Limits of American National Standard Gages for
Unified Inch Screw Threads ANSI/ASME B1.2-1983 (R1991)

No. THREAD GAGES FOR EXTERNAL THREADS

1 GO Pitch Diameter = Maximum pitch diameter of external thread. Gage toleranireiss

2 GO Minor Diameter = Maximum pitch diameter of external thread ntii2sGage tolerance iinus.

3 NOT GO (LO) Pitch Diameter (for plus tolerance gage) = Minimum pitch diameter of external thread. Gage
tolerance iplus.

4 N|OT GO (LO) Minor Diameter = Minimum pitch diameter of external thread ntittdsGage tolerance i
plus.

PLAIN GAGES FOR MAJOR DIAMETER OF EXTERNAL THREADS
5 GO = Maximum major diameter of external thread. Gage toleramcigiss.
6 NOT GO = Minimum major diameter of external thread. Gage toleramtesis
THREAD GAGES FOR INTERNAL THREADS

7 GO Major Diameter = Minimum major diameter of internal thread. Gage toleraplees.is

8 GO Pitch Diameter = Minimum pitch diameter of internal thread. Gage toleraples.is

9 NOT GO (HI) Major Diameter = Maximum pitch diameter of internal threadipl@sGage tolerance is
minus.

10 NOT GO (HI) Pitch Diameter = Maximum pitch diameter of internal thread. Gage toleraniceiss

PLAIN GAGES FOR MINOR DIAMETER OF INTERNAL THREADS

11 GO = Minimum minor diameter of internal thread. Gage toleranuleiss

12 NOT GO = Maximum minor diameter of internal thread. Gage tolerams@iss.

FULL FORM AND TRUNCATED SETTING PLUGS

13 GO Major Diameter (Truncated Portion) = Maximum major diameter of external thread (= minimum major
diameter of full portion of GO setting plug) minﬁQ.OGO’i/piz +0.017p) . Gage tolerance is
minus.

14 GO Major Diameter (Full Portion) = Maximum major diameter of external thread. Gage tolerpluse iy

15 GO Pitch Diameter = Maximum pitch diameter of external thread. Gage toleraniceiss

16 aNOT GO (LO) Major Diameter (Truncated Portion) = Minimum pitch diameter of external threald/glus
Gage tolerance iminus.

17 NOT GO (LO) Major Diameter (Full Portion) = Maximum major diameter of external thread provided|major
diameter crest width shall not be less than 0.001 in. (0.0009 in. truncation). Apply W tofgtesfoe max-
imum size except that for 0.001 in. crest width apply toleramioeis.For the 0.001 in. crest width, major|
diameter is equal to maximum major diameter of external thread plus 0.218&06 the sum of externg!
thread pitch diameter tolerance and 0.0017 in.

18 NOT GO (LO) Pitch Diameter = Minimum pitch diameter of external thread. Gage tolerghe® is

SOLID THREAD-SETTING RINGS FOR SNAP AND INDICATING GAGES

19 bGO Pitch Diameter = Minimum pitch diameter of internal thread. W gage toleraplcs is

20 GO Minor Diameter = Minimum minor diameter of internal thread. W gage toleramieus.

21 PNOT GO (HI) Pitch Diameter = Maximum pitch diameter of internal thread. W gage toleranteuis

22 NOT GO (HI) Minor Diameter = Maximum minor diameter of internal thread. W gage toleramasuis.

aTruncated portion is required when optional sharp root profile is used.
bTolerances greater than W tolerance for pitch diameter are acceptable when internal indicating o
snap gage can accommodate a greater tolerance and when agreed upon by supplier and user.

See data in Screw Thread Systems section for symbols and dimensions of Unified Screw Threads
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TAPPING AND THREAD CUTTING

Selection of Taps.—For most applications, a standard tap supplied by the manufacturer
can be used, but some jobs may require special taps. A variety of standard taps can
obtained. In addition to specifying the size of the tap it is necessary to be able to select tl
one most suitable for the application at hand.

The elements of standard taps that are varied are: the number of flutes; the type of flu
whether straight, spiral pointed, or spiral fluted; the chamfer length; the relief of the land
if any; the tool steel used to make the tap; and the surface treatment of the tap.

Details regarding the nomenclature of tap elements are given in the S&&BSNAND
THREADING DIESstarting on page 872, along with a listing of the standard sizes avail-
able.

Factors to consider in selecting a tap include: the method of tapping, by hand or b
machine; the material to be tapped and its heat treatment; the length of thread, or depth
the tapped hole; the required tolerance or class of fit; and the production requirement a
the type of machine to be used.

The diameter of the hole must also be considered, although this action is usually only
matter of design and the specification of the tap drill size.

Method of TappingThe termhand tapis used for both hand and machine taps, and
almost all taps can be applied by the hand or machine method. While any tap can be us
for hand tapping, those having a concentric land without the relief are preferable. In han
tapping the tool is reversed periodically to break the chip, and the heel of the land of a te
with a concentric land (without relief) will cut the chip off cleanly or any portion of it that
is attached to the work, whereas a tap with an eccentric or con-eccentric relief may leave
small burr that becomes wedged between the relieved portion of the land and the wor
This wedging creates a pressure towards the cutting face of the tap that may cause itto ct
it tends to roughen the threads in the hole, and it increases the overall torque required
turn the tool. When tapping by machine, however, the tap is usually turned only in on
direction until the operation is complete, and an eccentric or con-eccentric relief is often a
advantage.

Chamfer LengthThree types of hand taps, used both for hand and machine tapping, ar
available, and they are distinguished from each other by the length of cheapfertaps
have a chamfer angle that reduces the height about 8—10pteettapshave a chamfer
angle with 3-5 threads reduced in height; laoitbming tapsiave a chamfer angle witb,1
threads reduced in height. Since the teeth that are reduced in height do practically all tl
cutting, the chip load or chip thickness per tooth will be least for a taper tap, greater for
plug tap, and greatest for a bottoming tap.

For most through hole tapping applications it is necessary to use only a plug type taj
which is also most suitable for blind holes where the tap drill hole is deeper than th
required thread. If the tap must bottom in a blind hole, the hole is usually threaded first wit
a plug tap and then finished with a bottoming tap to catch the last threads in the bottom
the hole. Taper taps are used on materials where the chip load per tooth must be kept t
minimum. However, taper taps should not be used on materials that have a strong tender
to work harden, such as the austenitic stainless steels.

Spiral Point TapsSpiral point taps offer a special advantage when machine tapping
through holes in ductile materials because they are designed to handle the long continuc
chips that form and would otherwise cause a disposal problem. An angular gash is groui
at the point or end of the tap along the face of the chamfered threads or lead teeth of the t
This gash forms a left-hand helix in the flutes adjacent to the lead teeth which causes tl
chips to flow ahead of the tap and through the hole. The gash is usually formed to produ
a rake angle on the cutting face that increases progressively toward the end of the to
Since the flutes are used primarily to provide a passage for the cutting fluid, they are usi
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ally made narrower and shallower thereby strengthening the tool. For tapping thin work
pieces short fluted spiral point taps are recommended. They have a spiral point gash alo
the cutting teeth; the remainder of the threaded portion of the tap has no flute. Most spir
pointed taps are of plug type; however, spiral point bottoming taps are also made.

Spiral Fluted TapsSpiral fluted taps have a helical flute; the helix angle of the flute may
be between 15 and 52 degrees and the hand of the helix is the same as that of the thread
the tap. The spiral flute and the rake that it forms on the cutting face of the tap combine
induce the chips to flow backward along the helix and out of the hole. Thus, they are ideall
suited for tapping blind holes and they are available as plug and bottoming types. A highe
spiral angle should be specified for tapping very ductile materials; when tapping harde
materials, chipping at the cutting edge may result and the spiral angle must be reduced.

Holes having a pronounced interruption such as a groove or a keyway can be tapped w
spiral fluted taps. The land bridges the interruption and allows the tap to cut relatively
smoothly.

Serial Taps and Close Tolerance Thredés: tapping holes to close tolerances a set of
serial taps is used.

They are usually available in sets of three: the No. 1 tap is undersize and is the fir:
rougher; the No. 2 tap is of intermediate size and is the second rougher; and the No. 3
is used for finishing.

The different taps are identified by one, two, and three annular grooves in the shank adj
cent to the square. For some applications involving finer pitches only two serial taps ar
required. Sets are also used to tap hard or tough materials having a high tensile streng
deep blind holes in normal materials, and large coarse threads. A set of more than three t:
is sometimes required to produce threads of coarse pitch. Threads to some commercial t
erances, such as American Standard Unified 2B, or ISO Metric 6H, can be produced in ot
cut using a ground tap; sometimes even closer tolerances can be produced with a single t
Ground taps are recommended for all close tolerance tapping operations. For much orc
nary work, cut taps are satisfactory and more economical than ground taps.

Tap SteelsMost taps are made from high speed steel. The type of tool steel used is dete
mined by the tap manufacturer and is usually satisfactory when correctly applied except |
a few exceptional cases. Typical grades of high speed steel used to make taps are M-1,
2, M-3, M-42, etc. Carbon tool steel taps are satisfactory where the operating temperatu
of the tap is low and where a high resistance to abrasion is not required as in some types
hand tapping.

Surface TreatmenThe life of high speed steel taps can sometimes be increased signifi-
cantly by treating the surface of the tap. A very common treatment is oxide coating, whicl
forms a thin metallic oxide coating on the tap that has lubricity and is somewhat porous t
absorb and retain oil. This coating reduces the friction between the tap and the work and
makes the surface virtually impervious to rust. It does not increase the hardness of the st
face but it significantly reduces or prevents entirely galling, or the tendency of the work
material to weld or stick to the cutting edge and to other areas on the tap with which itisi
contact. For this reason oxide coated taps are recommended for metals that tend to gall ¢
stick such as non-free cutting low carbon steels and soft copper. It is also useful for tappir
other steels having higher strength properties.

Nitriding provides a very hard and wear resistant case on high speed steel. Nitrided ta|
are especially recommended for tapping plastics; they have also been used successfully
a variety of other materials including high strength high alloy steels. However, some cau
tion must be used in specifying nitrided taps because the nitride case is very brittle and m
have a tendency to chip.

Chrome plating has been used to increase the wear resistance of taps but its applicat
has been limited because of the high cost and the danger of hydrogen embrittlement whi
can cause cracks to form in the tool. A flash plate of about .0001 in. or less in thickness
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applied to the tap. Chrome-plated taps have been used successfully to tap a variety of f
rous and nonferrous materials including plastics, hard rubber, mild steel, and tool stee
Other surface treatments that have been used successfully to a limited extent are vay
blasting and liquid honing.

Rake AngleFor the majority of applications in both ferrous and nonferrous materials the
rake angle machined on the tap by the manufacturer is satisfactory. This angle is appro
mately 5to 7 degrees. In some instances it may be desirable to alter the rake angle of the
to obtain beneficial results afable 1provides a guide that can be used. In selecting a rake
angle from this table, consideration must be given to the size of the tap and the strength
the land. Most standard taps are made with a curved face with the rake angle measured :
chord between the crest and root of the thread. The resulting shape is called a hook ang|

Table 1. Tap Rake Angles for Tapping Different Materials

Rake Angle, Rake Angle,
Material Degrees Material Degrees
Cast Iron 0-3 Aluminum 8-20
Malleable Iron 5-8 Brass 2-7
Steel Naval Brass 5-8
AISI 1100 Series 5-12 Phosphor Bronze 5-12
Low Carbon (up 5-12 Tobin Bronze 5-8
to .25 per cent) Manganese Bronze 5-12
Medium Carbon, Annealed 5-10 Magnesium 10-20
(.30 to .60 per cent) Monel 9-12
Heat Treated, 225-283 0-8 Copper 10-18
Brinell. (.30 to .60 per cent; Zinc Die Castings 10-15
High Carbon and 0-5 Plastic
High Speed Thermoplastic 5-8
Stainless 8-15 Thermosetting 0-3
Titanium 5-10 Hard Rubber 0-3

Cutting Speed.—The cutting speed for machine tapping is treated in detail onlfeide

It suffices to say here that many variables must be considered in selecting this cutting spe
and any tabulation may have to be modified greatly. Where cutting speeds are mention:
in the following section, they are intended only to provide a guideline to show the possibl
range of speeds that could be used.

Tapping Specific Materials.—The work material has a great influence on the ease with
which a hole can be tapped. For production work, in many instances, modified taps are re
ommended; however, for toolroom or short batch work, standard hand taps can be used
most jobs, providing reasonable care is taken when tapping. The following concerns tf
tapping of metallic materials; information on the tapping of plastics is given orbpage

Low Carbon Steel (Less than 0.15% T)ese steels are very soft and ductile resulting
in a tendency for the work material to tear and to weld to the tap. They produce a contint
ous chip that is difficult to break and spiral pointed taps are recommended for tappin
through holes; for blind holes a spiral fluted tap is recommended. To prevent galling an
welding, a liberal application of a sulfur base or other suitable cutting fluid is essential an
the selection of an oxide coated tap is very helpful.

Low Carbon Steels (0.15 to 0.30% The additional carbon in these steels is beneficial
as it reduces the tendency to tear and to weld; their machinability is further improved b
cold drawing. These steels present no serious problems in tapping provided a suitable c
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ting fluid is used. An oxide coated tap is recommended, particularly in the lower carbor
range.

Medium Carbon Steels (0.30 to 0.60% T)ese steels can be tapped without too much
difficulty, although a lower cutting speed must be used in machine tapping. The cutting
speed is dependent on the carbon content and the heat treatment. Steels that have a hi
carbon content must be tapped more slowly, especially if the heat treatment has produc
a pearlitic microstructure. The cutting speed and ease of tapping is significantly improve
by heat treating to produce a spheroidized microstructure. A suitable cutting fluid must b
used.

High Carbon Steels (More than 0.6% C)sually these materials are tapped in the
annealed or normalized condition although sometimes tapping is done after hardening al
tempering to a hardness below 55 Rc. Recommendations for tapping after hardening a
tempering are given under High Tensile Strength Steels. In the annealed and normaliz
condition these steels have a higher strength and are more abrasive than steels with a o
carbon content; thus, they are more difficult to tap. The microstructure resulting from the
heat treatment has a significant effect on the ease of tapping and the tap life, a spheroic
structure being better in this respect than a pearlitic structure. The rake angle of the t:
should not exceed 5 degrees and for the harder materials a concentric tap is recommenc
The cutting speed is considerably lower for these steels and an activated sulfur-chlorinat
cutting fluid is recommended.

Alloy SteelsThis classification includes a wide variety of steels, each of which may be
heat treated to have a wide range of properties. When annealed and normalized they
similar to medium to high carbon steels and usually can be tapped without difficulty,
although for some alloy steels a lower tapping speed may be required. Standard taps car
used and for machine tapping a con-eccentric relief may be helpful. A suitable cutting fluic
must be used.

High-Tensile Strength Steelsny steel that must be tapped after being heat treated to a
hardness range of 40-55 Rc is included in this classification. Low tap life and excessive te
breakage are characteristics of tapping these materials; those that have a high chromi
content are particularly troublesome. Best results are obtained with taps that have conce
tric lands, a rake angle that is at or near zero degrees, and 6 to 8 chamfered threads on
end to reduce the chip load per tooth. The chamfer relief should be kept to a minimum. Tk
load on the tap should be kept to a minimum by every possible means, including using tt
largest possible tap drill size; keeping the hole depth to a minimum; avoidance of botton
ing holes; and, in the larger sizes, using fine instead of coarse pitches. Oxide coated taps
recommended although a nitrided tap can sometimes be used to reduce tap wear. An act
sulfur-chlorinated oil is recommended as a cutting fluid and the tapping speed should ne
exceed about 10 feet per minute.

Stainless Steel&erritic and martensitic type stainless steels are somewhat like alloy
steels that have a high chromium content, and they can be tapped in a similar manne
although a slightly slower cutting speed may have to be used. Standard rake angle oxi
coated taps are recommended and a cutting fluid containing molybdenum disulphide |
helpful to reduce the friction in tapping. Austenitic stainless steels are very difficult to tag
because of their high resistance to cutting and their great tendency to work harden. A wor
hardened layer is formed by a cutting edge of the tap and the depth of this layer depends
the severity of the cut and the sharpness of the tool. The next cutting edge must penetr
below the work-hardened layer, if it is to be able to cut. Therefore, the tap must be ke
sharp and each succeeding cutting edge on the tool must penetrate below the work-ha
ened layer formed by the preceding cutting edge. For this reason, a taper tap should not
used, but rather a plug tap having 3-5 chamfered threads. To reduce the rubbing of t
lands, an eccentric or con-eccentric relieved land should be used and a 10-15 degree r
angle is recommended. A tough continuous chip is formed that s difficult to break. To con
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trol this chip, spiral pointed taps are recommended for through holes and low-helix angl|
spiral fluted taps for blind holes. An oxide coating on the tap is very helpful and a sulfur-
chlorinated mineral lard oil is recommended, although heavy duty soluble oils have als
been used successfully.

Free Cutting SteelShere are large numbers of free cutting steels, including free cutting
stainless steels, which are also called free machining steels. Sulfur, lead, or phosphorus.
added to these steels to improve their machinability. Free machining steels are always e:
ier to tap than their counterparts that do not have the free machining additives. Tool life i
usually increased and a somewhat higher cutting speed can be used. The type of tap rec
mended depends on the particular type of free machining steel and the nature of the tappi
operation; usually a standard tap can be used.

High Temperature AlloySthese are cobalt or nickel base nonferrous alloys that cut like
austenitic stainless steel, but are often even more difficult to machine. The recommend
tions given for austenitic stainless steel also apply to tapping these alloys but the rake an
should be 0 to 10 degrees to strengthen the cutting edge. For most applications a nitrid
tap or one made from M41, M42, M43, or M44 steel is recommended. The tapping speed
usually in the range of 5 to 10 feet per minute.

Titanium and Titanium Alloyiitanium and its alloys have a low specific heat and a pro-
nounced tendency to weld on to the tool material; therefore, oxide coated taps are recol
mended to minimize galling and welding. The rake angle of the tap should be from6to 1
degrees. To minimize the contact between the work and the tap an eccentric or con-ecce
tric relief land should be used. Taps having interrupted threads are sometimes helpful. Pu
titanium is comparatively easy to tap but the alloys are very difficult. The cutting speec
depends on the composition of the alloy and may vary from 40 to 10 feet per minute. Sp
cial cutting oils are recommended for tapping titanium.

Gray Cast Iron:The microstructure of gray cast iron can vary, even within a single cast-
ing, and compositions are used that vary in tensile strength from about 20,000 to 60,000 f
(160 to 250 Bhn). Thus, cast iron is not a single material, although in general it is not diffi:
cult to tap. The cutting speed may vary from 90 feet per minute for the softer grades to 2
feet per minute for the harder grades. The chip is discontinuous and straight fluted taj
should be used for all applications. Oxide coated taps are helpful and gray cast iron c:
usually be tapped dry, although water soluble oils and chemical emulsions are sometim
used.

Malleable Cast IronCommercial malleable cast irons are also available having a rather
wide range of properties, although within a single casting they tend to be quite uniform
They are relatively easy to tap and standard taps can be used. The cutting speed for ferr
castirons is 60-90 feet per minute, for pearlitic malleable irons 40-50 feet per minute, ar
for martensitic malleable irons 30—35 feet per minute. A soluble oil cutting fluid is recom-
mended except for martensitic malleable iron where a sulfur base oil may work better.

Ductile or Nodular Cast IronSeveral classes of nodular iron are used having a tensile
strength varying from 60,000 to 120,000 psi. Moreover, the microstructure in a single cas
ing and in castings produced at different times vary rather widely. The chips are easily cor
trolled but have some tendency to weld to the faces and flanks of cutting tools. For thi
reason oxide coated taps are recommended. The cutting speed may vary from 15 fpm f
the harder martensitic ductile irons to 60 fpm for the softer ferritic grades. A suitable cut
ting fluid should be used.

Aluminum:Aluminum and aluminum alloys are relatively soft materials that have little
resistance to cutting. The danger in tapping these alloys is that the tap will ream the ho
instead of cutting threads, or that it will cut a thread eccentric to the hole. For these reasot
extra care must be taken when aligning the tap and starting the thread. For production te
ping a spiral pointed tap is recommended for through holes and a spiral fluted tap for blin
holes; preferably these taps should have a 10 to 15 degree rake angle. A lead screw tapp
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machine is helpful in cutting accurate threads. A heavy duty soluble oil or a light base min
eral oil should be used as a cutting fluid.

Copper AlloysMost copper alloys are not difficult to tap, except beryllium copper and a
few other hard alloys. Pure copper offers some difficulty because of its ductility and the
ductile continuous chip formed, which can be difficult to control. However, with reason-
able care and the use of medium heavy duty mineral lard oil it can be tapped successful
Red brass, yellow brass, and similar alloys containing not more than 35 per cent zinc pr
duce a continuous chip. While straight fluted taps can be used for hand tapping the:
alloys, machine tapping should be done with spiral pointed or spiral fluted taps for througl|
and blind holes respectively. Naval brass, leaded brass, and cast brasses produce a dis
tinuous chip and a straight fluted tap can be used for machine tapping. These alloys exhil
atendency to close in on the tap and sometimes an interrupted thread tap is used to red
the resulting jamming effect. Beryllium copper and the silicon bronzes are the strongest ¢
the copper alloys. Their strength combined with their ability to work harden can cause dif
ficulties in tapping. For these alloys plug type taps should be used and the taps should
kept as sharp as possible. A medium or heavy duty water soluble oil is recommended a
cutting fluid.

Diameter of Tap Drill.— Tapping troubles are sometimes caused by tap drills that are too
small in diameter. The tap drill should not be smaller than is necessary to give the require
strength to the thread as even a very small decrease in the diameter of the drill will increa
the torque required and the possibility of broken taps. Tests have shown that any increa
in the percentage of full thread over 60 per cent does not significantly increase the streng
of the thread. Often, a 55 to 60 per cent thread is satisfactory, although 75 per cent three
are commonly used to provide an extra measure of safety. The present thread specific
tions do not always allow the use of the smaller thread depths. However, the specificatic
given on a part drawing must be adhered to and may require smaller minor diameters th
might otherwise be recommended.

The depth of the thread in the tapped hole is dependent on the length of thread enga
ment and on the material. In general, when the engagement length is more than one &
one-half times the nominal diameter a 50 or 55 per cent thread is satisfactory. Soft ducti
materials may permit use of a slightly larger tapping hole than brittle materials such as gre
castiron.

It must be remembered that a twist drill is a roughing tool that may be expected to dril
slightly oversize and that some variations in the size of the tapping holes are almost inev
table. When a closer control of the hole size is required it must be reamed. Reaming is re
ommended for the larger thread diameters and for some fine pitch threads.

For threads of Unified form (séenerican National and Unified Screw Thread Foons
page 1706) the selection of tap drills is covered in the following section, Factors Influenc
ing Minor Diameter Tolerances of Tapped Holes and the hole size limits are ghadien
2. Tables 3and4 give tap drill sizes for American National Form threads based on 75 per
cent of full thread depth. For smaller-size threads the use of slightly larger drills, if permis:
sible, will reduce tap breakage. The selection of tap drills for these threads also may
based on the hole size limits givenTiable 2for Unified threads that take lengths of
engagement into account.



Table 2. Recommended Hole Size Limits Before Tapping Unified Threads

Classes 1B and 2B [ Class 3B
Length of EngagemenD = Nominal Size of Thread)
Thread To and Including Above¥D Above#D Above D To and Including Above¥D Above#D Above 1D
Size ¥D to#D to D to D ¥D to#D to D to 2D
Recommended Hole Size Limits
Min2 Max Min Max Min Max® Min Max Min2 Max Min Max Min Max® Min Max
0-80 0.0465 0.0500] 0.0479 0.0514 0.0479 0.0514| 0.0479 0.0514] 0.0465 0.0500 0.0479 0.0514 0.0479 0.0514 0.0479 0.0514
1-64 0.0561 0.0599| 0.0585 0.0623| 0.0585 0.0623] 0.0585 0.0623( 0.0561 0.0599 0.0585 0.0623 0.0585 0.0623 0.0585 0.0623
1-72 0.0580 0.0613| 0.0596 0.0629| 0.0602 0.0635| 0.0602 0.0635( 0.0580 0.0613 0.0596 0.0629 0.0602 0.0635 0.0602 0.0635
2-56 0.0667 0.0705| 0.0686 0.0724| 0.0699 0.0737| 0.0699 0.0737/ 0.0667 0.0705 0.0686 0.0724 0.0699 0.0737 0.0699 0.0737
2-64 0.0691 0.0724 0.0707 0.0740| 0.0720 0.0753] 0.0720 0.0753( 0.0691 0.0724 0.0707 0.0740 0.0720 0.0753 0.0720 0.0753
3-48 0.0764 0.0804 0.0785 0.0825| 0.0805 0.0845| 0.0806 0.0846( 0.0764 0.0804 0.0785 0.0825 0.0805 0.0845 0.0806 0.0846
3-56 0.0797 0.0831] 0.0814 0.0848| 0.0831 0.0865| 0.0833 0.0867/ 0.0797 0.0831 0.0814 0.0848 0.0831 0.0865 0.0833 0.0867
4-40 0.0849 0.0894 0.0871 0.0916 0.0894 0.0939| 0.0902 0.0947/ 0.0849 0.0894 0.0871 0.0916 0.0894 0.0939 0.0902 0.0947
4-48 0.0894 0.0931 0.0912 0.0949| 0.0931 0.0968 0.0939 0.0976( 0.0894 0.0931 0.0912 0.0949 0.0931 0.0968 0.0939 0.0976
5-40 0.0979 0.1020| 0.1000 0.1041] 0.1021 0.1062 0.1036 0.1077/ 0.0979 0.1020 0.1000 0.1041 0.1021 0.1062 0.1036 0.1077
5-44 0.1004 0.1042| 0.1023 0.1060] 0.1042 0.1079| 0.1060 0.1097| 0.1004 0.1042 0.1023 0.1060 0.1042 0.1079 0.1060 0.1097
6-32 0.104 0.109 0.106 0.112 0.109 0.114 0.112 0.117 | 0.1040 0.1091 0.1066 0.1115 0.1091 0.1140 0.1115 0.1164
6-40 0.111 0.115 0.113 0.117 0.115 0.119 0.117 0.121 | 0.1110 0.1148 0.1128 0.1167 0.1147 0.1186 0.1166 0.1205
8-32 0.130 0.134 0.132 0.137 0.134 0.139 0.137 0.141 | 0.1300 0.1345 0.1324 0.1367 0.1346 0.1389 0.1367 0.1410
8-36 0.134 0.138 0.136 0.140 0.138 0.142 0.140 0.144 | 0.1340 0.1377 0.1359 0.1397 0.1378 0.1416 0.1397 0.1435
10-24 0.145 0.150 0.148 0.154 0.150 0.156 0.152 0.159 | 0.1450 0.1502 0.1475 0.1528 0.1502 0.1555 0.1528 0.1581
10-32 0.156 0.160 0.158 0.162 0.160 0.164 0.162 0.166 | 0.1560 0.1601 0.1581 0.1621 0.1601 0.1641 0.1621 0.1661
12-24 0.171 0.176 0.174 0.179 0.176 0.181 0.178 0.184 | 0.1710 0.1758 0.1733 0.1782 0.1758 0.1807 0.1782 0.1831
12-28 0.177 0.182 0.179 0.184 0.182 0.186 0.184 0.188 | 0.1770 0.1815 0.1794 0.1836 0.1815 0.1857 0.1836 0.1878
12-32 0.182 0.186 0.184 0.188 0.186 0.190 0.188 0.192 | 0.1820 0.1858 0.1837 0.1877 0.1855 0.1895 0.1873 0.1913
¥-20 0.196 0.202 0.199 0.204 0.202 0.207 0.204 0.210 | 0.1960 0.2013 0.1986 0.2040 0.2013 0.2067 0.2040 0.2094
28 0.211 0.216 0.213 0.218 0.216 0.220 0.218 0.222 |0.2110 0.2152 0.2131 0.2171 0.2150 0.2190 0.2169 0.2209
32 0.216 0.220 0.218 0.222 0.220 0.224 0.222 0.226 | 0.2160 0.2196 0.2172 0.2212 0.2189 0.2229 0.2206 0.2246
¥-36 0.220 0.224 0.221 0.225 0.224 0.226 0.225 0.228 | 0.2200 0.2243 0.2199 0.2243 0.2214 0.2258 0.2229 0.2273
518 0.252 0.259 0.255 0.262 0.259 0.265 0.262 0.268 | 0.2520 0.2577 0.2551 0.2604 0.2577 0.2630 0.2604 0.2657
Se24 0.267 0.272 0.270 0.275 0.272 0.277 0.275 0.280 | 0.2670 0.2714 0.2694 0.2734 0.2714 0.2754 0.2734 0.2774
532 0.279 0.283 0.281 0.285 0.283 0.286 0.285 0.289 | 0.2790 0.2817 0.2792 0.2832 0.2807 0.2847 0.2822 0.2862
%36 0.282 0.286 0.284 0.288 0.285 0.289 0.287 0.291 | 0.2820 0.2863 0.2824 0.2863 0.2837 0.2877 0.2850 0.2890
%16 0.307 0.314 0.311 0.318 0.314 0.321 0.318 0.325 | 0.3070 0.3127 0.3101 0.3155 0.3128 0.3182 0.3155 0.3209

ONIddVL1
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Table 2.(ContinuedRecommended Hole Size Limits Before Tapping Unified Threads

Classes 1B and 2B [ Class 3B
Length of Engagemenb(= Nominal Size of Thread)
Thread To and Including Above¥D ‘ Above#D Above H,D To and Including Above¥#D ‘ Above#D Above ¥D
Size ¥ to %D to WD to 3D D to %D to 14D to 3D
Recommended Hole Size Limits
Min2 Max Min Max 4 Min Max® Min Max I Min2 Max Min Max :l_ Min Max® Min Max
Y24 0.330 0.335 0.333 0.33 0.335 0.340 0.338 0. 0.3300 0.3336 0.3314 0.3354 0.3332 0.8372 0.3351
%32 0.341 0.345 0.343 0.347 0.345 0.349 0.347 0. 0.3410 0.3441 0.3415 0.3455 0.3429 0.8469 0.3444
%-36 0.345 0.349 0.346 0.35 0.347 0.352 0.349 0. 0.3450 0.34§8 0.3449 0.3488 0.3461 0.8501 0.3474
The14 0.360 0.368 0.364 0.379 0.368 0.3716 0.372 0. 0.3600 0.36640 0.3630 0.3¢88 0.3659 0.8717 0.3688
Ths-20 0.383 0.389 0.386 0.391 0.389 0.395 0.391 0. 0.3830 0.3815 0.3855 0.3396 0.3875 0.8916 0.3896
Ths28 0.399 0.403 0.401 0.404 0.403 0.447 0.406 0. 0.3990 0.4020 0.3995 0.4035 0.4011 0.4051 0.4017
¥-13 0.417 0.426 0.421 0.43 0.426 0.434 0.430 0. 0.4170 0.4225 0.4196 0.4254 0.4226 0.4284 0.4255
¥-12 0.410 0.414 0.414 0.424 0.414 0.428 0.424 0. 0.4100 0.4161 0.4129 0.4192 0.4160 0.4223 0.4192
¥%-20 0.446 0.452 0.449 0.454 0.452 0.497 0.454 0. 0.4460 0.4498 0.4477 0.4%17 0.4497 0.4537 0.4516
Y28 0.461 0.467 0.463 0.464 0.466 0.470 0.468 0. 0.4610 0.4645 0.4620 0.4660 0.4636 0.4676 0.4652
%512 0.472 0.476 0.476 0.48f 0.476 0.490 0.486 0. 0.4720 0.47§3 0.4753 0.4313 0.4783 0.4843 0.4813
%518 0.502 0.509 0.505 0.51% 0.509 0.515 0.512 0. 0.5020 0.50645 0.5045 0.5086 0.5065 0.5106 0.5086
%524 0.517 0.522 0.520 0.52§ 0.522 0.537 0.525 0. 0.5170 0.5209 0.5186 0.5226 0.5204 0.5244 0.5221
%528 0.524 0.528 0.526 0.531 0.528 0.532 0.531 0. 0.5240 0.5270 0.5245 0.5285 0.5261 0.5301 0.5277
%11 0.527 0.536 0.532 0.541 0.536 0.546 0.541 0. 0.5270 0.5328 0.5298 0.5360 0.5329 0.$391 0.5360
%12 0.535 0.544 0.540 0.54 0.544 0.593 0.549 0. 0.5350 0.5406 0.5377 0.5435 0.5405 0.5463 0.5434
%18 0.565 0.572 0.568 0.57§ 0.572 0.578 0.575 0. 0.5650 0.5690 0.5670 0.5711 0.5690 0.5730 0.5711
Y24 0.580 0.585 0.583 0.584 0.585 0.590 0.588 0. 0.5800 0.5834 0.5811 0.5851 0.5829 0.5869 0.5846
%28 0.586 0.591 0.588 0.593 0.591 0.595 0.593 0. 0.5860 0.5895 0.5870 0.5910 0.5886 0.$926 0.5902
Y512 0.597 0.606 0.602 0.611 0.606 0.615 0.611 0. 0.5970 0.6029 0.6001 0.6057 0.6029 0.6085 0.6057
Y524 0.642 0.647 0.645 0.65f 0.647 0.692 0.650 0. 0.6420 0.64%9 0.6436 0.6476 0.6454 0.6494 0.6471
%10 0.642 0.653 0.647 0.654 0.653 0.663 0.658 0. 0.6420 0.6481 0.6449 0.6%13 0.6481 0.6545 0.6513
Y12 0.660 0.669 0.665 0.674 0.669 0.678 0.674 0. 0.6600 0.66%2 0.6626 0.6680 0.6653 0.6707 0.6680
%16 0.682 0.689 0.686 0.69: 0.689 0.696 0.693 0. 0.6820 0.68¢6 0.6844 0.6387 0.6865 0.6908 0.6886
920 0.696 0.702 0.699 0.704 0.702 0.7q7 0.704 0. 0.6960 0.6998 0.6977 0.7017 0.6997 0.y037 0.7016
928 0.711 0.716 0.713 0.71§ 0.716 0.720 0.718 0. 0.7110 0.7145 0.7120 0.7160 0.7136 0.yY176 0.7152
12 0.722 0.731 0.727 0.73f 0.731 0.740 0.736 0. 0.7220 0.7216 0.7250 0.7303 0.7276 0.7329 0.7303
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0.3391
0.3484
0.3514
0.3746
0.3937
0.4067
0.4313
0.4255

0.4556
0.4432
0.4833
05887
05691
05317
05422
05492
05752
05886
05942
06113
06511
0.6577
0.6734
0.6929
0.7056
0.7192
0.7356



Table 2.(ContinuedRecommended Hole Size Limits Before Tapping Unified Threads

Classes 1B and 2B [ Class 3B
Length of Engagemenb(= Nominal Size of Thread)
Thread To and Including Above¥D Above#D Above H,D To and Including Above¥#D Above#D Above ¥D
Size 2 to %D to D to 3D % to %D to 14D to 3D
Recommended Hole Size Limits
Mina Max Min Max Min Min Max Mina Max Min Max Min Max® Min Max
Bis-16 0.745 0.752 0.749 0.75i 0.752 9 0.756 0.463 0.7450 0.7491 0.7469 0.7%12 0.7490 0.7533 0.7511
51620 0.758 0.764 0.761 0.761 0.764 0 0.766 0.472  0.7580 0.7623 0.7602 0.7642 0.7622 0.7662 0.7641
79 0.755 0.767 0.761 0.773 0.767 8 0.773 0.785 0.7550 0.7614 0.7580 0.7647 0.7614 0.y681 0.7647
Y12 0.785 0.794 0.790 0.799 0.794 3 0.799 0.808 0.7850 0.7900 0.7874 0.7926 0.7900 0.7952 0.7926
%14 0.798 0.806 0.802 0.81f 0.806 4 0.810 0.§418 0.7980 0.8022 0.8000 0.8045 0.8023 0.8068 0.8045
%16 0.807 0.814 0.811 0.81§ 0.814 1 0.818 0.§25 0.8070 0.8116 0.8094 0.8137 0.8115 0.8158 0.8136
%20 0.821 0.827 0.824 0.82! 0.827 2 0.829 0.835 0.8210 0.8248 0.8227 0.8267 0.8247 0.8287 0.8266
%28 0.836 0.840 0.838 0.84: 0.840 5 0.843 0.847 0.8360 0.8395 0.8370 0.8410 0.8386 0.8426 0.8402
Big-12 0.847 0.856 0.852 0.861 0.856 5 0.861 0.470 0.8470 0.8524 0.8499 0.8%50 0.8524 0.8575 0.8550
51616 0.870 0.877 0.874 0.881 0.877 4 0.881 0.488 0.8700 0.8741 0.8719 0.8762 0.8740 0.8783 0.8761
15,520 0.883 0.889 0.886 0.891 0.889 5 0.891 0.497 0.8830 0.8813 0.8852 0.8392 0.8872 0.8912 0.8891
1-8 0.865 0.878 0.871 0.88: 0.878 0 0.884 0.896 0.8650 0.87p2 0.8684 0.8[759 0.8722 0.8797 0.8760
1-12 0.910 0.919 0.915 0.92: 0.919 8 0.924 0.933 0.9100 0.9148 0.9123 0.9173 0.9148 09198 0.9173
1-14 0.923 0.931] 0.927 0.93: 0.931 8 0.934 0.942  0.9230 0.92f1 0.9249 0.9p93 0.9271 009315 0.9293
1-16 0.932 0.939] 0.936 0.94! 0.939 6 0.943 0.950 0.9320 0.93p6 0.9344 0.9p87 0.9365 0[9408 0.9386
1-20 0.946 0.952] 0.949 0.95: 0.952 7 0.954 0.960 0.9460 0.94p8 0.9477 0.9p17 0.9497 09537 0.9516
1-28 0.961 0.966 0.963 0.96 0.966 0 0.968 0.972 0.9610 0.9645 0.9620 0.9p60 0.9636 009676 0.9652
W12 0.972 0.981 0.977 0.98¢ 0.981 0 0.986 0.995 0.9720 0.9713 0.9748 0.9798 0.9773 0.9823 0.9798
1%5-16 0.995 1.002 0.999 1.054 1.002 9 1.055 1.013 0.9950 0.9991 0.9969 1.0012 0.9990 1.0033 1.0011
1%5-18 1.002 1.009 1.005 1.013 1.009 5 1.012 1.0i8 1.0020 1.00¢5 1.0044 1.0085 1.0064 1.0105 1.0085
g7 0.970 0.984 0.977 0.991 0.984 8 0.991 1.Jos 0.9700 0.9790 0.9747 0.9833 0.9789 0.9875 0.9832
1%-8 0.990 1.003 0.996 1.00 1.003 5 1.009 1.021 0.9900 0.9972 0.9934 1.0009 0.9972 1.0047 1.0010
1%-12 1.035 1.044 1.040 1.04¢ 1.044 3 1.049 1.058 1.0350 1.0398 1.0373 1.0423 1.0398 1.0448 1.0423
1%-16 1.057 1.064 1.061 1.064 1.064 1 1.068 1.975 1.0570 1.0616 1.0594 1.0637 1.0615 1.0658 1.0636
1%-18 1.065 1.072 1.068 1.074 1.072 8 1.075 1.081 1.0650 1.0690 1.0669 1.0710 1.0689 1.0730 1.0710
1%-20 1.071 1.077 1.074 1.079 1.077 2 1.079 1.085 1.0710 1.0748 1.0727 1.0167 1.0747 1.0787 1.0766
1%-28 1.086 1.091 1.088 1.093 1.091 5 1.093 1.097 1.0860 1.0895 1.0870 1.0910 1.0886 1.0926 1.0902
1%5-12 1.097 1.106 1.102 1.111 1.106 15 1111 1120 1.0970 1.1023 1.0998 1.1048 1.1023 1.1073 1.1048

0.7554
0.7681
07714
0.7978
0.8090
0.8179
0.8306
0.8442
0.8gd1
0.8%4
0831
0.885
0.4223
0.9337
0.9429
0.9556
0.9692
0.9848
1.0054
1.0126
0.9918
1.0085
1.0473
1.0679
1.0751
1.0806

1.0'%2

1.1008
©



Table 2.(ContinuedRecommended Hole Size Limits Before Tapping Unified Threads

Classes 1B and 2B [ Class 3B
Length of Engagemenb(= Nominal Size of Thread)
Thread To and Including Above¥D Above#D Above H,D To and Including Above¥#D Above#D Above ¥D
Size ¥ to %D to WD to 3D D to %D to 14D to 3D
Recommended Hole Size Limits
Min2 Max Min Max Min Max® Min Min2 Max Min Max Min Max® Min Max

19516 1.120 1127 1.124 1.131 1.127 1131 1.1200 11241 1.1219 1.1%262 1.1240 1.1283 1.1261
1%5-18 1127 1134 1.130 1.137 1.134 1137 1.1270 1.1315 1.1294 1.1335 1.1314 1.1355 1.1335
W7 1.095 1.109 1.102 1.11 1.109 1116 1.0950 1.1040 1.0997 1.1083 1.1039 1.1125 1.1082
18 1115 1.128 1121 1.134 1.128 1.134 1.1150 1.1222 1.1184 1.1259 1.1222 11297 1.1260
112 1.160 1.169 1.165 1.174 1.169 1174 1.1600 1.1648 1.1623 1.1673 1.1648 1.1698 1.1673
1916 1.182 1.189 1.186 1.19: 1.189 1.193 1.1820 1.18¢6 1.1844 1.1887 1.1865 1.1908 1.1886
1%-18 1.190 1.197 1.193 1.20 1.197 1.200 1.1900 1.1940 1.1919 1.1960 1.1939 1.1980 1.1960
1%-20 1.196 1.202 1.199 1.204 1.202 1.204 1.1960 1.1998 1.1977 1.2017 1.1997 1.2037 1.2016
19512 1.222 1.231 1.227 1.23 1.231 1.236 1.2220 1.2213 1.2248 1.2298 1.2273 1.2323 1.2298
1%5-16 1.245 1.252 1.249 1.25 1.252 1.256 1.2450 1.2491 1.2469 1.2%12 1.2490 1.2533 1.2511
19618 1.252 1.259 1.256 1.267 1.259 1.262 1.2520 1.25¢5 1.2544 1.2%85 1.2564 1.2605 1.2585
1%-6 1.195 1.210 1.203 1.221 1.210 1.221 1.1950 1.2046 1.1996 1.2096 1.2046 1.2146 1.2096
1%-8 1.240 1.253 1.246 1.259 1.253 1.259 1.2400 1.2472 1.2434 1.2%09 1.2472 1.2547 1.2510
1%-12 1.285 1.294 1.290 1.29 1.294 1.299 1.2850 1.2898 1.2873 1.2923 1.2898 1.2948 1.2923
1%-16 1.307 1.314 1.311 1.314 1.314 1.318 1.3070 1.3116 1.3094 1.3137 1.3115 1.8158 1.3136
1%-18 1.315 1.322 1.318 1.324 1.322 1.325 1.3150 1.3190 1.3169 1.3210 1.3189 1.8230 1.3210
17512 1.347 1.354 1.350 1.361 1.354 1.361 1.3470 1.3523 1.3498 1.3%48 1.3523 1.8573 1.3548
17516 1.370 1.377 1.374 1.381 1.377 1.381 1.3700 1.3741 1.3719 1.3762 1.3740 1.3783 1.3761
17418 1.377 1.384 1.380 1.387 1.384 1.387 1.3770 1.3815 1.3794 1.3$35 1.3814 1.8855 1.3835
16 1.320 1.335 1.328 1.344 1.335 1.346 1.3200 1.3296 1.3246 1.3346 1.3296 1.8396 1.3346
18 1.365 1.378 1.371 1.384 1.378 1.384 1.3650 1.3732 1.3684 1.3759 1.3722 1.8797 1.3760
112 1.410 1.419 1.4155 1.424 1.419 1.424 1.4100 1.4148 1.4123 1.4173 1.4148 1.4198 1.4173
1%-16 1.432 1.439 1.436 1.44 1.439 1.443 1.4320 1.43¢6 1.4344 1.4387 1.4365 1.4408 1.4386
1%-18 1.440 1.446 1.443 1.45 1.446 1.450 1.4400 1.4440 1.4419 1.4460 1.4439 1.4480 1.4460
1%-20 1.446 1.452 1.449 1.454 1.452 1.454 1.4460 1.4498 1.4477 1.4%17 1.4497 1.4537 1.4516
195-16 1.495 1.502 1.499 1.50 1.502 1.506 1.4950 1.4991 1.4969 1.5012 1.4990 1.5033 1.5011
19618 1.502 1.509 1.505 1.517 1.509 1512 1.5020 1.5045 1.5044 1.5085 1.5064 1.5105 1.5085

68T

1.1304
1.1376
1.1168
1.1335
1.1723
1.1929
1.2001
1.2056

1.2348
12834
1.2696
1.2386
1.2695
1.2973
1.3179
1.3251
1.3598
1.3804
1.3876
1.3446
1.3835
1.4223
1.4429
1.4501
1.4556
1.5054
15126



Table 2.(ContinuedRecommended Hole Size Limits Before Tapping Unified Threads

Classes 1B and 2B [ Class 3B
Length of Engagemenb(= Nominal Size of Thread)
Thread To and Including Above¥D Above#D Above H,D To and Including Above¥#D ‘ Above#D Above ¥D
Size 2 to %D to D to 3D % to %D to 14D to 3D
Recommended Hole Size Limits
Min?2 Max Min Max Min Min Max Min?2 Max Min Max J}' Min Max® Min Max
1%-8 1.490 1.498 1.494 1.50 1.498 5 1.509 1.521 1.4900 1.4972 1.4934 1.5009 1.4972 1.5047 1.5010
1%-12 1.535 1.544 1.540 1.549 1.544 3 1.549 1.858 1.5350 1.5398 1.5373 1.5423 1.5398 1.5448 1.5423
1%-16 1.557 1.564 1.561 1.564 1.564 1 1.568 1975 1.5570 1.5616 1.5594 1.5637 1.5615 1.5658 1.5636
1%-18 1.565 1572 1.568 1.574 1.572 8 1575 1881 1.5650 1.5690 1.5669 15710 1.5689 1.5730 1.5710
1%5-16 1.620 1.627 1.624 1.631 1.627 4 1.631 1,338 1.6200 1.6241 1.6219 1.6262 1.6240 1.6283 1.6261
1%5-18 1.627 1.634 1.630 1.631 1.634 1.640 1.637 1.643 1.6270 1.6315 1.6294 1.6335 1.6314 1.6355 1.6335
195 1.534 1.551 1.543 1.56 1.551 1.568 1.560 1977 15340 1.54%5 1.5395 1.5%15 1.5455 1.$575 1.5515
198 1.615 1.628 1.621 1.634 1.628 1.640 1.634 1.646 1.6150 1.6222 1.6184 1.6259 1.6222 1.6297 1.6260
1912 1.660 1.669 1.665 1.674 1.669 1.678 1.674 1.683 1.6600 1.6648 1.6623 1.6673 1.6648 1.6698 1.6673
1916 1.682 1.689 1.686 1.699 1.689 1.696 1.693 1.700 1.6820 1.6846 1.6844 1.6887 1.6865 1.6908 1.6886
1%-20 1.696 1.702 1.699 1.704 1.702 1.7q7 1.704 1.710 1.6960 1.6998 1.6977 1.7017 1.6997 1.y037 1.7016
19,16 1.745 1.752 1.749 1.754 1.752 1.799 1.756 1.763 1.7450 1.7491 1.7469 1.7%12 1.7490 1.7533 1.7511
1%-8 1.740 1.752 1.746 1.759 1.752 1.735 1.759 1.771 1.7400 1.7472 1.7434 1.7%09 1.7472 1.7547 1.7510
1%-12 1.785 1.794 1.790 1.79 1.794 1.843 1.799 1.408 1.7850 1.7898 1.7873 1.7923 1.7898 1.7948 1.7923
1%-16 1.807 1.814 1.810 1.814 1.814 1.841 1.818 1.425 1.8070 1.8116 1.8094 1.8137 1.8115 1.8158 1.8136
19516 1.870 1.877 1.874 1.881 1.877 1.884 1.881 1.88 1.8700 1.8741 1.8719 1.8762 1.8740 1.8783 1.8761
2-4y, 1.759 1.777 1.768 1.78 1.777 1.795 1.786 1.804 1.7590 1.7737 1.7661 1.7794 1.7728 1.y861 1.7794
2-8 1.865 1.878 1.871 1.88 1.878 1.890 1.884 1.896 1.8650 1.87p2 1.8684 1.859 1.8722 18797 1.8760
2-12 1.910 1.919 1.915 1.92 1.919 1.928 1.924 1.933 1.9100 1.9148 1.9123 1.9173 1.9148 19198 1.9173
2-16 1.932 1.939 1.936 1.94 1.939 1.946 1.943 1.950 1.9320 1.93p6 1.9344 1.9B87 1.9365 19408 1.9386
2-20 1.946 1.952 1.949 1.95 1.952 1.9%7 1.954 1.960 1.9460 1.94p8 1.9477 1.9p17 1.9497 19537 1.9516
2%5-16 1.995 2.002 2.000 2.004 2.002 2.009 2.006 2012 1.9950 1.9991 1.9969 2.0012 1.9990 2.0033 2.0011
2%-8 1.990 2.003 1.996 2.009 2.003 2.015 2.009 2.021 1.9900 1.9972 1.9934 2.0009 1.9972 2.0047 2.0010
2%-12 2.035 2.044 2.040 2.04¢ 2.044 2.043 2.049 2.058 2.0350 2.0398 2.0373 2.0423 2.0398 2.0448 2.0423
2%-16 2.057 2.064 2.061 2.064 2.064 2.011 2.068 2.q75 2.0570 2.0616 2.0594 2.0637 2.0615 2.0658 2.0636
2%5-16 2.120 2127 2124 2.131 2127 2.134 2131 2138 2.1200 2.1241 2.1219 2.1%262 2.1240 2.1283 2.1261
2V -4, 2.009 2.027 2.018 2.03 2.027 2.045 2.036 2.054 2.0090 2.0237 2.0161 2.0294 2.0228 2.0361 2.0294

1.5085
15473
15679
15751
1.6304
1.6376
15635
1.6335
1.6743
1.6%9
17086
17884
1.7685
1.7973
1.1879
1.8804
1.7927
1.8835
1.9223
1.9429
1.9556
2.0054
2.0085
20473
20679
2.1304
2.04a7
@

(]
o1



Table 2.(ContinuedRecommended Hole Size Limits Before Tapping Unified Threads

Classes 1B and 2B [ Class 3B
Length of Engagemenb(= Nominal Size of Thread)
Thread To and Including Above¥D Above#D Above H,D To and Including Above¥#D ‘ Above#D Above ¥D
Size 2 to %D to D to 3D 2 to %D to D to 3D
Recommended Hole Size Limits
Min2 Max Min Max Min Max® Min Max Min2 Max Min Max l_ Min Max® Min Max
2Y-8 2.115 2.128 2121 2.134 2.128 2134 2146 2.1150 2.1232 2.1184 2.1259 2.1222 2.1297 2.1260
2¥-12 2.160 2.169 2.165 2.174 2.169 2174 2.182 2.1600 2.1648 2.1623 2.1673 2.1648 2.1698 2.1673
2Y-16 2182 2.189 2.186 2.193 2.189 2.193 2.200 2.1820 2.18¢6 2.1844 2.1887 2.1865 2.1908 2.1886
2¥-20 2.196 2.202 2.199 2.204 2.202 2.204 2210 2.1960 2.1998 21977 22017 2.1997 2.2037 2.2016
%516 2.245 2.252 2.249 2.254 2.252 2.256 2.263 2.2450 2.2491 2.2469 2.2%12 2.2490 2.2533 2.2511
2%-12 2.285 2.294 2.290 2.29 2.294 2.299 2.308 2.2850 2.2898 2.2873 2.2923 2.2898 2.2948 2.2923
2%-16 2.307 2.314 2.311 2.314 2.314 2.318 2.325 2.3070 2.3116 2.3094 2.3137 2.3115 2.8158 2.3136
27516 2.370 2.377 2.374 2.381 2.377 2.381 2.388 2.3700 2.3741 2.3719 2.3162 2.3740 2.3783 2.3761
¥4 2.229 2.248 2.238 2.25 2.248 2.258 277 2.2290 2.2444 2.2369 2.2%19 2.2444 2.2594 2.2519
278 2.365 2.378 2371 2.384 2.378 2.384 2. 2.3650 2.3722 2.3684 2.3159 2.3722 2.8797 2.3760
2¥%-12 2.410 2419 2415 2.424 2419 2424 2. 2.4100 2.4148 24123 24173 2.4148 2.4198 24173
2%-16 2432 2.439 2.436 2.443 2.439 2.443 2. 2.4320 2.43646 2.4344 2.4387 2.4365 2.4408 2.4386
2%-20 2.446 2.452 2.449 2.454 2.452 2.454 2. 2.4460 2.4498 2.4478 2.4%17 2.4497 2.4537 2.4516
2%-12 2.535 2.544 2.540 2.54¢ 2.544 2.549 2. 2.5350 2.5398 2.5373 2.5423 2.5398 2.5448 2.5423
2%-16 2.557 2.564 2.561 2.564 2.564 2.568 2. 2.5570 2.5616 2.5594 2.5637 2.5615 2.5658 2.5636
24 2.479 2.498 2.489 2.50 2.498 2.508 2. 2.4790 2.4944 2.4869 2.5019 2.4944 2.5094 2.5019
298 2.615 2.628 2.621 2.634 2.628 2.634 2. 2.6150 2.6222 2.6184 2.6259 2.6222 2.6297 2.6260
2512 2.660 2.669 2.665 2.674 2.669 2,674 2. 2.6600 2.6648 2.6623 2.6673 2.6648 2.6698 2.6673
2%-16 2.682 2.689 2.686 2.693 2.689 2.693 2. 2.6820 2.686¢6 2.6844 2.6887 2.6865 2.6908 2.6886
2%-12 2.785 2.794 2.790 2.809 2.794 2.809 2. 2.7850 2.7898 2.7873 27923 2.7898 2.7948 2.7923
2%-16 2.807 2.814 2811 2.814 2.814 2.818 2. 2.8070 2.8116 2.8094 2.8137 2.8115 2.8158 2.8136
3-4 2.729 2.748 2.739 2.75: 2.748 2.758 2. 2.7290 2.7444 2.7369 2.7p19 2.7444 2[7594 2.7519
3-8 2.865 2.878 2.871 2.88: 2.878 2.884 2. 2.8650 2.87p2 2.8684 2.8/59 2.8722 28797 2.8760
3-12 2.910 2.919| 2915 2.924 2919 2.924 2. 2.9100 29148 29123 29173 2.9148 209198 29173
3-16 2.932 2.939 2.936 2.94. 2.939 2.943 2. 2.9320 2.93p6 2.9344 2.9B87 2.9365 219408 2.9386
312 3.035 3.044 3.040 3.04¢ 3.044 3.049 3. 3.0350 3.0398 3.0373 3.0423 3.0398 3.0448 3.0423
3%-16 3.057 3.064 3.061 3.06 3.064 3.068 3. 3.0570 3.0616 3.0594 3.0637 3.0615 3.0658 3.0636

968T

2.1335
2.1723
2.1929
2.2056
2.2554
22973
2.3179
2.3804

2.2649
2385
2.4993
2.4359
2.4696
2.5473
2.5679
2.5169
2.6335
2.6723
2.6929
2.7973
2.8179
2.7669
2.8835
2.9223
2.9429
3.0473
3.0679



Table 2.(ContinuedRecommended Hole Size Limits Before Tapping Unified Threads

Classes 1B and 2B [ Class 3B
Length of Engagemenb(= Nominal Size of Thread)
Thread To and Including Above¥D Above#D Above H,D To and Including Above¥#D Above#D Above ¥D
Size 2 to %D to D to 3D 2 to %D to D to 3D
Recommended Hole Size Limits
Min2 Max Min Max Min Max® Min Max Min2 Max Min Max Min Max® Min Max
34 2.979 2.998 2.989 3.00 2.998 3.017 3.008 3.027 29790 2.9944 2.9869 3.0019 2.9944 3.0094 3.0019
3Y-8 3.115 3.128 3.121 3.134 3.128 3.140 3.134 3.146 3.1150 3.1222 3.1184 3.1259 3.1222 3.1297 3.1260
312 3.160 3.169 3.165 3.174 3.169 3.178 3.174 3.183 3.1600 3.1648 3.1623 3.1673 3.1648 3.1698 3.1673
3Y-16 3.182 3.189 3.186 3.193 3.189 3.196 3.193 3.00 3.1820 3.186¢6 3.1844 3.1887 3.1865 3.1908 3.1886
3%-12 3.285 3.294 3.290 3.299 3.294 3.303 3.299 3.299 3.2850 3.2898 3.2873 3.2923 3.2898 3.2948 3.2923
3%-16 3.307 3.314 3.311 3.314 3.314 3.341 3.317 3.325 3.3070 3.3116 3.3094 3.3137 3.3115 3.8158 3.3136
34 3.229 3.248 3.239 3.254 3.248 3.247 3.258 3.277 3.2290 3.2444 3.2369 3.2%19 3.2444 3.2594 3.2519
3%-8 3.365 3.378 3.371 2.384 3.378 3.390 3.384 3.396 3.3650 3.3722 3.3684 3.3159 3.3722 3.8797 3.3760
312 3.410 3.419 3.415 3.424 3.419 3.428 3.424 3.433 3.4100 3.4148 3.4123 3.4173 3.4148 3.4198 3.4173
3%-16 3.432 3.439 3.436 3.443 3.439 3.446 3.443 3450 3.4320 3.43¢6 3.4344 3.4387 3.4365 3.4408 3.4386
3%-12 3.535 3.544 3.544 3.549 3.544 3.593 3.549 3.953 3.5350 3.5398 3.5373 3.5423 3.5398 3.5448 3.5423
3%-16 3.557 3.564 3.561 3.564 3.567 3.571 3.568 3.975 3.5570 3.5616 3.5594 3.5637 3.5615 3.$658 3.5636
34 3.479 3.498 3.489 3.508 3.498 3.517 3.508 3.927 3.4790 3.4944 3.4869 3.5019 3.4944 3.5094 3.5019
3-8 3.615 3.628 3.615 3.634 3.628 3.640 3.634 3.646 3.6150 3.6222 3.6184 3.6259 3.6222 3.6297 3.6260
312 3.660 3.669 3.665 3.674 3.669 3.678 3.674 3.683 3.6600 3.6648 3.6623 3.6673 3.6648 3.6698 3.6673
%16 3.682 3.689 3.686 3.69 3.689 3.696 3.693 3.700 3.6820 3.68¢6 3.6844 3.6387 3.6865 3.6908 3.6886
312 3.785 3.794 3.790 3.79 3.794 3.803 3.799 3.408 3.7850 3.7898 3.7873 3.7923 3.7898 3.7948 3.7923
3%-16 3.807 3.814 3.811 3.814 3.814 3.821 3.818 3.425 3.8070 3.8116 3.8094 3.8137 3.8115 3.8158 3.8136
4-4 3.729 3.748 3.739 3.75 3.748 3.767 3.758 3.q77 3.7290 3.74¢4 3.7369 3.7p19 3.7444 37594 3.7519
4-8 3.865 3.878 3.871 3.88: 3.878 3.890 3.884 3.896 3.8650 3.87p2 3.8684 3.8[759 3.8722 38797 3.8760
4-12 3.910 3.919| 3.915 3.92: 3.919 3.928 3.924 3.933 3.9100 3.9148 3.9123 3.9173 3.9148 39198 3.9173
4-16 3.932 3.939] 3.936 3.94! 3.939 3.946 3.943 3.950 3.9320 3.93p6 3.9344 3.9p87 3.9365 3[9408 3.9386
44 3.979 3.998 3.989 4.00§ 3.998 4.017 4.008 4.027 3.9790 3.9944 3.9869 4.0019 3.9944 4.0094 4.0019
4,8 4.115 4.128 4.121 4.134 4.128 4.140 4.134 4.146  4.1150 41222 4.1184 4.1259 4.1222 4.1297 4.1260
412 4.160 4.169 4.165 4.174 4.169 4.178 4.174 4.183 4.1600 4.1648 4.1623 4.1673 4.1648 4.1698 4.1673
416 4.182 4.189 4.186 4.19: 4.189 4.196 4.193 4.200 4.1820 4.18¢6 4.1844 4.1887 4.1865 4.1908 4.1886
4¥-4 4.229 4.248 4.239 4.25! 4.248 4.267 4.258 4.77  4.2290 4.2444 4.2369 4.2%19 4.2444 4.2594 4.2519

3.0169
31335
31723
31929
32073
33179
3.2669
3.3835
34283
3.4%9
35733
3589
35830
36335
36723
3.6929
37973
38179
3.7669
3.8835
3.9223
3.9429
40169
41335
41723
41929
42869
1



Table 2.(ContinuedRecommended Hole Size Limits Before Tapping Unified Threads

Classes 1B and 2B Class 3B
Length of Engagemenb(= Nominal Size of Thread)
Thread To and Including Above¥D Above#D Above H,D To and Including Above¥#D Above#D Above ¥D
Size 2 to %D to D to 3D % to %D to 14D to 3D
Recommended Hole Size Limits
Min2 Max Min Max Min Max® Min Max Min2 Max Min Max Min Max® Min Max
4%-8 4.365 4.378 4371 4.384 4.378 4.390 4.384 4. 4.3650 4.3722 4.3684 4.3759 4.3722 48797 4.3760
412 4.410 4.419 4.419 4.424 4.419 4.428 4.424 4. 4.4100 4.4148 4.4123 4.4173 4.4148 4.4198 4.4173
4%-16 4.432 4.439 4.437 4.444 4.439 4.446 4.444 4. 4.4320 4.436¢6 4.4344 4.4387 4.4365 4.4408 4.4386
49,8 4.615 4.628 4.621 4.644 4.628 4.640 4.646 4. 4.6150 4.6222 4.6184 4.6259 4.6222 4.6297 4.6260
4912 4.660 4.669 4.665 4.674 4.669 4.678 4.674 4. 4.6600 4.6648 4.6623 4.6673 4.6648 4.6698 4.6673
4916 4.682 4.689 4.686 4.69: 4.689 4.696 4.693 4. 4.6820 4.6866 4.6844 4.6887 4.6865 4.6908 4.6886
5-8 4.865 4.878 4.871 4.88: 4.878 4.890 4.884 4. 4.8650 4.87p2 4.8684 4.8[59 4.8722 48797 4.8760
5-12 4.910 4.919| 4.915 4.92: 4.919 4.928 4.924 4. 4.9100 4.9148 4.9123 49173 4.9148 409198 4.9173
5-16 4932 4.939 4936 4.94 4.939 4946 4943 4, 49320 4936 49344 49887 49365 49408  4.9386
5%-8 5.115 5.128 5.121 5.134 5.128 5.140 5.134 5. 5.1150 5.1222 5.1184 5.1259 5.1222 5.1297 5.1260
5Y-12 5.160 5.169 5.165 5.174 5.169 5.1718 5.174 5. 5.1600 5.1648 5.1623 5.1673 5.1648 5.1698 5.1673
5%-16 5.182 5.189 5.186 5.19 5.189 5.196 5.193 5. 5.1820 5.18¢6 5.1844 5.1887 5.1865 5.1908 5.1886
5%-8 5.365 5.378 5.371 5.384 5.378 5.390 5.384 5. 5.3650 5.3722 5.3684 5.3759 5.3722 5.8797 5.3760
5¥-12 5.410 5.419 5.415 5.424 5.419 5.428 5.424 5. 5.4100 5.4148 5.4123 5.4173 5.4148 5.4198 5.4173
5¥-16 5.432 5.439 5.436 5.4472 5.439 5.446 5.442 5. 5.4320 5.436¢6 5.4344 5.4387 5.4365 5.4408 5.4386
5%-8 5.615 5.628 5.621 5.634 5.628 5.640 5.634 5. 5.6150 5.6222 5.6184 5.6259 5.6222 5.6297 5.6260
5%-12 5.660 5.669 5.665 5.674 5.669 5.678 5.674 5. 5.6600 5.6648 5.6623 5.6673 5.6648 5.6698 5.6673
5%-16 5.682 5.689 5.686 5.69 5.689 5.696 5.693 5. 5.6820 5.68646 5.6844 5.6887 5.6865 5.6908 5.6886
6-8 5.865 5.878 5.871 5.89 5.878 5.890 5.896 5. 5.8650 5.87p2 5.8684 5.8/59 5.8722 58797 5.8760
6-12 5.910 5.919| 5.915 5.924 5.919 5.928 5.924 5. 5.9100 5.9148 5.9123 5.9173 5.9148 5/9198 5.9173
6-16 5.932 5.939] 5.935 5.94! 5.939 5.946 5.943 5. 5.9320 5.93p6 5.9344 5.9B87 5.9365 5[9408 5.9386

aThis is the minimum minor diameter specified in the thread tables Jydge
bThis is the maximum minor diameter specified in the thread tables1age

All dimensions are in inches.

For basis of recommended hole size limits see accompanying text.
As an aid in selecting suitable drills, see the listing of American Standard drill
sizes in the twist drill section. For amount of expected drill oversize, see

page857.

868T

43835
44223
44429
46335
46723
46929
4.8835
49223
4.9429
51335
517
5189
5.355
54223
5.4429
56335
56723
56029
5.8835

5.9223
5.9429
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Screw Thread Commercial Tap Drills Screw Thread Commercial Tap Drills
ODLi'[aSIi“d_e Root S(i;e Decimal ODLi';Snife Root S(i;e Decimal
Pitch Diam. Number Equiv. Pitch Diam. Number Equiv.
Y564 0.0422 % 0.0469 27 0.4519 B, 0.4687

72 0.0445 s 0.0469 %12 0.4542 EN 0.4844
9660 0.0563 Y 0.0625 18 0.4903 £ 0.5156
72 0.0601 52 0.0635 27 0.5144 Yo 0.5312
Y48 0.0667 49 0.0730 %11 0.5069 2 0.5312
50 0.0678 49 0.0730 12 0.5168 Ba 0.5469
Ter48 0.0823 43 0.0890 18 0.5528 s 0.5781
¥%-32 0.0844 Y 0.0937 27 0.5769 B 0.5937
40 0.0925 38 0.1015 Y11 0.5694 2 0.5937
%40 0.1081 32 0.1160 16 0.6063 % 0.6250
Y32 0.1157 % 0.1250 %10 0.6201 % 0.6562
36 0.1202 30 0.1285 12 0.6418 Dt 0.6719
Y32 0.1313 Yos 0.1406 16 0.6688 Y 0.6875
Y24 0.1334 26 0.1470 27 0.7019 A 0.7187
32 0.1469 22 0.1570 B-10 0.6826 3, 0.7187
Ber24 0.1490 20 0.1610 %9 0.7307 k% 0.7656
Tog24 0.1646 16 0.1770 12 0.7668 N 0.7969
32 0.1782 12 0.1890 14 0.7822 Bie 0.8125
Y24 0.1806 10 0.1935 18 0.8028 5 0.8281
¥-20 0.1850 7 0.2010 27 0.8269 s 0.8437
24 0.1959 4 0.2090 B9 0.7932 % 0.8281

27 0.2019 3 0.2130 1-8 0.8376 % 0.8750

28 0.2036 3 0.2130 12 0.8918 L 0.9219

32 0.2094 T 0.2187 14 0.9072 Bie 0.9375
5618 0.2403 F 0.2570 27 0.9519 3, 0.9687
20 0.2476 Yea 0.2656 W7 0.9394 % 0.9844

24 0.2584 | 0.2720 12 1.0168 1%, 1.0469

27 0.2644 J 0.2770 -7 1.0644 i 1.1094

32 0.2719 Y 0.2812 12 1.1418 1%, 1.1719
¥%-16 0.2938 Y6 0.3125 1% 6 1.1585 1% 1.2187
20 0.3100 £ 0.3281 12 1.2668 19, 1.2969

24 0.3209 Q 0.3320 16 1.2835 1%, 1.3437

27 0.3269 R 0.3390 12 1.3918 17, 1.4219
Y14 0.3447 U 0.3680 1% 5% 1.3888 1%, 1.4531
20 0.3726 £ 0.3906 1%-5 1.4902 1% 1.5625

24 0.3834 X 0.3970 1%-5 1.6152 e 1.6875

27 0.3894 Y 0.4040 2-4& 1.7113 1% 1.7812
%12 0.3918 e 0.4219 2 & 1.8363 1%, 1.9062
13 0.4001 A 0.4219 Y 4 1.9613 2% 2.0312

20 0.4351 A 0.4531 4 2.0502 2% 2.1250

24 0.4459 2 0.4531 2% 4 2.1752 A 2.2500

aThese tap drill diameters allow approximately 75 per cent of a full thread to be produced
thread sizes in the first column, the use of drills to produce the larger hole sizes shalala Bwill
reduce defects caused by tap problems and breakage.

. Forsmall
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Table 4. Tap Drills and Clearance Drills for Machine Screws with
American National Thread Form

Size of Screw No. of Tap Drills Clearance Hole Drills
No.or | Decimal | Threads Drill Decimal Close Fit Free Fit
Diam. Equiv. per Inch Size Equiv. Drill Size | Decimal Equiv.| Drill Size[ Decimal Equi
0 .060 80 N .0469 52 .0635 50 .0700
64 53 .0595
1 .073 72 53 0595 48 .0760 46 .0810
56 50 .0700
2 .086 64 50 0700 43 .0890 41 .0960
48 47 .0785
3 .099 56 45 10820 37 .1040 35 .1100
36% 44 .0860
4 112 40 43 .0890 32 .1160 30 .1285
48 42 .0935
40 38 .1015
5 125 44 37 1040 30 1285 29 .1360
32 36 .1065
6 138 20 33 1130 27 .1440 25 .1495
32 29 .1360
8 .164 36 29 1360 18 .1695 16 1770
24 25 1495
10 .190 32 21 1590 9 .1960 7 .2010
24 16 1770
12 216 28 14 1820 2 .2210 1 .2280
207 10 1935
14 242 Pys 7 2010 D .2460 F .2570
20 7 .2010
% .250 28 3 2130 F 2570 H .2660
18 F 2570
6 3125 24 | 2720 P 3230 Q .3320
6 %6 3125
% 375 24 0 3320 w .3860 X .3970
B 14 U .3680
T 4375 % 5, oo 5, 4531 5, 4687
13 Ty 4219 1
% 500 P iy e %, 5156 7 5312

aThese screws are not in the American Standard but are from the former A.S.M.E. Standard.

The size of the tap drill hole for any desired percentage of full thread depth can be calci
lated by the formulas below. In these formulas the Per Cent Full Thread is expressed a:
decimal; e.g., 75 per cent is expressed as .75. The tap drill size is the size nearest to the
culated hole size.

For American Unified Thread form:
1.08253x Per Cent Full Thread
Number of Threads per Inch

For ISO Metric threads (all dimensions in millimeters):
Hole Size= Basic Major Diameter( 1.08283 PitcRer Cent Full Thregd

The constant 1.08253 in the above equation represif@sahereH is the height of a
sharp V-thread (see pa§@06. (The pitch is taken to be 1.)

Factors Influencing Minor Diameter Tolerances of Tapped Holes.-As stated in the

Unified screw thread standard, the principle practical factors that govern minor diamete
tolerances of internal threads are tapping difficulties, particularly tap breakage in the sma
sizes, availability of standard drill sizes in the medium and large sizes, and depth (radial) ¢
engagement. Depth of engagement is related to the stripping strength of the thread asse
bly, and thus also, to the length of engagement. It also has an influence on the tenden
toward disengagement of the threads on one side when assembly is eccentric. The amo
of possible eccentricity is one-half of the sum of the pitch diameter allowance and toler

Hole Size= Basic Major Diameter:
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ances on both mating threads. For a given pitch, or height of thread, this sum increases w
the diameter, and accordingly this factor would require a decrease in minor diameter tole
ance with increase in diameter. However, such decrease in tolerance would often requi
the use of special drill sizes; therefore, to facilitate the use of standard drill sizes, for an
given pitch the minor diameter tolerance for Unified thread classes 1B and 2B thrgads of
inch diameter and larger is constant, in accordance with a formula given in the America
Standard for Unified Screw Threads.

Effect of Length of Engagement of Minor Diameter Toleranideste may be applica-
tions where the lengths of engagement of mating threads is relatively short or the combin
tion of materials used for mating threads is such that the maximum minor diamete
tolerance given in the Standard (based on a length of engagement equal to the nomi
diameter) may not provide the desired strength of the fastening. Experience has shown tt
for lengths of engagement less tH#gD (the minimum thickness of standard nuts) the
minor diameter tolerance may be reduced without causing tapping difficulties. In othe
applications the length of engagement of mating threads may be long because of desi
considerations or the combination of materials used for mating threads. As the threac
engaged increase in number, a shallower depth of engagement may be permitted and ¢
develop stripping strength greater than the external thread breaking strength. Under the
conditions the maximum tolerance given in the Standard should be increased to reduce t
possibility of tapping difficulties. The following paragraphs indicate how the aforemen-
tioned considerations were taken into account in determining the minor diameter limits fo
various lengths of engagement giveable 2
Recommended Hole Sizes before Tapping.Recommended hole size limits before
threading to provide for optimum strength of fastenings and tapping conditions are show
in Table 2for classes 1B, 2B, and 3B. The hole size limit before threading, and the toler
ances between them, are derived from the minimum and maximum minor diameters of tf
internal thread given in the dimensional tables for Unified threads in the screw thread se
tion using the following rules:

1) For lengths of engagement in the range to and incldgingvhereD equals nominal
diameter, the minimum hole size will be equal to the minimum minor diameter of the inter-
nal thread and the maximum hole size will be larger by one-half the minor diameter toler
ance.

2) For the range frod4D to#%D, the minimum and maximum hole sizes will each be one
quarter of the minor diameter tolerance larger than the corresponding limits for the lengt
of engagement to and includi#gp.

3) For the range frofD to 1%,D the minimum hole size will be larger than the minimum
minor diameter of the internal thread by one-half the minor diameter tolerance and th
maximum hole size will be equal to the maximum minor diameter.

4) For the range from¥D to 3 the minimum and maximum hole sizes will each be one-
quarter of the minor diameter tolerance of the internal thread larger than the correspondir
limits for the?;D to 1D length of engagement.

From the foregoing it will be seen that the difference between limits in each range is th
same and equal to one-half of the minor diameter tolerance given in the Unified scre\
thread dimensional tables. This is a general rule, except that the minimum differences f
sizes below/, inch are equal to the minor diameter tolerances calculated on the basis c
lengths of engagement to and includid. Also, for lengths of engagement greater than
%D and for sizeg,inch and larger the values are adjusted so that the difference betwee
limits is never less than 0.004 inch.

For diameter-pitch combinations other than those givaiabie 2 the foregoing rules
should be applied to the tolerances given in the dimensional tables in the screw thread st
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tion or the tolerances derived from the formulas given in the Standard to determine the ho
size limits.

Selection of Tap Drillstn selecting standard drills to produce holes within the limits

given inTable 2it should be recognized that drills have a tendency to cut oversize. The
material on pag857may be used as a guide to the expected amount of oversize.

Table 5. Unified Miniature Screw Threads—Recommended
Hole Size Limits Before Tapping

Thread Size Internal Thread Lengths of Engagement
. To and Above#D Above #D
Diam’\gltg!r)rl_imits including?D lo D to®
Recommended Hole Size Limits
Pitch Min Max Min Max Min Max Min Max

Designation mm mm mm mm mm mm mm mm mm

0.30 UNM 0.080 0.217 0.254 0.226 0.24 0.236 0.2%4 0.245 0.264
0.35 UNM 0.090 0.256 0.297 0.267 0.282 0.277 0.297 0.287 0.307
0.40 UNM 0.100 0.296 0.340 0.307 0.32: 0.318 0.340 0.329 0.351
0.45 UNM 0.100 0.346 0.390 0.357 0.37¢# 0.368 0.390 0.379 0.401
0.50 UNM 0.125 0.370 0.422 0.383 0.40. 0.396 0.422 0.409 0.435
0.55 UNM 0.125 0.420 0.472 0.433 0.45p 0.446 0.472 0.459 0.485
0.60 UNM 0.150 0.444 0.504 0.459 0.48 0.474 0.504 0.489 0.919
0.70 UNM 0.175 0.518 0.586 0.535 0.56 0.552 0.586 0.569 0.603
0.80 UNM 0.200 0.592 0.668 0.611 0.64 0.630 0.668 0.649 0.87
0.90 UNM 0.225 0.666 0.750 0.687 0.71 0.708 0.7%0 0.729 0.371
1.00 UNM 0.250 0.740 0.832 0.763 0.79: 0.786 0.832 0.809 0.455
1.10 UNM 0.250 0.840 0.932 0.863 0.89 0.886 0.982 0.909 0.955
1.20 UNM 0.250 0.940 1.032 0.963 0.99: 0.986 1.032 1.009 1.055
1.40 UNM 0.300 1.088 1.196 1.115 1.15 1.142 1.196 1.169 1.223

Thds.

Designation perin. inch inch inch inch inch inch inch inch
0.30 UNM 318 0.0085 0.0100 0.0089 0.0095 0.0093 0.0100 0.0096 0.0104
0.35 UNM 282 0.0101  0.0117 0.0105 0.0111 0.0109 0.0117 0.0113 0.0121
0.40 UNM 254 0.0117 0.0134 0.0121 0.0147 0.0125 0.0134 0.0130 0.0138
0.45 UNM 254 0.0136  0.0154 0.0141  0.0147 0.0145 0.0154 0.0149 0.0158
0.50 UNM 203 0.0146 0.0164 0.0150 0.0138 0.0156 0.0166 0.0161 0.0171
0.55 UNM 203 0.0165 0.018¢ 0.0170 0.0118 0.0176 0.0186 0.0181  0.0191
0.60 UNM 169 0.0175 0.0199 0.0181 0.0190 0.0187 0.0198 0.0193 0.0204
0.70 UNM 145 0.0204  0.0231 0.0211  0.0221  0.0217 0.0231 0.0224  0.0237
0.80 UNM 127 0.0233 0.0263 0.0241 0.0252 0.0248 0.0363 0.0256  0.0270
0.90 UNM 113 0.0262 0.029§ 0.0270 0.02¢3 0.0279 0.0295 0.0287  0.0304
1.00 UNM 102 0.0291 0.0327 0.0300 0.0314 0.0309 0.0327 0.0319 0.0337
1.10 UNM 102 0.0331 0.0367 0.0340 0.0334 0.0349 0.0367 0.0358 0.0376
1.20 UNM 102 0.0370 0.040§ 0.0379 0.0393 0.0388 0.0406 0.0397 0.0415
1.40 UNM 85 0.0428 0.0471] 0.0439 0.0435 0.0450 0.0471 0.0460  0.0481

As an aid in selecting suitable drills, see the listing of American Standard drill sizes in the twist drill
section. Thread sizes in heavy type are preferred sizes.

Hole Sizes for Tapping Unified Miniature Screw Threads.—Fable Sindicates the hole
size limits recommended for tapping. These limits are derived from the internal threa
minor diameter limits given in the American Standard for Unified Miniature Screw
Threads ASA B1.10-1958 and are disposed so as to provide the optimum conditions fc
tapping. The maximum limits are based on providing a functionally adequate fastening fc
the most common applications, where the material of the externally threaded member is
a strength essentially equal to or greater than that of its mating part. In applications wher
because of considerations other than the fastening, the screw is made of an apprecia
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weaker material, the use of smaller hole sizes is usually necessary to extend thread enga
ment to a greater depth on the external thread. Recommended minimum hole sizes
greater than the minimum limits of the minor diameters to allow for the spin-up developec
in tapping.

In selecting drills to produce holes within the limits giveifatble 5it should be recog-
nized that drills have a tendency to cut oversize. The material oi8p@agey be used as
a guide to the expected amount of oversize.

British Standard Tapping Drill Sizes for Screw and Pipe Threads.—British Standard

BS 1157:1975 (1998) provides recommendations for tapping drill sizes for use with flutec
taps for various 1ISO metric, Unified, British Standard fine, British Association, and British
Standard Whitworth screw threads as well as British Standard parallel and taper pip
threads.

Table 6. British Standard Tapping Drill Sizes for ISO Metric Coarse Pitch Series
Threads BS 1157:1975 (1998)

Standard Drill Size’s Standard Drill Size’s
Recommended Alternative Recommended Alternative
Theoretical Theoretical Theoretical Theoretical
Nom. Radial Radial Nom. Radial Radial
Size Engagement Engagement| Size Engagement Engagement
and with Ext. with Ext. and with Ext. with Ext.
Thread Thread Thread Thread Thread Thread
Diam. | Size (Per Cent) Size|  (Per Cent) Diam. Size|  (Per Cent) Size|  (Per Cent)
M1 0.75 815 0.78 71.7 M 12 10.20 83.7 1040 745
M1.1 0.85 815 0.88 717 M 14 12.00 815 1220  73.4
M1.2 0.95 815 0.98 717 M 16 14.90 815 14125 713
M14 1.10 815 1.15 67.9 M 18 15.80 815 15175 73.4
M1.6 1.25 81.5 1.30 69.9 M 20 17.50 815 1775 73.4
M18 1.45 81.5 1.50 69.9 M 22 19.50 81.5 19{75 73.4
M2 1.60 81.5 1.65 71.3 M 24 2190 815 21p5 74P
M2.2 1.75 815 1.80 72.5 M 27 24.90 815 24125 74P
M25 2.05 815 2.10 72.5 M 30 26.90 815 2675 757
M3 2.50 81.5 2.55| 73.4 M 33 29.90 81.5 29175 757
M3.5 2.90 81.5 2.95 747 M 36 32.00 815
M4 3.30 81.5 3.40] 69.9 M 39 35.00 815
M4.5 3.70 86.8 3.80 76.1 M 42 37.50 815
M5 4.20 81.5 4.30| 71.3 M 45 40.50 81.5
M6 5.00 81.5 5.10| 73.4 M 48 43.q0 81.5
M7 6.00 815 6.10] 73.4 M 52 47.q0 815
M8 6.80 785 6.90] 7P M 56 50.50] 815
M9 7.80 78.5 7.90] 7.7 M 60 54.50 81.5
M 10 8.50 81.5 8.60| 76.1 M 64 58.Q0 81.5
M11 9.50 815 9.60| 76.1 M 68 62.90 81.5

aThese tapping drill sizes are for fluted taps only.
bFor tolerance class 6H and 7H threads only.
CFor tolerance class 7H threads only.

Drill sizes are given in millimeters.

In the accompanyin@able 6 recommended and alternative drill sizes are given for pro-
ducing holes for ISO metric coarse pitch series threads. These coarse pitch threads are s
able for the large majority of general-purpose applications, and the limits and tolerance
for internal coarse threads are given in the table starting onlgadelt should be noted
that Table 6is for fluted taps only since a fluteless tap will require for the same screw
thread a different size of twist drill than will a fluted tap. When tapped, holes produced witt
drills of the recommended sizes provide for a theoretical radial engagement with the exte
nal thread of about 81 per cent in most cases. Holes produced with drills of the alternatiy
sizes provide for a theoretical radial engagement with the external thread of about 70 to -
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per cent. In some cases, as indicateFhinle 6 the alternative drill sizes are suitable only
for medium (6H) or for free (7H) thread tolerance classes.

When relatively soft material is being tapped, there is a tendency for the metal to b
squeezed down towards the root of the tap thread, and in such instances, the minor diar
ter of the tapped hole may become smaller than the diameter of the drill employed. Use
may wish to choose different tapping drill sizes to overcome this problem or for specia
purposes, and reference can be made to the pages mentioned above to obtain the mi
diameter limits for internal pitch series threads.

Reference should be made to this standard BS 1157:1975 (1998) for recommended te
ping hole sizes for other types of British Standard screw threads and pipe threads.

Table 7. British Standard Metric Bolt and Screw Clearance HoleBS 4186: 1967

Clearance Hole Sizes Clearance Hole Sizes
Nominal Close Medium Free Nominal Close Medium Free
Thread Fit Fit Fit Thread Fit Fit Fit
Diameter | Series Series Series || Diameter | Series Series Series
1.6 1.7 1.8 2.0 52.0 54.0 56.0 62.0
2.0 2.2 2.4 2.6 56.0 58.0 62.0 66.0
2.5 2.7 2.9 3.1 60.0 62.0 66.0 70.0
3.0 3.2 3.4 3.6 64.0 66.0 70.0 74.0
4.0 4.3 4.5 4.8 68.0 70.0 74.0 78.0
5.0 5.3 5.5 5.8 72.0 74.0 78.0 82.0
6.0 6.4 6.6 7.0 76.0 78.0 82.0 86.0
7.0 7.4 7.6 8.0 80.0 82.0 86.0 91.0
8.0 8.4 9.0 10.0 85.0 87.0 91.0 96.0
10.0 10.5 11.0 12.0 90.0 93.0 96.0 101.0
12.0 13.0 14.0 15.0 95.0 98.0 101.0 107.0]
14.0 15.0 16.0 17.0 100.0 104.0 107.0 112.9
16.0 17.0 18.0 19.0 105.0 109.0 112.0 117.9
18.0 19.0 20.0 21.0 110.0 114.0 117.0 122.9
20.0 21.0 22.0 24.0 115.0 119.0 122.0 127.9
22.0 23.0 24.0 26.0 120.0 124.0 127.0 132.9
24.0 25.0 26.0 28.0 125.0 129.0 132.0 137.9
27.0 28.0 30.0 32.0 130.0 134.0 137.0 144.9
30.0 31.0 33.0 35.0 140.0 144.0 147.0 155.0
33.0 34.0 36.0 38.0 150.0 155.0 158.0 165.0
36.0 37.0 39.0 42.0
39.0 40.0 42.0 45.0
42.0 43.0 45.0 48.0
45.0 46.0 48.0 52.0
48.0 50.0 52.0 56.0

All dimensions are given in millimeters.

British Standard Clearance Holes for Metric Bolts and Screws.—Fhe dimensions of

the clearance holes specified in this British Standard BS 4186:1967 have been chosen
such a way as to require the use of the minimum number of drills. The recommendatior
cover three series of clearance holes, namely close fit (H 12), medium fit (H 13), and fre
fit (H 14) and are suitable for use with bolts and screws specified in the following metric
British Standards: BS 3692, ISO metric precision hexagon bolts, screws, and nuts; B
4168, Hexagon socket screws and wrench keys; BS 4183, Machine screws and machi
screw nuts; and BS 4190, ISO metric black hexagon bolts, screws, and nuts. The sizes
in accordance with those given in ISO Recommendation R273, and the range has be
extended up to 150 millimeters diameter in accordance with an addendum to that recor
mendation. The selection of clearance holes sizes to suit particular design requiremer
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can of course be dependent upon many variable factors. It is however felt that the mediu
fit series should suit the majority of general purpose applications. In the Standard, limiting
dimensions are given in a table which is included for reference purposes only, for use |
instances where it may be desirable to specify tolerances.

To avoid any risk of interference with the radius under the head of bolts and screws, it |
necessary to countersink slightly all recommended clearance holes in the close ar
medium fit series. Dimensional details for the radius under the head of fasteners mac
according to BS 3692 are given on pa§é6 those for fasteners to BS 4168 are given on
pagel614 those to BS 4183 are given on pa§®88through 1592

Cold Form Tapping.—Cold form taps do not have cutting edges or conventional flutes;
the threads on the tap form the threads in the hole by displacing the metal in an extrusion
swaging process. The threads thus produced are stronger than conventionally cut three
because the grains in the metal are unbroken and the displaced metal is work hardened.
surface of the thread is burnished and has an excellent finish. Although chip problems a
eliminated, cold form tapping does displace the metal surrounding the hole and counte
sinking or chamfering before tapping is recommended. Cold form tapping is not recom
mended if the wall thickness of the hole is less than two-thirds of the nominal diameter c
the thread. If possible, blind holes should be drilled deep enough to permit a cold form ta
having a four thread lead to be used as this will require less torque, produce less burr s
rounding the hole, and give a greater tool life.

The operation requires 0 to 50 per cent more torque than conventional tapping, and tl
cold form tap will pick up its own lead when entering the hole; thus, conventional tapping
machines and tapping heads can be used. Another advantage is the better tool life obtain
The best results are obtained by using a good lubricating oil instead of a conventional cu
ting oil.

The method can be applied only to relatively ductile metals, such as low-carbon stee
leaded steels, austenitic stainless steels, wrought aluminum, low-silicon aluminum di
casting alloys, zinc die casting alloys, magnesium, copper, and ductile copper alloys. .
higher than normal tapping speed can be used, sometimes by as much as 100 per cent.

Conventional tap drill sizes should not be used for cold form tapping because the metal
displaced to form the thread. The cold formed thread is stronger than the conventional
tapped thread, so the thread height can be reduced to 60 per cent without much loss
strength; however, the use of a 65 per cent thread is strongly recommended. The followir
formula is used to calculate the theoretical hole size for cold form tapping:

Theoretical hole size=  basic tap O.D(.)'OOGSX per cent qf LRl
threads per inch

The theoretical hole size and the tap drill sizes for American Unified threads are given i
Table 8 andTable 9lists drills for ISO metric threads. Sharp drills should be used to pre-
vent cold working the walls of the hole, especially on metals that are prone to work harder
ing. Such damage may cause the torque to increase, possibly stopping the machine
breaking the tap. On materials that can be die cast, cold form tapping can be done in cor
holes provided the correct core pin size is used. The core pins are slightly tapered, so t
theoretical hole size should be at the position on the pin that corresponds to one-half of t
required engagement length of the thread in the hole. The core pins should be designec
form a chamfer on the hole to accept the vertical extrusion.
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Table 8. Theoretical and Tap Drill or Core Hole Sizes for Cold Form

Tapping Unified Threads
Percentage of Full Thread
75 65 55
Threads| Theor. Nearest Theor.| Nearest Theor.| Nearest
Tap Per Hole Drill Dec. || Hole Drill Dec. || Hole Drill Dec.
Size Inch Size Size Equiv.|| Size Size Equiv.|| Size Size Equiv.
0 80 0.0536 1.35mm| 0.05p1 0.0545 ... ...|10.0554 54 0.05!
64 0.0650 1.65mm| 0.065p 0.0661 ... ...|[0.0672 51 0.067!
! 72 0.0659 1.65mm| 0.065D 0.0669 1.7 mny 0.0669 0.0679 51 0J0670
56 0.0769 1.95mm| 0.076B 0.0781 %, 0.0781| 0.0794 2.0mm 0.0787
2 64 0.0780 Y4 0.0781| 0.0791 2.0 mm 0.0787 0.08p2
48 0.0884 | 2.25mm| 0.0886 0.0898 43 0p89 0.0p13 23mm  0J0906
3 56 0.0889 43 0.0 0.0911 2.3 mn 0.0ppP6 0.0924 2.35mm  0j0925
40 0.0993 2.5 mm 0.09: 0.1010 39 0.0p95 0.1p28 2.6 mm 0{1024
4 48 0.0104 38 0.10. 0.1028 2.6 mnf 0.1p24 0.1p43 37 0.1.040
5 40 0.1123 34 0.11. 0.1140 33 0.1113 0.1158 32 0.1160
44 0.1134 33 0.113 0.1150 2.9 mi 0.1142 0.1166 32 .
32 0.1221 3.1mm 0.12 0.1243 ... ...||0.1264 3.2mm 0.126p
6 40 0.1253 % 0.125Q| 0.127q 3.2mm 0.1250 0.12B8 30 0.1p85
32 0.1481 3.75mm| 0.14fp 0.1503 25 0.1495 0.1524 24 0.1520
8 36 0.1498 25 0.149% 0.1518 24 0.15p0 0.1%37 3.9 mm 0.1535
24 0.1688 0.1717 kM 0.1719| 0.1744 17 0.1730
10 32 0.1741 17 0.1730 0.1743 0.1784 4.5 mm 0.177p
24 0.1948 10 0.19: 0.1977 5.0 mn] 0.1p68 0.2p06 5.1 mm 0[2008
12 28 0.1978 5.0 mm 0.19¢ 0.2003 8 0.1pp0 0.2028
20 0.2245 5.7mm 0.22. 0.2280 1 0.2PB0 0.2815
% 28 0.2318 0.2343 A 0.234p 0.236: 6.0 mm 0.2362
18 0.2842 7.2 mm 0.28: 0.2879 7.3 mny 0.2874 0.2917 7.4 mm 0}2913
%o 24 0.2912 7.4 mm 0.29. 0.2941 M 0.2950 0.2969 15, 0.2969|
16 0.3431 1, 0.3437| 0.3474 s 0.348p 0.3516
% 24 0.3537 9.0 mm 0.3548 0.35¢6 ... 0.3594 EN 0.3594
T 14 0.4011 0.4059 B 0.406%| 0.4109
20 0.4120 z 0.413 0.415¢ 0.4188
% 13 0.4608 0.4660 0.4712 12 mm 0.4724
20 0.4745 0.4779 0.4813
5 12 0.5200 0.5257 0.5313 L/ 0.5312f
®1 18 05342 | 135mm| 05315 05380 ... .. |losat7| ..
11 0.5787 Fn 0.5781| 0.5849 0.5910 15 mm 0.590p
% 18 0.5976 Yo 0.5937| 0.6004 0.6042
10 0.6990 0.7058 Soa 0.7031]| 0.7124
% 16 0.7181 £ 0.7187| 0.7224 0.7266
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Table 9. Tap Drill or Core Hole Sizes for Cold Form Tapping ISO Metric Threads

Nominal Size of Tap Pitch Recommended Tap Drill Size
1.6 mm 0.35 mm 1.45 mm
1.8 mm 0.35 mm 1.65 mm
2.0mm 0.40 mm 1.8mm
2.2 mm. 0.45 mm 2.0 mm
2.5mm 0.45 mm 2.3 mm
3.0 mm 0.50 mm 2.8 mnt
3.5mm 0.60 mm 3.2mm
4.0 mm 0.70 mm 3.7mm
4.5 mm 0.75 mm 4.2 mn#
5.0 mm 0.80 mm 4.6 mm
6.0 mm 1.00 mm 5.6 mn?
7.0 mm 1.00 mm 6.5 mm
8.0 mm 1.25mm 7.4 mm
10.0 mm 1.50 mm 9.3 mm

aThese diameters are the nearest stocked drill sizes and not the theoretical hole size, and may r
produce 60 to 75 per cent full thread.

The sizes are calculated to provide 60 to 75 per cent of full thread.

Removing a Broken Tap.—Broken taps can be removed by electrodischarge machining
(EDM), and this method is recommended when available. When an EDM machine is nc
available, broken taps may be removed by using a tap extractor, which has fingers th
enter the flutes of the tap; the tap is backed out of the hole by turning the extractor with
wrench. Sometimes the injection of a small amount of a proprietary solvent into the hol
will be helpful. A solvent can be made by diluting about one part nitric acid with five parts
water. The action of the proprietary solvent or the diluted nitric acid on the steel loosens tt
tap so that it can be removed with pliers or with a tap extractor. The hole should be wash
out afterwards so that the acid will not continue to work on the part. Another method is t«
add, by electric arc welding, additional metal to the shank of the broken tap, above the lev
of the hole. Care must be taken to prevent depositing metal on the threads in the tapp
hole. After the shank has been built up, the head of a bolt or a nutis welded to itand then t
tap may be backed out.

Tap Drills for Pipe Taps

Drills for | Drills for Drills for Drills for Drills for Drills for
Size of | Briggs | Whitworth|| Size of | Briggs Pipe| Whitworth Size of | Briggs Pipg Whitworth
Tap PipeTapg Pipe Taps| Tap Taps Pipe Taps Tap Taps Pipe Taps
% | % | % 1, 1, 15, ¥ | - £
Wl | % 1 17 17, W | #,
% 9 b 19, 156 3%, 4
% 2 R 2 N 2% 4 4, 4,
% Z A 2%, 4% 43, 43,
% Y £ 2% 2% 2%, 5 5% 5%,
% W 2%, 3 5% 5%,
1 1%, 1% 3 3y, 3% 6 6% 6%,

All dimensions are in inches.
To secure the best results, the hole should be reamed before tapping with a reamer having a taper ¢
%,inch per foot.

Power for Pipe Taps.—The power required for driving pipe taps is given in the following
table, which includes nominal pipe tap sizes from 2 to 8 inches.

The holes to be tapped were reamed with standard pipe tap reamers before tapping.
horsepower recorded was read off just before the tap was reversed. The table gives the
horsepower, deductions being made for the power required to run the machine without
load. The material tapped was cast iron, except in two instances, where cast steel w
tapped. It will be seen that nearly double the power is required for tapping cast steel. Tt
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power varies, of course, with the conditions. More power than that indicated in the tabls
will be required if the cast iron is of a harder quality or if the taps are not properly relieved
The taps used in these experiments were of the inserted-blade type, the blades being m
of high-speed steel.

Power Required for Pipe Taps

Nominal Rev. per Net Thickness Nominal Rev. per Net Thickness
Tap Size Min. H.P. of Metal Tap Size Min. H.P. of Metal
2 40 4.24 1% 3% 25.6 7.20 13,
2% 40 5.15 1% 4 18 6.60 2
2y, 38.5 9.14 1% 5 18 7.70 2
3 40 5.75 1% 6 17.8 8.80
a3 38.5 9.70 1% 8 14 7.96 2%

aTapping cast steel; other tests in cast iron.
Tap size and metal thickness are in inches.

High-Speed CNC Tapping.—Tapping speed depends on the type of material being cut,

the type of cutting tool, the speed and rigidity of the machine, the rigidity of the part-hold-
ing fixture, and the proper use of coolants and cutting fluids. When tapping, each revolu
tion of the tool feeds the tap a distance equal to the thread pitch. Both spindle speed a
feed per revolution must be accurately controlled so that changes in spindle speed resul
a corresponding change in feed rate. If the feed/rev is not right, a stripped thread or brok
tap will result. NC/CNC machines equipped withsliechronous tappinfgature are able

to control the tap feed as a function of spindle speed. These machines can use rigid-type
holders or automatic tapping attachments and are able to control depth very accurate
Older NC machines that are unable to reliably coordinate spindle speed and feed must
a tension-compression type tapping head that permits some variation of the spindle spe
while still letting the tap feed at the required rate.

CNC machines capable of synchronous tapping accurately coordinate feed rate and ro
tional speed so that the tap advances at the correct rate regardless of the spindle spee
canned tapping cycle (see Fixed Cycles in the Numerical Control section) usually control
the operation, and feed and speed are set by the machine operator or part programmer.
chronized tapping requires reversing the tapping spindle twice for each hole tapped, on
after finishing the cut and again at the end of the cycle. Because the rotating mass is fait
large (motor, spindle, chuck or tap holder, and tap), the acceleration and deceleration of t|
tap are rather slow and a lot of time is lost by this process. The frequent changes in cultti
speed during the cut also accelerate tap wear and reduce tap life.

A self-reversing tapping attachment has a forward drive that rotates in the same directic
as the machine spindle, a reverse drive that rotates in the opposite direction, and a neu
position in between the two. When a hole is tapped, the spindle feeds at a slightly slow
rate than the tap to keep the forward drive engaged until the tap reaches the bottom of t
hole. Through holes are tapped by feeding to the desired depth and then retracting the sg
dle, which engages the tapping-head reverse drive and backs the tap out of the hole—
spindle does not need to be reversed. For tapping blind holes, the spindle is fed to a dej
equal to the thread depth minus the self-feed of the tapping attachment. When the spinc
is retracted (without reversing), the tap continues to feed forward a short distance (the ta
ping head self-feed distance) before the reverse drive engages and reverse drives the
out of the hole. The depth can be controlled to within aljaetolution of the tap. The
tapping cycle normally used for the self-reversing tap attachment is a standard boring cyc
with feed return and no dwell. A typical programming cycle is illustrated with a G85 block
on pagel26Q The inward feed is set to about 95 per cent of the normal tapping feed (i.e.
95 per cent of the pitch per revolution). Because the tap is lightweight, tap reversal i
almost instantaneous and tapping speed is very fast compared with synchronous tappin
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Tapping speeds are usually given in surface feet per minute (sfm) or the equivalent fe
per minute (fpm or ft/min), so a conversion is necessary to get the spindle speed in revol
tions per minute. The tapping speed in rpm depends on the diameter of the tap, and is giv
by the following formula:

rom = sfmx 12 - sfmx 3.82
PM = §x3.14159 d

whered is the nominal diameter of the tap in inches. As indicated previously, the feed ir
in/rev is equal to the thread pitch and is independent of the cutting speed. The feed rate
inches per minute is found by dividing the tapping speed in rpm by the number of thread
perinch, or by multiplying the speed in rpm by the pitch or feed per revolution:

pm = rpmx thread pitch= rpm x feed’ rev

feed rate( i mip = threads per inch

Exampleif the recommended tapping speed for 1020 steel is given as 45 to 60 sfm, fin
the required spindle speed and feed rate for tappirgy-20@ UNF thread in 1020 steel.

Assuming that the machine being used is in good condition and rigid, and the tap is shat
use the higher rate of 60 sfm and calculate the required spindle speed and feed rate as
lows:
60x 3.82 920 s

025 916.8= 920 rpm feed rate: ) 46 in/min
Coolant for Tapping.—Proper use of through-the-tap high-pressure coolant/lubricant
can result in increased tap life, increased speed and feed, and more accurate threads
most chip-cutting processes, cutting fluid is used primarily as a coolant, with lubricatior
being a secondary but important benefit. Tapping, however, requires a cutting fluid witt
lubricity as the primary property and coolant as a secondary benefit. Consequently, tt
typical blend of 5 per cent coolant concentrate to 95 per cent water is too low for bes
results. An increased percentage of concentrate in the blend helps the fluid to cling to tt
tap, providing better lubrication at the cutting interface. A method of increasing the tay
lubrication qualities without changing the concentration of the primary fluid blend is to use
a cutting fluid dispenser controlled by an M code different from that used to control the
high-pressure flood coolant (for example, use an M08 code in addition to MO7). The sec
ondary coolant-delivery system applies a small amount of an edge-type cutting fluic
(about a drop at a time) directly onto the tap-cutting surfaces providing the lubricatior
needed for cutting. The edge-type fluid applied in this way clings to the tap, increasing th
lubrication effect and ensuring that the cutting fluid becomes directly involved in the cut-
ting action at the shear zone.

High-pressure coolant fed through the tap is important in many high-volume tapping
applications. The coolant is fed directly through the spindle or tool holder to the cutting
zone, greatly improving the process of chip evacuation and resulting in better thread que
ity. High-pressure through-the-tap coolant flushes blind holes before the tap enters and c
remove chips from the holes after tapping is finished. The flushing action prevents chij
recutting by forcing chips through the flutes and back out of the hole, improving the sur:
face of the thread and increasing tap life. By improving lubrication and reducing heat an
friction, the use of high-pressure coolant may result in increased tap life up to five time
that of conventional tapping and may permit speed and feed increases that reduce ovel
cycle time.

Combined Drilling and Tapping.—A special tool that drills and taps in one operation

can save a lot of time by reducing setup and eliminating a secondary operation in son
applications. A combination drill and tap can be used for through holes if the length of the
fluted drill section is greater than the material thickness, but cannot be used for drilling an

speed=
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tapping blind holes because the tip (drill point) must cut completely through the materia
before the tapping section begins to cut threads. Drilling and tapping depths up to twice tt
tool diameter are typical. Determine the appropriate speed by starting the tool at the recor
mended speed for the tap size and material, and adjust the speed higher or lower to suit
application. Feed during tapping is dependent on the thread pitch. NC/CNC programs c
use a fast drilling speed and a slower tapping speed to combine both operations into o
and minimize cutting time.

A B
Two similar diagrams showing relationships of various relief angles of thread cutting tools

Relief Angles for Single-Point Thread Cutting Tools.—Fhe surface finish on threads

cut with single-point thread cutting tools is influenced by the relief angles on the tools. The
leading and trailing cutting edges that form the sides of the thread, and the cutting edge
the nose of the tool must all be provided with an adequate amount of relief. Moreover, it i
recommended that the effective relief angle for all of these cutting edges be made
equal, although the practice in some shops is to use slightly less relief at the trailing cuttin
edge. While too much relief may weaken the cutting edge, causing it to chip, an inadequa
amount of relief will result in rough threads and in a shortened tool life. Other factors tha
influence the finish produced on threads include the following: the work material; the cut:
ting speed; the cutting fluid used; the method used to cut the thread; and, the condition
the cutting edge.

Relief angles on single-point thread cutting tools are often specified on the basis of exp
rience. While this method may give satisfactory results in many instances, better resul
can usually be obtained by calculating these angles, using the formulas provided furth
on. When special high helix angle threads are to be cut, the magnitude of the relief angl
should always be calculated. These calculations are based on the effective reliefangle,
this is the angle between the flank of the tool and the sloping sides of the thread, measur
in a direction parallel to the axis of the thread. Recommended values of this angle are 8
14 degrees for high speed steel tools, and 5 to 10 degrees for cemented carbide tools. -
larger values are recommended for cutting threads on soft and gummy materials, and t
smaller values are for the harder materials, which inherently take a better surface finisl|
Harder materials also require more support below the cutting edges, which is provided t
using a smaller relief angle. These values are recommended for the relief angle below tl
cutting edge at the nose without any further modification. The angles below the leadin
and trailing side cutting edges are modified, using the formulas provided. Thelzangtes
b'" are the relief angles actually ground on the tool below the leading and trailing side cuf
ting edges respectively; they are measured perpendicular to the side cutting edges. Wk
designing or grinding the thread cutting tool, it is sometimes helpful to know the magni-
tude of the angle, for which a formula is provided. This angle would occur only in the
event that the tool were ground to a sharp point. It is the angle of the edge formed by tt
intersection of the flank surfaces.
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tang = %Cj tang’ = lead :—J[fD thread
a= ae+ ®
a' = a,—¢'

tanb = tanacosl,w
tanb’ = tana’' cosk,w
tana — tana’
tann = 2tan¥w
where 0 =helix angle of thread at minor diameter
0’ =helix angle of thread at major diameter
K =minor diameter of thread
D =major diameter of thread
a=side relief angle parallel to thread axis at leading edge of tool
a =side relief angle parallel to thread axis at trailing edge of tool
a, = effective relief angle
b =side relief angle perpendicular to leading edge of tool
b' = side relief angle perpendicular to trailing edge of tool
w=included angle of thread cutting tool
n=nose angle resulting from intersection of flank surfaces

ExampleCalculate the relief angles and the nose amfglea single-point thread cutting
tool that is to be used to cut a 1-inch diameter, 5-threads-per-inch, double Acme threa
The lead of this thread isx20.200 = 0.400 inch. The included anglef this thread is 29
degrees, the minor diamet€is 0.780 inch, and the effective relief anglé®elow all cut-
ting edges is to be 10 degrees.

lead of thread_  0.400

e = T T % 0.780
© = 9.27°(9°16))
, _ lead of thread_  0.400
e = s T A< 1.000

@' = 7.26°(7°15')
a=a+e=10+927 = 19.27
a = a,-0' =10°-7.26> = 2.7#
tanb = tanacoslw = tan19.27cos14.5
b = 18.70°(18°42')
tanb’ = tana’' coskw = tan2.74cos14.5
b’ = 2.65°(2°39')
tann = tana—tana' _ tanl9.27-tan2.74
2tan¥%w 2tan14.5
n = 30.26°(30°16')
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Lathe Change Gears

Change Gears for Thread Cutting.—To determine the change gears to use for cutting a
thread of given pitch, first find what number of threads per inch will be cut when gears o
the same size are placed on the lead screw and spindle stud, either by trial or by referring
the index plate; then multiply this number, called the “lathe screw constant,” by some tria
number to obtain the number of teeth in the gear for the spindle stud, and multiply th
threads per inch to be cut by g@metrial number to obtain the number of teeth in the gear
for the lead screw. Expressing this rule as a formula:

Trial numberx_lathe screw constant _ teeth in gear on spindle stud
Trial numberx threads per inch to be cut teeth in gear on lead screw

For example, suppose the available change gears supplied with the lathe have 24, 28,
36 teeth, etc., the number increasing by 4 up to 100, and that 10 threads per inch are to
cutin a lathe having a lathe screw constant of 6; then, if the screw constant is written as t
numerator, the number of threads per inch to be cut as the denominator of a fraction, al
both numerator and denominator are multiplied by some trial number, say, 4, it is fount
that gears having 24 and 40 teeth can be used. Thus:

The 24-tooth gear goes on the spindle stud and the 40-toothgear on the lead screw.

The lathe screw constant is, of course, equal to the number of threads per inch on the le

screw, provided the spindle stud and spindle are geared in the ratio of 1 to 1, which, hov
ever. is not always so.
Compound Gearing.—To find the change gears used in compound gearing, place the
screw constant as the numerator and the number of threads per inch to be cut as the den
inator of a fraction; resolve both numerator and denominator into two factors each, an
multiply each “pair” of factors by the same number, until values are obtained representin
suitable numbers of teeth for the change gears. (One factor in the numerator and one in
denominator make a “pair” of factors.)

Example—1%, threads per inch are to be cut in a lathe having a screw constant of 8; th
available gears have 24, 28, 32, 36, 40 teeth. etc., increasing by 4 up to 100. Following tl
rule:

8 _ 2x4 _ (2x36)x(4x16) _ 72x64
1%, 1x1% (1x36)x(1%x16) 36x28

The gears having 72 and 64 teeth araltheng gears and those with 36 and 28 teeth are
thedrivengears.

Fractional Threads.—Sometimes the lead of a thread is given as a fraction of an inch
instead of stating the number of threads per inch. For example, a thread may be required
be cut, havingg inch lead. The expressiofinch lead” should first be transformed to
“number of threads per inch.” The number of threads per inch (the thread being single
equals:

1_,.3_8_
A 1= §°3° 2%

To find the change gears to cd threads per inch in a lathe having a screw constant 8
and change gears ranging from 24 to 100 teeth, increasing in increments of 4, proceed
below:

8 _ 2x4 _ (2x36)x(4x24 _ 72x96
2% 1x2% (1x36)x(2%x24) 36x 64
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Change Gears for Metric Pitches.—When screws are cut in accordance with the metric
system, it is the usual practice to give the lead of the thread in millimeters, instead of th
number of threads per unit of measurement. To find the change gears for cutting metr
threads, when using a lathe having an inch lead screw, first determine the number
threads per inch corresponding to the given lead in millimeters. Suppose a thread of 3m
limeters lead is to be cut in a lathe having an inch lead screw and a screw constant of 6. .
there are 25.4 millimeters per inch, the number of threads per inch will equal 25.4
Place the screw constant as the numerator, and the number of threads per inch to be cu
the denominator:

25.4

-6+ —— = X

3 25.

(o))
w

N
w|v|o

i

»

The numerator and denominator of this fractional expression of the change gear ratio
next multiplied by some trial number to determine the size of the gears. The first wholc
number by which 25.4 can be multiplied so as to get a whole number as the resultis 5. Tht
25.4x 5 =127. Hence, one gear having 127 teeth is always used when cutting metri
threads with an inch lead screw. The other gear required has 90 teeth. Thus:

6x3x5 _ 90

25.4x 5 127

Therefore, the following rule can be used to find the change gears for cutting metri
pitches with an inch lead screw:

Rule:Place the lathe screw constant multiplied by the lead of the required thread in mil
limeters multiplied by 5 as the numerator of the fraction and 127 as the denominator. Th
product of the numbers in the numerator equals the number of teeth for the spindle-stt
gear, and 127 is the number of teeth for the lead-screw gear.

If the lathe has a metric pitch lead screw, and a screw having a given number of threa
perinch is to be cut, first find the “metric screw constant” of the lathe or the lead of threac
in millimeters that would be cut with change gears of equal size on the lead screw and spi
dle stud; then the method of determining the change gears is simply the reverse of the o
already explained for cutting a metric thread with an inch lead screw.

Rule:To find the change gears for cutting inch threads with a metric lead screw, plac
127 in the numerator and the threads per inch to be cut, multiplied by the metric screw co
stant multiplied by 5 in the denominator; 127 is the number of teeth on the spindle-stu
gear and the product of the numbers in the denominator equals the number of teeth in't
lead-screw gear.

Threads per Inch Obtained with a Given Combination of Gears.—¥o determine the
number of threads per inch that will be obtained with a given combination of gearing, mul
tiply the lathe screw constant by the number of teeth idriliengear (or by the product of
the numbers of teeth in both driven gears of compound gearing), and divide the produ
thus obtained by the number of teeth indheing gear (or by the product of the two driv-
ing gears of a compound train). The quotient equals the number of threads per inch.
Change Gears for Fractional Ratios.—When gear ratios cannot be expressed exactly in
whole numbers that are within the range of ordinary gearing, the combination of gearin
required for the fractional ratio may be determined quite easily, often by the “cancellatior
method.” To illustrate this method, assume that the speeds of two gears are to be in the re
of 3.423 to 1. The number 3.423 is first change®gyto clear it of decimals. Then, in
order to secure a fraction that can be reduced, 3423 is changed to 3420;

3420 _ 342 _ 3x2x57 _ 3x57

1000 100 2x50 1x50
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Then, multiplying%, by some trial number, say, 24, the following gear combination is
obtained:

72 57 _ 4104 _ 3.42

24750 1200 1

As the desired ratio is 3.423 to |, there is an error of 0.003. When the ratios are compar
tively simple, the cancellation method is not difficult and is frequently used; but by the log-
arithmic method to be described, more accurate results are usually possible.

Modifying the Quick-Change Gearbox Output.—On most modern lathes, the gear
train connecting the headstock spindle with the lead screw contains a quick-change ge:
box. Instead of using different change gears, it is only necessary to position the handles
the gearbox to adjust the speed ratio between the spindle and the lead screw in preparat
for cutting a thread. However, a thread sometimes must be cut for which there is no quicl
change gearbox setting. It is then necessary to modify the normal, or standard, gear ra
between the spindle and the gearbox by installing modifying change gears to replace tl
standard gears normally used. Metric and other odd pitch threads can be cut on lathes t
have an inch thread lead screw and a quick-change gearbox having only settings for in
threads by using modifying-change gears in the gear train. Likewise, inch threads ar
other odd pitch threads can be cut on metric lead-screw lathes having a gearbox on whi
only metric thread settings can be made. Modifying-change gears also can be used for c
ting odd pitch threads on lathes having a quick-change gearbox that has both inch and m
ric thread settings.

The sizes of the modifying-change gears can be calculated by formulas to be given late
they depend on the thread to be cut and on the setting of the quick-change gearbox. Ma
different sets of gears can be found for each thread to be cut. Itis recommended that seve
calculations be made in order to find the set of gears that is most suitable for installation c
the lathe. The modifying-change gear formulas that follow are based on the type of lea
screw, i.e., whether the lead screw has inch or metric threads.

Metric Threads on Inch Lead-Screw Lathast27-tooth translating gear must be used
in the modifying-change gear train in order to be able to cut metric threads on inch leac
screw lathes. The formula for calculating the modifying change gears is:

5 x gearbox setting in thds/in.pitch in mm to be cut driving gears
127 driven gears

The numerator and denominator of this formula are multiplied by equal numbers, calle
trial numbers, to find the gears. If suitable gears cannot be found with one set, then anott
set of equal trial numbers is used. (Because these numbers are equal, syth as 15
24/24, they are equal to the number one when thought of as a fraction; their inclusion he
the effect of multiplying the formula by one, which does not change its value.) It is neces
sary to select the gearbox setting in threads per inch that must be used to cut the met
thread when using the gears calculated by the formula. One method is to select a quic
change gearbox setting that is close to the actual number of metric threads in a 1-in
length, called the equivalent threads per inch, which can be calculated by the following for
mula: Equivalent thds/in. = 25:4pitch in millimeters to be cut.

ExampleSelect the quick-change gearbox setting and calculate the modifying chang
gears required to set up a lathe having an inch-thread lead screw in order to cut an
M12 x 1.75 metric thread.
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25.4 _ 254 _ _
pitch in mm to be cut 1.75 ~ 1.45 (use 14 thds/in.)

5 x gearbox setting in thds/i.pitch in mm to be cut. 5x 14x1.75
127 127
_ (24)x5x14x1.75 _ (5% 14) x (24 x1.75)
(24) x 127 24x 127
70x 42 _ driving gears
24x 127  driven gears

Equivalent thds/in=

Odd Inch Pitch ThreadS:he calculation of the modifying change gears used for cutting
odd pitch threads that are specified by their pitch in inches involves the sizes of the sta
dard gears, which can be found by counting their teeth. Standard gears are those usec
enable the lathe to cut the thread for which the gearbox setting is made; they are the ge
that are normally used. The threads on worms used with worm gears are among the o
pitch threads that can be cut by this method. As before, it is usually advisable to calcula
the actual number of threads per inch of the odd pitch thread and to select a gearbox sett
that is close to this value. The following formula is used to calculate the modifying-change
gears to cut odd inch pitch threads:

Standard driving gear pitch to be cut in inclkegearbox setting in thds/in.
Standard driven gear

_ driving gears
driven gears

ExampleSelect the quick-change gearbox setting and calculate the modifying chang
gears required to cut a thread having a pitch equal to 0.195 inch. The standard driving a
driven gears both have 48 teeth. To find equivalent threads per inch:

Thds 1 1

— = pitch = 095~ 5.13 (use 5 thds/in.)

Standard driving gear  pitch to be cut in inclegearbox setting in thds/in.
Standard driven gear

48x0.195x5 _ (1000 x0.195x5 _ 195x 5 _ 39x5 _ _39x 5x(8)
48 (1000 500x 2 100x 2 50x 2x2x(8)

_ 39x 40 _ driving gears
50x 32  driven gears

It will be noted that in the second step above, 20000 has been substituted for4®.

This substitution does not change the ratio. The reason for this substitution is that 1000
0.195 = 195, a whole number. Actually, 2ZD00 might have been substituted because 200
x0.195 = 39, also a whole number.

The procedure for calculating the modifying gears using the following formulas is the
same as illustrated by the two previous examples.

Odd Threads per Inch on Inch Lead Screw Lathes:

Standard driving gear _gearbox setting in thds/indriving gears
Standard driven gear thds/in. to be cut driven gears
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Inch Threads on Metric Lead Screw Lathes:

127 _ driving gears
5 x gearbox setting in mm pitchthds/in. to be cut  driven gears

Odd Metric Pitch Threads on Metric Lead Screw Lathes:

Standard driving gear _mm pitch to be cut _ driving gears
Standard driven gear gearbox setting in mm pitctdriven gears

Finding Accurate Gear Ratios.—Tables included in the 23rd and earlier editions of this
handbook furnished a series of logarithms of gear ratios as a quick means of finding ratic
for all gear combinations having 15 to 120 teeth. The ratios thus determined could be fa
tored into sets of 2, 4, 6, or any other even numbers of gears to provide a desired over
ratio.

Although the method of using logarithms of gear ratios provides results of suitable acct
racy for many gear-ratio problems, it does not provide a systematic means of evaluatir
whether other, more accurate ratios are available. In critical applications, especially in th
design of mechanisms using reduction gear trains, it may be desirable to find many or ¢
possible ratios to meet a specified accuracy requirement. The methods best suited to sl
problems us€ontinued Fraction@ndConjugate Fractiongs explained starting on
pagesl3and illustrated in the worked-out example on pbgéor a set of four change
gears.

As an example, if an overall reduction of 0.31416 is required, a fraction must be foun
such that the factors of the numerator and denominator may be used to form a four-ge
reduction train in which no gear has more than 120 teeth. By using the method of conjuga
fractions discussed on patjé the ratios listed above, and their factors are found to be suc-
cessively closer approximations to the required overall gear ratio.

Ratio Numerator Factors Denominator Error Factors
1135 11 5x7 +0.00013
16/51 2x2x2x2 3x17 -0.00043
2786 3x3x3 2% 43 -0.00021
38121 2x19 11x11 -0.00011
49156 ™>7 2x2x3%x13 -0.00006
82261 2x41 3x3x29 +0.00002
224713 2x2%x2%x2%x2%x7 23x 31 +0.000005
4371391 19x 23 13x 107 +0.000002
7212295 7x103 3x3x3x5x17 +0.000001
13604329 2x 2% 2% 2395 17 3x3x13x53 +0.0000003
17155459 Bx7x7x7 53x 103 +0.0000001
392712500 X 7x11x17 2x2x5x5x5x5x5 0

Lathe Change-gears.—Fo calculate the change gears to cut any pitch on a lathe, the “con-
stant” of the machine must be known. For any lathe, theCdtie driver:driven gear, in
whichC = constant of machine ahd= threads per inch.

For example, to find the change gears required to cut 1.7345 threads per inch on a lat
having a constant of 4, the formula:
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4

17345~ 2.306140

[il@}

may be used. The method of conjugate fractions shown onlgagd find the ratio,
11349 = 2.306122, which is closer than any other having suitable factors. This ratio is ir
error by only 2.3061462.306122 = 0.000018. Therefore, the driver should have 113 teeth
and the driven gear 49 teeth.

Relieving Helical-Fluted Hobs.—Relieving hobs that have been fluted at right angles to
the thread is another example of approximating a required change-gear ratio. The ust
method is to change the angle of the helical flutes to agree with previously calculate
change-gears. The ratio between the hob and the relieving attachment is expressed in
formula:

N _ driver
(Cx coga) driven

gears

and

tana = B
HC

in which:N = number of flutes in holm = helix angle of thread from plane perpendicular
to axis;C = constant of relieving attachmeRt;= axial lead of hob; antd, = hob pitch cir-
cumference, = 3.1416 times pitch diameter.

The constant of the relieving attachment is found on its index plate and is determined k
the number of flutes that require equal gears on the change-gear studs. These values \
vary with different makes of lathes.

For example, what four change-gears can be used to relieve a helical-fluted worm-ge
hob, of 24 diametral pitch, six starts, 13 degrees, 41 minutes helix angle of thread, wit
eleven helical flutes, assuming a relieving attachment having a constant of 4 is to be use

N 11 11

= = = 2.913136
(Cxcofa) (4xcoP13°41) (4x0.944043

Using the conjugate fractions method discussed on p4gee following ratios are
found to provide factors that are successively closer approximations to the require
change-gear ratio 2.913136.

NumeratofDenominator| Ratio Error
67x 78/(39x 46) 2.913043 -0.000093
30x 47/(22% 22) 2.913223 +0.000087
80x 26/(21x 34) 2.913165 +0.000029
27x82/(20% 38) 2.913158 +0.000021
55x 75/(24x 59) 2.913136 +0.0000004
74x92/(57x 41) 2.913136 +0.00000004
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THREAD ROLLING

Screw threads may be formed by rolling either by using some type of thread-rolling
machine or by equipping an automatic screw machine or turret lathe with a suitable threa
ing roll. If a thread-rolling machine is used, the unthreaded screw, bolt, or other “blank” i
placed (either automatically or by hand) between dies having thread-shaped ridges th
sink into the blank, and by displacing the metal, form a thread of the required shape ar
pitch. The thread-rolling process is applied where bolts, screws, studs, threaded rods, e
are required in large quantities. Screw threads that are within the range of the rolling prc
cess may be produced more rapidly by this method than in any other way. Because of t
cold-working action of the dies, the rolled thread is 10 to 20 per cent stronger than a cut ¢
ground thread, and the increase may be much higher for fatigue resistance. Other adve
tages of the rolling process are that no stock is wasted in forming the thread, and the surfe
of arolled thread is harder than that of a cut thread, thus increasing wear resistance.

Thread-Rolling Machine of Flat-Die Type.—One type of machine that is used exten-
sively for thread rolling is equipped with a pair of flat or straight dies. One die is stationary
and the other has a reciprocating movement when the machine is in use. The ridges
these dies, which form the screw thread, incline at an angle equal to the helix angle of tt
thread. In making dies for precision thread rolling, the threads may be formed either b
milling and grinding after heat treatment, or by grinding “from the solid” after heat treat-
ing. A vitrified wheel is used.

In a thread-rolling machine, thread is formed in one passage of the work, which i
inserted at one end of the dies, either by hand or automatically, and then rolls between t
die faces until it is ejected at the opposite end. The relation between the position of the di
and a screw thread being rolled is such that the top of the thread-shaped ridge of one die
the point of contact with the screw thread, is directly opposite the bottom of the threa
groove in the other die at the point of contact. Some form of mechanism ensures startir
the blank at the right time and square with the dies.

Thread-Rolling Machine of Cylindrical-Die Type.—With machines of this type, the
blank is threaded while being rolled between two or three cylindrical dies (depending upo
the type of machine) that are pressed into the blank at a rate of penetration adjusted to
hardness of the material, or wall thickness in threading operations on tubing or hollov
parts. The dies have ground, or ground and lapped, threads and a pitch diameter that i
multiple of the pitch diameter of the thread to be rolled. As the dies are much larger i
diameter than the work, a multiple thread is required to obtain the same lead angle as tt
of the work. The thread may be formed in one die revolution or even less, or several reve
lutions may be required (as in rolling hard materials) to obtain a gradual rate of penetratio
equivalent to that obtained with flat or straight dies if extended to a length of possibly 15 o
20 feet. Provisions for accurately adjusting or matching the thread rolls to bring them int
proper alignment with each other are important features of these machines.

Two-Roll Type of Machin&ith a two-roll type of machine, the work is rotated
between two horizontal power-driven threading rolls and is supported by a hardened re
bar on the lower side. One roll is fed inward by hydraulic pressure to a depth that is gov
erned automatically.

Three-Roll Type of Machin®Vith this machine, the blank to be threaded is held in a
“floating position” while being rolled between three cylindrical dies that, through toggle
arms, are moved inward at a predetermined rate of penetration until the required pitc
diameter is obtained. The die movement is governed by a cam driven through change ge:
selected to give the required cycle of squeeze, dwell, and release.

Rate of Production.—Production rates in thread rolling depend upon the type of
machine, the size of both machine and work, and whether the parts to be threaded ¢
inserted by hand or automatically. A reciprocating flat die type of machine, applied to ordi:
nary steels, may thread 30 or 40 parts per minute in diameters ranging fror¥ sl aigt
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inch, and 150 to 175 per minute in machine screw sizes from No. 10 (.190) to No. 6 (.138
In the case of heat-treated alloy steels in the usual hardness range of 26 to 32 Rockwell
the production may be 30 or 40 per minute or less. With a cylindrical die type of machine
which is designed primarily for precision work and hard metals, 10 to 30 parts per minut
are common production rates, the amount depending upon the hardness of material a
allowable rate of die penetration per work revolution. These production rates are intende
as a general guide only. The diameters of rolled threads usually range from the smalle
machine screw sizes up to 1 &ibches, depending upon the type and size of machine.

Precision Thread Rolling.—Both flat and cylindrical dies are used in aeronautical and
other plants for precision work. With accurate dies and blank diameters held to close linr
its, it is practicable to produce rolled threads for American Standard Class 3 and Class
fits. The blank sizing may be by centerless grinding or by means of a die in conjunctiol
with the heading operations. The blank should be round, and, as a general rule, the dian
ter tolerance should not excelgdo % the pitch diameter tolerance. The blank diameter
should range from the correct size (which is close to the pitch diameter, but should b
determined by actual trial), down to the allowable minimum, the tolerance being minus t
insure a correct pitch diameter, even though the major diameter may vary slightly. Prec
sion thread rolling has become an important method of threading alloy steel studs and oth
threaded parts, especially in aeronautical work where precision and high-fatigue resi
tance are required. Micrometer screws are also an outstanding example of precision thre
rolling. This process has also been applied in tap making, although it is the general practi
to finish rolled taps by grinding when the Class 3 and Class 4 fits are required.

Steels for Thread Rolling.—Steels vary from soft low-carbon types for ordinary screws
and bolts, to nickel, nickel-chromium and molybdenum steels for aircraft studs, bolts, etc
or for any work requiring exceptional strength and fatigue resistance. Typical SAE alloy
steels are No. 2330, 3135, 3140, 4027, 4042, 4640 and 6160. The hardness of these st
after heat-treatment usually ranges from 26 to 32 Rockwell C, with tensile strengths vary
ing from 130,000 to 150,000 pounds per square inch. While harder materials might b
rolled, grinding is more practicable when the hardness exceeds 40 Rockwell C. Three
rolling is applicable not only to a wide range of steels but for non-ferrous materials, espe
cially if there is difficulty in cutting due to “tearing” the threads.

Diameter of Blank for Thread Rolling.—The diameter of the screw blank or cylindrical
part upon which a thread is to be rolled should be less than the outside screw diameter by
amount that will just compensate for the metal that is displaced and raised above the oric
nal surface by the rolling process. The increase in diameter is approximately equal to tt
depth of one thread. While there are rules and formulas for determining blank diameters,
may be necessary to make slight changes in the calculated size in order to secure a wi
formed thread. The blank diameter should be verified by trial, especially when rolling
accurate screw threads. Some stock offers greater resistance to displacement than ot
stock, owing to the greater hardness or tenacity of the metal. The following figures ma
prove useful in establishing trial sizes. The blank diameters for screws varyirn foén

are from 0.002 to 0.0025 inch larger than the pitch diameter, and for screws varying fror
¥%to 1 inch or larger, the blank diameters are from 0.0025 to .003 inch larger than the pitc
diameter. Blanks which are slightly less than the pitch diameter are intended for bolts
screws, etc., which are to have a comparatively free fit. Blanks for this class of work ma:
vary from 0.002 to 0.003 inch less than the pitch diameter for screw thread sizes varyin
from¥,to%inch, and from 0.003 to 0.005 inch less than the pitch diameter for sizes abov
¥%inch. If the screw threads are smaller thginch, the blanks are usually from 0.001 to
0.0015 inch less than the pitch diameter for ordinary grades of work.

Thread Rolling in Automatic Screw Machines.—Screw threads are sometimes rolled
in automatic screw machines and turret lathes when the thread is behind a shoulder so t
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it cannot be cut with a die. In such cases, the advantage of rolling the thread is that a secc
operation is avoided. A circular roll is used for rolling threads in screw machines. The rol
may be presented to the work either in a tangential direction or radially, either method prc
ducing a satisfactory thread. In the former case, the roll gradually comes into contact wit
the periphery of the work and completes the thread as it passes across the surface to
threaded. When the roll is held in a radial position, it is simply forced against one side unt
a complete thread is formed. The method of applying the roll may depend upon the relatic
between the threading operation and other machining operations. Thread rolling in aut
matic screw machines is generally applied only to brass and other relatively soft metal:
owing to the difficulty of rolling threads in steel. Thread rolls made of chrome-nickel steel
containing from 0.15 to 0.20 per cent of carbon have given fairly good results, howevel
when applied to steel. A 3 per cent nickel steel containing about 0.12 per cent carbon h
also proved satisfactory for threading brass.

Factors Governing the Diameter of Thread Rolling.—The threading roll used in screw
machines may be about the same diameter as the screw thread, but for sizes smaller tf
say,7,inch, the roll diameter is some multiple of the thread diameter minus a slight amoun
to obtain a better rolling action. When the diameters of the thread and roll are practicall
the same, a single-threaded roll is used to form a single thread on the screw. If the diame
of the roll is made double that of the screw, in order to avoid using a small roll, then the rol
must have a double thread. If the thread roll is three times the size of the screw thread
triple thread is used, and so on. These multiple threads are necessary when the roll diame
is some multiple of the work, in order to obtain corresponding helix angles on the roll anc
work.

Diameter of Threading Roll.—The pitch diameter of a threading roll having a single
thread is slightly less than the pitch diameter of the screw thread to be rolled, and in the ca
of multiple-thread rolls, the pitch diameter is not an exact multiple of the screw thread pitcl
diameter but is also reduced somewhat. The amount of reduction recommended by o
screw machine manufacturer is given by the formula shown at the end of this paragraph.
description of the terms used in the formula is given as follBaspitch diameter of
threading rolld = pitch diameter of screw threadi= number of single threads or “starts”

on the roll (this number is selected with reference to diameter of roll deSiredjngle

depth of thread:
D= N%J—IZE—T

ExampleFind, by using above formula, the pitch diameter of a double-thread roll for
rolling a%s-inch American standard screw thread. Pitch diamte0.4500 inch and
thread deptf = 0.0499 inch.

0

%% ~0.0499 = 0.8001 inch

D = 2[.4500-
Kind of Thread on Roll and Its Shape.—The thread (or threads) on the roll should be
left hand for rolling a right-hand thread, ande versaThe roll should be wide enough to
overlap the part to be threaded, provided there are clearance spaces at the ends, wt
should be formed if possible. The thread on the roll should be sharp on top for rolling a
American (National) standard form of thread, so that less pressure will be required to di
place the metal when rolling the thread. The bottom of the thread groove on the roll ma
also be left sharp or it may have a flat. If the bottom is sharp, the roll is sunk only far enoug
into the blank to form a thread having a flat top, assuming that the thread is the America
form. The number of threads on the roll (whether double, triple, quadruple, etc.) is
selected, as arule, so that the diameter of the thread roll will be somewhere béjeueen 1

2%,inches. In making a thread roll, the ends are beveled at an angle of 45 degrees, to prev
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the threads on the ends of the roll from chipping. Precautions should be taken in hardenir
because, if the sharp edges are burnt, the roll will be useless. Thread rolls are usua
lapped after hardening, by holding them on an arbor in the lathe and using emery and oil ¢
a piece of hard wood. To give good results a thread roll should fit closely in the holder. |
the roll is made to fit loosely, it will mar the threads.

Application of Thread Roll.— The shape of the work and the character of the operations
necessary to produce it, govern, to a large extent, the method employed in applying tl
thread roll. Some of the points to consider are as follows:

1) Diameter of the part to be threaded.

2) Location of the part to be threaded.

3) Length of the part to be threaded.

4) Relation that the thread rolling operation bears to the other operations.

5) Shape of the part to be threaded, whether straight, tapered or otherwise.

6) Method of applying the support.

When the diameter to be rolled is much smaller than the diameter of the shoulder prece
ing it, a cross-slide knurl-holder should be used. If the part to be threaded is not behind
shoulder, a holder on the swing principle should be used. When the work is long (greater
length than two-and-one-half times its diameter) a swing roll-holder should be employec
carrying a support. When the work can be cut off after the thread is rolled, a cross-slide rol
holder should be used. The method of applying the support to the work also governs |
some extent the method of applying the thread roll. When no other tool is working at thi
same time as the thread roll, and when there is freedom from chips, the roll can be he
more rigidly by passing it under instead of over the work. When passing the roll over the
work, there is a tendency to raise the cross-slide. Where the part to be threaded is taper
the roll can best be presented to the work by holding it in a cross-slide roll-holder.

Speeds and Feeds for Thread Rolling.-When the thread roll is made from high-carbon
steel and used on brass, a surface speed as high as 200 feet per minute can be used. }
ever, better results are obtained by using a lower speed than this. When the roll is held ir
holder attached to the cross-slide, and is presented either tangentially or radially to tk
work, a considerably higher speed can be used than if it is held in a swing tool. This is dt
to the lack of rigidity in a holder of the swing type. The feeds to be used when a cross-slic
roll-holder is used are given in the upper half of the table “Feeds for Thread Rolling;” the
lower half of the table gives the feeds for thread rolling with swing tools. These feeds ar
applicable for rolling threads without a support, when the root diameter of the blank is no
less than five times the double depth of the thread. When the root diameter is less than th
a support should be used. A support should also be used when the width of the roll is mo
than two-and-one-half times the smallest diameter of the piece to be rolled, irrespective «
the pitch of the thread. When the smallest diameter of the piece to be rolled is much le
than the root diameter of the thread, the smallest diameter should be taken as the decid
factor for the feed to be used.



Feeds for Thread Rolling

Root Diam.

Number of Threads per Inch

S lak 72 64 56 48 4 | a0 36 2 [ 8 | 22 20 18 14
Cross-slide Holders — Feed per Revolution in Inches
% 0.0045 0.0040 0.0035 0.0030 0.0025 0.0020 0.0015 00010 | ... | e | e ) e e
%6 0.0050 0.0045 0.0040 0.0035 0.0030 0.0025 0.0020 0.0015 0.0005 | ... | e | e | e
A 0.0055 0.0050 0.0045 0.0040 0.0035 0.0030 0.0025 0.0020 0.0010 0.0005 0.0005 | ... | .o ]
%6 0.0060 0.0055 0.0050 0.0045 0.0040 0.0035 0.0030 0.0025 0.0015 0.0010 0.0010 0.0005 0.0005
% 0.0065 0.0060 0.0055 0.0050 0.0045 0.0040 0.0035 0.0030 0.0020 0.0015 0.0015 0.0010 0.0010 0.0005
T 0.0070 0.0065 0.0060 0.0055 0.0050 0.0045 0.0040 0.0035 0.0025 0.0020 0.0020 0.0015 0.0015 0.0010
¥ 0.0075 0.0070 0.0065 0.0060 0.0055 0.0050 0.0045 0.0040 0.0030 0.0025 0.0025 0.0020 0.0020 0.0015
% 0.0080 0.0075 0.0070 0.0065 0.0060 0.0055 0.0050 0.0045 0.0035 0.0030 0.0030 0.0025 0.0025 0.0020
% 0.0085 0.0080 0.0075 0.0070 0.0065 0.0060 0.0055 0.0050 0.0040 0.0035 0.0035 0.0030 0.0030 0.0025
% 0.0090 0.0085 0.0080 0.0075 0.0070 0.0065 0.0060 0.0055 0.0045 0.0040 0.0040 0.0035 0.0035 0.0030
1 0.0095 0.0090 0.0085 0.0080 0.0075 0.0070 0.0065 0.0060 0.0050 0.0045 0.0045 0.0040 0.0040 0.0035
Root Diam. Swing Holders — Feed per Revolution in Inches
% 0.0025 0.0020 0.0015 0.0010 00005 [ .. | e | e | e e e e
%6 0.0028 0.0025 0.0020 0.0015 0.0008 00005 [ .. | oo | e ) e e e
% 0.0030 0.0030 0.0025 0.0020 0.0010 0.0010 0.0005 0.0005 0.0005 [ ... | o | e | e ]
%6 0.0035 0.0035 0.0030 0.0025 0.0015 0.0015 0.0010 0.0010 0.0010 00005 | ... | .. | e
% 0.0040 0.0040 0.0035 0.0030 0.0020 0.0020 0.0015 0.0015 0.0015 0.0010 0.0005 0.0005 0.0005 | ...
T 0.0045 0.0045 0.0040 0.0035 0.0030 0.0025 0.0020 0.0020 0.0020 0.0015 0.0010 0.0010 0.0010 | ...
¥ 0.0048 0.0048 0.0045 0.0040 0.0035 0.0030 0.0025 0.0025 0.0025 0.0020 0.0015 0.0015 0.0015 0.0005
% 0.0050 0.0050 0.0048 0.0043 0.0040 0.0035 0.0030 0.0030 0.0028 0.0025 0.0020 0.0020 0.0018 0.0010
% 0.0055 0.0052 0.0050 0.0045 0.0043 0.0040 0.0035 0.0035 0.0030 0.0028 0.0025 0.0022 0.0020 0.0013
% 0.0058 0.0055 0.0052 0.0048 0.0045 0.0043 0.0040 0.0038 0.0032 0.0030 0.0028 0.0025 0.0022 0.0015
1 0.0060 0.0058 0.0054 0.0050 0.0048 0.0047 0.0043 0.0040 0.0035 0.0032 0.0030 0.0028 0.0025 0.0018

[44))
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THREAD GRINDING

Thread grinding is employed for precision tool and gage work and also in producing cer
tain classes of threaded parts.

Thread grinding may be utilized 1) because of the accuracy and finish obtained

2) hardness of material to be threaded; and 3) economy in grinding certain classes
screw threads when using modern machines, wheels, and thread-grinding oils.

In some cases pre-cut threads are finished by grinding; but usually, threads are grou
“from the solid,” being formed entirely by the grinding process. Examples of work include
thread gages and taps of steel and tungsten carbide, hobs, worms, lead-screws, adjustin
traversing screws, alloy steel studs, etc. Grinding is applied to external, internal, straigh
and tapering threads, and to various thread forms.

Accuracy Obtainable by Thread Grinding.—With single-edge or single-ribbed wheels

it is possible to grind threads on gages to a degree of accuracy that requires but very it
lapping to produce a so-called “master” thread gage. As far as lead is concerned, sor
thread grinding machine manufacturers guarantee to hold the lead within 0.0001 inch p
inch of thread; and while it is not guaranteed that a higher degree of accuracy for lead
obtainable, it is known that threads have been ground to closer tolerances than this on t
lead. Pitch diameter accuracies for either Class 3 or Class 4 fits are obtainable according
the grinding method used; with single-edge wheels, the thread angle can be ground to
accuracy of within two or three minutes in half the angle.

Wheels for Thread Grinding.—The wheels used for steel have an aluminous abrasive
and, ordinarily, either a resinoid bond or a vitrified bond. The general rule is to use resinoi
wheels when extreme tolerances are not required, and it is desirable to form the thread w
a minimum number of passes, as in grinding threaded machine parts, such as studs, adjt
ing screws which are not calibrated, and for some classes oRigiaoid wheelsgs a

rule, will hold a fine edge longer than a vitrified wheel but they are more flexible and, con-
sequently, less suitable for accurate work, especially when there is lateral grinding pre:
sure that causes wheel deflectidfitrified wheelsare utilized for obtaining extreme
accuracy in thread form and lead because they are very rigid and not easily deflected |
side pressure in grinding. This rigidity is especially important in grinding pre-cut threads
on such work as gages, taps and lead-screws. The progressive lead errors in long le
screws, for example, might cause an increasing lateral pressure that would deflect a re
inoid wheel. Vitrified wheels are also recommended for internal grinding.

Diamond Wheeldiamond wheels set in a rubber or plastic bond are also used for threac
grinding, especially for grinding threads in carbide materials and in other hardened alloys
Thread grinding is now being done successfully on a commercial basis on both taps at
gages made from carbides. Gear hobs made from carbides have also been tested with ¢
cessful results. Diamond wheels are dressed by means of silicon-carbide grinding whee
which travel past the diamond-wheel thread form at the angle required for the flanks of th
thread to be ground. The action of the dressing wheels is, perhaps, best described a
“scrubbing” of the bond which holds the diamond grits. Obviously, the silicon-carbide
wheels do not dress the diamonds, but they loosen the bond until the diamonds not want
drop out.

Thread Grinding with Single-Edge Wheel.—With this type of wheel, the edge is trued

to the cross-sectional shape of the thread groove. The wheel, when new, may have a diz
eter of 18 or 20 inches and, when grinding a thread, the wheel is inclined to align it with th
thread groove. On some machines, lead variations are obtained by means of change-ge
which transmit motion from the work-driving spindle to the lead-screw. Other machines
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are so designed that a lead-screw is selected to suit the lead of thread to be ground «
transmits motion directly to the work-driving spindle.

Wheels with Edges for Roughing and Finishing.—Fhe “three-ribbed” type of wheel

has a roughing edge or rib which removes about two-thirds of the metal. This is followet
by an intermediate rib which leaves about 0.005 inch for the third or finishing rib. The
accuracy obtained with this triple-edge type compares with that of a single-edge whee
which means that it may be used for the greatest accuracy obtainable in thread grinding.

When the accuracy required makes it necessary, this wheel can be inclined to the he
angle of the thread, the same as is the single-edge wheel.

The three-ribbed wheel is recommended not only for precision work but for grinding
threads which are too long for the multi-ribbed wheel referred to later. It is also well
adapted to tap grinding, because it is possible to dress a portion of the wheel adjacent to
finish rib for the purpose of grinding the outside diameter of the thread, as indidgigd in
1. Furthermore, the wheel can be dressed for grinding or relieving both crests and flanks
the same time.

Fig. 1. Wheel with Edges for Roughing and Fin- Fig. 2. Multi-ribbed Type of Thread-grinding
ishing Wheel

Fig. 3. Alternate-ribbed Wheel for Grinding the Finer Pitches

Multi-ribbed Wheels.— This type of wheel is employed when rapid production is more
important than extreme accuracy, which means that it is intended primarily for the grind
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ing of duplicate parts in manufacturing. A whe¥|tb 2 inches wide has formed upon its
face a series of annular thread-shaped ridges$-{ge8; hence, if the length of the thread

is not greater than the wheel width, a thread may be ground in one work revolution plu
about one-half revolution for feeding in and withdrawing the wheel. The principle of oper-
ation is the same as that of thread milling with a multiple type cutter. This type of wheel i
not inclined to the lead angle. To obtain a Class 3 fit, the lead angle should not exceed
degrees.

Itis not practicable to use this form of wheel on thread pitches where the root is less the
0.007 inch wide, because of difficulties in wheel dressing. When this method can b
applied, it is the fastest means known of producing threads in hardened materials. Itis n
recommended, however, that thread gages, taps, and work of this character be ground w
multi-ribbed wheels. The single-ribbed wheel has a definite field for accurate, small-lof
production.

Itis necessary, in multi-ribbed grinding, to use more horsepower than is required for sir
gle-ribbed wheel grinding. Coarse threads, in particular, may require a wheel motor witl
two or three times more horsepower than would be necessary for grinding with a single
ribbed wheel.

Alternate-ribbed Wheel for Fine Pitches.—The spacing of ribs on this type of wheel
(Fig. 3 equals twice the pitch, so that during the first revolution every other thread groove
section is being ground; consequently, about two and one-half work revolutions art
required for grinding a complete thread, but the better distribution of cooling oil and result:
ing increase in work speeds makes this wheel very efficient. This alternate-type of wheel |
adapted for grinding threads of fine pitch. Since these wheels cannot be tipped to the hel
angle of the thread, they are not recommended for anything closer than Class 3 fits. TI
“three-ribbed” wheels referred to in a previous paragraph are also made in the alterna
type for the finer pitches.

Grinding Threads “from the Solid.”.— The process of forming threads entirely by
grinding, or without preliminary cutting, is applied both in the manufacture of certain
classes of threaded parts and also in the production of precision tools, such as taps ¢
thread gages. For example, in airplane engine manufacture, certain parts are heat-trea
and then the threads are ground “from the solid,” thus eliminating distortion. Minute
cracks are sometimes found at the roots of threads that were cut and then hardened.
ground from the solid. Steel threads of coarse pitch that are to be surface hardened, may
rough threaded by cutting, then hardened and finally corrected by grinding. Many groun
thread taps are produced by grinding from the solid after heat-treatment. Hardening higl|
speed steel taps before the thread is formed will make sure there are no narrow or delic:
crests to interfere with the application of the high temperature required for uniform hard
ness and the best steel structure.

Number of Wheel Passes.-Fhe number of cuts or passes for grinding from the solid
depends upon the type of wheel and accuracy required. In general, threads of 12 or 14 |
inch and finer may be ground in one pass of a single-edge wheel unless the “unwrappe
thread length is much greater than normal. Unwrapped length = pitch circumfetetate
number of thread turns, approximately. For example, a thread fagehks long with 24
threads per inch would have an unwrapped length equal*@&6h circumference. (If
more convenient, outside circumference may be used instead of pitch circumference
Assume that there are 6 or 7 feet of unwrapped length on a screw thread having 12 threz
per inch. In this case, one pass might be sufficient for a Class 3 fit, whereas two pass
might be recommended for a Class 4 fit. When two passes are required, too deep a rough
cut may break down the narrow edge of the wheel. To prevent this, try a roughing cut dep
equal to about two-thirds the total thread depth, thus leaving one-third for the finishing cu

Wheel and Work Rotation.—When a screw thread, on the side being ground, is moving
upwardoragainstthe grinding wheel rotation, less heat is generated and the grinding oper
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ation is more efficient than when wheel and work are moving in the same direction on th
grinding side; however, to avoid running a machine idle during its return stroke, many
screw threads are ground during both the forward and return traversing movements, |
reversing the work rotation at the end of the forward stroke. For this reason, thread grinde
generally are equipped so that both forward and return work speeds may be changed,; tt
may also be designed to accelerate the return movement when grinding in one directic
only.

Wheel Speeds.-Wheel speeds should always be limited to the maximum specified on the
wheel by the manufacturer. According to the American National Standard Safety Code
resinoid and vitrified wheels are limited to 12,000 surface feet per minute; however
according to Norton Co., the most efficient speeds are from 9,000 to 10,000 for resinoi
wheels and 7,500 to 9,500 for vitrified wheels. Only tested wheels recommended by th
wheel manufacturer should be used. After a suitable surface speed has been establishe
should be maintained by increasing the rpm of the wheel, as the latter is reduced in diam
ter by wear.

Since thread grinding wheels work close to the limit of their stock-removing capacity,
some adjustment of the wheel or work speed may be required to get the best results. If t
wheel speed is too slow for a given job and excessive heat is generated, try an increase
speed, assuming that such increase is within the safety limits. If the wheel is too soft and t
edge wears excessively, again an increase in wheel speed will give the effect of a harc
wheel and result in better form-retaining qualities.

Work Speeds.—The work speed usually ranges from 3 to 10 feet per minute. In grinding
with a comparatively heavy feed, and a mininum number of passes, the speed may n
exceed % or 3 feet per minute. If very light feeds are employed, as in grinding hardenec
high-speed steel, the work speed may be much higher than 3 feet per minute and should
determined by test. If excessive heat is generated by removing stock too rapidly, a wol
speed reduction is one remedy. If a wheel is working below its normal capacity, an increas
in work speed would prevent dulling of the grains and reduce the tendency to heat ¢
“burn” the work. An increase in work speed and reduction in feed may also be employed t
prevent burning while grinding hardened steel.

Truing Grinding Wheels.—Thread grinding wheels are trued both to maintain the
required thread form and also an efficient grinding surface. Thread grinders ordinarily ar
equipped with precision truing devices which function automatically. One type automati-
cally dresses the wheel and also compensates for the slight amount removed in dressi
thus automatically maintaining size control of the work. While truing the wheel, a small
amount of grinding oil should be used to reduce diamond wear. Light truing cuts are advis
able, especially in truing resinoid wheels which may be deflected by excessive truing pre:
sure. A master former for controlling the path followed by the truing diamond may require
a modified profile to prevent distortion of the thread form, especially when the lead angle
are comparatively large. Such modification usually is not required for 60-degree thread
when the pitches for a given diameter are standard because then the resulting lead anc
are less than¥4degrees. In grinding Acme threads or 29-degree worm threads having lea
angles greater than 4 or 5 degrees, modified formers may be required to prevent a bulge
the thread profile. The highest point of this bulge is approximately at the pitch line. A bulge
of about 0.001 inch may be within allowable limits on some commercial worms but preci-
sion worms for gear hobbers, etc., require straight flanks in the axial plane.

Crushing MethodThread grinding wheels are also dressed or formed by the crushing
method, which is used in connection with some types of thread grinding machines. Whe
this method is used, the annular ridge or ridges on the wheel are formed by a hardened st
cylindrical dresser or crusher. The crusher has a series of smooth annular ridges which
shaped and spaced like the thread that is to be ground. During the wheel dressing operati
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the crusher is positively driven instead of the grinding wheel, and the ridges on the whe:
face are formed by the rotating crusher being forced inward.

Wheel Hardness or Grade.—Wheel hardness or grade selection is based upon a compro-
mise between efficient cutting and durability of the grinding edge. Grade selectior
depends on the bond and the character of the work. The following general recommend
tions are based upon Norton grading.

Vitrified wheels usually range from J to M, and resinoid wheels from R to U. For heat-
treated screws or studs and the Unified Standard Thread, try the following. For 8 to 1
threads per inch, grade S resinoid wheel; for 14 to 20 threads per inch, grade T resinoid; 1
24 threads per inch and finer, grades T or U resinoid. For high-speed steel taps 4 to
threads per inch, grade J vitrified or S resinoid; 14 to 20 threads per inch, grade K vitrifie
or T resinoid; 24 to 36 threads per inch, grade M vitrified or T resinoid.

Grain Size.—A thread grinding wheel usually operates close to its maximum stock-
removing capacity, and the narrow edge which forms the root of the thread is the most vu
nerable part. In grain selection, the general rule is to use the coarsest grained wheel that \
hold its form while grinding a reasonable amount of work. Pitch of thread and quality of
finish are two governing factors. Thus, to obtain an exceptionally fine finish, the grain size
might be smaller than is needed to retain the edge profile. The usual grain sizes range frc
120 to 150. For heat-treated screws and studs with Unified Standard Threads, 100 to 18(
the usual range. For precision screw threads of very fine pitch, the grain size may ran
from 220 to 320. For high-speed steel taps, the usual range is from 150 to 180 for Unifie
Standard Threads, and from 80 to 150 for pre-cut Acme threads.

Thread Grinding by Centerless Method.—Screw threads may be ground from the solid
by the centerless method. A centerless thread grinder is similar in its operating principle t
a centerless grinder designed for general work, in that it has a grinding wheel, a regulatir
or feed wheel (with speed adjustments), and a work-rest. Adjustments are provided |
accommodate work of different sizes and for varying the rates of feed. The grinding whee
is a multi-ribbed type, being a series of annular ridges across the face. These ridges cc
form in pitch and profile with the thread to be ground. The grinding wheel is inclined to suit
the helix or lead angle of the thread. In grinding threads on such work as socket type s
screws, the blanks are fed automatically and passed between the grinding and regulati
wheels in a continuous stream. To illustrate production possibilities, hardened socket se
screws o#,20 size may be ground from the solid at the rate of 60 to 70 per minute and witt
the wheel operating continuously for 8 hours without redressing. The lead errors of cente
less ground screw threads may be limited to 0.0005 inch per inch or even less by reduci
the production rate. The pitch diameter tolerances are within 0.0002 to 0.0003 inch of th
basic size. The grain size for the wheel is selected with reference to the pitch of the thres
the following sizes being recommended: For 11 to 13 threads per inch, 150; for 16 threa
per inch, 180; for 18 to 20 threads per inch, 220; for 24 to 28 threads per inch, 320; for 4
threads per inch, 400.
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THREAD MILLING

Single-cutter Method.—Usually, when a single point cutter is used, the axis of the cutter
isinclined an amount equal to the lead angle of the screw thread, in order to locate the cut
in line with the thread groove at the point where the cutting action takes place. Tangent ¢
lead angle =lead of screw threagitch circumference of screw.

The helical thread groove is generated by making as many turns around the workpie
diameter as there are pitches in the length of thread to be cut. For example, a 16-pit
thread, 1 inch long, would require 16 turns of the cutter around the work. The single cutte
process is especially applicable to the milling of large screw threads of coarse pitch, ar
either single or multiple threads.

The cutter should revolve as fast as possible without dulling the cutting edges exce:
sively, in order to mill a smooth thread and prevent the unevenness that would result with
slow-moving cutter, on account of the tooth spaces. As the cutter rotates, the part on whi
a thread is to be milled is also revolved, but at a very slow rate (a few inches per minute
since this rotation of the work is practically a feeding movement. The cutter is ordinarily
set to the full depth of the thread groove and finishes a single thread in one passac
although deep threads of coarse pitch may require two or even three cuts. For fine pitch
and short threads, the multiple-cutter method (described in the next paragraph) usually
preferable, because it is more rapid. The milling of taper screw threads may be done or
single-cutter type of machine by traversing the cutter laterally as it feeds along in a lengtt
wise direction, the same as when using a taper attachment on a lathe.

Multiple-cutter Method.— The multiple cutter for thread milling is practically a series of
single cutters, although formed of one solid piece of steel, at least so far as the cutter proy
is concerned. The rows of teeth do not lie in a helical path, like the teeth of a hob or tap, b
they are annular or without lead. If the cutter had helical teeth the same as a gear hob
would have to be geared to revolve in a certain fixed ratio with the screw being milled, bu
a cutter having annular teeth may rotate at any desired cutting speed, while the screw bla
is rotated slowly to provide a suitable rate of feed. (The multiple thread milling cutters use:
are frequently called “hobs,” but the term hob should be applied only to cutters having .
helical row of teeth like a gear-cutting hob.)

The object in using a multiple cutter instead of a single cutter is to finish a screw threa
complete in approximately one revolution of the work, a slight amount of over-travel being
allowed to insure milling the thread to the full depth where the end of cut joins the starting
point. The cutter which is at least one and one half or two threads or pitches wider than tt
thread to be milled, is fed in to the full thread depth and then either the cutter or screw blar
is moved in a lengthwise direction a distance equal to the lead of the thread during one re
olution of the work.

The multiple cutter is used for milling comparatively short threads and coarse, mediun
or fine pitches. The accompanying illustration shows typical examples of external anc
internal work for which the multiple-cutter type of thread milling has proved very effi-
cient, although its usefulness is not confined to shoulder work and “blind” holes.

In using multiple cutters either for internal or external thread milling, the axis of the cut-
ter is set parallel with the axis of the work, instead of inclining the cutter to suit the leac
angle of the thread, as when using a single cutter. Theoretically, this is not the correct po:
tion for a cutter, since each cutting edge is revolving in a plane at right angles to the screw
axis while milling a thread groove of helical form. However, as a general rule, interference
between the cutter and the thread, does not result a decided change in the standard thr
form.
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Examples of External and Internal Thread Milling with a Multiple Thread Milling Cutter

Usually the deviation is very slight and may be disregarded except when milling thread
which incline considerably relative to the axis like a thread of multiple form and large leac
angle. Multiple cutters are suitable for external threads having lead angles #nder 3
degrees and for internal threads having lead angles ufdieg2ees. Threads which have
steeper sides or smaller included angles than the American Standard or Whitworth forn
have greater limitations on the maximum helix angle and may have to be milled with a sin
gle point cutter tilted to the helix angle, assuming that the milling process is preferable t
other methods. For instance, in milling an Acme thread which has an included angl
between the sides of 29 degrees, there might be considerable interference if a multiple c!
ter were used, unless the screw thread diameter were large enough in proportion to t
pitch to prevent such interference. If an attempt were made to mill a square thread with
multiple cutter, the results would be unsatisfactory owing to the interference.

Interference between the cutter and work is more pronounced when milling interna
threads, because the cutter does not clear itself so well. Itis preferable to use as small a «
ter as practicable, either for internal or external work, not only to avoid interference, but t
reduce the strain on the driving mechanism. Some thread milling cutters, known as “tog
ping cutters,” are made for milling the outside diameter of the thread as well as the angul;
sides and root, but most are made non-tapping.

Planetary Method.—The planetary method of thread milling is similar in principle to
planetary milling. The part to be threaded is held stationary and the thread milling cutte!
while revolving about its own axis, is given a planetary movement around the work in
order to mill the thread in one planetary revolution. The machine spindle and the cutte
which is held by itis moved longitudinally for thread milling, an amount equal to the thread
lead during one planetary revolution. This operation is applicable to both internal anc
external threads. Other advantages: Thread milling is frequently accompanied by millin
operations on other adjoining surfaces, and may be performed with conventional and pla
etary methods. For example, a machine may be used for milling a screw thread and a cc
centric cylindrical surface simultaneously. When the milling operation begins, the cutter-
spindle feeds the cutter in to the right depth and the planetary movement then begins, th
milling the thread and the cylindrical surface. Thin sharp starting edges are eliminated o
threads milled by this method and the thread begins with a smooth gradual approach. O
design of machine will mill internal and external threads simultaneously. These thread
may be of the same hand or one may be right hand and the other left hand. The threads r
also be either of the same pitch or of a different pitch, and either straight or tapered.
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Classes of Work for Thread Milling Machines.—Thread milling machines are used in
preference to lathes or taps and dies for certain threading operations.

There are four general reasons why a thread milling machine may be preferrec

1) Because the pitch of the thread is too coarse for cutting with a die; 2) because th
milling process is more efficient than using a single-point tool in a lathe; 3) to secure &
smoother and more accurate thread than would be obtained with a tap or die; and

4) because the thread is so located relative to a shoulder or other surface that the milli
method is superior, if not the only practicable way.

A thread milling machine having a single cutter is especially adapted for coarse pitche:
multiple-threaded screws, or any form or size of thread requiring the removal of a rela
tively large amount of metal, particularly if the pitch of the thread is large in proportion to
the screw diameter, since the torsional strain due to the milling process is relatively sma
Thread milling often gives a higher rate of production, and a thread is usually finished b
means of a single turn of the multiple thread milling cutter around the thread diameter. Th
multiple-cutter type of thread milling machine frequently comes into competition with
dies and taps, and especially self-opening dies and collapsing taps. The use of a multiy
cutter is desirable when a thread must be cut close to a shoulder or to the bottom of a sh
low recess, although the usefulness of the multiple cutter is not confined to shoulder wot
and “blind” holes.

Maximum Pitches of Die-cut Threads.—Bies of special design could be constructed for
practically any pitch, if the screw blank were strong enough to resist the cutting strains an
the size and cost of the die were immaterial; but, as a general rule, when the pitch is coar:
than four or five threads per inch, the difficulty of cutting threads with dies increases rap
idly, although in a few cases some dies are used successfully on screw threads having t
or three threads per inch or less. Much depends upon the design of the die, the finish
smoothness required, and the relation between the pitch of the thread and the diameter
the screw. When the screw diameter is relatively small in proportion to the pitch, there ma
be considerable distortion due to the twisting strains set up when the thread is being cut.
the number of threads per inch is only one or two less than the standard number for a giv
diameter, a screw blank ordinarily will be strong enough to permit the use of a die.

Changing Pitch of Screw Thread Slightly.—A very slight change in the pitch of a screw
thread may be necessary as, for example, when the pitch of a tap is increased a sn
amount to compensate for shrinkage in hardening. One method of obtaining slight vari
tions in pitch is by means of a taper attachment. This attachment is set at an angle and
work is located at the same angle by adjusting the tailstock center. The result is that the tc
follows an angular path relative to the movement of the carriage and, consequently, tt
pitch of the thread is increased slightly, the amount depending upon the angle to which tt
work and taper attachment are set. The cosine of this angle, for obtaining a given increa
in pitch, equals the standard pitch (which would be obtained with the lathe used in the re
ular way) divided by the increased pitch necessary to compensate for shrinkage.

Examplelf the pitch of &-inch American standard screw is to be increased from 0.100

to 0.1005, the cosine of the angle to which the taper attachment and work should be se
found as follows:

0.100

01005 - 0.9950

Cosine of required angle

which is the cosine of 5 degrees 45 minutes, nearly.
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CHANGE GEARS FOR HELICAL MILLING

Lead of a Milling Machine.—If gears with an equal number of teeth are placed on the
table feed-screw and the worm-gear stud, thettetit of the milling machinis the dis-
tance the table will travel while the index spindle makes one complete revolution. This dis
tance is a constant used in figuring the change gears.

The lead of a helix or “spiral” is the distance, measured along the axis of the work, ir
which the helix makes one full turn around the work. The lead of the milling machine may
therefore, also be expressed as the lead of the helix that will be cut when gears with an eq
number of teeth are placed on the feed-screw and the worm-gear stud, and an idler of st
able size is interposed between the gears.

Rule:To find the lead of a milling machine, place equal gears on the worm-gear stud an
on the feed-screw, and multiply the number of revolutions made by the feed-screw to prc
duce one revolution of the index head spindle, by the lead of the thread on the feed-scre
Expressing the rule given as a formula:

rev. of feed-screw for one

lead of milling _  reyolution of index spindlex ¢ lead of
machine with equal gears eed-screw

Assume that it is necessary to make 40 revolutions of the feed-screw to turn the inde
head spindle one complete revolution, when the gears are equal, and that the lead of -
thread on the feed-screw of the milling machin, isch; then the lead of the machine

equals 46 %inch = 10 inches.

Change Gears for Helical Milling.—To find the change gears to be used in the com-
pound train of gears for helical milling, place the lead of the helix to be cut in the numerato
and the lead of the milling machine in the denominator of a fraction; divide numerator anc
denominator into two factors each; and multiply each “pair” of factors Isatihenumber

until suitable numbers of teeth for the change gears are obtained. (One factor in the num
ator and one in the denominator are considered as one “pair” in this calculation.)

ExampleAssume that the lead of a machine is 10 inches, and that a helix having a 4&
inch lead is to be cut. Following the method explained:

48 _ 6x8 _ (6x12)x(8x8) _ 72x 64

10 2x5 (2x12)x(5x8) 24x40
The gear having 72 teeth is placed on the worm-gear stud and meshes with the 24-toc
gear on the intermediate stud. On the same intermediate stud is then placed the gear hay
64 teeth, which is driven by the gear having 40 teeth placed on the feed-screw. This mak

the gears having 72 and 64 teeth the driven gears, and the gears having 24 and 40 teett
driving gears. In general, for compound gearing, the following formula may be used:

lead of helix to be cut. product of driven gears
lead of machine product of driving gears

Short-lead Milling.— If the lead to be milled is exceptionally short, the drive may be
direct from the table feed-screw to the dividing head spindle to avoid excessive load o
feed-screw and change-gears. If the table feed-screw has 4 threads per inch (usual st
dard), then

Lead to be milled_ Driven gears

Change-gear ratic 0.25 ~ Driving gears

For indexing, the number of teeth on the spindle change-gear should be some multiple
the number of divisions required, to permit indexing by disengaging and turning the gear
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Helix.— A helix is a curve generated by a point moving about a cylindrical surface (real ot
imaginary) at a constant rate in the direction of the cylinder's axis. The curvature of a scre
thread is one common example of a helical curve.

Lead of HelixThe lead of a helix is the distance that it advances in an axial direction, in
one complete turn about the cylindrical surface. To illustrate, the lead of a screw threa
equals the distance that a thread advances in one turn; it also equals the distance that a
would advance in one turn.

Development of Helixf one turn of a helical curve were unrolled onto a plane surface
(as shown by diagram), the helix would become a straight line forming the hypotenuse of
right angle triangle. The length of one side of this triangle would equal the circumferenct
of the cylinder with which the helix coincides, and the length of the other side of the trian:
gle would equal the lead of the helix.

Development of Helix

//// \\\ Helix Lead
- il of

////\ A M4 || Helix
—
- B S~ )
L
_— |}
P R S L

L— Circumference of Cylinder

Helix Angles.—The triangular development of a helix has one aAglabtended by the
circumference of the cylinder, and another aBgdebtended by the lead of the helix. The
term “helix angle” applies to anglke For example, the helix angle of a helical gear,
according to the general usage of the term, is always Anlgézause this is the angle used
in helical gear-designing formulas. Helix anglerould also be applied in milling the heli-
cal teeth of cutters, reamers, etc. Anglef a gear or cutter tooth is a measure of its incli-
nation relative to the axis of the gear or cutter.

Lead AngleAngle B is applied to screw threads and worm threads and is referred to as
the lead angle of the screw thread or worm. This éBigi@ measure of the inclination of a
screw thread from a plane that is perpendicular to the screw thread axisBAs\gidled
the “lead angle” because it is subtended by the lead of the thread, and to distinguish it fro
the term “helix angle” as applied to helical gears.

Finding Helix Angle of Helical GeaA helical gear tooth has an infinite number of helix
angles, but the angle at the pitch diameter or mid-working depth is the one required in ge
designing and gear cutting. This angeelative to the axis of the gear, is found as follows:

3.1416x pitch diameter of gear

tan helix angle= Lead of gear tooth

Finding Lead Angle of Screw Threakhe lead or helix angle at the pitch diameter of a
screw thread usually is required when, for example, a thread milling cutter must be aligne
with the thread. This angle measured from a plane perpendicular to the screw thread ax
is found as follows:

Lead of screw thread
3.1416x pitch diameter of screw thread

tan lead angle=
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Change Gears for Different Leads—0.670 Inch to 2.658 Inches
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0.670 24 86 24 10 1.711 28 72 44 1 21§82 34 4 0 Joo
0.781 24 86 28 10 1.714) 24 54 A 2.148 34 8 64
0.800 24 72 24 10 1.744) 24 64 A 2.193 24 6 4 86
0.893 24 86 32 10 1.745| 24 44 3! 1 2.24o 34 8 4 Jo0
0.930 24 72 24 84 1.750] 28| 64 A 1 2222 24 48 2 72
1.029 24 56 24 10 1.776| 24 44 2 2233 40 6 8 J00
1.042 28 86 32 10 1.778 32 72 4 1 2.238 a8 4 4 86
1.047 24 64 24 84 1.786 24 8¢ 64 1 2.240 28 40 2 100
1.050 24 64 28 10 1.800| 24 64 4 1 2.290 34 0 64
1.067 24 72 32 10 1.809| 28| 72 2274 32 2 4 86
1.085 24 72 28 84 1.818 24 44 24 2.286 32 96 0 100
1.116 24 86 40 10¢ 1.823| 28| 8q 5 1 2292 34 4 4 72
1.196 24 56 24 84 1.860) 28| 56 33 2.3% 44 0 B6
1.200 24 48 24 10 1.861 24 72 4 2.333 48 0 100
1221 24 64 28 84 1.867 28| 48 33 1 2.338 44 4 56
1.228 24 86 44 10 1.875| 24 49 24 2.344 6 2 100
1.240 24 72 32 84 1.886 24 56 44 1 2.348 44 2 86
1.250 24 64 24 74 1.905 24 56 33 2.381 6 4 100
1.302 28 86 40 10 1.919| 24 64 44 2.396 44 8 64
1.309 24 44 24 10 1.920| 24 4q 3. 1 2.392 6 18 86
1.333 24 2 40 10 1.925| 28 64 44 1 2.400 6 18 100
1.340 24 86 48 10 1.944) 24 44 2 2.424 44 2 72
1371 24 56 32 10 1.954 24 4q 2 2431 4 0 72
1.395 24 48 24 84 1.956 32 72 44 1 2.442 2 8 86
1.400 24 48 28 10 1.990| 28 72 44 2.445 2 4 J00
1.429 24 56 24 74 1.993 24 54 A 2.45%0 G4 6 Jjoo
1.440 24 40 24 10 2.000] 24 4q 24 2.496 6 8 J00
1.458 24 64 28 74 2.009 24 8¢ 74 1 2.481 2 8 86
1.467 24 72 44 10 2.030| 24 44 3. 2.449 2 6 100
1.488 32 86 40 10 2.035) 28 64 4 2.500 48 8 56
1.500 24 64 40 10 2.036| 28 44 3 1 2514 6 4 100
1.522 24 44 24 84 2.045 24 44 24 2532 12 6 B6
1.550 24 2 40 8 2.047| 40| 8q 44 1 2537 44 0 86
1.563 24 86 56 10 2.057| 24 24 24 1 2.546 4 flo 100
1.595 24 56 32 84 2.067 32 72 4 2.558 44 4 B6
1.600 24 48 32 10 2.083| 24 64 2.5¢7 48 4 100
1.607 24 56 24 64 2.084 28| 8¢ 64 1 2571 40 4 56
1.628 24 48 28 8 2.093] 24 64 4 2593 48 2 [72
1.637 32 86 44 10 2.100] 24 64 1 2.605 0 2 86
1.650 24 64 44 10 2.121 24 44 2 2.618 44 8 J00
1.667 24 56 28 74 2.133] 24 72 64 1 2619 6 4 72
1.674 24 40 24 84 2.143 24 56 33 2.625 40 8 B4
1.680 24 40 28 10 2171 24 72 5 2.640 40 4 100
1.706 24 72 44 84 2.178 28| 72 54 1 2.658 6 0 86
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Change Gears for Different Leads—2.667 Inches to 4.040 Inches
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2] 2] 0

2.667 40 72 48 100 3.140 24 8 7 q 3.548 12 6 p4 86
2.674 28 64 44 72 3.143] 40| 5 44 1 3.600 12 8 p4 100
2.678 24 56 40 64 3.150] 28] 10¢ 7 q 3.618 96 2 fo 86
2.679 32 86 72 100 3.175 32 5 4 1 3.636 34 4 B2 148
2.700 24 64 72 109 3.182 28 4 q 3.637 48 4 2 72
2713 28 48 40 86| 3.189 32] 5 4 44 3.646 40 48 p8 64
2.727 24 44 32 64 3.190 24 8 64 g 3.655 40 96 4 B6
2.743 24 56 64 109 3.198 40 6 44 7 G4 6 B2 100
2.750 40 64 44 100 3.200] 28 10 6. 3 12 4 2] 86
2778 32 64 40 72| 3.214] 24 5 4 a4 7 40 48 a4 oo
2.791 28 56 48 86| 3.225 24 10 8 q 3 34 8 p4 56
2.800 24 24 28 100 3.241f 28 4 4 1 4 44 6 [r2 100
2.812 24 32 24 64 3.256 24 24 2 44 g6 6 p4 100
2.828 28 44 32 72 3.267| 28| 4 5 1 2 8 Ao 72
2.843 40 72 44 86| 3.273 24 4 24 44 2 24 p2 B6
2.845 32 72 64 100 3.275 44 8 64 1 48 2 6 100
2.849 28 64 56 86| 3.281 24 3. 2 a4 24 2 p4 “8
2.857 24 48 32 56| 3.300 44 64 4 1 g6 4 ps 100
2.865 44 86 56 1009 3.308 32| 7 64 44 6 A8 100
2.867 86 72 24 109 3.333 32 6 4 1 24 8 p4 100
2.880 24 40 48 100 3.345| 28| 10 8 6 8 R8s 86
2.894 28 72 64 86| 3.349 40 8 73 1 34 8 B2 72
2.909 32 44 40 100 3.360] 56 4 24 1 4 6 R4 72
2917 24 64 56 72 3.383] 32] 44 A 44 24 40 p8 B4
2.924 32 56 44 86| 3.403 28 64 54 73 40 44 fa 72
2.933 44 72 48 1009 3.409| 24 4 4 6 2 B2 100
2.934 32 48 44 100 3.411 32 4 44 24 2 p4 86
2.946 24 56 44 64 3.422 44 7 54 1 4 0 p4 100
2.960 28 44 40 86| 3.428| 24 4 37 Gl 44 44 p6 oo
2977 40 86 64 100 3.429 40 2 24 1 24 2 100 86
2.984 28 48 44 86| 3.438] 24 4 44 a4 32 4 p6 [72
3.000 24 40 28 56| 3.488 40) 64 4 44 2 44 fo p6
3.030 24 44 40 72 3.491] 64 44 24 1 86 0 p4 86
3.044 24 44 48 86| 3.492] 32] 5 44 ke 44 12 p4 oo
3.055 28 44 48 100 3.500] 40 6: 5 1 28 0 6 100
3.056 32 64 44 72 3.520] 32] 4 44 1 12 4 2 100
3.070 24 40 44 86| 3.535 28 44 4 73 32 6 fa B4
3.080 28 40 44 100 3.552 56| 4 24 48 4 Ao 64
3.086 24 56 72 100 3.556 40 7 64 1 44 2 p6 86
3.101 40 72 48 86| 3.564 56 44 2 1 34 8 (po 86
3.111 28 40 32 72 3.565| 28 4 44 ke 24 40 p2 “8
3.117 24 44 32 56| 3.571 24 4 4 g 28 48 fa B4
3.125 28 56 40 64 3.572] 48| 8 64 1 12 6 A8 100
3.126 48 86 56 100 3.582 44 4 2 32 4 po 72




HELICAL MILLING 1935
Change Gears for Different Leads—4.059 Inches to 5.568 Inches
T =T =] = =T =1 =] = =T =1 =] =
8 gl 21 2| E|| 8 2l 2| 2| 2| g 2l g g| 2
5 o s} o s} 5 o o o a 5 o a o o
< folole ||l = |2 |5aldalell = |2 |2aléal<
T |cE|93| % 23| 5 |S5|oF|a 3| 8 | 25| ca|ea|ck
9 | 82| Es| 55|34 3 |8%|Es5|85| 85| S |33 Es5| 55|83
0 %] 1%
4.059 32 44 48 86| 4.567| 72 44 24 g 8 48 6 64
4.060 64 44 24 86) 4.572 4q 51 64 1 4 4 4 186
4.070 28 32 40 86| 4.582 72 44 2 6 6 4 72
4.073 64 44 28 100 4.583 44 64 4 1 4 0 2 J00
4.074 32 48 44 72 4.584 32 48 44 q 6 48 4 100
4.091 24 44 48 64 4.651] 4q 24 24 g 4 24 8 Jjoo
4.093 32 40 44 86| 4.655 64 44 33 1 2 6 0 Jjoo
4.114 48 28 24 100 4.667| 24 44 3 4 4 8 4 140
4.125 24 40 44 64 4.675| 24 28 24 44 4 2 4 64
4.135 40 72 64 86| 4.687] 44 32 24 q 6 40 4 100
4.144 56 44 28 86| 4.688| 54 86 73 1 100 2 2 86
4.167 28 48 40 56| 4.691] 84 44 24 1 8 4 2 72
4.186 72 64 32 86| 4.714] 44 49 24 g 4 48 8 [72
4.200 48 64 56 100 4.736| 64 44 2 2 4 0 156
4.242 28 44 32 48 4.762] 4q 28 24 1 100 4 4 72
4.253 64 56 32 86| 4.773] 24 32 2 44 4 40 8 6
4.264 40 48 44 86| 4.778] 84 72 4 1 6 4 8 72
4.267 64 48 32 100 4.784| 74 54 2 4 0 86
4.278 28 40 44 72 4.785 49 28 24 9 2 44 2 100
4.286 24 28 24 48 4.800] 49 24 24 1 4 8 4 72
4.300 86 56 28 100 4.813 44 44 2 4 2 8 140
4.320 72 40 24 100 4.821 79 54 24 q 6 2 4 Joo
4.341 48 72 56 86| 4.849| 32 44 4 1 8 40 4 Jjoo
4.342 64 48 28 86| 4.861] 44 32 2 1 8 44 0 “8
4.361 100 64 24 84 4.884 48 64 5 0 8 2 86
4.363 24 40 32 44 4.889 37 40 44 1 2 44 8 86
4.364 40 44 48 100 4.898| 24 24 3 g 0 4 2 100
4.365 40 56 44 72 4.900 54 32 2 1 4 4 6 72
4.375 24 24 28 64| 4.911] 44 56 44 q 4 2 8 [72
4.386 24 28 44 86| 4.914] 84 56 33 1 0 8 4 64
4.400 24 24 44 100 4.950 51 44 2 1 4 6 2 Jjoo
4.444 64 56 28 72 4.961] 64 49 33 g 6 @4 0 oo
4.465 64 40 24 86| 4.978 5§ 72 64 1 2 2 4 Jjoo
4.466 48 40 32 86| 4.984 10 54 24 4 4 2 186
4.477 44 32 28 86| 5.000] 24 24 2 g 0 24 8 6
4.479 86 64 24 72| 5.017 84 48 2 1 ) 8 6 86
4.480 56 40 32 100 5.023 74 44 24 6 0 8 72
4.500 72 64 40 100 5.029| 44 24 3. 1 8 4 P8 56
4.522 100 72 28 86 5.040| 74 44 1 0 2 P8 64
4.537 56 48 28 72 5.074] 4q 44 4 g 6 44 8 Jjoo
4.545 24 44 40 48| 5.080] 64 56 37 1 4 28 4 100
4.546 28 44 40 56 5.088| 104 64 4 0 4 148
4.548 44 72 64 86) 5.091] 5§ 44 4 1 0 4 4 72
4.558 56 40 28 86| 5.093] 4q 49 44 1 6 44 8 64




1936

HELICAL MILLING

Change Gears for Different Leads—5.581 Inches to 7.500 Inches

s | 2| E| 2| E|| & | 2| 2| B || g | 2| £| 2| 2

S a a a a 5 a o a o S a o a a

E 5o 8elcll = |2 |5eldelcll € [ |52ld<|s

T |cE|93| % 23| 5 |S5|oF|a 3| 8 | 25| ca|ea|ck

9 | 82| Es| 55|34 3 |8%|Es5|85| 85| S |33 Es5| 55|83

2] 2] 0

5.581 64 32 24 86| 6.172) 72 24 24 1 6 6 2 72
5.582 48 24 24 86| 6.202] 4q 24 34 g 2 8 4 “o
5.600 56 24 24 109 6.222] 64 44 2 1 4 4 4 64
5.625 48 32 24 64 6.234 32 2§ 24 44 6 40 2 100
5.657 56 44 32 72 6.250) 24 24 A a4 100 8 4 72
5.698 56 32 28 86| 6.255 8q 44 3% 1 100 6 p8 72
5.714 48 28 24 72 6.279] 72 64 4 g 6 48 8 [72
5.730 40 48 44 64 6.286 44 49 39 56 8 2 86
5.733 86 48 32 100 6.300| 74 32 2 1 4 4 8 Jo0
5.756 72 64 44 86| 6.343] 10¢ 44 24 4 8 2 72
5.759 86 56 24 64 6.350) 49 2§ 39 73 8 24 4 (o
5.760 72 40 32 109 6.364 54 44 24 4 2 4 4 56
5.788 64 72 56 86| 6.379 64 24 24 44 4 40 4 100
5.814 100 64 32 84 6.396| 44 32 4 6 4 0 72
5.818 64 44 40 100 6.400] 64 24 24 1 6 4 fi8 86
5.833 28 24 24 48 6.417| 44 49 2 4 100 2 4 86
5.847 64 56 44 86| 6.429 24 28 24 33 4 40 2 [72
5.848 44 28 32 86| 6.450) 8q 64 4 1 4 4 8 72
5.861 72 40 28 86| 6.460 10 72 0 8 2 64
5.867 44 24 32 100 6.465 64 44 1 2 4 8 64
5.893 44 32 24 56| 6.482] 54 48 4 13 6 40 4 B6
5.912 86 64 44 109 6.512f 54 24 24 6 0 4 72
5.920 56 44 40 86| 6.515) 8q 44 24 73 2 28 4 B6
5.926 64 48 32 72 6.534] 54 24 2 1 2 4 4 100
5.952 | 100 56 24 72 6.545 49 44 24 4 100 4 flo 86
5.954 64 40 32 86| 6.548 44 48 4 g 4 44 8 b6
5.969 44 24 28 86| 6.563 54 32 24 64 2 24 4 Ha
5.972 86 48 24 72 6.578 72 54 44 q 6 48 0 B4
5.980 72 56 40 86| 6.600 48 32 44 1 4 8 0 86
6.000 48 40 28 56| 6.645  10Q 54 4 8 2 100
6.016 44 32 28 64 6.667| 64 48 2 g 2 2 8 B6
6.020 86 40 28 100 6.689) 84 72 1 6 4 p4 64
6.061 40 44 32 48 6.697| 10 54 24 4 4 0 100
6.077 | 100 64 28 72 6.698| 74 44 3. 4 0 148
6.089 72 44 32 86| 6.719 8q 48 24 64 8 28 4 6
6.109 56 44 48 100 6.720| 54 44 4 1 6 6 8 100
6.112 24 24 44 72 6.735 44 24 24 56 6 28 4 100
6.122 40 28 24 56| 6.750 72 49 24 64 100 4 8 86
6.125 56 40 28 64 6.757| 8q 5§ 44 1 0 4 2 72
6.137 72 44 24 64 6.766 64 44 4 q 6 44 8 (8
6.140 48 40 44 86| 6.784] 10¢ 44 4 4 4 86
6.143 86 56 40 100 6.806] 54 37 2 1 6 4 0 72
6.160 56 40 44 100 6.818| 44 32 24 4 4 4 8 100
6.171 72| 56| 48| 100| 6.822 44 24 3 8 4 4 64




HELICAL MILLING 1937
Change Gears for Different Leads—7.525 Inches to 9.598 Inches
T =T =] = =T =1 =] = =T =1 =] =
8 gl 21 2| E|| 8 2l 2| 2| 2| g 2l g g| 2
5 o s} o s} 5 o o o a 5 o a o o
< folole ||l = |2 |5aldalell = |2 |2aléal<
T |cE|93| % 23| 5 |S5|oF|a 3| 8 | 25| ca|ea|ck
9 | 82| Es| 55|34 3 |8%|Es5|85| 85| S |33 Es5| 55|83
0 %] 1%
7.525 86 32 28 100 8.140 56 37 4 86| 8 4 fi4 100
7.543 48 28 44 100 8.145| 64 44 104 1p0 14 p8 72
7.576 100 44 24 72 8.148 64 49 44 72 2 6 4 64
7.597 56 24 28 86| 8.149| 44 24 33 72| 6 40 8 Ba
7.601 86 44 28 72 8.163] 44 24 37 56 100 8 4 56
7.611 72 44 40 86| 8.167| 54 49 2 48| 4 40 8 6
7.619 64 48 32 56) 8.182 49 32 24 44 6 2 4 86
7.620 64 28 24 72 8.186 64 49 44 86| 6 48 8 b6
7.636 56 40 24 44 8.212] 84 64 44 72| 4 40 6 Jjoo
7.639 44 32 40 72 8.229] 72 24 37 100 4 8 2 56
7.644 86 72 64 100 8.250| 44 37 24 40 8 2 4 140
7.657 56 32 28 64| 8.306 10 54 4 86 100 2 6 86
7.674 72 48 44 86| 8.312] 64 44 33 56| 6 24 8 [72
7.675 48 32 44 86| 8.333] 4q 24 24 48| 0 34 4 ua
7.679 86 48 24 56| 8.334 4q 24 2 56| 100 8 8 64
7.680 64 40 48 100 8.361 84 4q 72 2 4 8 86
7.700 56 32 44 100 8.372 79 24 24 86 100 6 f14 86
7.714 72 40 24 56 8.377| 84 44 24 56| 4 40 2 b6
7.752 100 48 32 86 8.400| 79 24 2 104 2 4 b6 100
7.778 32 24 28 48 8.437| 72 32 24 64| 4 24 4 Ue
7.792 40 28 24 44 8.457 10 44 3. 8 2 0 186
7.813 100 48 24 64 8.484| 37 24 44 6 0 4 56
7.815 56 40 48 86| 8.485 64 44 2 48| 100 8 2 72
7.818 86 44 40 100 8.485| 54 44 48 8 4 0 186
7.838 86 48 28 64 8.506 64 28 33 86| 6 8 0 6
7.855 72 44 48 100 8.523 10 44 64 4 0 P8 48
7.857 44| 24 24 56(| 8.527] 44 24 4 86| 2 24 8 ko
7.872 44 28 32 64 8.532] 84 56 A 72| 8 8 4 wa
7.875 72 40 28 64| 8.534 64 24 37 100 8 2 0 64
7.883 86 48 44 100 8.552 84 44 2 64 6 4 8 J00
7.920 72 40 44 100 8.556| 51 4q 44 72 6 6 4 72
7.936 100 56 32 72 8.572 64 37 24 56| 6 0 8 64
7.954 40 32 28 44 8.572] 49 24 24 56| 4 8 4 “uo
7.955 56 44 40 64| 8.594 44 32 4 64| 8 40 4 66
7.963 86 48 32 72 8.600 84 24 24 100 6 0 4 J00
7.974 48 28 40 86| 8.640 72 40 4 100 4 4 6 86
7.994 100 64 44 84 8.681 10 64 72 0 8 2 48
8.000 64 32 40 100 8.682 64 24 2 36 2 4 8 48
8.021 44 32 28 48 8.687 84 44 33 72| 6 2 4 wa
8.035 72 56 40 64 8.721] 104 37 24 86| 6 4 8 64
8.063 86 40 24 64| 8.727] 49 40 37 44 100 4 14 72
8.081 64 44 40 72 8.730 44 28 A 72| 6 40 [72
8.102 100 48 28 72 8.750 24 24 24 32 2 8 186
8.119 64 44 48 86| 8.772] 49 28 44 86| 6 6 0 64




1938

HELICAL MILLING

Change Gears for Different Leads—9.600 Inches to 12.375 Inches

s | 2| E| 2| E|| & | 2| 2| B || g | 2| £| 2| 2
S a a a a 5 a o a o S a o a a
E 5ol 8 s e [5eldaleall = [ (5| 82|z
T |cE|93| % 23| 5 |S5|oF|a 3| 8 | 25| ca|ea|ck
9 | 82| Es| 55|34 3 |8%|Es5|85| 85| S |33 Es5| 55|83
2] 2] 0
9.600 72 24 32 100 10.37 64 24 2 11.314 f2 8 fa4
9.625 44 32 28 40| 10.371 64 49 5 1 11.363 10 fi4 p4
9.643 72 32 24 56| 10.39 44 29 3. 4 11.4p1 4 p8
9.675 86 64 72 100 1041y 10 3. 2 11.4p9 B2 p4 p4
9.690 | 100 48 40 86 10.41 64 4 5 11.4p4 r2 flo p8
9.697 64 48 32 44 10454 8§ 32 2 1 11.459 4 4 flo
9.723 40 24 28 48 10.46y 74 32 4 11.4p7 6 4 2 1
9.741 | 100 44 24 56 10478 74 44 6 1 11.512 r2 B2 pa
9.768 72 48 56 86| 10.47 44 24 3. g 11518 6 8 p4
9.773 86 44 24 48| 10.477 44 29 44 1 11.5p0 2 0 4 1
9.778 64 40 44 72 10.50 54 32 24 4 1154  1p0 18 fo
9.796 64 28 24 56| 10.55 8q 54 44 q 11.6p9  1po 4 p4
9.818 72 40 24 44 10571 10 44 4 4 flo p2
9.822 44 32 40 56| 10.60 5 44 4 4 6 4 pa
9.828 86 28 32 100 10631 64 2 4 f2 fid (o
9.844 72 32 28 64 10.65 74 44 5 4 8 fid
9.900 72 32 44 109 10.65 101 4 1po B2 R4
9.921 ( 100 56 40 72 10.66f 64 4 4 r2 0 p6
9.923 64 24 32 86| 10.69¢ 44 24 2 4 6 0 pa
9.943 [ 100 44 28 64 10718 4 2 2 4 fa
9.954 86 48 40 72 10.71¢4 48 32 4 9 6 2 P8
9.967 | 100 56 48 86 10.75 84 4 2 4 r2 fi8 4
9.968 [ 100 28 24 86 10.80 73 39 4 1 fa P8 p4
10.000 56 28 24 48 10.858 54 24 4 6 2 4
10.033 86 24 28 109 10.85p 8 44 4 1po p8 R4
10.046 72 40 48 84 10.90] 72 44 3 4 b6 4 fpa4
10.057 64 28 44 109 10918 100 5 4 B6 R4 R4
10.078 86 32 24 64 1093y 5 39 4 r2 8 fo
10.080 72 40 56 104 10.945 8 44 5 1 ] p4 R4
10.101 [ 100 44 32 72 10940 8 4 p6 B2 pa
10.159 64 28 32 72 10.97p 64 2 4 1 B6 fl0 p6
10.175 100 32 28 84 11.00p 44 24 2 filo P4 B2
10.182 64 40 28 44 11.02 72 2 2 1po 2 p8
10.186 44 24 40 72 11.05f 84 54 7 1 2 fid B4
10.209 56 24 28 64 11110 4 24 3. 4 6 fi4 fo
10.228 72 44 40 64 11.13 54 37 2 4 4 4 B2
10.233 48 24 44 86 11.16p 10 5 4 8 P8 po
10.238 86 28 24 72 11.16 72 24 3 b6 2 p8
10.267 56 24 44 109 11.16p 8 44 3 r2 B2 p4
10.286 48 28 24 40 11198 84 4 4 1po b6 pa
10.312 48 32 44 64 11.20 54 24 4 1 B6 P8 (o
10.313 72 48 44 64 11225 44 2 4 6 18 fa
10.320 86 40 48 109 11.25p 7 24 2 2 P8 A8
10.336 | 100 72 64 8q 11318 64 44 5 r2 flo pa

00
48
48
28
44
64
00
86
64
00
72
86
44
48
56
86
64
86
44
00
64
56
32
00
72
86
72
86
40
64
00
44
72
86
64
48
56
40
44
64
00
64
00
64




HELICAL MILLING

1939

Change Gears for Different Leads—12.403 Inches to 16.000 Inches

s | 2| E| 2| E|| & | 2| 2| B || g | 2| £| 2| 2
S a a a a 5 a o a o S a o a a
E 5ol 8 s e [5eldaleall = [ (5| 82|z
T |cE|93| % 23| 5 |S5|oF|a 3| 8 | 25| ca|ea|ck
9 | 82| Es| 55|34 3 |8%|Es5|85| 85| S |33 Es5| 55|83
2] 2] 0
12.403 64 24 40 86| 13.43 84 24 2 14.6p8 fid 4 p2
12.444 64 40 56 72 13.46 4 2 4 14.6p4 72 8 B2
12.468 64 28 24 44 13.50¢ 72 37 2 14.743 6 8
12.500 40 24 24 32| 13.51 84 2 4 1 14.780 6 flo pa
12.542 86 40 28 48 13.56 101 24 2 14.8p00  1p0 pa 6
12.508 86 44 64 109 13.61. 5 24 2 14.815 p4 P4 po
12.558 72 32 48 84 13.63 4 34 4 14.809 b6 4 p8
12,571 64 40 44 56 13.64 64 24 4 14.880 po fi8 po
12,572 44 28 32 40| 13.65f 84 2 3. 14.884 4 8 p6
12.600 72 32 56 10q| 13.67 10 3 2i 14.931 B6 B2 ‘o
12.627 [ 100 44 40 72| 13.68 8 4 2 14.983 p4 P4 p6
12.686 | 100 44 48 84 13.71 64 4 4 14.950  1p0 p6 [72
12.698 64 28 40 721 13.71 64 2 2 4 15.0p0 fig 4 p4
12.727 64 32 28 44 13.75 44 24 2 15.050 6 2 p6
12.728 56 24 24 441 13.76 84 4 6. 1 15.150 po 4 B2
12,732 ( 100 48 44 72| 13.88 10 2 15.151 100 pa 48
12.758 64 28 48 86 13.93: 84 4 5 15.2p2 6 fi4 p6
12.791 | 100 40 44 8q | 13.93 8 24 2 15.238 p4 P8 (8
12.798 86 48 40 5¢ 13.95: 72 24 4 15.2B9 4 8 B2
12.800 64 28 56 109 13.96¢ 8 44 4 15.272 p6 flo (8
12.834 56 40 44 49 13.96: 64 2 4 15.2f8 fid 4 flo
12.857 72 28 32 64 14.00¢ 54 24 2 4 15.2f9  1po flo fa
12.858 48 28 24 32| 14.02! 73 44 4 15.3p6  1po P8 R4
12.900 86 32 48 104 14.021 7 2 2 15.349 2 p4 A4
12.963 56 24 40 72| 14.06 73 39 4 15.3p7 6 8 R4
12.987 | 100 44 32 5 14.07. 8 44 7 1 15.4p9 [r2 o @8
13.020 [ 100 48 40 64| 14.07 8 4 15.459 2 2 pa
13.024 56 24 48 8q| 14.14: 73 4 4 15.4B0 6 flo r2
13.030 86 44 32 48| 14.20 101 44 4 15.5p4 po 8 64
13.062 64 28 32 56| 14.26f Bl 24 4 15.5p6 4 2 p6
13.082 100 64 2 8 14.28 4 24 2 15.584 f8 P8 Ao
13.090 72 40 32 441 14.31 73 39 2 4 15.6p5  1po P4 R4
13.096 44 28 40 48 14.31 72 44 5 15.6B6 6 flo B2
13.125 72 32 28 48 14.32: 101 4 15.6/77 B6 2 p8
13.139 86 40 44 72| 14.33 84 4 3. 4 15.714 4 4 p4
13.157 72 28 44 86 14.35: 72 2 4 15.750 r2 2 p8
13.163 86 28 24 56| 14.40¢ 73 24 4 1 15.7p7 p6 P4 pa
13.200 72 24 44 109 14.53 100 3. 4 15. 100 66 64
13.258 | 100 44 28 44| 14.54 64 24 2 15.874 po p8 B2
13.289 [ 100 28 32 8¢ 14.58 5 3 4 15.9p9 po o 28
13.333 64 24 24 48 14.58: 4 24 2 15.9p5 6 fi8 p4
13.393 [ 100 56 48 64| 14.65 7 3 5 15.9p6 6 P4 B2
13.396 72 40 64 84 14.65! 8 44 4 15989  1p0 2 B4
13.437 86 32 28 56| 14.66 64 4 4 4 16.0p0 4 4 R4

40
56
00
64
86
72
44
56
86
72
00
86
32
00
48
72
72
72
48
44
48
72
56
86
48
56
64
00
86
72
44
64
44
48
28
40
00
72
72
44
72
72
86
40



1940

HELICAL MILLING

Change Gears for Different Leads—16.042 Inches to 21.39 Inches

T T = T T = T T =
g gl 2| 2| 2| s gl 2| 2| E|| s gl 2| gl £
5 o a o al| § o a a all s o a o a
£ - 4 £ — ] £ - ®
S 15e| 82|83 55| £ |ce|82| 83 58| 5 |cel82| %z
g | 58|52|5% 52|l § |58|s2|52 85|l § |88|w2|E9| %5

(0] il 80| 0 (0] T o 20| 0O [0} TS go| O
(2] n 1%}

16.042 |56 24 44 64 17.44. 10 3 4 19.350 B6 B2 [72

16.043 44 24 28 32 17.45. 64 4 19.3B0 1po P4 no

16.071 72 32 40 56 17.50( 56 24 2 19.3p4 4 B2

16.125 86 32 24 40 17.55 86 21 3. 19.4p4 10 4 P8

16.204 100 24 28 72 17.67 10t 44 5i 19.480 100 2453 124

16.233 100 44 40 54 17.67 7. 3 4. 19.5B1 1p0 B2 1o

16.280 100 40 56 8 17.77: 64 24 3 19.585 V2 P4 656

16.288 86 44 40 48 17.85 10 24 2 19.545 B6 28 p4

16.296 64 24 44 72 17.91 86 24 3. 19.5p0 4 8 ng

16.327 64 28 40 56 17.91! 86 24 2 19.6B5 F2 40 na

16.333 56 24 28 40 17.95 64 2 4. 19.642 1po 10 na

16.364 72 24 24 44 18.00( 73 24 2 19.643 14 8 no

16.370 100 48 44 54 18.18 5 2. 4 19.666 B6 P8 64

16.423 86 32 44 72 18.18: 4 24 4 19.6B7 y2 2 b6

16.456 72 28 64 104 18.22 10 3 2 19.710 B6 no %

16.500 72 40 44 49 18.27. 10 2 4. 19.840 1p0 P8 1o}

16.612 100 28 40 84 18.28 64 2 3 19.886 1p0 na (56

16.623 64 28 32 44 18.33. 56 2 4. 19.8B7 1po B2 p8

16.667 56 28 40 48 18.36 73 2 4 19.9p8 6 4 no

16.722 86 40 56 72 18.42 86 2! 2 19.984 1po P8 na

16.744 72 24 48 86 18.471 8 34 4. 20.90 2 4 2

16.752 86 44 48 56 18.51! 108 24 3 20.07 6 b6

16.753 86 28 24 44 18.60! 10 4 6 20.09 1po b6 [72

16.797 86 32 40 64 18.66. 10 64 8 20.16 6 18 2

16.800 72 24 56 104 18.66 64 24 2 20.20 1po na 64

16.875 72 32 48 64 18.70( 73 44 6 20.35 1p0 2 b6

16.892 86 40 44 56| 18.75 10 3. 2. 20.36 4 10 b6

16.914 100 44 64 84 18.75 7. 4 2041 1po P8 B2

16.969 64 44 56 48 18.771 86 2 4. 20.42 6 4 P8

16.970 64 24 28 44 18.81. 86 34 2 4 20.45 2 2 1o

17.045 100 32 24 44 18.85! 4 2 4. 20.48 6 18 b4

17.046 100 44 48 64 18.93 10 4. 4 20.%7 r2 10 b4

17.062 86 28 40 72 19.02¢ 10 44 7 20.63 y2 2 na

17.101 86 44 56 64 19.04 4 24 3 20.14 4 4 b6

17.102 86 32 28 44 19.09 56 33 4 4 20.18 4 8 1o

17.141 64 32 48 56 19.09: 73 24 2 4 20.43 100 2 na

17.143 64 28 24 32 19.09 10 3. 4. 20.90 6 2 b6

17.144 48 24 24 28 19.11 8 4 6 20.93 1p0 10 2

17.188 100 40 44 64 19.13 7 6 20.95 4 8 na

17.200 86 32 64 104 19.19 8l 3 41 21.00 b6 2 ng

17.275 86 56 72 64 19.20( 73 24 6 1 21.12 6 2 na

17.361 100 32 40 72 19.25 51 3 4. 21.32 1po 28 na

17.364 64 24 56 86 19.28! 73 34 4 21.33 1 B6

17.373 86 44 64 72 19.28 74 2! 2. 21.39 4 4 P8

00
86
44
24
44
64
86
44
56
44
56
32
00
64
48
72
64
44
72
86
48
00
64
64
72
86
44
56
32
44
56
56
48
72
44
72
72
86
48
40
56
86
72
24




HELICAL MILLING 1941
Change Gears for Different Leads—21.43 Inches to 32.09 Inches

T =T =] = =T =1 =] = =T =1 =] =

8 gl 21 2| E|| 8 2l 2| 2| 2| g 2l g g| 2

5 o s} o s} 5 o o o a 5 o a o o

< 5ol e [ [saldalell 2 [= T5<ld=ls
T |cE|93| % 23| 5 |S5|oF|a 3| 8 | 25| ca|ea|ck
9 | 82| Es| 55|34 3 |8%|Es5|85| 85| S |33 Es5| 55|83
0 %] 1%

21.43 100 40 48 56 24.88| 10 73 8 4 2 8 8 B4
21.48 100 32 44 64 24.93| 64 24 4 4 100 8 % b6
21.50 86 24 24 40 25.00] 72 24 4 4 100 0 B4
21.82 72 44 64| 48 25.08| 84 24 2 4 6 a8 4 f8
21.88 100 40 56 64 25.09 84 4q 5 4 2 8 4 o
21.90 86 24 44 72 25.13] 84 44 73 94 100 2 fio 4
21.94 86 28 40 56 25.14] 64 28 44 4 100 6 fno
21.99 86 44 72| 64 25.45] 64 44 54 32 2 44 6 2
22.00 64 32 44 | 40 25.46 104 24 44 1 100 2 fa4 “8
22.04 72 28 48 56 25.51 10 24 4 g 6 0 4 18
2211 86 28 72 | 100 25.57| 10 64 4 4 4 f8 Ha
22.22 100 40 64 72 25.60| 84 24 4 4 100 0 b6 He
22.34 86 44 64 56 25.67| 54 24 44 4 100 6 2 4
22.40 86 32 40 48 25.71] 72 24 4 g 6 48 2 14
22.50 72 24 48 | 64 25.72] 72 24 24 1 4 24 4 fl0
22.73 100 24 24| 44 25.80| 84 24 7 1 2 8 4 66
22.80 86 48 56 44 25.97 10 44 64 g 6 2 4 o0
22.86 64 24 24| 28 26.04] 104 37 4 4 100 8 #0 “e
2291 72 44 56 40 26.06 8¢ 44 64 4 100 0 6 2
22.92 100 40 44 | 48 26.16| 10 33 7 1po 8 2 186
22.93 86 24 64 [ 100 26.18| 79 4q 64 4 6 8 8 B2
23.04 86 56 72 48 26.19] 44 24 4 . 6 2 2 4
23.14 100 24 40 72 26.25| 74 37 4 100 8 4 Ha
23.26 100 32 64| 86 26.33 84 24 4 g 4 4 2 P8
23.33 64 32 56 | 48 26.52] 104 44 5 4 100 4 6 B4
23.38 72 28 40 44 26.58 10 24 64 4 4 0 R4
23.44 100 48 72 64 26.67| 64 24 4 100 8 8 B6
23.45 86 40 48 | 44 26.79| 104 44 7 g 6 4 8 p6
23.52 86 32 56 | 64 26.88 84 24 54 44 6 24 4 P8
23.57 72 28 44 | 48 27.00] 72 32 4 4 2 8 #0
23.81 100 48 64 56 27.13| 10 24 5 1p0 4 p4 (86
23.89 86 32 64| 72 27.15] 104 44 8 1 4 4 6 f8
24.00 64 40 72 48 27.22 5§ 24 21 .7 100 8 6 p4
24.13 86 28 44 56 27.27 10 4q 4 44 6 0 4 fna
24.19 86 40 72| 64 27.30] 84 28 64 19 6 2 6 i
2424 64 24 40 44 27.34] 10 32 5 64 6 4 8 B2
2431 100 32 56 72 27.36| 84 44 4 4 8 fi4 B2
24.43 86 32 40 44 27.43] 64 28 4 4 2 2 6 10
24.44 44 24 32| 24 27.50 54 32 44 1 100 2 4 P8
2454 72 32 48 | 44 27.64] 84 49 73 g 100 4 6 7o
2455 100 32 44 56 27.78| 10 37 6: 6 4 4 [72
2457 86 40 64 56 27.87| 84 24 54 19 100 6 6 78
24.64 86 24 44 64 27.92 8¢ 28 4 44 4 8 6 10
2475 72 32 44 | 40 28.00 104 64 4 6 4 4 B2
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HELICAL MILLING

Change Gears for Different Leads—32.14 Inches to 60.00 Inches

S a o a o 5 a o a (s} 5 a (s} a [a)

E 5o 8elcll = |2 |5eldelcll € [ |52ld<|s

% 252337 28| ¢ | 25|98 23| 2E 7 | B[ 23| E|
9 | 82| Es| 55|34 3 |8%|Es5|85| 85| S |33 Es5| 55|83

2] 2] 0

32.14 | 100 56 72 40 38.20  10f 24 4 6 8 r2 (8
32.25 86 48 72 40 38.39 10 44 8 4 4 6 B2
3241 100 24 56 72 38.57| 74 24 4 100 2 2 A8
32.47 100 28 40 44 38.89) 54 24 4 2 4 4 p8
32.58 86 24 40 44 38.96/  10f 29 4 100 8 (8
32.73 72 32 64 44 39.09 8q 32 64 6 24 4 8
32.74 100 28 44 48 39.29| 10 2 4 1po 2 B6 56
32.85 86 24 44 48 39.42] 8q 24 44 2 24 4 flo
33.00 72 24 44 40 39.49 8q 28 73 6 2 2 fl0
33.33 100 24 32 40 39.77  10f 37 5 1p0 4 p6 1“8
33.51 86 28 48 44 40.00] 72 24 64 100 0 6 4
33.59 100 64 86 40 40.18[  10f 37 7 4 4 na p4
33.79 86 28 44 40 40.31] 8q 32 72 100 8 4 B2
33.94 64 24 56 44 40.72] 10 44 8 6 8 4 flo
34.09 100 48 72 44 40.82[  10f 2 6 6 4 4 B2
34.20 86 44 56 32 40.91] 104 44 7 100 4 6 [r2
34.29 72 48 64 28 40.95] 8q 28 64 100 8 6 fo
34.38 100 32 44 40, 40.96| 8q 24 3. 6 4 o
34.55 86 32 72 56 41.14] 72 28 64 6 8 2 fid
34.72 100 24 40 48 41.25| 74 24 44 100 2 r2 fa4
34.88 100 24 72 86 41.67| 10 34 6 6 4 fl0 p8
34.90 | 100 56 86 44 41.81f 8q 24 5 2 8 4 B2
35.00 72 24 56 48 41.91] 64 24 44 100 8 4 4
35.10 86 28 64 56 41.99| 10¢ 37 8 6 4 4 4
35.16 100 32 72 64 42.00| 74 24 5 2 4 6 B2
35.18 86 44 72 40 42.23] 84 28 44 100 4 6 a4
35.36 72 32 44 28 42.66| 10( 24 8 4 4 6 P8
35.56 64 24 32 24 42.78] 54 24 44 100 8 2 8
35.71 100 32 64 56, 42.86) 10t 2 4 6 4 8 B2
35.72 100 24 24 28 43.00| 8q 37 64 100 8 6 p6
35.83 86 32 64 48 43.64] 72 24 64 2 24 4 pa
36.00 72 32 64 40 43.75| 104 37 5 6 8 2 o
36.36 100 44 64 40| 43.98| 8 32 100 4 2 p4
36.46 100 48 56 32 44.44 64 24 A 100 4 6 B4
36.67 48 24 44 24 44.64/ 100 29 100 2 r2 o]
36.86 86 28 48 40 44.68| 8q 28 64 6 24 4 p8
37.04 | 100 24 64 72 44.79)  10f 4 8 1p0 8 p4 “o
37.33 100 32 86 72 45.00| 74 24 5 100 4 fid B2
37.40 72 28 64 44 45.45  10( 37 64 6 4 4 o
37.50 | 100 48 72 40 45.46( 101 2 5 1p0 4 p6 4o
37.63 86 32 56 40 45.61] 8q 24 54 100 8 2 a4
37.88 100 24 40 44 45.72] 64 24 4 6 4 2 fa
38.10 64 24 40 28 45.84] 10 24 44 100 4 fl0 p8
38.18 72 24 56 44 45.92] 104 29 7 2 4 4 B2




Lead of Helix for Given Helix Angle Relative to Axis, When Diameter = 1

Deg. 0 6 12 18 24 30 36 42 48 54 60
0 Infin. 1800.001 899.997 599.994 449.993 359.992 299.990 257.130 224.986 199.98 179.98
1 179.982 163.616 149.978 138.438 128.545 119.973 112.471 105.851 99.967 94.70] 89.99
2 89.964 85.676 81.778 78.219 74.956 71.954 69.183 66.617 64.235 62.016 59.94!
3 59.945 58.008 56.191 54.485 52.879 51.365 49.934 48.581 47.299 46.082] 44.92
4 44.927 43.827 42.780 41.782 40.829 39.918 39.046 38.212 37.412 36.645 35.90¢
5 35.909 35.201 34.520 33.866 33.235 32.627 32.040 31.475 30.928 30.400f 29.89
6 29.890 29.397 28.919 28.456 28.008 27.573 27.152 26.743 26.346 25.961 25.58f
7 25.586 25.222 24.868 24.524 24.189 23.863 23.545 23.236 22.934 22.640 22.35:
8 22.354 22.074 21.801 21.535 21.275 21.021 20.773 20.530 20.293 20.062 19.83
9 19.835 19.614 19.397 19.185 18.977 18.773 18.574 18.379 18.188 18.000 17.81
10 17.817 17.637 17.460 17.287 17.117 16.950 16.787 16.626 16.469 16.314 16.16:
11 16.162 16.013 15.866 15.722 15.581 15.441 15.305 15.170 15.038 14.908| 14.78
12 14.780 14.654 14.530 14.409 14.289 14.171 14.055 13.940 13.828 13.717] 13.60¢
13 13.608 13.500 13.394 13.290 13.187 13.086 12.986 12.887 12.790 12.695) 12.60¢
14 12.600 12.507 12.415 12.325 12.237 12.148 12.061 11.975 11.890 11.807] 11.72!
15 11.725 11.643 11.563 11.484 11.405 11.328 11.252 11.177 11.102 11.029 10.95¢
16 10.956 10.884 10.813 10.743 10.674 10.606 10.538 10.471 10.405 10.340) 10.27¢
17 10.276 10.212 10.149 10.086 10.025 9.964 9.904 9.844 9.785 9.727 9.669|
18 9.669 9.612 9.555 9.499 9.444 9.389 9.335 9.281 9.228 9.176 9.124
19 9.124 9.072 9.021 8.971 8.921 8.872 8.823 8.774 8.726 8.679 8.631
20 8.631 8.585 8.539 8.493 8.447 8.403 8.358 8.314 8.270 8.227 8.184
21 8.184 8.142 8.099 8.058 8.016 7.975 7.935 7.894 7.855 7.815 7.776
22 7.776 7.737 7.698 7.660 7.622 7.584 7.547 7.510 7.474 7.437 7.401
23 7.401 7.365 7.330 7.295 7.260 7.225 7.191 7.157 7.123 7.089 7.056
24 7.056 7.023 6.990 6.958 6.926 6.894 6.862 6.830 6.799 6.768 6.737
25 6.737 6.707 6.676 6.646 6.617 6.586 6.557 6.528 6.499 6.470 6.441
26 6.441 6.413 6.385 6.357 6.329 6.300 6.274 6.246 6.219 6.192 6.166
27 6.166 6.139 6.113 6.087 6.061 6.035 6.009 5.984 5.959 5.933 5.908
28 5.908 5.884 5.859 5.835 5.810 5.786 5.762 5.738 5.715 5.691 5.668
29 5.668 5.644 5.621 5.598 5.575 5.553 5.5630 5.508 5.486 5.463 5.441
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Lead of Helix for Given Helix Angle Relative to Axis, When Diameter = (IContinued)

Deg. 0 6 12 18 24 30 36 42 48 54 60
30 5.441 5.420 5.398 5.376 5.355 5.333 5.312 5.291 5.270 5.249 5.228
31 5.228 5.208 5.187 5.167 5.147 5.127 5.107 5.087 5.067 5.047 5.028
32 5.028 5.008 4.989 4.969 4.950 4.931 4.912 4.894 4.875 4.856 4.838
33 4.838 4.819 4.801 4.783 4.764 4.746 4.728 4711 4.693 4.675 4.658
34 4.658 4.640 4.623 4.605 4.588 4.571 4.554 4.537 4.520 4.503 4.487
35 4.487 4.470 4.453 4.437 4.421 4.404 4.388 4.372 4.356 4.340 4.324
36 4.324 4.308 4.292 4.277 4.261 4.246 4.230 4.215 4.199 4.184 4.169
37 4.169 4.154 4.139 4.124 4.109 4.094 4.079 4.065 4.050 4.036 4.021
38 4.021 4.007 3.992 3.978 3.964 3.950 3.935 3.921 3.907 3.893 3.880
39 3.880 3.866 3.852 3.838 3.825 3.811 3.798 3.784 3.771 3.757 3.744
40 3.744 3.731 3.718 3.704 3.691 3.678 3.665 3.652 3.640 3.627 3.614
41 3.614 3.601 3.589 3.576 3.563 3.551 3.538 3.526 3.514 3.501 3.489
42 3.489 3.477 3.465 3.453 3.440 3.428 3.416 3.405 3.393 3.381 3.369
43 3.369 3.358 3.346 3.334 3.322 3.311 3.299 3.287 3.276 3.265 3.253
44 3.253 3.242 3.231 3.219 3.208 3.197 3.186 3.175 3.164 3.153 3.142
45 3.142 3.131 3.120 3.109 3.098 3.087 3.076 3.066 3.055 3.044 3.034
46 3.034 3.023 3.013 3.002 2.992 2.981 2971 2.960 2.950 2.940 2.930
47 2.930 2919 2.909 2.899 2.889 2.879 2.869 2.859 2.849 2.839 2.829
48 2.829 2.819 2.809 2.799 2.789 2779 2770 2.760 2.750 2741 2731
49 2,731 2721 2712 2.702 2.693 2.683 2674 2.664 2.655 2.645 2.636
50 2.636 2.627 2617 2.608 2.599 2.590 2581 2571 2.562 2.553 2.544
51 2.544 2.535 2526 2.517 2.508 2.499 2.490 2.481 2.472 2.463 2.454
52 2.454 2.446 2.437 2.428 2.419 2411 2.402 2.393 2.385 2.376 2.367
53 2.367 2.359 2.350 2.342 2.333 2.325 2.316 2.308 2.299 2.291 2282
54 2.282 2274 2.266 2.257 2.249 2.241 2233 2.224 2.216 2.208 2.200
55 2.200 2.192 2.183 2.175 2.167 2.159 2.151 2.143 2.135 2.127 2.119
56 2.119 2111 2.103 2.095 2.087 2.079 2.072 2.064 2.056 2.048 2.040
57 2.040 2.032 2.025 2.017 2.009 2.001 1.994 1.986 1.978 1.971 1.963
58 1.963 1.955 1.948 1.940 1.933 1.925 1.918 1.910 1.903 1.895 1.888
59 1.888 1.880 1.873 1.865 1.858 1.851 1.843 1.836 1.828 1.821 1.814
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Lead of Helix for Given Helix Angle Relative to Axis, When Diameter = (IContinued)

Deg. 0 6 12 18 24 30 36 42 48 54 60
60 1.814 1.806 1.799 1.792 1.785 1777 1.770 1.763 1.756 1.749 1.741
61 1.741 1.734 1.727 1.720 1.713 1.706 1.699 1.692 1.685 1.677 1.670
62 1.670 1.663 1.656 1.649 1.642 1.635 1.628 1.621 1.615 1.608 1.601
63 1.601 1.594 1.587 1.580 1.573 1.566 1.559 1.553 1.546 1.539 1.532
64 1.532 1.525 1.519 1.512 1.505 1.498 1.492 1.485 1.478 1.472 1.465
65 1.465 1.458 1.452 1.445 1.438 1.432 1.425 1.418 1.412 1.405 1.399
66 1.399 1.392 1.386 1.379 1.372 1.366 1.359 1.353 1.346 1.340 1.334
67 1.334 1.327 1.321 1.314 1.308 1.301 1.295 1.288 1.282 1.276 1.269
68 1.269 1.263 1.257 1.250 1.244 1.237 1.231 1.225 1.219 1.212 1.206
69 1.206 1.200 1.193 1.187 1.181 1.175 1.168 1.162 1.156 1.150 1.143
70 1.143 1.137 1131 1.125 1.119 1112 1.106 1.100 1.094 1.088 1.082
71 1.082 1.076 1.069 1.063 1.057 1.051 1.045 1.039 1.033 1.027 1.021
72 1.021 1.015 1.009 1.003 0.997 0.991 0.985 0.978 0.972 0.966 0.960
73 0.960 0.954 0.948 0.943 0.937 0.931 0.925 0.919 0.913 0.907 0.901
74 0.901 0.895 0.889 0.883 0.877 0.871 0.865 0.859 0.854 0.848 0.842
75 0.842 0.836 0.830 0.824 0.818 0.812 0.807 0.801 0.795 0.789 0.783
76 0.783 0.777 0.772 0.766 0.760 0.754 0.748 0.743 0.737 0.731 0.725
7 0.725 0.720 0.714 0.708 0.702 0.696 0.691 0.685 0.679 0.673 0.668
78 0.668 0.662 0.656 0.651 0.645 0.639 0.633 0.628 0.622 0.616 0.611
79 0.611 0.605 0.599 0.594 0.588 0.582 0.577 0.571 0.565 0.560 0.554
80 0.554 0.548 0.543 0.537 0.531 0.526 0.520 0.514 0.509 0.503 0.498
81 0.498 0.492 0.486 0.481 0.475 0.469 0.464 0.458 0.453 0.447 0.441
82 0.441 0.436 0.430 0.425 0.419 0.414 0.408 0.402 0.397 0.391 0.386
83 0.386 0.380 0.375 0.369 0.363 0.358 0.352 0.347 0.341 0.336 0.330
84 0.330 0.325 0.319 0.314 0.308 0.302 0.297 0.291 0.286 0.280 0.275
85 0.275 0.269 0.264 0.258 0.253 0.247 0.242 0.236 0.231 0.225 0.220
86 0.220 0.214 0.209 0.203 0.198 0.192 0.187 0.181 0.176 0.170 0.165
87 0.165 0.159 0.154 0.148 0.143 0.137 0.132 0.126 0.121 0.115 0.110
88 0.110 0.104 0.099 0.093 0.088 0.082 0.077 0.071 0.066 0.060 0.055
89 0.055 0.049 0.044 0.038 0.033 0.027 0.022 0.016 0.011 0.005 0.000
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HELICAL MILLING

Leads, Change Gears and Angles for Helical Milling

Change Gears

Diameter of Work, Inches

e A 7 2 N I % I N
Lead | Gear| First | ond

of on | Gear| Gear| Gear

Helix, | Wor | on on on

Inches| m | Stud| Stud| Screw Approximate Angles for Milling Machine Table

0.67 24 86 24 100 30%,

0.78 24 86 28 100 26 44y,

0.89 24 86 32 100 23%, 41

112 24 86 40 100 19 34,

1.34 24 86 48 100 16 30%,

1.46 24 64 28 72 143, 28

1.56 24 86 56 100 1%, 26%,

1.67 24 64 32 72 1%, 25

1.94 32 64 28 72 11, 213, 45

208 | 24| 64| 40 72 | 10y, | 20 43,

222 | 32| s6| 28 72| o3 | 19y a1, | ..

2.50 24 64 48 72 8%, 17 38 43y,

278 | 40| 56| 28 72 8 15% 35y, | 40%

2.92 24 64 56 72 KA 15 34 39

3.24 40 48 28 72 6%, 13Y, 31, 36 44y,

370 [ 40| 48| 32 72 6 | 113 28 | 32% | 36% | 40

380 | 56| 48| 24 72 s, | 1, 267, |31, | 354 [39 | ..

417 | 40| 72| 48 64 | sy | 10% 25, |29 | 33, [37 | a3y,

446 | 48| 40| 32 86 43, %, 2%, | 2%, |31 [35 |41 | ..

4.86 40 64 56 72 4%, 9 22 25% | 29, | 33 39 449,
533 | 48| 40| 32 72 4 8y, 20%, | 23 | 27, | 30% | 36k | 413
544 | 56| 40| 28 72 4 8 20 |23y [ 267 [30 [36 | 41

6.12 56 40 28 64 3% v, 1%, |21 24y, | 27 33 3%,
622 | s6| 40| 32 72 3% 7 17, | 20%, | 233, | 26% | 32% | 37
6.48 56 48 40 72 3%, 6%, 16%, | 20 23 25%, | 31, | 36¥,
667 | 64| 48| 28 56 3, 6% 165 | 19% | 22% | 25, | 30% | 354
7.29 56 48 40 64 3 6%, 15 18 20% | 23, | 28% | 33

741 | 64| 48| 40 72 3 6 19, |17, | 204 | 229, | 28, | 32%
762 | 64| 48| 32 56 2%, 5% 14 |17, | 19, | 22 | 27 | 32

833 | 48| 32| 40 72 2% 5%, 13, |15, | 18% | 20% | 28 | 29%
8.95 86 48 28 56 2% 5 12 14, | 17 19, | 24 28

933 | 56| 40| 48 72 2%, 43 119, |14 |16y, |18 |23 |27

952 | 64| 48| 40 56 2%, 4, 1% |13 |16 |18y, | 22 | 26%
10.29 72 40 32 56 2 4y, 107, 1%, | 15 17, | 21 243,
1037 | 64| 48| 56 72 2 4y, 10% |12 |14, |17 | 209, | 244
1050 | 48| 40| s6 64 2 4y, 105 | 12% | 145 | 16% | 20% | 24y
1067 | 64| 40| 48 72 2 4 100 |12y, | 149, | 16k | 20, | 24

10.94 56 32 40 64 2 4 10%, 12 14 16Y%, | 20 23,
1111 | 64| 32| 40 72 2 4 10 | 133 [ 139, [ 16 | 19% | 23

11.66 | 56| 32| 48 72 1% 3, oy |11y | 13y, | 15y | 183 | 22

12.00 72 40 32 48 13, 3%, 9, 11 1%, | 15 18Y, | 21%
1312 | 56| 32| 48 64 1% 3% 8y | 10% | 113 | 13% | 16% | 20

1333 | 56| 28| 48 72 1% 3y, 8y |10 | 1w |13y | 16k | 19%
13.71 64 40 48 56 1 3, 8 9%, |11, | 13 16 19

1524 | 64| 28| 48 72 1% 3 7 | ey | oy |13, | 14 |17,
1556 | 64| 32| 56 72 1% %%, 7 | 8% |10 |11 |14y, |27

1575 | 56| 64| 72 40 1%, %, 7 sy | o 113, |14 | 163
1687 | 72| 32| 48 64 1, 2% e | 7| % |1on |13y | 15
1714 | 64| 32| 48 56 | 1y 2% 6% | ™| 9 |19 |13 |15
1875 | 72| 32| 40 48 1 2%, 6 | o8| 9% |12 |14
1929 | 72| 32| 48 56 1 2%, 59 | 7 8 | oy |11 | 133,
1959 | 64| 28| 48 56 1 A 5%, | ey | 8 o, |11 |13y
1969 | 72| 32| 56 64 1 2%, 5% | ey | 8 9 |11, |13y
2143 | 72| 24| 40 56 1 2 A 6% | 7% | 8% | 10% | 12k
22.50 72 28 56 64 1 2 5 6 7 8 10 12
23.33 64 32 56 48 1 2 5 5%, 6%, 7, 9%, | 1%
2625 | 72| 24| s6 64 1 1% 4, |5 6 7 8y | 10
26.67 64 28 56 48 % 13, 4y, 5 6 6%, 8y | 10

2800 | 64| 32 56 40 % 13, 4 | s%|es] 8 | %
3086 | 72| 28| 48 40 % 1% 3 | |5 s | | 8%




HELICAL MILLING 1947

Leads, Change Gears and Angles for Helical Milling

Change Gears Diameter of Work, Inches
] e Al ENEAEAREAEEAEFAEAN
Lead First | ond
of Gear | Gear| Gear| Gear
Helix, on on on on
Inches | Worm| Stud | Stud] Screw Approximate Angles for Milling Machine Table

612 56 | 40| 28] 64 | 42
622 56 [ 40| 32| 72| amy
648 | 56 [ 48| 40| 72| a0y, | 4@,
667 | 64 | 48| 28] 56 | 30 | a3z, | ..
720 s6 | 48| 40| 64| 37 41 | a4y,
741 | ea | 48| 40| 72| 3y | a0y |4z,
762 64| 48| 32| 56| 36 | 309 [43 | ..
833| 48 [ 32| 40| 72| 33y | 37 [aoy |am | ..
895 86 [ 48| 28| 56 | 31, | 35, |38 |4, | 44
933| 56 [ 40| 48] 72 | soy | 34 |am, |4, | 43
952| 64 [ 48| 40| s6 | 30 | 33, |36y |39 | 42, [45 | ..
1029 72 40| 32| 56| 28y | 31, |34 |am, | 40 [a2 |45
1037 | 64 | 48| s6| 72| 28 | 3w, |34 |3m | 3w |42, |as,
1050 48 [ 40| 56| 64 | 2%, | 31 |34 |36y | 39 |42 |44y
1067 64 [ 40| 48| 72| 2m, | 304 |33 |s6h | 39 |41y |4z,
1004 s6 [ 32| 40| ea | 26% | 30 |33 |am, | sey |40y |43 |..
a1 ea | 32| 40| 72| 26% | 29% |32 |35y, | 38 a0y |42 |4s,
1166 56 [ 32| 48] 72| 254 | 28, |3w, |34 | 36 [39 |[awy, |4y |..
1200 72 40| 32| 48| 249, | 2w, |30 |33 | 35 |38 |40y |42 4w, | ..
1312 56 | 32| 48| 64 | 209 | o5 |28y |31 | 33, |35 3@ |40 [42 | a3,
1333 s6 | 28| 48] 72| 22 | 25% |28 |a3o% | 33 |y |37 |3oy |41y | a3,
1371 64 40| 48] 56| 22 | 24, |27, |30 | 32 |34y |3en |36 |40 | 42
1524 64| 28| 48| 72| 20 | 22 |25 |2m, | 29 |31 |34 |3, |37 | 39
1556 | 64 | 32| s6| 72| 1o | 22 [2ay |27 | 20 |3 |33 |3m, |37 | 30
1575 56 [ 64| 72| 40 | 1oy | 213 |24 |26 | 28% |31 [33 |35 |36y | 38y
1687 72 32| 48| ea | 18y | 204 |22 |25 | 27 |29y |31 |33y [35 | sen
1714 | 64 | 32| 48| s6 | 1w, | 20 |22 |24, | 26% |29 |[30% |33, |34 | 36
1875 72 32| 40| 48 | ey, | 18y |20% |22, | 25 |26% |28 304 [32 | 3,
1929 72| 32| 48| 56| 16 | 18y |20y |22, | 24 |26 [ 28 |29y |31 | 33
1959 64 [ 28| 48] 56 | 15, | 18 |20 | 22 | 23 |2m [2m 20y [31 | 3w,
1969 72| 32| s6] 64 | 15, | 1m, |20 |2m, | 23 |25 |2m |20y [31 | 32
2143 72| 24| 40| 56 | 14y, | 16y |18y (204 | 22 |23 | 25% | 2w, |29 | sy
2250 72| 28| 56| 64 | 13 | 15y |17, [19% | 20 |22 |24 |26 |2m, | 29
2333 | 64 | 32| 56| 48 | a3y | 15y |17 |18y | 204 |22 |23 |25y |27 | 28y,
2625 72| 24| s6| 64| 12 | 13y |15 |[aey | 18y, |19y |21y |22 | 24y | 25
2667 64| 28| 56| 48 [ 113, | 13y |14 (165 | 18 |19y |21 |22, |23, | 25
2800 64| 32| s6| 40 [ 11y, | 12 |14y |1s% | 17, |18y |20 [2ws |22 | 24
3086 | 72| 28| 48| 40| 10 | 11 |13 [aay | 13 |17 |asp |19n (21 | 22
3150 ( 72| 32| s6| 40 [ 10 | 11, |19 [14 | 154 |16% |18 |19y |20% [ 21
3600| 72| 32| 64| a0 &y | 10 |11 [az| 13y |14, |16 |17 |18y | 19

4114 72| 28| 64| 40| 7 8 | o |10% | 113, [13 [14 |15 [ 16 | 17
4500 72| 28| s6| 32 7 8 of 10 11 [113 |12 |13y |14, | 154
4800 72| 24| 64| 40| ey 7 | e | oy | 1w |1 |12 [13 |13 | 1
5143| 72| 28] e4| 32 6 7 B 8| o 1o |1 |12 |1 | 1,
6000 72| 24| 64| 32| sy 6 6% | | 8% | 9 |9 |10y |12 | 1w,
6857 | 72| 24| 64| 28| ay sy, | sn|en| 7 | 8lsy | of o 20w

Helix Angle for Given Lead and Diameter.—The table on this and the preceding page

gives helix angles (relative to axis) equivalent to a range of leads and diameters. Tt
expression “Diameter of Work” at the top of the table might mean pitch diameter or outsidt
diameter, depending upon the class of work. Assume, for example, that a plain milling cus
ter 4 inches in diameter is to have helical teeth and a helix angle of about 25 degrees
desired. The table shows that this angle will be obtained approximately by using chang
gears that will give a lead of 26.67 inches. As the outside diameter of the cutter is 4 inche
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the helix angle of Z5degrees is at the top of the teeth. The angles listed for different diam-
eters are used in setting the table of a milling machine. In milling a right-hand helix (or cut
ter teeth that turn to the right as seen from the end of the cutter), swivel the right-hand er
of the machine table toward the rear, and, inversely, for a left-hand helix, swivel the left
hand end of the table toward the rear. The angles in the table are based upon the followi
formula:

lead of helix

cot helix angle relative to axis 31416% diameter

Lead of Helix for Given Angle.—The lead of a helix or “spiral” for given angles mea-
sured with the axis of the work is given in the table, starting on24@for a diameter of

1. For other diameters, lead equals the value found in the table multiplied by the give
diameter. Suppose the angle is 55 degrees, and the diameter 5 inches; what would be
lead? By referring to the table starting on pa843 it is found that the lead for a diameter

of 1 and an angle of 55 degrees 0 minutes equals 2.200. Multiply this value*g.208

=11 inches, which is the required lead. If the lead and diameter are given, and the angle
wanted, divide the given lead by the given diameter, thus obtaining the lead for a diamet
equal to 1; then find the angle corresponding to this lead in the table. If the lead and ang
are given, and the diameter is wanted, divide the lead by the value in the table for the ang

Helix Angle for Given Lead and Pitch Radius.—To determine the helix angle for a
helical gear, knowing the pitch radius and the lead, use the formula:

tang = 2nR/ L
where Y =helix angle
R =pitch radius of gear, and
L =lead of tooth
Example:
R = 3.000L = 21.000,tany = (2x 3.1416< 3.000/21.000 = 0.89760
Oy = 41.911 degrees

Lead of Tooth Given Pitch Radius and Helix Angle.—Fo determine the lead of the
tooth for a helical gear, given the helix angle and the pitch radius, the formula becomes:
L = 2rR/tany.

Yy =225, Otany = 0.41421, R = 2.500.
_ 2x3.1416x2.500 _
L= 0.41421 = 37.9228

Helix Angle and Lead, Given Normal DP and Numbers of Teeth.-WhenN, = num-
ber of teeth in piniori\, = number of teeth in ged?, = normal diametral pitci¢; = center
distancelp = helix anglel, = lead of pinion, antl, = lead ofgear, then:

Ny *+ N TN, TN,
cosyp = ' 15 5o 5 = =
2PaC Pnsing P,siny
P,=6, Ny =18, N,=30, C=4500
_ 18+30 _ _ .
cosy = 5oz = 0888890y = 27.266, andsiny = 0.45812
_ 3.1416x 18_ _ 3.1416x 30_
L1 = 5 oasare- 20-5728andL, = Eooes = 34.2880
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SIMPLE, COMPOUND, DIFFERENTIAL, AND
BLOCK INDEXING

Milling Machine Indexing.— Positioning a workpiece at a precise angle or interval of
rotation for a machining operation is called indexing. A dividing head is a milling machine
attachment that provides this fine control of rotational positioning through a combinatior
of a crank-operated worm and worm gear, and one or more indexing plates with sever
circles of evenly spaced holes to measure partial turns of the worm crank. The indexin
crank carries a movable indexing pin that can be inserted into and withdrawn from any c
the holes in a given circle with an adjustment provided for changing the circle that the
indexing pin tracks.

Hole Circles.—The Brown & Sharpe dividing head has three standard indexing plates,
each with six circles of holes as listed in the table below.

Numbers of Holes in Brown & Sharpe Standard Indexing Plates

Plate Number Numbers of Holes
1 15 16 17 18 19 20
2 21 23 27 29 31 33
3 37 39 41 43 47 49

Dividing heads of Cincinnati Milling Machine design have two-sided, standard, and
high-number plates with the numbers of holes shown in the following table.

Numbers of Holes in Cincinnati Milling Machine Standard Indexing Plates

Side Standard Plate
1 24 25 28 30 34 37| 39 39 41 42 4
2 46 47 49 51 53 54 57 58] 59 62 66
High-Number Plates
A 30 48 69 91 99 117 129 147 171 17 189
B 36 67 81 97 111 127 141 157 16 188 199
C 34 46 79 93 109] 123 13 153 167 181 197
D 32 44 77 89 107| 121 137 151 16 179 193
E 26 42 73 87 103 119 13 149 161 17p 191
F 28 38 71 83 101 113 131 143 159 178 147

Some dividing heads provide fBirect Indexingthrough the attachment of a special
indexing plate directly to the main spindle where a separate indexing pin engages indexir
holes in the plate. The worm is disengaged from the worm gear during this quick method ¢
indexing, which is mostly used for common, small-numbered divisions such as six, used i
machining hexagonal forms for bolt heads and nuts, for instance.

Simple Indexing.—Also calledPlain Indexingor Indirect Indexing simple indexing is
based on the ratio between the worm and the worm gear, which is usually, but not alway
40:1. The number of turns of the indexing crank needed for each indexing movement t
produce a specified number of evenly spaced divisions is equal to the number of turns
the crank that produce exactly one full turn of the main spindle, divided by the specifiec
number of divisions required for the workpiece. The accompanying tables provide data fc
the indexing movements to meet most division requirements, and include the simpl
indexing movements along with the more complex movements for divisions that are no
available through simple indexing. The fractional entries in the tables are deliberately nc
reduced to lowest terms. Thus, the numerator represents the number of holes to be mo
on the circle of holes specified by the denominator.

Setting up for an indexing job includes setting the sector arms to the fractional part of
turn required for each indexing movement to avoid the need to count holes each time. Tl
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current location of the indexing pin in the circle of holes to be used is always hole zer
when counting the number of holes to be moved. The wormshalft hub carrying the dividin
plate may also carry one or two sets of sector arms, each of which can be used to define t
arcs of holes. As shown at the right in the drawing of a typical dividing head at the top of th
Simple and Differential Indexing table on pad¥/'9 these sector arms can make up an
innerarc, A, and an outer arc, B. The inner arc is used most often, but some indexing mov
ments require the use of the outer arc.

ExampleWith a worm/worm gear ratio of 40:1 making 35 divisions requires each index-
ing movement to be 4035 = 1% turns: one full turn of the indexing crank plus one-sev-
enth of a full turn more. A full turn is easily achieved using any circle of holes, but to
continue the indexing movement to completion for this example requires a circle in whict
the number of holes is evenly divisible by 7. The Brown & Sharpe dividing head has a 21
hole circle on plate 2 and a 49-hole circle on plate 3. Either circle could be used becau
3/21 and 749 both equal/Zth. The Cincinnati dividing head standard plate has a 28-hole
circle on the first side and a 49-hole circle on the second side and again/2Br@r249
could be used for the fractional part of a turn needed for 35 divisions. In selecting amon
equivalent indexing solutions, the one with the smallest number of holes in the fractionz
part of a turn is generally preferred (except that if an indexing plate with an alternate solt
tion is already mounted on the dividing head, the alternate should be used to avoid switc
ing indexing plates).

Compound Indexing.—Compound indexing is used to obtain divisions that are not avail-
able by simple indexing. Two simple indexing movements are used with different circles
of holes on an indexing plate that is not bolted to the dividing head frame so that it s free t
rotate on the worm shaft. A second, stationary indexing pin arrangement is clamped or ot
erwise fixed to the frame of the dividing head to hold the indexing plate in position excep
during the second portion of the compound indexing movement. If available, a double s
of low-profile sector arms would improve the ease and reliability of this method. Sector
arms for the innermost circle of an indexing movement should not reach as far as the oute
most circle of the movement, and sector arms for the outermost circle should be full lengtt
Positioning the outermost circle sector arms may have to wait until the indexing pin on th
innermost circle is withdrawn, and may sometimes coincide with the position of that pin.
The indexing pin on the crank is set to track the innermost of the two circles in the com
pound movement and the stationary indexing pin is set to track the outermost circle. Son
divisions are only available using adjacent circles, so the intercircle spacing may become
constraining factor in the design or evaluation of a stationary pin arrangement.

The first part of the indexing movement is performed as in simple indexing by withdraw-
ing the indexing pin on the crank arm from its hole in the indexing plate, rotating the cran!
to its next position, and reinserting the indexing pin in the new hole. For the second part «
the movement, the stationary indexing pin is released from its hole in the indexing plate
and with the crank indexing pin seated in its hole, the crank is used to turn the crank ar
and indexing plate together to the next position for reinserting the stationary pin into it
new hole.

There are two possibilities for the separate movements in compound indexing: they me
both be in the same direction of rotation, referred pwagive compoundingnd indicated
in the table by a plust] sign between the two indexing movements, or they may be in
opposite directions of rotation, referred tanagative compoundirgnd indicated in the
table by a minus+) sign between the two indexing movements. In positive compounding,
it does not matter whether the rotation is clockwise or counterclockwise, as long as it is th
same throughout the job. In negative compounding, there will be one clockwise movemert
and one counterclockwise movement for each unit of the division. The mathematical dif
ference is in whether the two fractional turns are to be added together or whether one is
be subtracted from the other. Operationally, this difference is important because of th
backlash, or free play, between the worm and the worm gear of the dividing head. In pos
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tive compounding, this play is always taken up because the worm is turned continually i
the same direction. In negative compounding, however, the direction of each turn is alway
opposite that of the previous turn, requiring each portion of each division to be started b
backing off a few holes to allow the play to be taken up before the movement to the ne»
position begins.

The table, Simple and Compound Indexing with Brown & Sharpe Plates, gives indexing
movements for all divisions up to and including 250 with plain dividing heads of the
Brown & Sharpe design. All the simple indexing movements, and many of the compount
indexing movements, are exact for the divisions they provide. There remains a substanti
number of divisions for which the indexing movements are approximate. For these divi
sions, the indexing movements shown come very close to the target number, but the pri
of getting close is increased length and complexity of the indexing movements. The tabl
shows all divisions that can be obtained through simple indexing and all divisions fol
which exact compound indexing movements are available. Approximate movements ai
only used when it is necessary to obtain a division that would otherwise not be available
The approximate indexing movements usually involve multiple revolutions of the work-
piece, with successive revolutions filling in spaces left during earlier turns.

Simple and Compound Indexing with Brown & Sharpe Plates

Number of |  Whole Fractions || Number of | Whole Fractions | [ Number of | Whole Fractions
Divisions Turns of a Turn Divisions Turns ofa Turn Divisions Turns of a Turn
2 20 15 2 EA 33 1 A
3 13 %5 16 2 s 34 1 %
3 13 T 17 2 5, 35 1 %,
3 13 X 18 2 % 35 1 Yo
4 10 18 2 9, 36 1 %
5 8 19 2 %o 36 1 %,
6 6 e 20 2 37 1 %,
6 6 A 21 1 9, 38 1 o
6 6 EN 22 1 7 39 1 I
7 5 5, 23 1 W, 40 1
8 5 24 1 s 4 A
9 4 kN 24 1 ¥, 42 ES
9 4 2, 24 1 Zy 43 EA
10 4 25 1 s 44 By
11 3 e 26 1 A 45 EA
12 3 s 27 1 B 45 %,
12 3 Ty 28 1 9 46 2,
12 3 A 29 1 W 47 9,
13 3 A 30 1 %1s 48 e
14 2 , 30 1 A 49 EA
14 2 A 30 1 By 50 Yis
15 2 s 31 1 %
15 2 9, 32 1 %o
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Simple and Compound Indexing with Standard Brown &Sharpe Plates

Work- Diamete| Work- Diameter
Target piece Precise | at Which piece Precise | at Which
Divi- Indexing Revolu- | Number of| Error = | | Target Indexing Revolu-| Number of| ~Error =
sions Movements tions Divisions | 0.001 [|Divisions| Movements tions | Divisions 0.001
51 Vit 1 51.00000 Exact 88 133 1 88.00000 Exact
52 By 1 52.00000 | Exact 89 1%+ 19, 5 88.99971| 96.58
53 B+ 2 52.99926 22.89 89 22+ 549 6 88.99980 138.50
53 Y+ 4%, 7 52.99991 180.19 89 2%+ %y 8 89.00015 194.65
53 5%,,+ 4349 9 53.00006 263.9(¢ 90 /88 1 90.00000 Exact
54 By 1 54.00000 Exact 920 127 1 90.00000 Exact
55 2 1 55.00000 Exact 91 G0+ Y19 1 91.00000 Exact
56 k2 1 56.00000 Exact 92 s 1 92.00000 Exact
56 B 1 56.00000 Exact 93 Tort¥y 1 93.00000 Exact
57 515+7/19 1 57.00000 Exact| 94 207 1 94.00000 Exact
58 2029 1 58.00000 Exact| 95 /89 1 95.00000 Exact
59 1837+ Y47 1 58.99915 22.14 96 /B3 + 520 1 96.00000 Exact
59 45+ 14T 6 59.00012 154.39 97 151+ 2/43 1 97.00138 22.45
59 59+ 3% 13 58.99994 300.0! 97 195+ 447 5 97.00024 128.66
60 1015 1 60.00000 Exact| 97 3%, + 4349 11 96.99989 281.37
60 1421 1 60.00000 Exact| 98 209 1 98.00000 Exact
60 2639 1 60.00000 Exact| 99 /BT +6/33 1 99.00000 Exact
61 Y5+ 26047 4 60.99981 102.99 100 /85 1 100.00000 Exact
61 3%+ 2/49 6 60.99989 175.94 101 1395+ 1047 5 100.99950 64.33
61 43, +2/49 8 61.00009 204.64 101 2%+ /47 7 100.99979 154.99
62 2031 1 62.00000 Exact| 101 395+ 30049 11 101.00011 295.10
63 1¥21+ 327 1 63.00000 Exact] 102 /BB + 117 1 102.0000Q Exact
64 1016 1 64.00000 Exact] 103 19,5+ 1849 4 103.00031] 107.31
65 2439 1 65.00000 Exact] 103 2%+ 2141 8 103.00021] 154.52
66 2033 1 66.00000 Exact| 103 4%+ Y49 13 103.00011 300.09
67 2937+ 16/39 2 66.99942 36.75| 104 AB 1 104.00000 Exact
67 2%, +16/49 5 67.00017 127.9 105 /31 1 105.00000 Exact
67 L/ 11 67.00007 295.1 106 g+ 2941 5 105.99934 50.90
68 1017 1 68.00000 Exact| 106 217, + 1543 7 105.99957 78.57
69 1421- 223 1 69.00000 Exact| 106 2%, + 2349 9 106.00029 115.11
70 1221 1 70.00000 Exact| 107 283+ 1047 2 107.00199 17.15
70 2849 1 70.00000 Exact| 107 2%, + 347 8 106.99983 196.28
71 3537+ 3243 3 71.00037 60.77] 107 3%+ 2243 12 106.99987| 256.23
71 2%, + 2749 6 70.99985 153.44 108 g 1 108.00000 Exact
71 49+ 2% 13 70.99991 264.61 109 1%, + 2/23 4 108.99859 24.60
72 1018 1 72.00000 Exact] 109 1%+ 26/47 6 108.99974 132.85
72 1527 1 72.00000|  Exac 109 290+ 449 7 108.99980|  170.32
73 543+ 48749 73.00130 17.88] 110 AR 1 110.00000 Exact
73 290+ 1447 5 72.99982 128.64 111 /37+ 1339 1 111.0000Q Exact
73 2%+ 3%, 12 73.00007 351.81 112 3343+ 2%, 9 112.00123 28.95
74 2037 1 74.00000 Exact| 112 1437+ 4%, 15 112.00086 41.52
75 15 1 75.00000 Exact| 112 Yy, + 4647 29 112.00044] 80.26
76 1019 1 76.00000 Exact| 113 A7 - 1/41 1 112.99814 19.32
77 921+3/33 1 77.00000 Exact| 113 2%, + /47 8 112.99982 196.28
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Simple and Compound Indexing with Standard Brown &Sharpe Plate¢Continued)

Work- Diamete| Work- Diameter
Target piece Precise | at Which piece Precise | at Which
Divi- Indexing Revolu- | Number of| Error = | | Target Indexing Revolu-| Number of| ~Error =
sions Movements tions Divisions | 0.001 [|Divisions| Movements tions | Divisions 0.001
78 2039 1 78.00000 Exact] 113 42+ 3/49 13 113.00012f 300.09
79 1737+ 26/47 2 79.00057 44.28 114 Ab - 6/19 1 114.00000 Exact
79 295+ 349 6 79.00016 160.9 115 /83 1 115.00000 Exact
79 49+ VAT 10 79.00011 233.3 116 AZD 1 116.00000 Exact
80 g16 1 80.00000 Exact| 117 199, + 1547 5 117.00061 61.34
81 1043+ 3749 2 80.99952 53.65| 117 V= 949 20 117.00006| 586.45
81 39+ 1349 7 80.99987 205.24 118 195+ 24/49 5 117.99938 60.83
81 59+ 1%, 13 81.00009| 300.0 118 3041+ 25, 9 117.99966 110.41
82 2041 1 82.00000 Exact| 119 A+ 3147 3 118.99902 38.60
83 1%+ 1731 4 83.00058 45.79 119 2%+ 17/33 8 119.00049 77.31
83 3+ 7/31 8 82.99969 85.26 119 3%+ 2547 13 118.99987| 287.84
83 5¥y+ 3141 12 83.00011 231.7 120 /86 1 120.00000 Exact
84 1021 1 84.00000 Exact| 120 /21 1 120.00000 Exact
85 817 1 85.00000 Exact] 120 el 1 120.0000Q Exact
86 2043 1 86.00000 Exact] 121 /87 + 3849 3 121.00111 34.63
87 1421-6/29 1 87.00000 Exact] 121 15+ 29, 10 120.99985| 257.32
122 19, + 1447 5 122.00063 61.34] 157 2241+ 2%, 13 157.00030 166.27
122 4143+ 2%,y 11 122.00026| 147.5 158 199+ 8/49 5 157.99917 60.83
123 2639- 1441 1 123.00000| Exact 158 1%+ 2343 9 158.00052 96.09
124 1031 1 124.00000| Exact 159 BY + 2743 4 159.00062 81.03
125 4Y43+16/49 4 124.99815 21.46| 159 19,5+ 1547 7 158.99972] 180.13
125 25+ 847 7 125.00110| 36.03 159 27+ 16/49 10 159.00022) 230.84
125 41+ 3%, 11 125.00074| 53.98| 160 /%6 1 160.00000 Exact
126 221+ 627 1 126.00000| Exact 161 /2B-3/21 1 161.00000 Exact
127 239+ 4247 3 126.99769 17.50| 162 28 - 1543 1 162.00401 12.87
127 29+ 247 7 127.00052] 77.50] 162 19— 2749 7 161.99818 28.39
127 2%+ 1249 9 127.00018| 218.9 162 2%+ 25/29 13 161.99907| 55.20
128 516 1 128.00000| Exacf 163 M- 541 1 163.00203 25.58
129 1339- /43 1 129.00000| Exact 163 A + 2247 4 162.99941) 88.57
130 1239 1 130.00000| Exacf 163 2%+ 26/49 13 162.99986 381.20
131 937+ 847 1 130.99812 22.14 164 ML 1 164.00000 Exact
131 437+ 19, 5 131.00041| 101.2 165 /83 1 165.00000 Exact
131 27,3+ 2047 10 130.99984| 257.3 166 22D+ 1733 5 166.00173 30.46
132 1033 1 132.00000 Exact 166 2%, +7/43 11 166.00043| 123.46
133 Y37+ 2747 2 133.00191 22.14 167 2B+ Y49 3 167.00132 40.24
133 1231+ 1733 3 133.00108 39.08| 167 /&7 + 3949 4 167.00058 92.34
133 1%+ 1931 8 133.00046 91.57 167 2%+ 20043 13 167.00040| 131.67
134 429+ 2533 3 134.00233 18.28| 168 /Bl 1 168.00000 Exact
134 19,5+ 3747 7 133.99953 90.06 169 /41+ 2249 2 169.00105 51.16
134 37+ 1549 13 134.00022[ 190.6 169 1%+ 1349 9 169.00052 103.88
135 827 1 135.00000| Exact 170 /w 1 170.00000 Exact
136 917 1 136.00000 Exact 171 /B-419 1 171.0000Q Exact
137 937+ 3149 3 137.00252 17.31 172 /MB 1 172.0000Q Exact
137 1141+ 1% 7 136.99951] 89.53 173 237+ 841 4 173.00071 77.26
137 1743+ 29 11 137.00015( 295.1 173 1+ 11/49 6 173.00034 160.96
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Simple and Compound Indexing with Standard Brown &Sharpe Plate¢Continued)

Work- Diamete| Work- Diameter
Target piece Precise | at Which piece Precise | at Which
Divi- Indexing Revolu- | Number of| Error = || Target Indexing Revolu-| Number of [ Error =
sions Movements tions Divisions [ 0.001 ||Divisions| Movements | tions | Divisions 0.001
138 721- 123 1 138.00000 Exact 174 /2 -3/29 1 174.0000Q Exact
139 2341+ 1343 3 139.00131 33.67| 175 /37 + 26043 3 174.99542 12.15
139 19+ 941 7 139.00031] 1425 175 195+ 5/39 6 174.99747| 22.05
139 3Yu+ 6/47 12 138.99986( 308.7 175 29, + 1547 11 175.00103| 53.98
140 621 1 140.000000  Exac 176 | 1Y,,+ 1349 7 176.00239|  23.47
141 2947- 1339 1 141.00000| Exact 176 29+ 2247 13 175.99844 35.98
142 2339+ 12747 3 142.00129  35.01 177 /B + 347 1 176.99744 22.14
142 18741+ 2%, 11 141.99967[ 134.9 177 175,+ 6/49 7 177.00139 40.40

143 1337+ 20041 3 143.00079)  57.95 177 29+ 449 11 176.99913) 64.51
143 135, + 20/31 8 143.00053|  85.26| 178 199+ 7/43 7 177.99848| 37.37
144 918 1 144.00000  Exac 178 2%, + 3249 13 177.99966(  166.27
145 829 1 145.00000  Exac 179 2 - 1341 1 178.99704 19.31
146 1641- 543 1 146.00414  11.22 179 /BD + 2343 4 178.99933 85.41
146 337+ 1%, 7 145.99942|  80.79| 179 13, + 36/49 11 179.00018f  322.55

146 | 2837+2%, | 13 | 146.00037] 1255 180 /18 1 | 180.00000  Exact
147 | 1339-3/49 1 | 147.00000 Exac 180 /Bl 1 | 180.00000  Exact
148 1037 1 | 148.00000 Exac 181 BT + 6/49 3 | 180.99834  34.63
149 | 2841+6/49 3 | 14899876 38.37| 181 | @A+2847| 7 | 180.9996§ 171.75
149 i+ 743 5 | 149.00044| 106.7 181 | 2%g+2v47 | 12 | 180.99979)  280.06
149 | 26/37+2%, | 13 | 148.99984 287.8 182 | /@+7/49 1 | 182.00000  Exact
150 415 1 | 150.00000 Exact 183 | /m@+531 2 | 183.00254  22.89
151 | 537+3147 3 | 15090855 33.21|| 183 | /43+4047 4 | 18299943  102.93
151 | 637+3539 4 | 15100065 73.49 | 183 | 1%, +849 8 | 183.00028] 204.64
151 | 2%+ 2047 11 | 151.00017| 283.0 184 /B 1 | 18400000  Exact
152 519 1 | 152.00000 Exac 185 V4 1 | 185.00000  Exact
153 | 1018-517 1 | 153.00000 Exac 186 aL-7/21 1 | 186.00000  Exact
154 v21+7/33 1 | 154.00000 Exac 187 /0 + 5/39 3 | 186.99784  27.56
155 831 1 | 155.00000 Exac 187 | 2B+1027| 6 | 187.00125  47.44
156 1039 1 | 156.00000 Exact 187 | 1%,+1247 | 10 | 186.99977] 257.32
157 | 1847-539 1 | 157.00214 23.34| 188 s 1 | 188.00000  Exact
157 | 2247+ 2749 4 | 157.00043 117.2 189 | /zm-v21 1 | 180.00000  Exact
190 419 1 | 190.00000 Exact 223 | /&M+3649 | 25 | 22300129 57.71
191 | ¥21+1831 3 | 19100244 24.87/| 223 | 1%,+3947 | 14 | 22299977 309.98
191 | 3437+539 5 | 190.99934 91.86(| 223 | 3Y,+1547 | 20 | 223.00014 490.71
191 | 2839+ 4547 8 | 190.99967 186.7 224 | 19+ 143 9 | 22390687| 2279
192 515- 216 1 | 192.00000 Exac 224 | 2%g+1v41 | 15 | 224.00187  38.17
193 | 537+3449 4 | 193.00067 92.34| 224 | 3y,+1347 | 19 | 223.99883  61.11
193 | 2939+ 12741 5 | 19290049 1018 225 | /15+218 1 | 22500000  Exact
194 | 4¥43+ 2449 7 | 19400197 31.30|| 226 B+ 5/39 5 | 22500843 4593
194 | 1%+ 1V47 9 | 19400062 99.64|| 226 | 1%,+1649 | 13 | 22599955  158.16
194 | 2%,+2549 13 | 193.99968 190.6 227 | /3+ 1447 3 | 22609690  23.34
195 839 1 | 19500000  Exact 227 | 1%,+2539 | 11 | 227.00036 202.10
196 1049 1 | 196.00000 Exac 227 | 3+ 549 18 | 226.99985  482.89
197 | 1737-1039 1 | 196.99659 18.37|| 228 | /B5-319 1 | 22800000  Exact
197 | 1939+541 3 | 197.00205 30.54/| 229 | /30+3449 5 | 228.99940 12166

197 1395+ 16/49 11 196.99958| 147.5 229 119, + 3149 12 229.00024|  306.95
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Simple and Compound Indexing with Standard Brown &Sharpe Plate¢Continued)

Work- Diamete| Work- Diameter
Target piece Precise | at Which piece Precise | at Which
Divi- Indexing Revolu- | Number of| Error = || Target Indexing Revolu-| Number of [ Error =
sions Movements tions Divisions [ 0.001 ||Divisions| Movements | tions | Divisions 0.001
198 327+ 333 1 198.00000 Exact 229 2%, + 20143 19 229.00017| 426.50
199 1641+ 1047 3 199.00172 36.80| 230 /28 1 230.00000 Exact
199 2637+ 1343 5 198.99937 101.2 231 /A +1/33 1 231.0000Q Exact
199 14+ 3147 13 199.00019( 334.5 232 /B 1 232.0000Q Exact
200 315 1 200.00000| Exact 233 /3 + 3149 4 232.99598 18.47
201 2737+ 1349 5 200.99778 28.85| 233 /AT + 26/41 7 233.00055 135.21
201 19, + 2749 10 201.00050[ 127.9 233 1%y,+ 4143 15 232.99976| 303.86
201 2%+ 20143 13 200.99978( 291.8 234 /481 + 3147 5 234.00121 61.34
202 2437+ 1441 5 201.99734 24.14 234 25+ 2447 17 233.99966 218.72
202 143+ 27,4 13 201.99853|  43.59 235 /81 1 235.00000 Exact
203 1429- 621 1 203.00000| Exact 236 22 + 2949 7 236.00186] 40.40
204 917- 515 1 204.00000| Exact 236 2%+ 949 17 236.00066) 114.02
205 841 1 205.00000| Exact 237 g+ 7/41 8 236.99861 54.29
206 Y41+ 2443 3 205.99805 33.67| 237 1%+ 6/39 11 236.99888| 67.37
206 294+ 1547 13 205.99957| 151.7 237 1247+ 194 13 236.99980] 381.20
207 523+ 1527 4 207.00000 Exact 238 /31 + 2843 5 237.99551) 16.88
208 43+ 3849 5 207.99605 16.77| 238 143+ 1%, 9 237.99804 38.60
208 19,,+ 16/49 9 207.99799 32.99 238 29+ 44T 15 238.00043] 175.04
208 3%a+ 11/49 21 208.00094 70.42 239 /a7 + 1239 2 239.00621) 12.25
209 941+ 849 2 208.99870 51.16 239 BB+ 949 6 238.99948 145.99
209 | 1%,+1843 | 12 | 208.99975 269.3 239 | 29,+2643 | 16 | 239.00021f  359.16
210 421 1 210.00000 Exact 240 /B 1 240.00000 Exact
211 3537+ 947 6 211.00101 66.42| 241 /30+ 1743 3 241.00599 12.81
211 195+ 1739 9 210.99919 82.68 241 261 + 1747 6 241.00052 147.21
211 1%, + 3147 13 211.00021f 318.9 241 1%+ 3543 15 240.99975 303.86
212 3439+ 2249 7 211.99683 21.29 242 /37 + 1949 3 242.00222 34.63
212 19,5+ 4749 11 212.00091 73.77 242 175+ 26/49 15 242.00084 91.24
212 3¥;+ 6/49 17 211.99946| 124.6 242 2%4+ 3943 21 241.99966) 224.20
213 1437+ 4447 7 213.00087| 77.50 243 227+ 47 4 243.00437] 17.71
213 2%+ 941 17 213.00021] 328.3 243 B+ 247 5 243.00124 61.34
214 739+ 3749 5 213.99776  30.41 243 28 + 46/49 10 242.9997(Q 255.79
214 29+ 30149 15 214.00031] 219.9 244 A+ 1149 7 243.99453 14.19
215 843 1 215.00000| Exact 244 19.,+ 8/39 9 244.00188 41.34
216 527 1 216.00000| Exacf 244 1%+ /43 11 244.00139 55.71
217 1221-1231 1 217.00000| Exact 245 /80 1 245.00000 Exact
218 1439+ Y47 3 217.99802 35.01 246 BB -7/41 1 246.00000 Exact
218 1937+ 1%, 13 218.00116|  59.71 247 37+ 2141 6 247.00134| 57.59
219 2439+ 1447 5 218.99642 19.45 247 1543+ 19,4 14 247.00021 375.58
219 1%+ 1149 7 218.99914 80.79 248 /381 1 248.00000 Exact
219 29, + 4149 17 218.99968( 217.4 249 /BY + 549 4 248.99571) 18.47
220 33 1 220.00000| Exact 249 10737+ 1%, 14 249.00026 309.98
221 2637+ V47 4 221.00079 88.57| 249 YA3+ 2 19 249.00016| 509.72
221 947+ 48/49 6 220.99960| 175.9 250 19, + 1249 9 249.99654 23.02
221 39, + 2543 21 220.99985 471.3 250 29,3+ 3349 17 250.00174 45.61
222 1937-1339 1 222.00000| Exact 250 319,,+ 4849 27 249.99899 79.17
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The greater spacing between successive machining operations may be used to advant
to spread out and reduce the effects of heat generation on the workpiece. The number
workpiece revolutions required by an approximation is shown in the table in the column t
the right of the indexing movements. The table gives two or three choices for each divisio
requiring approximate movements.

Two measures of the closeness of each approximation are provided to aid in the trade-«
between complexity and precision. The first measure is the precise number of division
that a set of indexing movements produces, offering a direct comparison of the degree
approximation. However, the difference between the precise number of divisions and th
target number of divisions is angular in nature, so the error introduced by an approximatio
depends on the size of the circle being divided. The second measure of closeness refle
this characteristic by expressing the degree of approximation as the diameter at which t
error is equal to 0.001. This second measure is unitless, so that taking the error as 0.C
inch means that the entries in that column are to be taken as diameters in inches, but
measure works as well with 0.001 centimeter and diameters in centimeters. The meast
can also be used to calculate the error of approximation at a given diameter. Divide tt
given diameter by the value of the measure and multiply the result by 0.001 to determin
the amount of error that using an approximation will introduce.

ExampleA gear is to be cut with 127 teeth at 16 diametral pitch using a Brown & Sharpe
plain dividing head. The indexing table gives three approximations for 127 divisions. The
pitch diameter of a 16 DP gear with 127 teeth is about 7.9 inches, so the calculated error
approximation for the three choices would be about{7.8.5)x 0.001 = 0.00045 inch,
(7.9+77.5)x 0.001 = 0.00010 inch, and (#218.98)x 0.001 = 0.000036 inch. Consid-
ering the increased potential for operator error with longer indexing movements and suc
other factors as may be appropriate, assume that the first of the three approximations
selected. Plate 3 is mounted on the worm shaft of the dividing head but not bolted to tt
frame. A double set of sector arms is installed, if available; otherwise, the single pair o
sector arms is installed. The indexing pin on the crank arm is set to track the 39-hole circl
The stationary indexing pin is installed and set to track the 47-hole circle. If only one pai
of sector arms is used, it is used for th&l¥2novement and is set for 0-42 holes using the
outer arc. Six holes should be showing in the inner arc on the 47-hole circle (the zero-hol
the 42-hole, and four extra holes). The second set of sector arms is set for 0-2 holes on'
39-hole circle using the inner arc (three holes showing). If there is no second pair of sect
arms, this is a short enough movement to do freehand without adding much risk of error.

Angular Indexing.— The plain dividing head with a 40:1 gear ratio will rotate the main
spindle and the workpiece 9 degrees for each full turn of the indexing crank, and therefol
1 degree for movements of18B or 327 on Brown & Sharpe dividing heads anB40n
heads of Cincinnati design. To find the indexing movement for an angle, divide that angle
in degrees, by 9 to get the number of full turns and the remainder, if any. If the remainde
expressed in minutes, is evenly divisible by 36, 33.75, 30, 27, or 20, then the quotient is tf
number of holes to be moved on the 15-, 16-, 18-, 20-, or 27-hole circles, respectively, t
obtain the fractional turn required (or evenly divisible by 22.5, 21.6, 18, 16.875, 15, 11.25
or 10 for the number of holes to be moved on the 24-, 25-, 30-, 32-, 36-, 48-, or 54-hol
circles, respectively, for the standard and high number plates of a Cincinnati dividing
head). If none of these divisions is even, it is not possible to index the angle (exactly) b
this method.

ExampleAn angle of 6148 is required. Expressed in degrees, this angle i$,64t8ch
when divided by 9 equals 6 with a remainder of,708468. Division of 468 by 20, 27, 30,
33.75, and 36 reveals an even division by 36, yielding 13. The indexing movemefit for 61
48 is six full turns plus 13 holes on the 15-hole circle.

Tables for Angular Indexing.—The table headed Angular Values of One-Hole Moves
provides the angular movement obtained with a move of one hole in each of the indexin
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circles available on standard Brown & Sharpe and Cincinnati plates, for a selection ¢
angles that can be approximated with simple indexing.

The table headeficcurate Angular Indexingrovides the simple and compound index-
ing movements to obtain the full range of fractional turns with the standard indexing plate
of both the Brown & Sharpe and Cincinnati dividing heads. Compound indexing move-
ments depend on the presence of specific indexing circles on the same indexing plate,
some movements may not be available with plates of different configurations. To use th
table to index an angle, first convert the angle to seconds and then divide the number of st
onds in the angle by 32,400 (the number of seconds in 9 degrees, which is one full turn
the indexing crank). The whole-number portion of the quotient gives the number of full
turns of the indexing crank, and the decimal fraction of the quotient gives the fractiona
turn required.

Angular Values of One-Hole Moves for B&S and Cincinnati Index Plates

Holes in Angle in Holes in Angle in Holes in Angle in
Circle Minutes Circle Minutes Circle Minutes

15 36.000 53 10.189 129 4.186
16 33.750 54 10.000 131 4.122
17 31.765 57 9.474 133 4.060
18 30.000 58 9.310 137 3.942
19 28.421 59 9.153 139 3.885
20 27.000 62 8.710 141 3.830
21 25.714 66 8.182 143 3.776
23 23.478 67 8.060 147 3.673
24 22.500 69 7.826 149 3.624
25 21.600 71 7.606 151 3.576
26 20.769 73 7.397 153 3.529
27 20.000 77 7.013 157 3.439
28 19.286 79 6.835 159 3.396
29 18.621 81 6.667 161 3.354
30 18.000 83 6.506 163 3.313
31 17.419 87 6.207 167 3.234
32 16.875 89 6.067 169 3.195
33 16.364 91 5.934 171 3.158
34 15.882 93 5.806 173 3.121
36 15.000 97 5.567 175 3.086
37 14.595 99 5.455 177 3.051
38 14.211 101 5.347 179 3.017
39 13.846 103 5.243 181 2.983
41 13.171 107 5.047 183 2.951
42 12.857 109 4.954 187 2.888
43 12.558 111 4.865 189 2.857
44 12.273 113 4.779 191 2.827
46 11.739 117 4.615 193 2.798
47 11.489 119 4.538 197 2.741
48 11.250 121 4.463 199 2.714
49 11.020 123 4.390

51 10.588 127 4.252
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Accurate Angular Indexing

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, ofa Hendey, K&T,

Turn & Rockford LeBlond Turn & Rockford LeBlond
0.0010 259 B 0.0370 B o %o
0.0020 Y5 BT 0.0370 ¥ %y
0.0030 %590 TS 0.0377 . %hs
0.0040 Yo Y5 0.0380 B s Y he
0.0050 Y Hi s 0.0390 B %%
0.0060 F5Ths BT 0.0392 . %
0.0070 Y%, 5550 0.0400 Yo Yoo
0.0080 ) 9% 0.0408 %o %o
0.0090 Vosro Y P 0.0410 2 Y %
0.0100 [ s 0.0417 . I
0.0110 [ Y 0.0420 Yo B e
0.0120 [ A 5% 0.0426 Y T
0.0130 YV i 0.0430 VoY S5 %4
0.0140 19,16, 9% 0.0435 Yo %6
0.0150 Y59 Y5 0.0440 Ty Ve
0.0152 . Yoo 0.0450 Y5 i s
0.0160 B 251 0.0455 . b
0.0161 . Yo 0.0460 Y By
0.0169 %o 0.0465 %a %
0.0170 L Y5 Yo 0.0470 YT LA
0.0172 % 0.0476 ¥y %
0.0175 . Yo 0.0480 Y% By
0.0180 Y5~ Y 0.0484 . %o
0.0185 %o 0.0488 % T
0.0189 . Ya 0.0490 Y [
0.0190 VY [ 0.0500 Yo %o
0.0196 Yoy 0.0508 Yo
0.0200 A His 0.0510 Y% Ys BBy
0.0204 Yo Yo 0.0513 %o %o
0.0210 Y B 0.0517 . i
0.0213 Yer Y 0.0520 B e [
0.0217 Yo 0.0526 Yo %
0.0220 A 2 0.0526 . Yo
0.0230 YV Yo 0.0530 Y% Wit Ug
0.0233 Y Y 0.0540 Yo G e
0.0238 Yo 0.0541 Y Y
0.0240 R B 0.0550 YT a5
0.0244 Y Y 0.0556 Ys kN
0.0250 %o Y5 Yos 0.0560 BV TsFio
0.0256 Yo Yo 0.0566 ¥a
0.0260 Y Y% 0.0570 B 959
0.0263 . Y 0.0580 9,y Tosea
0.0270 ) (2 0.0588 Y7 %
0.0270 Y ¥ 0.0588 ¥
0.0280 B0 Do 0.0590 Y LA
0.0290 Y Y5 0.0600 Y5 HHos
0.0294 I 0.0606 % Yo
0.0300 TV T4 0.0610 TorYo iy
0.0303 Yo %s 0.0612 o Yo
0.0310 B B 0.0620 Yo Y 9,
0.0320 Y e Y Tie 0.0625 Yo -
0.0323 Y % 0.0630 %Yy YsYie
0.0330 Y5 Y5 0.0638 Y Y
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Accurate Angular Indexing (Continued)

1959

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.0333 ¥ 0.0640 DT Ui s
0.0339 %o 0.0645 % £
0.0340 19 B 0.0650 Va0 Yo%y
0.0345 Yo %e 0.0652 i
0.0350 By o Y 0.0660 25 W 25,
0.0351 . % 0.0667 s £
0.0357 . ¥ 0.0670 S0 YT
0.0360 B %o 0.0678 . Yo
0.0680 Yha By 0.0980 E
0.0690 %9 Ye 0.0990 2%
0.0690 e Y5 0.1000 A
0.0698 A A 0.1010 B9
0.0700 Yo Fs % 0.1017 %o
0.0702 Y7 0.1020 Y%
0.0710 Y% Yo 0.1020 A
0.0714 . % 0.1026 Yo
0.0714 Yo 0.1030 B
0.0720 Vet Y 0.1034 . s
0.0730 Y Yit¥he 0.1035 EN .
0.0732 Y A 0.1040 LA B s
0.0740 LA 9 Y 0.1050 YV B n
0.0741 I Y 0.1053 %o Vg
0.0750 Y5V Boit¥g 0.1053 %
0.0755 Vs 0.1060 Yot hg %iths
0.0758 %6 0.1061 o
0.0760 Y Y 0.1064 Yar S
0.0769 EA £ 0.1070 Yoo %it%o
0.0770 Yoo 0.1071 i
0.0771 Y 0.1080 Yoty LN
0.0780 Vo Y1 0.1081 Y Y
0.0784 i 0.1087 Y6
0.0789 . e 0.1090 Yo LA
0.0790 ) YTy 0.1100 %o S%a
0.0800 Yo % 0.1110 BT e
0.0806 % 0.1111 ¥ %4
0.0810 F5 o Y% 0.1111 %s
0.0811 ¥ ¥ 0.1120 A LA
0.0816 A A 0.1129 Yo
0.0820 Yo Ya YV 0.1130 B Yo Yist%,
0.0830 Ve Y% 0.1132 %
0.0833 %a 0.1140 Vs 2o
0.0840 Yo (A 0.1150 B Ths [
0.0847 . %o 0.1160 S Yo%y
0.0850 Y is H Vs 0.1163 A Vi
0.0851 Yz Y 0.1170 S Yo gt
0.0860 BT B9, 0.1176 % Y
0.0862 s 0.1176 %
0.0870 %s Vs 0.1180 oy TV
0.0870 S Y 0.1186 o
0.0877 % 0.1190 W Yo
0.0880 Yoo A 0.1190 Yo
0.0882 . i 0.1200 Y s
0.0890 Y /N 0.1207 Y
0.0900 25 Y s 0.1210 Y e A
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Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.0909 Va3 A 0.1212 Ts Vo
0.0910 Y s 0.1220 in T
0.0920 Yoi~Yor Yoo 0.1220 F e Wi~
0.0926 A 0.1224 %o %o
0.0930 By Sy 0.1228 - A
0.0930 Y [ 0.1230 G5 Yest o
0.0940 % 55 0.1240 DotV B -5
0.0943 %% 0.1250 % A
0.0950 Ve % Ths 0.1260 %, Yo
0.0952 % Yo 0.1270 15, Yst%;
0.0960 A Y5 0.1277 % [
0.0968 W % 0.1280 Yo Fr
0.0970 2, Y 0.1282 o %%
0.0976 Y Y 0.1290 9y Tho %5,
0.0980 Ty 15,15 0.1290 % %o
0.1296 T 0.1613 5 e
0.1300 Gerthe 95 0.1620 It -,
0.1304 s % 0.1622 9%, 9%
0.1310 Yo Yo 0.1628 T T
0.1316 - Fag 0.1630 95 2,
0.1320 Yo Yo 0.1633 o A
0.1321 - s 0.1640 9 Yaras
0.1330 [ s 0.1650 %t%o Fithos
0.1333 %s P 0.1660 9 WP
0.1340 T is Yo 0.1667 N Poa
0.1350 WY Y% 0.1667 Y
0.1351 9% 9 0.1667 A
0.1356 %o 0.1667 %y
0.1360 Y7 Yo 0.1667 . Yes
0.1364 - %o 0.1670 WYy WY
0.1370 Hrt ¥ 9% 0.1680 5,90 AN
0.1373 . A 0.1690 95+ G
0.1379 %o %o 0.1695 9
0.1380 B, B, 0.1698 " Yo
0.1390 1%, Wi 0.1700 g [
0.1395 A A 0.1702 Y Y
0.1400 [ Yty 0.1707 A A
0.1404 . % 0.1710 B %
0.1410 Y Dho 0.1720 Yost% B
0.1420 [ % 0.1724 o 9
0.1429 . e 0.1730 Y Via Y7
0.1429 % A 0.1739 %s e
0.1429 Tho Tho 0.1740 19,431 L
0.1430 9 % 0.1750 Yo Bitho
0.1440 WY LA 0.1754 9,
0.1450 Yirhs e 0.1760 %t Lt
0.1452 . Yo 0.1765 ¥, %y
0.1460 %o %% 0.1765 Yo
0.1463 A 9 0.1770 S5t Y56
0.1470 Yt 9% 0.1774 1,
0.1471 - A 0.1780 3 [
0.1480 Y5 Vie Yo 0.1786 s
0.1481 Y %y 0.1790 Y19 9
0.1489 A /a 0.1795 %o T
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Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.1490 D B Tes 0.1800 U7 .
0.1500 £ Va5 0.1810 Yo s W
0.1509 A 0.1818 9% A
0.1510 -5 B Bis 0.1820 Y71 Y
0.1515 9 e 0.1830 %% A
0.1520 Y £ 0.1837 %o %o
0.1522 7 0.1840 %% G0
0.1525 %0 0.1842 Tg
0.1530 9%, B 0.1850 [ By
0.1538 99 % 0.1852 7 9,
0.1540 9 i Het¥eg 0.1860 Yot BB
0.1550 %Yo T 0.1860 Y Y
0.1552 %s 0.1864 Yo
0.1560 Hi- Y Ygt%o 0.1870 9,5%s %,
0.1569 % 0.1875 A
0.1570 B9 YDy 0.1880 DTy LA
0.1579 %o A 0.1887 9,
0.1579 . % 0.1890 BhsThy B
0.1580 Ft o Hit Y 0.1892 T T
0.1590 Do HoitSts 0.1897 Yo
0.1600 B~ Yo 0.1900 W Yoy
0.1610 YT Yas 0.1905 e Yo
0.1910 Yo %Y, 0.2222 %s .
0.1915 Yar Yy 0.2222 %, 2,
0.1920 Yyt YV 0.2230 % YsYo
0.1930 - 1, 0.2240 %% BT
0.1930 9555 Yoo 0.2241 . By
0.1935 9 2, 0.2245 Yy Y
0.1940 VitV Y e 0.2250 %t Hato
0.1950 Vst [ 0.2258 Ty %,
0.1951 Y % 0.2260 Tat%ia %+ %,
0.1957 %o 0.2264 Py
0.1960 % H 0.2270 VoY Yo
0.1961 . 9 0.2273 15
0.1970 . e 0.2280 Yty B i
0.1970 A By 0.2281 " B,
0.1980 Pt 5Tz 0.2290 B Y 2y
0.1990 Sty AN 0.2300 A -
0.2000 % s 0.2308 %0 %o
0.2000 %o % 0.2310 1, D Bp,
0.2010 Yy Y5t 0.2320 B BB
0.2020 2, %Yy 0.2326 A 9
0.2030 A B %s 0.2330 Y By
0.2034 Py 0.2333 T
0.2037 e, 0.2340 %, it e
0.2040 Yo BT 0.2340 Y Y,
0.2041 e e 0.2350 Yo S ra
0.2050 B HitPhs 0.2353 %7 Y
0.2051 Y% %o 0.2353 2
0.2059 I 0.2360 D5V A
0.2060 55T YeVio 0.2368 - %
0.2069 %9 Vs 0.2370 B By
0.2070 9,95 9~ 0.2373 Yo
0.2075 - e 0.2380 %tV Wiy
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Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati
ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.2080 a9 DT 0.2381 A A
0.2083 . 4 0.2390 Y Y 9%
0.2090 Yo Y% 0.2391 Yo
0.2093 Vs Vs 0.2400 Vst %5
0.2097 e 0.2407 E
0.2100 2 %Yo 0.2410 LA Y s
0.2105 %o Y 0.2414 %o Yo
0.2105 %, 0.2419 S
0.2110 Y 2 Y 0.2420 2 P Vs
0.2120 Lo Yot 0.2424 s EA
0.2121 s Y 0.2430 A Yt
0.2128 9 9, 0.2432 % Y
0.2130 B %% 0.2439 9 9
0.2140 21 Yoz 0.2440 gV Do
0.2143 %o 0.2449 A e
0.2143 . A 0.2450 B Hit s
0.2150 Yo St 0.2453 ES
0.2157 N 0.2456 Y,
0.2160 e %% 0.2460 A Yo
0.2162 %, % 0.2470 WV A
0.2170 Yo B Tis 0.2480 P AN
0.2174 EN Ve 0.2490 WV Y%
0.2180 Hart s Y a 0.2500 %6 I
0.2190 Yol A 0.2500 %0 T
0.2195 in Y 0.2510 %st%7 Y63
0.2200 Y% HetHio 0.2520 Y, Yo 2 %s
0.2203 . A 0.2530 Vet Yo
0.2210 5% T 0.2540 AT Yty
0.2220 A T+ ¥o 0.2542 o
0.2549 EA 0.2857 2
0.2550 Yot S5 0.2857 . %
0.2553 Y %y 0.2860 A B H
0.2558 Y Y 0.2870 Vit DV
0.2560 B0 [ 0.2879 e
0.2564 e ES 0.2880 %o B0
0.2570 DY Yt Tis 0.2881 o
0.2576 . Yo 0.2890 Yot Thg G F
0.2580 BT 2 0.2895 Y
0.2581 %y e 0.2900 B o ithos
0.2586 B 0.2903 % e
0.2590 Yo LA 0.2910 Vs Vit
0.2593 Ty 9, 0.2917 Toa
0.2600 Do Yt 0.2920 a0 %
0.2609 %% e 0.2927 A B
0.2610 Y gty 0.2930 Yo B
0.2619 Y 0.2931 9
0.2620 9 Y Y 0.2940 %P Yo
0.2630 Bt Bt 0.2941 %7 .,
0.2632 %o £ 0.2941 B
0.2632 . Y 0.2950 Yo Shi s
0.2640 2% 2 Y 0.2960 Y B Y
0.2642 Yes 0.2963 % A
0.2647 . Y 0.2970 Ht Byt
0.2650 Yot % B 0.2973 e Y
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Accurate Angular Indexing (Continued)

1963

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati
ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.2653 7S 7S 0.2979 Y s
0.2660 Yo Ys %Y 0.2980 Yor- Ty Y Vig
0.2667 %o 0.2982 Y
0.2670 EAA Gy 0.2990 95Tho Gss
0.2680 Y%y LA 0.3000 9% %o
0.2683 A A 0.3010 Yt Py 9o
0.2690 %5t%ho [ 0.3019 " 9,
0.2700 19,19, B, 0.3020 Tot%aa Frthg
0.2703 9, 9 0.3023 A A
0.2710 %Yo oty 0.3030 Ba5%ho B %o
0.2712 9 0.3030 i LR
0.2720 Y D5V 0.3040 9 Tay -
0.2727 % e 0.3043 A e
0.2730 Yo B9 0.3050 e BB
0.2740 [ B %, 0.3051 . N
0.2742 7, 0.3060 Py By
0.2745 9, 0.3061 EA 5
0.2750 %% %t %0 0.3065 . 9%,
0.2759 %o S 0.3070 B The Yty
0.2760 B B Yag 0.3077 P A
0.2766 B A 0.3080 Sit¥ia B
0.2770 Yo s B -1 0.3090 Yo E A
0.2778 s e 0.3095 M
0.2780 St Ys 0.3100 750 Y
0.2790 EAE YV 0.3103 %o S
0.2791 A A 0.3110 Wt Wy L
0.2800 G5 Ths 0.3120 Yo %%
0.2807 9 0.3125 s
0.2810 Hs+ %o Ysr¥g 0.3130 Vst Yt
0.2820 Syt A 0.3137 N
0.2821 e e 0.3140 DY Y
0.2826 e 0.3148 7
0.2830 YV e 0.3150 %, 15 2
0.2840 % T WGy 0.3158 " e
0.2850 5T Hitdhs 0.3158 " B,
0.2857 A EA 0.3160 9474950 9%+ %
0.3170 Y5y Yy 0.3485 - LR
0.3171 A 9, 0.3488 EA 5
0.3180 2% %t g 0.3490 Yo Vag %%
0.3182 A 0.3500 A %t
0.3190 [ Ht% 0.3509 - 2,
0.3191 5, 35, 0.3510 By BTy
0.3200 %Yo [ 0.3514 3, B,
0.3208 Yy 0.3519 9,
0.3210 s B 5+ %% 0.3520 Yt W Y
0.3214 %e 0.3529 %, E
0.3220 W B 0.3529 . e
0.3220 - e 0.3530 Yt %o W Yhe
0.3226 9 % 0.3540 Yer Y B Ves
0.3230 A 4,7 0.3548 A 2,
0.3235 B, 0.3550 9,3+%0 Do
0.3240 H5t% YT 0.3559 Py
0.3243 P 2 0.3560 S+ Yy Zt%
0.3250 %t Hit s 0.3570 e DY




1964

MILLING MACHINE INDEXING

Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.3256 EA A 0.3571 £
0.3260 5o BV 0.3571 . 2
0.3261 . Yie 0.3580 Yoo By
0.3265 Yo Yo 0.3585 A
0.3270 YT Yest¥eo 0.3590 e Y
0.3276 . A 0.3600 B Y
0.3280 %% B+ 0.3610 [ B Ths
0.3290 Sit¥s BTy 0.3617 i 7,
0.3300 Yt g Fit%hs 0.3620 5% e
0.3310 Y% T 0.3621 .. e
0.3320 B Vg1 0.3630 B B Sie
0.3330 Tut¥y R 0.3636 A %
0.3333 %1 %y 0.3640 % Ty L
0.3333 A 9 0.3650 %, % R
0.3333 T N 0.3659 5,
0.3333 %7 A 0.3660 9 A%y
0.3333 By 7 0.3667 S
0.3333 S 9, 0.3670 ot Bt
0.3333 e 0.3673 EA EA
0.3333 - s 0.3680 R A W o
0.3340 Tuit%hg 29, 0.3684 Yo Yo
0.3350 % S Yoo 0.3684 . %,
0.3360 %o Yt 0.3690 N7 Yo
0.3370 %t e FrYi 0.3696 e
0.3380 99 e 0.3700 N Y [
0.3387 %, 0.3704 1, By
0.3390 7/ Do 0.3710 P %
0.3396 e 0.3720 Pty Her Y
0.3400 e Fst o 0.3721 Wi Y
0.3404 9 9, 0.3725 9,
0.3410 2% DTt 0.3729 " 2
0.3415 Y, 9, 0.3730 Do e
0.3420 %+ Bl 0.3740 Y N
0.3421 N 0.3750 9% %
0.3430 B % WG 0.3760 it Y%
0.3440 Ty Yty 0.3770 Bty D Yes
0.3448 Dy 0.3774 2y
0.3450 Pty 5T 0.3780 By o Wy
0.3460 9, B 0.3784 9, ,
0.3469 A e 0.3788 %
0.3470 Tota Tt 0.3790 %t %47
0.3478 % 96 0.3793 By 2y
0.3480 29 WY 0.3800 D ot g
0.3810 %, % 0.4120 WV Yo
0.3810 WY [ 0.4130 %Dy e/
0.3820 %o GV 0.4138 D e
0.3824 E 0.4140 W B
0.3830 e 9, 0.4146 Y A
0.3830 RS g1 0.4150 Wi YoatYos
0.3840 AR AR 0.4151 2
0.3846 e B 0.4160 5o Wiy
0.3850 B Yo 5% 0.4167 - 9,
0.3860 Yt 2, 0.4170 A 1945
0.3870 F#%e WY 0.4180 Hit¥yy Bt




MILLING MACHINE INDEXING 1965
Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.3871 7 A 0.4186 A B
0.3878 E7S 7S 0.4190 Wi Y
0.3880 Yt B+ 0.4194 B %,
0.3889 g %, 0.4200 Y Yt
0.3890 EARN L 0.4210 Y5+, L
0.3898 . By 0.4211 o e
0.3900 %t 9% %4 0.4211 . %,
0.3902 A EA 0.4220 B f A
0.3910 Y Do 0.4230 Y Bt
0.3913 % B 0.4237 N
0.3920 Yty 9, %s 0.4240 Yy#Sho Yor Yo
0.3922 2 0.4242 Y N
0.3929 - Y 0.4250 S16t¥0 Thit%o
0.3930 Yo% DY 0.4255 e 25,
0.3939 B 0.4259 E
0.3940 Yy 0.4260 7, B e
0.3947 ES 0.4270 Do Do
0.3950 By 0.4280 Yt ForShe
0.3953 G 0.4286 % S
0.3960 Fir Yo 0.4286 Y e
0.3962 £ 0.4286 EA
0.3966 . B 0.4290 Vs 2t
0.3970 LA Tt 0.4300 LA b
0.3980 Y6t%ho B0 0.4310 Yty N
0.3990 Y5t Yot Fag 0.4314 . Z
0.4000 %5 9 0.4320 Yoty BV
0.4000 %o S 0.4324 9 B
0.4010 %o s hs 0.4330 Yty %5V
0.4020 it 5% 0.4333 e
0.4030 AR/ D% 0.4340 Fait A
0.4032 . %y 0.4348 e EA
0.4035 e 0.4350 % Yoy
0.4040 Yt Yt 0.4355 7,
0.4043 9 9, 0.4359 . B2
0.4048 B 0.4360 S4+%s s
0.4050 LA/ Hit s 0.4370 T F Ve
0.4054 By By 0.4375 Us
0.4060 Y, YtV 0.4380 BrYos % ¥y
0.4068 S 0.4386 S
0.4070 Y5 Yis Tt %% 0.4390 Wtio Hr T
0.4074 Y 2, 0.4390 EA EA
0.4080 WY %D 0.4394 EA
0.4082 LA EA 0.4400 Y+ %0 Yo
0.4090 Bt Bt 0.4407 e
0.4091 . Fys 0.4410 WA A
0.4100 Yo e %iths 0.4412 - By
0.4103 Y By 0.4419 Yo Y
0.4110 Yty Thitbho 0.4420 B e YT
0.4118 Yy y, 0.4430 P - Do
0.4118 N 0.4440 Y+ Yo 9 +19
0.4444 2, %, 0.4737 . 7,
0.4444 s 0.4740 %Yo %tV
0.4450 Yt Hit s 0.4746 %y
0.4460 Yot 2o 0.4750 916t%0 %itHo




1966 MILLING MACHINE INDEXING
Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.4468 k7S A 0.4760 Yt st Ty
0.4470 [ Y+ % 0.4762 9, %
0.4474 Do 0.4770 % Y%
0.4480 9,+% TS 0.4780 A % 4%
0.4483 ES £ 0.4783 N 2,
0.4490 Z Z, 0.4790 DY 9+
0.4490 D W% 0.4800 Wt P
0.4500 %o %at%0 0.4810 Y493 Dt %o
0.4510 % 0.4815 B %,
0.4510 15t7 Vi 0.4820 Fig i Bt¥s
0.4516 Yy E 0.4828 Yo EN
0.4520 Yt Y%, 0.4830 D D5 Via
0.4524 9 0.4839 By A
0.4528 % 0.4840 St Y
0.4530 Ht 9y B 0.4848 S P
0.4540 Yot %ot Tio 0.4850 ¥V Hit%os
0.4545 B A 0.4860 Bt%io By
0.4550 %o FitDos 0.4865 L 9,
0.4560 %t % Gt 0.4870 LA L
0.4561 %, 0.4872 e £
0.4565 s 0.4878 2 e
0.4570 P D5 s 0.4880 St g st s
0.4576 F 0.4884 Yy Y
0.4580 LA Do 0.4890 B 9%
0.4583 A 0.4894 By 3,
0.4590 B/ L/ 0.4898 A N
0.4595 Y P 0.4900 Bt %t %5
0.4600 i+ Yt 0.4902 L
0.4610 Dt 2V 0.4906 %
0.4615 B e 0.4910 Bt Y ke
0.4620 BtTi HrTho 0.4912 %,
0.4630 A 0.4915 EN
0.4630 9% 0.4920 B % ,6+%0
0.4631 Foit¥oo 0.4930 Y+, W#%%
0.4634 N 9 0.4940 FgTho Y
0.4640 Yy Fs e 0.4950 St %, St s
0.4643 - Be 0.4960 oty Dtlho
0.4650 ¥ B 0.4970 A Tt Phe
0.4651 LA EA 0.4980 L LA
0.4655 - £ 0.4990 % %,
0.4660 B+ Y P 0.5000 I A
0.4667 s Y 0.5000 s Y
0.4670 WP LA 0.5000 e B
0.4677 B 0.5000 7,
0.4680 YA s Vgt so 0.5000 B
0.4681 2y 2, 0.5000 EA
0.4690 [ Vi 0.5000 A
0.4694 Fy A 0.5000 %,
0.4697 W 0.5000 e
0.4700 W%y 18 0.5000 ¥,
0.4706 %7 9, 0.5000 Fs
0.4706 . % 0.5010 Yot T oo
0.4710 YastTio G, 0.5020 Yty st s
0.4717 . By 0.5030 Yty B t%,




MILLING MACHINE INDEXING 1967
Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
04720 = VT 0.5040 St S Vs
0.4730 gt 7 Do Vea 0.5050 -9 s
0.4737 %o S 0.5060 AR/ Dt V%s
05070 Fe Y %% 0.5370 2,
0.5080 24% WY 0.5370 9%t
0.5085 . A 0.5371 ,+%0
0.5088 2, 0.5380 Y90 9+ ig
0.5090 Y A 0.5385 Yo S
0.5094 L/ 0.5390 B S
0.5098 % 0.5400 B %st%0
05100 Bty B % 0.5405 2 2,
0.5102 EN EA 0.5410 A Y5t
0.5106 %, %, 0.5417 A
0.5110 S s R 0.5420 YtZh0 Vst o
0.5116 Z Z 0.5424 Fy
05120 Vi G ha 0.5430 Fs Yo it
0.5122 A % 0.5435 . EN
0.5128 2 e 0.5439 S
0.5130 2% i 0.5440 Yt g pA
0.5135 Yy 9, 0.5450 Sty B
0.5140 Ve EASN 0.5455 B N
0.5150 Yt B B Sha 0.5460 Byt it P
0.5152 Y N 0.5470 Y, B s
0.5160 B Fes s 0.5472 - B
05161 B S 0.5476 B,
05170 B0 Yugt e 0.5480 2+, B
05172 B A 0.5484 P A
0.5180 FA 9 0.5490 %7 8+
05185 ¥, 5, 0.5490 E
05190 7% [N 0.5500 N %4t %0
0.5200 Ht By B 0.5510 Bt HsHho
0.5210 Gtz WYl 0.5510 EA
0.5217 N EA 0.5517 ES N
0.5220 Y Y+ 0.5520 F %0 D
0.5230 9t% Y+ %, 0.5526 S
0.5238 Y A 0.5530 B Bt e
0.5240 N F e 0.5532 LA %
0.5250 91690 Toit 7o 0.5540 YotV YtV
0.5254 - N 0.5550 Yt B0 D
0.5260 2% BThr 0.5556 EA e
0.5263 EN S 0.5556 %,
0.5263 - e 0.5560 2 e LA
0.5270 B [ 0.5570 0 B+ e
0.5280 9+ LAEN 0.5580 Ht s Tt Py
0.5283 B 0.5581 A Y
0.5290 WA LA 0.5588 - 9,
0.5294 %7 2, 0.5590 BV UV
0.5294 % 0.5593 EN
0.5300 9% %t Ths 0.5600 F Y Y
0.5303 Fs 0.5606 L/
0.5306 e £ 0.5610 By EM
0.5310 B A 0.5610 Yot Py Yty
0.5319 %y 7 0.5614 L/
0.5320 Tot%ig i+ ks 0.5620 Yt StV




1968 MILLING MACHINE INDEXING
Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.5323 A 0.5625 T
0.5330 Wt 19,6+ 9%, 0.5630 2% 2 6+%o
0.5333 %5 Y 0.5640 AR Yo
0.5340 e/ For-Ia 0.5641 2 2
0.5345 EA 0.5645 P
0.5349 B B 0.5650 19,49, Hit s
0.5350 19 4% Fiths 0.5652 A %
0.5357 e 0.5660 PN %6t
0.5360 Y+% 55t 5ka 0.5660 - e
0.5366 Z 2 0.5667 o
0.5670 Y A 0.5970 %50 Bty
0.5676 2 %, 0.5980 5T 15+
0.5680 By, %4545 0.5990 A By Ths
0.5686 EN 0.6000 %is By
0.5690 EN 0.6000 Do e
0.5690 BT YTho 0.6010 BTy BTy
0.5700 Yo [ 0.6020 Bis%ho 4%,
0.5710 Yt Fr9% 0.6030 19,49, %,5+%,
0.5714 A A 0.6034 N
0.5714 EAS % 0.6038 £
0.5714 . A 0.6040 Bi~%ho Yt
0.5720 YT G 0.6047 .. L
0.5730 Bt 20 0.6050 Y2 EA .
0.5740 Y, % A 0.6053 .. S
0.5741 . £ 0.6060 %% Ditthg
0.5745 7z, 7, 0.6061 L G
0.5750 Hst%e St 0.6070 Fg Y %
0.5758 A Fes 0.6071 g
0.5760 o5 %5t 0.6078 £
0.5763 . Ho 0.6080 Yot Yt g
05770 %+ PsTho 0.6087 Y e
05780 %+ 1%, Ftho 0.6090 Dyt Yy
0.5789 EA 2 0.6098 %, %,
0.5789 . Fe 0.6100 Bt [
05790 %Y Frtho 0.6102 - A
0.5800 Yt Bl EAE 0.6110 Yoty St
0.5806 EA A 0.6111 E
0.5810 Y% By 0.6120 Y e
05814 A EM 0.6122 EA A
0.5820 [ B Vi 0.6129 A A
0.5830 YAl Yt Tss 0.6130 15, Yty
0.5833 - EA 0.6140 B Ve BTy
0.5840 W5t Bt o 0.6140 .. ¥
0.5849 . £ 0.6150 2+ %it%s
0.5850 Ht g B 0.6154 ES %
0.5854 A % 0.6160 19,+% Y%,
0.5860 D Tt e 0.6170 B+ Y5t Fo
0.5862 Yo s 0.6170 e E7
0.5870 7 0.6176 %,
0.5870 N s n 0.6180 Yt *5t%;
0.5880 Yt By B 4% 0.6190 Yot Vet
0.5882 9, N 0.6190 3, %
0.5882 . A 0.6200 Bt HstIo
0.5890 F [ 0.6207 . EA




MILLING MACHINE INDEXING

Accurate Angular Indexing (Continued)

1969

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.5897 Z A 0.6210 Do Ts [
0.5900 BV W5 0.6212 . Vs
0.5909 A 0.6216 2, 3
0.5910 BV Wi 0.6220 4%, A
0.5918 A /S 0.6226 A
0.5920 Yty Ao 0.6230 %Yo %Y
05926 15, Py 0.6240 S5ty %%
0.5930 Y% 2 0.6250 196 5,
0.5932 e 0.6260 LA %) %%
0.5940 G55ty 5% 0.6270 B+ % %%,
0.5946 2, 2, 0.6271 Ty
0.5950 2+ % Bosos 0.6275 N
0.5952 %, 0.6279 EA e
0.5957 %, A 0.6280 Bt %, %
0.5960 B AT 0.6290 YT B,
0.5965 %, 0.6290 £
0.5968 £ 0.6296 7, %,
0.6300 Yt B 0.6610 e
0.6304 /8 0.6613 Yo
0.6310 %o [ 0.6620 Byt FrHs
0.6316 A e 0.6630 Fno Y+,
0.6316 %, 0.6640 B+ Frtho
0.6320 B2 B2 0.6650 B 419 Bit¥s
0.6327 A A 0.6660 o Y+ 5%
0.6330 Byt W% 0.6667 95 e
0.6333 Y 0.6667 s £
0.6340 Tt B Yos 0.6667 9, L
0.6341 EA %, 0.6667 1, %,
0.6350 95+ Gy 0.6667 2 A
0.6360 Tty Vit 0.6667 By 3
0.6364 2 s 0.6667 A
0.6370 54+ 9% 0.6667 " Yo
0.6379 . Ty 0.6670 %+, %+
0.6380 PP %t g 0.6680 9,49 Y
0.6383 E ¥, 0.6690 sty 9%
0.6390 A BTy 0.6700 W B e
0.6400 P 10 0.6710 Dt 15,419,
0.6410 . Bl 0.6720 LA Tt
0.6410 £ % 0.6724 A
0.6415 . A 0.6730 Tt 9 Y,
0.6420 Bt % 0.6735 Fe Fo
0.6429 B 0.6739 R
0.6429 %, 0.6740 Yt %ho Aty
0.6430 YD 2%+ % 0.6744 EA EA
0.6440 F o Yo 0.6750 EReN %t %0
0.6441 EA 0.6757 %, %,
0.6450 Fio Hit D 0.6760 2% GV
0.6452 2 9 0.6765 A
0.6460 ety %k 0.6770 Yot Do
0.6470 [ Y 4% 0.6774 % P
0.6471 v, 2, 0.6780 . s
0.6471 A 0.6780 Wt %6+ %%,
0.6480 e S 0.6786 e
0.6481 A 0.6790 Tt g 9%




1970 MILLING MACHINE INDEXING
Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati
ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.6486 T A 0.6792 . B
0.6490 ity Y+, 0.6800 HitYag e
0.6491 Yz 0.6809 7 e
0.6500 A St P 0.6810 A DV
0.6510 Whst Vs Fost T 0.6818 . s
0.6512 . S 0.6820 R/ Fere
0.6515 s 0.6829 EA A
0.6520 ot g R A7 0.6830 S+ LAY
0.6522 B A 0.6840 W% A
0.6530 Y 2%, 0.6842 EN A
0.6531 EN A 0.6842 Fer
0.6540 Byt Hgto 0.6850 B+ Fogt s
0.6550 B %t s 0.6852 . Ty
0.6552 EN £ 0.6860 Ht15, 95+
0.6560 LA A 0.6863 . B
0.6570 19,4%, D%, 0.6870 B B Yes
0.6579 N 0.6875 Y
0.6580 19, 4%, Dt 0.6880 A B,5+%s
0.6585 By D 0.6890 %o B
0.6590 1, 4% Hit g 0.6897 Dy B
0.6596 Yo Y 0.6900 W 4% it
0.6600 %% Ko 0.6905 A
0.6604 . e 0.6910 S A= Y,
0.6610 %+ %0 Yt 0.6920 T FTa
0.6923 Ty L/ 0.7234 Y
0.6930 9 AT 9 Al 0.7240 H 190, Y Yig
0.6935 A 0.7241 g Ui
0.6939 o A 0.7250 Zet 0 Tt
0.6940 4%, Yt 0.7255 Ty
0.6949 Yo 0.7258 A
0.6950 YV %t %5 0.7260 R %5+ Tes
0.6957 A A 0.7270 L= Y+
0.6960 Bt g B Yes 0.7273 S B
0.6970 s 0.7280 B4y 5%
0.6970 Yt %+ % 0.7288 e
0.6977 A A 0.7290 F s A
0.6980 D pA 0.7297 I, S
0.6981 - Py 0.7300 Yo% [
0.6990 eV Yy 0.7310 B B,
0.7000 Yy %, 0.7317 EA B
0.7010 %stTlg B t% 0.7320 et B %es
0.7018 S 0.7330 4% D%
0.7020 e Vet Phg 0.7333 Y 2
0.7021 P A 0.7340 g AN
0.7027 L % 0.7347 EA EA
0.7030 LA Bt 0.7350 A St %os
0.7037 9 E 0.7353 . EN
0.7040 Ht Vo5 Tea 0.7358 - N
0.7050 WY 15+ %5 0.7360 2,#+1% TesKes
0.7059 % % 0.7368 ) A
0.7059 A 0.7368 Pz
0.7060 et Bigt¥o 0.7370 %t B B+ Tz
0.7069 Vs 0.7380 Bt Yt¥er
0.7070 %5+ % T+ hg 0.7381 A




MILLING MACHINE INDEXING

Accurate Angular Indexing (Continued)

1971

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.7073 EA 2941 0.7390 ot D%
0.7080 Ba5ho st Vo 0.7391 s Ye
0.7083 . A 0.7400 Y5t P Gt
0.7090 Y5 Wt 0.7407 2, Gy
0.7097 2 Y 0.7410 %t S0 YrTho
0.7100 D+ % B s 0.7414 - A
0.7105 e 0.7419 A By
0.7110 D5V Fg Ty 0.7420 D% B+,
0.7119 Do 0.7424 7S
0.7120 95+ EAEA 0.7430 B+ Y Y%
0.7121 Vs 0.7436 A
0.7130 it Dyt% 0.7440 $t s, 7+,
0.7140 95T B 0.7442 A A
0.7143 5, 2, 0.7447 ¥ B
0.7143 EA 9, 0.7450 Dyt Bit¥he
0.7143 o 0.7451 . A
0.7150 B4, %Iy 0.7458 . Yo
0.7160 [ Bt 0.7460 Bt Bhe %65t %s
0.7170 A 0.7470 A Dt%
0.7170 A Bt 0.7480 9,5+ 9+
0.7174 A 0.7490 Bty N Yo
0.7179 %y A 0.7500 s e
0.7180 2 RN 0.7500 A A
0.7190 Mo Y% 0.7510 Yot9 Fgts
0.7193 - Y 0.7520 Bty oo
0.7200 %5t Fho A 0.7530 A/ Yot
0.7209 e EA 0.7540 %+%%g %%,
0.7210 Bt 95, %+, 0.7544 ¥,
0.7220 B s Bt s 0.7547 LA
0.7222 N L 0.7550 B2/ i
0.7230 Spgt150, W5 0.7551 EA £
0.7560 Y% %t T 0.7860 Pyt % Y F
0.7561 EA EA 0.7870 Dast%g B Yo
0.7568 2, %, 0.7872 Y P
0.7570 5,50 Yt s 0.7879 e P
0.7576 By, D 0.7880 955+%%y s
0.7580 1419, e 0.7890 19,+ %5 Fs+%0
0.7581 Vo 0.7895 £
0.7586 2 Yy 0.7895 %,
0.7590 A Do 0.7900 A1 19 Y
0.7593 Yea 0.7903 o
0.7600 Y 9 0.7907 EA EA
0.7609 - N 0.7910 St Ty Tty
0.7610 9,55 Yt 0.7917 . ES
0.7619 e A 0.7920 St 19, Yt Vg
0.7620 s 942 0.7925 . s
0.7627 - e 0.7930 Wit 1%
0.7630 9+ 550 BV, 0.7931 Zho A
0.7632 N 0.7940 %70 WA,
0.7640 LA 1, 0.7941 7,
0.7647 B, %, 0.7949 S Y
0.7647 . A 0.7950 2t i
0.7650 19, 4% %% 0.7959 A o
0.7660 *, kA 0.7960 %5t B




1972 MILLING MACHINE INDEXING
Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.7660 e, Yt 0.7963 A
0.7667 3, 0.7966 o
0.7670 Y45 sy 0.7970 O Bt g
0.7674 A Fs 0.7980 Y+ it
0.7680 EAES EAE/S 0.7990 Yt By Wit
0.7690 19, 4% B, 0.8000 2 2,
0.7692 £ A 0.8000 10 %
0.7700 Yyt %t s 0.8010 eV 19, 4%,
0.7710 %% R 0.8020 A H s
0.7719 - 4%, 0.8030 Bt B+
0.7720 %t B %+ B 0.8030 A
0.7727 e 0.8039 Py
0.7730 Dt Vit Pg 0.8040 Wit Fio Pt
0.7736 Yy 0.8043 A
0.7740 A Pl 0.8049 F F
0.7742 %, e 0.8050 2% Fit o
0.7750 [ Kt Py 0.8060 YV B A%
0.7755 EA Fo 0.8065 A Do
0.7759 . s 0.8070 Y5t%he Bt
0.7760 B0 Frt %o 0.8070 .. %
0.7770 G150, T 0.8080 W% 2%,
0.7778 Ye Pa 0.8085 A k7
0.7778 %, e 0.8090 25+ B9,
0.7780 15,+ %0 Y 0.8095 .. 7
0.7790 SurtHg S0 0.8100 Fst %t s
0.7797 o 0.8103 R/
0.7800 Bl Yot 0.8108 Y7 B
0.7805 A A 0.8110 Tyt St %0
0.7810 YostTy Yot Big 0.8113 .. s
0.7820 B 5o 0.8120 YystTsy Ht
0.7826 B, E 0.8125 B
0.7830 Vot P B 63 0.8130 Yt ity
0.7838 £ 9, 0.8136 By
0.7840 B Feths 0.8140 Fa F
0.7843 . kA 0.8140 By A%,
0.7850 EA B+ 0.8148 2, 4%,
0.7857 2, 0.8150 2%, it i
0.7857 EA 0.8158 e
0.8160 5+ % B9 0.8478 - A
0.8163 A A 0.8480 B+, W+
0.8170 P4 Bty 0.8485 £ L
0.8180 Dt Bty 0.8490 3+ %%
0.8182 Dy s 0.8491 s
0.8190 %49 2+%0 0.8500 T B+
0.8200 B 5+e A 0.8510 K% 240
0.8205 A Pio 0.8511 O G
0.8210 19,+1% % 0.8519 %y, Ga
0.8214 . N 0.8520 Yist1o G
0.8220 B+ Yt 0.8529 . N
0.8226 . A 0.8530 Yyt Yt Ho
0.8230 A %% 0.8537 EA F
0.8235 Y N 0.8540 D5t Fig Fo Yo
0.8235 N 0.8548 o
0.8240 Yot s Yty 0.8550 Bt St s
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Accurate Angular Indexing (Continued)

1973

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.8246 Ter 0.8560 7 e
0.8250 916+%0 Toit 9 0.8570 EAs/ Y
0.8260 Yo+ Bt s 0.8571 9, %
0.8261 EA Fe 0.8571 A A
0.8270 Ft s Bt e 0.8571 . A
0.8276 £ Vs 0.8580 Tt Bt
0.8280 %Yo Futo 0.8590 Yot 2%
0.8290 %+ %0 945 0.8596 " 9,
0.8293 A EA 0.8600 Yo Pty
0.8298 A A 0.8605 EA A
0.8300 LA Bt 0.8610 B B s
0.8302 Yy 0.8620 Byt DT,y
0.8305 S 0.8621 By e
0.8310 B0 Nt%r 0.8627 A
0.8320 9 %%, 0.8630 B B4
0.8330 %+ G s 0.8636 . T
0.8333 By e 0.8640 Bty B
0.8333 £ 0.8644 o
0.8333 o 0.8649 P 2
0.8333 A 0.8650 Yt Bht%s
0.8333 - A 0.8660 9,491 A
0.8340 155+90 2% 0.8667 A %
0.8350 By Wi Vos 0.8670 Hi+ g EAN
0.8360 e/ Pt 0.8679 . e
0.8367 Yo Yo 0.8680 %,+%0 ek
0.8370 ot Bt e 0.8684 A
0.8372 EA 0.8690 LA Bt
0.8378 %, 0.8696 2, G
0.8380 e 9,65 0.8700 Y5+Fs 1+
0.8387 A A 0.8704 /5
0.8390 Dt H+ %, 0.8710 7 A
0.8400 9, H1% e 0.8710 Dyt W+,
0.8410 B% Yoo 0.8718 A A
0.8420 e Hg G 0.8720 D% Bty
0.8421 4 A 0.8723 Yy W
0.8421 . 9 0.8730 Bt A
0.8430 A Y % 0.8740 B+ %%
0.8431 By 0.8750 N %,
0.8440 Yyit¥og YitTeg 0.8760 oYy G %o
0.8448 . e 0.8770 %0 Py 9%
0.8450 A A 0.8772 - E
0.8460 D% B 0.8776 A Fo
0.8462 F EA 0.8780 %+ Wt s
0.8470 St Py T 0.8780 EA %
0.8475 A 0.8788 A
0.8790 2+ %o Vs 0.9110 Wt Fert
0.8793 A 0.9118 A
0.8800 Wty 2 0.9120 %49 DY
0.8810 A 0.9123 %
0.8810 Wost Ty Hi+ g 0.9130 Pt Bt
0.8814 - Po 0.9130 S e
0.8820 DAY % 0.9138 e
0.8824 B, N 0.9140 T+ DtV
0.8824 e 0.9149 Gy G
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Accurate Angular Indexing (Continued)

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.8830 T+ Teit o 0.9150 [N itV
0.8837 Fa A 0.9153 o
0.8840 B3 % 0.9160 35t%e st %
0.8850 Tt Foit s 0.9167 . 2
0.8860 e s+ 0.9170 9t 2+
0.8868 . Ta 0.9180 Yt DtV
0.8870 %, % Ht o 0.9184 A A
0.8871 A 0.9189 S 4y
0.8880 B,+% By 0.9190 Y% [
0.8889 EN %, 0.9194 To
0.8889 %, . 0.9200 2490 e
0.8890 Yt g BN 0.9210 Gt 2
0.8900 Fr o %t s 0.9211 X
0.8910 %% YoV 0.9216 . T
0.8913 N 0.9220 B+ 9+
0.8919 F A 0.9229 Ht
0.8920 9% 4% 0.9230 A
0.8929 N 0.9231 B EA
0.8930 450 St %% 0.9240 5,+% Bt
0.8936 Y Ve 0.9242 s
0.8939 s 0.9245 %
0.8940 BV AT 0.9250 Y6t Thit9h0
0.8947 Yo N 0.9259 %y E
0.8947 . %, 0.9260 Yt %o PN
0.8950 Dt%0 St P 0.9268 F A
0.8960 2+ ¥+ % 0.9270 DAY sty
0.8966 A A 0.9280 Hst 7 Tet%g
0.8970 Yt %o Y% 0.9286 . A
0.8974 S A 0.9286 A
0.8980 A Y 0.9290 4%, 5+
0.8980 Yoty B2, 0.9298 . A
0.8983 . o 0.9300 St [
0.8990 A RN 0.9302 A A
0.9000 By 7 0.9310 Z+, T+
0.9010 B Tty 0.9310 o N
0.9020 2 4% A 0.9320 Wt Doty
0.9020 D 0.9322 A
0.9024 EA A 0.9330 Htio %t
0.9030 4% 9,4 0.9333 Y £
0.9032 N A 0.9340 Yt Yoo
0.9040 9,45, Tt 0.9348 Ge
0.9048 9, Fo 0.9350 %t T %t 5
0.9050 BtV Bt Ths 0.9355 £ B
0.9057 . L 0.9360 B A% Bty
0.9060 Y Yt B 0.9362 Y Y
0.9070 £ EA 0.9370 19+ 2%
0.9070 Y+ 1T 0.9375 s
0.9074 N 0.9380 Bt e
0.9080 Yoty Bt 0.9388 kA EA
0.9090 Yot %o Yot o 0.9390 Nty Doty
0.9091 £ s 0.9394 £ s
0.9100 YWt s 0.9400 35t 9
0.9410 304149, 2,4 s 0.9670 S/ LA
0.9412 ¥, A 0.9677 S G
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Accurate Angular Indexing (Continued)

1975

Part B&S, Becker, Cincinnati Part B&S, Becker, Cincinnati

ofa Hendey, K&T, and ofa Hendey, K&T, and
Turn & Rockford LeBlond Turn & Rockford LeBlond
0.9412 - kA 0.9680 A 76"
0.9420 B A G 0.9690 e et
0.9430 Yt 1% 6+ 0.9697 s s
0.9434 P 0.9700 s+ [
0.9440 Y5t Fho %6+ % 0.9706 N
0.9444 g S, 0.9710 %4, W
0.9450 i+ 4% 0.9720 %+ E
0.9459 ¥, % 0.9730 ¥, %
0.9460 B9y A 0.9730 B 4%, EAEN
0.9470 % Y% 0.9737 - Fg
0.9474 By A 0.9740 LA LA
0.9474 . %, 0.9744 EN EA
0.9480 B Yty 0.9750 950 Bt
0.9483 A 0.9756 9 EA
0.9487 Ty EA 0.9760 BB 9,49,
0.9490 Y5y, A% 0.9762 - Yo
0.9492 e 0.9767 A Vs
0.9500 e %+ %0 0.9770 v 4%,
0.9510 Dty st 0.9780 Dt T A/
0.9512 EA EA 0.9783 N
0.9516 A 0.9787 A LA
0.9520 Y ¥ B+ 0.9790 B2 W5+
0.9524 2, G 0.9796 EA A
0.9530 Y Yio st 0.9800 Bt Dt
0.9535 Y Yy 0.9804 Dy
0.9540 A B+ 0.9810 245 Yt
0.9545 Fo 0.9811 P
0.9550 Tt g %% 0.9815 . N
0.9560 Bt Bt % 0.9820 Yot 97 Yis+Feg
0.9565 2 Y 0.9825 A
0.9570 9,49 2, 4% 0.9828 " g
0.9574 A e 0.9830 %+ % A
0.9580 05+ 2 +%, 0.9831 e
0.9583 %, 0.9839 %o
0.9590 2,42, B9 0.9840 By Y6t
0.9592 Vo Vg 0.9848 s
0.9600 Thst % 0.9850 S5ty Bt s
0.9608 £ 0.9860 B9 Y
0.9610 Yost g it 0.9870 Bt Bt Fa
0.9620 217, Disho 0.9880 Tt TV
0.9623 . s 0.9890 D5t RN
0.9630 %, A 0.9900 Dot B 15 4%
0.9630 N+ %o Yot D 0.9910 N ERSN
0.9640 %+ ot ¥eg 0.9920 3,70 YAy
0.9643 - A 0.9930 5t B RS
0.9649 LA 0.9940 ThtBhg 9+
0.9650 Yt Fyit s 0.9950 it it
0.9655 %y A 0.9960 9+ G0
0.9660 B+ 5+ 0.9970 519 36+
0.9661 Tt 0.9980 2+ % G+
0.9667 B, 0.9990 G+ [
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Use the table to locate the indexing movement for the decimal fraction nearest to the de
imal fraction of the quotient for which there is an entry in the column for the dividing head
to be used. If the decimal fraction of the quotient is close to the midpoint between two tabl
entries, calculate the mathematical value of the two indexing movements to more decim
places to make the closeness determination.

ExampleMovement through an angle of°327 50 is required. Expressed in seconds,
this angle 113279 which, divided by 32,400, equals 3.495987. The indexing movement
is three full turns of the crank plus a fractional turn of 0.495987. The nearest table entry |
for 0.4960, which requires a compound indexing movement of 8 holes on the 23-hole cil
cle plus 4 holes on the 27-hole circle in the same direction. Checking the value of thes
movements shows thit + %, = 0.347826+ 0.148148 = 0.495974, which, multiplied by
32,400, = 16,069.56, of 27 49.56 from the fractional turn. Adding the 2#om three
full turns gives a total movement of 347 49.56.

Approximate Indexing for Small Angles.—To find approximateindexing movements

for small angles, such as the remainder from the method discus&edutar Indexing
starting on page 1956, on a dividing head with a 40:1 worm-gear ratio, divide 540 by th
number of minutes in the angle, and then divide the number of holes in each of the availab
indexing circles by this quotient. The result that is closest to a whole number is the be:
approximation of the angle for a simple indexing movement and is the number of holes t
be moved in the corresponding circle of holes. If the angle is greater than 9 degrees,
whole number will be greater than the number of holes in the circle, indicating that one o
more full turns of the crank are required. Dividing by the number of holes in the indicatec
circle of holes will reduce the required indexing movement to the number of full turns, anc
the remainder will be the number of holes to be moved for the fractional turn. If the angle i
less than about 11 minutes, it cannot be indexed by simple indexing with standard B &
plates (the corresponding angle for standard plates on a Cincinnati head is about 8 minut
and for Cincinnati high number plates, 2.7 minutes).

ExampleAn angle of 7 25 is to be indexed. Expressed in minutes, it is 44l 540
divided by 445 equals 1.213483. The indexing circles available on standard B & S plate
are 15, 16, 17, 18, 19, 20, 21, 23, 27, 29, 31, 33, 37, 39, 41, 43, 47, and 49. Each of the
numbers is divided by 1.213483 and the closest to a whole number is found te be 17
1.213483 = 14.00926. The best approximation for a simple indexing movement to obtai
7° 25 is 14 holes on the 17-hole circle.

Differential Indexing.— This method is the same, in principle, as compound indexing,
but differs from the latter in that the index plate is rotated by suitable gearing that connec
it to the spiral-head spindle. This rotation or differential motion of the index plate takes
place when the crank is turned, the plate moving either in the same direction as the crank
opposite to it, as may be required. The result is thatchel movement of the crank, at
every indexing, is either greater or less than its movement with relation to the index plate
The differential method makes it possible to obtain almost any division by using only one
circle of holes for that division and turning the index crank in one direction, as with plain
indexing.

The gearsto use for turning the index plate the required amount (when gears are require
are shown by the table Simple and Differential Indexing with Brown & Sharpe Plates,
which shows what divisions can be obtained by plain indexing, and when it is necessary
use gears and the differential system. For example, if 50 divisions are required, the 20-hc
index circle is used and the crank is moved 16 holes, but no gears are required. For 51 di
sions, a 24-tooth gear is placed on the wormshaft and a 48-tooth gear on the spindle. The
two gears are connected by two idler gears having 24 and 44 teeth, respectively.

Tollustrate the principle of differential indexing, suppose a dividing head is to be geare
for 271 divisions. The table calls for a gear on the wormshaft having 56 teeth, a spindle ge
with 72 teeth, and a 24-tooth idler to rotate the index plate in the same direction as tt
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crank. The sector arms should be set to give the crank a movement of 3 holes in the 21-h
circle. If the spindle and the index plate were not connected through gearing, 280 divisior
would be obtained by successively moving the crank 3 holes in the 21-hole circle, but th
gears cause the index plate to turn in the same direction as the crank at such a rate
when 271 indexings have been made, the work is turned one complete revolution. Ther
fore, we have 271 divisions instead of 280, the number being reduced because the to
movement of the crank, for each indexing, is equal to the movement relative to the inde
plate,plusthe movement of the plate itself when, as here, the crank and plate rotate in tf
same direction.

If they were rotated in opposite directions, the crank would have a total movement equi
to the amount it turned relative to the plateénusthe plate's movement. Sometimes it is
necessary to use compound gearing to move the index plate the required amount for ee
turn of the crank. The differential method cannot be used in connection with helical or spi
ral milling because the spiral head is then geared to the leadscrew of the machine.

Finding Ratio of Gearing for Differential Indexing.— To find the ratio of gearing for
differential indexing, first select some approximate numterdivisions either greater or
less than the required numidérFor example, if the required numidéis 67, the approxi-
mate numbeA might be 70. Then, if 40 turns of the index crank are required for 1 revolu-
tion of the spindle, the gearing raRe= (A — N) x 40/A. If the approximate numbegris less
thanN, the formula is the same as above excep®tka\ is replaced bl — A.

ExampleFind the gearing ratio and indexing movement for 67 divisions.

12 _ gear on spindle (driver)
7 gear on worm (driven)

The fraction 127 is raised to obtain a numerator and a denominator to match gears that a
available. For example, 12= 4828.

Various combinations of gearing and index circles are possible for a given number ¢
divisions. The index numbers and gear combinations in the accompanying table apply to
given series of index circles and gear-tooth numbers. The approximate number A on whic
any combination is based may be determined by dividing 40 by the fraction representin
the indexing movement. For example, the approximate number used for 109 division
equals 46- 6/16, or 40 16/6 = 1067, If this approximate number is inserted in the preced-
ing formula, it will be found that the gear ratio i8as shown in the table.

Second Method of Determining Gear Ratio.— illustrating a somewhat different
method of obtaining the gear ratio, 67 divisions will again be used. If 70 is selected as th
approximate number, thenZ® = 47 or 1221 turn of the index crank will be required. If
the crank is indexed four-sevenths of a turn, sixty-seven times, it will nfakeésZ = 38,
revolutions. This number iiturns less than the 40 required for one revolution of the
work (indicating that the gearing should be arranged to rotate the index plate in the san
direction as the index crank to increase the indexing movement). Hence the ge#r=atio 1
127.

To Find the Indexing Movement.—The indexing movement is represented by the frac-
tion 40A. For example, if 70 is the approximate number A used in calculating the gear ratic
for 67 divisions, then, to find the required movement of the index crank, red(retd0
any fraction of equal value and having as denominator any number equal to the number
holes available in an index circle.

40 _ 4 _ 12 _  number of holes indexed

Toillustrate,=—= = = = = = —— -
i 70 7 21 number of holes in index circle

If A = 70, gearing ratio= ( 76 Q7><‘71—8 =

Use of Idler Gears.—n differential indexing, idler gears are used to rotate the index plate
in the same direction as the index crank, thaseasingthe resulting indexing movement,
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or to rotate the index plate in the opposite direction, tedscingthe resulting indexing
movement.

Example 1if the approximate numbérisgreaterthan the required number of divisions
N, simple gearing will require one idler, and compound gearing, no idler. Index plate an
crank rotate in the same direction.

Example 2if the approximate numbérislessthan the required number of divisidds
simple gearing requires two idlers, and compound gearing, one idler. Index plate and crat
rotate in opposite directions.

When Compound Gearing Is Required.—t is sometimes necessary, as shown in the
table, to use a train of four gears to obtain the required ratio with the gear-tooth numbe
that are available.

ExampleFind the gear combination and indexing movement for 99 divisions, assuming
that an approximate number A of 100 is used.
- -4 _4x1_32 28
Ratio = (100~ 99 x 100 10 5x2 4056
The final numbers here represent available gear sizes. The gears having 32 and 28 teeth
the drivers (gear on spindle and first gear on stud), and gears having 40 and 56 teeth :
driven (second gear on stud and gear on wormshaft). The indexing movement is repr
sented by the fractioly, which is reduced %, the 20-hole index circle being used here.

ExampleDetermine the gear combination to use for indexing 53 divisions. If 56 is used
as an approximate number (possibly after one or more trial solutions to find an approx
mate number and resulting gear ratio coinciding with available gears):

_ 15 _3x5 _ 72x40
Gearing ratio= ( 56- 5)3>< 567 T 1x7 - 24x56
The tooth numbers above the line here repregaarton spindlandfirst gear on studThe
tooth numbers below the line repressstond gear on stughdgear on wormshaft
40 _ 5 _5x7 _ 35holes

Indexing movement = 56 7 7x7 49-hole circle

To Check the Number of Divisions Obtained with a Given Gear Ratio and Index
Movement.—Invert the fraction representing the indexing movement.Q etthis
inverted fraction an& = gearing ratio.

Example 1tf simple gearing with one idler, or compound gearing with no idler, is used:
number of division®\ = 40C - RC.

For instance, if the gear ratio'% there is simple gearing and one idler, and the indexing
movement id%,, making the inverted fractid®, %5 find the number of division.

_ O 22, 21 _
N = fox - = -5 = e

Example 2tf simple gearing with two idlers, or compound gearing with one idler, is
used: number of division$=40C + RC.

For instance, if the gear ratiofstwo idlers are used with simple gearing, and the index-
ing movement is 6 holes in the 16-hole circle, then number of divisions:

N = %OXHE D7x1—63_ 109
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Simple and Differential Indexing - Browne & Sharpe Milling Machines

/A\
No. 1 I &?)
Hole B
Gear on Worm
No. 2 40T.
Hole 2nd Gear on Stud, 32 T.
1st Gear on Stud, 56 T.
Geared for 107 Divisions
Note: Graduations in table indicate setting for sector arms when index crank moves thréygixeept figures marked *, when
crank moves through ag:
No. of | Gradu- No. of | Gradu- No. 1 Hole Gear Idlers
No. Turns | ation | No. Turns | ation [ Gear | First | Second| on
of Index of on of | Index of on on Gear Gear | Spin- [ No.1 | No.2
Div. | Circle [ Crank | Sector| Div. | Circle | Crank | Sector| Worm | on Stud| on Stud| dle Hole | Hole
2 Any 20 33 33 | 1% 41
3 39 | 139, | 65 | 34| 17 |1%, | 33
4 Any 10 .| 35| 49 |17, 26
5 Any 8 36 27 | 1%, 21 Differential Indexing
6 39 6%, |132 37 37 |1z 15 Certain divisions such as 51, 53, 57, etc., require the
» 5 use of differential indexing. In differential indexing,
7 49 5%, | 140 38 19 | ¥ 9 | change gears are used to transmit motion from the main
8 Any 5 39 39 |1y 3 spindle of the dividing head to the index plate, which
* turns (either in the same direction as the index plate ¢r in
9 27 47, | 88 40 | Any 1 the opposite direction) whatever amount is required t
10 Any 4 41 41 | %, 3* obtain the correct indexing movement.
11 33 3, | 126 42 21 | % 9*
12 39 39, | 65 43 43 | 9 12* The numbers in the columns below represent numbers
13 39 3%, 14 a4 33 | B, 17+ u_f teeth fu( the change gears necessary to give _the diyvi-
sions required. Where no numbers are shown simple|
14 49 247, | 169 45| 27 | %, [21* |indexing, which does not require change gears, is us¢d.
15 39 | 2m, |132 46 | 23 | @, [172
16 20 | 29, | 98 | 47| 47 | @, |168
17 17 | 2%, |69 | 48| 18 |, [165
18 27 2%, 43 49 49 | 94 161 Differential Gears
19 19 | 2% |19 | 50| 20 |1, [158
20 Any 2 51 17 Y, 33* 24 48 24 44
21 21 | 19, |18 | 52| 39 | %, [152
22 33 1%, | 161 53 49 | 140 56 40 24 72
23 23 | 1%, |147 | 54| 27 |, |147
24 30 | 1%, [132 | 55| 33 |2, [144
25 20 1%, |118 56 49 | 4 140
26 39 1%, | 106 57 21 | B, 142 56 40 24 44
27 27 | 13, |95 | 58| 29 | @, [136
28 49 | 12, |83 | 59| 39 |z, [132 48 32 44
29 29 | 1, | 75 60 | 39 | B, |132
30 39 1% 65 61 39 | %y 132 48 32 24 44
31 3L | 1% | 56 62 | 31 |®, |127
32 20 1%, 48 63 39 | %y 132 24 48 24 44
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Simple and Differential Indexing - Browne & Sharpe Milling Machines

MILLING MACHINE INDEXING

No. 1 Hole Idlers
No. of No. of Graduation| Gear Second Gear
Divi- Index Turns of on on First Gear| Gear on on No. 1 No. 2
sions Circle Crank Sector Worm on Stud Stud Spindle Hole Hole
64 16 e 123
65 39 2 121
66 33 S 120
67 21 2 113 28 48 44
68 17 1, 116
69 20 A 118 40 56 24 44
70 49 e 112
71 18 Wis 109 72 40 24
72 27 B 110
73 21 2 113 28 48 24 44
74 37 £ 107
75 15 Y 105
76 19 99 103
7 20 9 98 32 48 44
78 39 By 101
79 20 9o 98 48 24 44
80 20 e 98
81 20 90 98 48 24 24 44
82 41 EN %
83 20 9 98 32 48 24 44
84 21 9, 94
85 17 %, 92
86 43 EN o1
87 15 T 92 40 24 24 44
88 33 e 89
89 18 % 87 72 32 44
90 27 L 88
91 39 By 91 24 48 24 44
92 23 9, 86
93 18 Y 87 24 32 24 44
94 47 x, 83
95 19 %o 82
96 21 N 85 28 32 24 44
97 20 %0 78 40 48 44
98 49 EA 79
99 20 % 78 56 28 40 32
100 20 % 78
101 20 %0 78 72 24 40 48 . 24
102 20 %0 78 40 32 24 44
103 20 %0 78 40 48 24 44
104 39 B9 75
105 21 % 75
106 43 L7 73 86 24 24 48 .
107 20 % 78 40 56 32 64 24
108 27 9, 73
109 16 %6 73 32 28 24 44
110 33 s 71
111 39 X 65 24 72 32
112 39 Lo 65 24 64 44
113 39 Lo 65 24 56 44
114 39 B 65 24 48 44
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Simple and Differential Indexing - Browne & Sharpe Milling Machines(Continued)

No. 1 Hole Idlers
No. of No. of Graduation| Gear Second Gear
Divi- Index Turns of on on First Gear| Gear on on No. 1 No. 2
sions Circle Crank Sector Worm on Stud Stud Spindle Hole Hole
115 23 ¥y 68
116 29 99 68
117 39 B 65 24 24 56
118 39 X 65 48 32 44
119 39 X 65 72 24 44
120 39 Lo 65
121 39 Lo 65 72 24 24 44
122 39 By 65 48 32 24 44
123 39 By 65 24 . - 24 24 44
124 31 9 63
125 39 B 65 24 40 24 44
126 39 X 65 24 48 24 44
127 39 X 65 24 56 24 44
128 16 6 61
129 39 Lo 65 24 72 24 44
130 39 s 60
131 20 % 58 40 28 44
132 33 9 59 B
133 21 % 56 24 48 44
134 21 % 56 28 48 44
135 27 %, 58
136 17 %y 57
137 21 9 56 28 24 56
138 21 % 56 56 32 44
139 21 % 56 56 32 48 24
140 49 Yo 55
141 18 s 54 48 B 40 44
142 21 % 56 56 32 24 44
143 21 % 56 28 v e 24 24 44
144 18 N 54
145 29 i 54
146 21 % 56 28 48 24 44
147 21 % 56 24 48 24 44
148 37 9 53
149 21 % 56 28 72 24 44
150 15 s 52
151 20 0 48 32 72 44
152 19 o 51
153 20 0 48 32 56 44
154 20 I 48 32 48 44
155 31 % 50
156 39 9 50
157 20 T 48 32 24 56
158 20 0 48 48 24 44
159 20 0 48 64 32 56 28
160 20 0 48
161 20 0 48 64 32 56 28 24
162 20 Y 48 48 . o 24 24 44
163 20 I 48 32 24 24 44
164 41 1, 47
165 33 ¥ 47
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Simple and Differential Indexing - Browne & Sharpe Milling Machines(Continued)

No. 1 Hole Idlers
No. of No. of Graduation| Gear Second Gear
Divi- Index Turns of on on First Gear| Gear on on No. 1 No. 2
sions Circle Crank Sector Worm on Stud Stud Spindle Hole Hole
166 20 I 48 32 48 24 44
167 20 T 48 32 56 24 44
168 21 I a7
169 20 0 48 32 72 24 44
170 17 % 45
171 21 o a7 56 40 24 44
172 43 s 44
173 18 Y8 43 72 56 32 64
174 18 Y8 43 24 32 56
175 18 Y8 43 72 40 32 64
176 18 Y8 43 72 24 24 64
177 18 kN 43 72 48 24
178 18 kN 43 72 32 44
179 18 Y 43 72 24 48 32
180 18 Y 43
181 18 Y8 43 72 24 48 32 24
182 18 Y8 43 72 32 24 44
183 18 Y8 43 48 32 24 44
184 23 Y 42
185 37 % 42
186 18 kN 43 48 v e 64 24 44
187 18 Y 43 72 48 24 56 - 24
188 a7 1, 40
189 18 Y 43 32 64 24 44
190 19 %9 40
191 20 kX 38 40 72 24
192 20 kX 38 40 B 64 44
193 20 kN 38 40 56 44
194 20 kA 38 40 48 44
195 39 kX 39
196 49 A 38
197 20 £ 38 40 24 56
198 20 £ 38 56 28 40 32
199 20 kX 38 100 40 64 32
200 20 kX 38
201 20 kN 38 72 24 40 24 24
202 20 kN 38 72 24 40 48 s 24
203 20 kA 38 40 e s 24 24 44
204 20 kA 38 40 32 24 44
204 20 £ 38 40 . o 32 24 44
205 41 Y 37
206 20 kX 38 40 48 24 44
207 20 kX 38 40 56 24 44
208 20 kN 38 40 v e 64 24 44
209 20 kN 38 40 72 24 44
210 21 o 37
211 16 s 36 64 28 44
212 43 Y3 35 86 24 24 48
213 27 Yo 36 72 40 44
214 20 kX 38 40 56 32 64 . 24
215 43 Y3 35
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Simple and Differential Indexing - Browne & Sharpe Milling Machines(Continued)

No. 1 Hole Idlers
No. of No. of Graduation| Gear Second Gear
Divi- Index Turns of on on First Gear| Gear on on No. 1 No. 2
sions Circle Crank Sector Worm on Stud Stud Spindle Hole Hole
216 27 Vo 36
217 21 A 37 48 64 24 44
218 16 i 36 64 56 24 44
219 21 Yo 37 28 48 24 44
220 33 9 35
221 17 kA 33 24 24 56
222 18 Hg 32 24 72 44
223 43 Y3 35 86 8 24 64 o 24
224 18 Y8 32 24 64 44
225 27 Yo 36 24 40 24 44
226 18 Y8 32 24 56 44
227 49 %o 30 56 64 28 72
228 18 Hs 32 24 48 44
229 18 Hs 32 24 44 48
230 23 A 34
231 18 Y 32 32 48 44
232 29 i 33
233 18 Y8 32 48 B 56 44
234 18 Y8 32 24 24 56
235 47 % 32
236 18 Hs 32 48 . 32 44
237 18 Hg 32 48 24 44
238 18 Hg 32 72 24 44
239 18 Y8 32 72 24 64 32
240 18 Y8 32
241 18 Y8 32 72 24 64 32 24
242 18 Y8 32 72 . B 24 24 44
243 18 Hs 32 64 32 24 44
244 18 Hs 32 48 v e 32 24 44
245 49 %o 30
246 18 Hg 32 24 e s 24 24 44
247 18 Y8 32 48 56 24 44
248 31 Yo 31
249 18 Y8 32 32 48 24 44
250 18 Y8 32 24 40 24 44
251 18 Hs 32 48 44 32 64 24
252 18 Hs 32 24 48 24 44
253 33 i 29 24 40 56
254 18 Hg 32 24 56 24 44
255 18 Y8 32 48 40 24 72 o 24
256 18 Y8 32 24 . o 64 24 44
257 49 Yo 30 56 48 28 64 . 24
258 43 Tis 31 32 . - 64 24 44
259 21 A 28 24 72 44
260 39 9 29
261 29 e 26 48 64 24 72
262 20 kA 28 40 28 44
263 49 %o 30 56 64 28 72 o 24
264 33 i 29
265 21 ¥ 28 56 40 24 72
266 21 ¥ 28 32 64 44
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Simple and Differential Indexing - Browne & Sharpe Milling Machines(Continued)

No. 1 Hole Idlers
No. of No. of Graduation| Gear Second Gear
Divi- Index Turns of on on First Gear| Gear on on No. 1 No. 2
sions Circle Crank Sector Worm on Stud Stud Spindle Hole Hole
267 27 Y 28 72 32 44
268 21 ¥ 28 28 48 44
269 20 ¥ 28 64 32 40 28 s 24
270 27 Yo 28
271 21 A 28 56 24 24 72
272 21 o 28 56 64 24
273 21 o 28 24 24 56
274 21 ¥ 28 56 48 44
275 21 ¥ 28 56 40 44
276 21 ¥ 28 56 32 44
277 21 ¥ 28 56 24 44
278 21 A 28 56 32 48 24
279 27 Yo 28 24 32 24 44
280 49 To 26
281 21 I 28 72 24 56 24 24
282 43 Y3 26 86 24 24 56
283 21 ¥ 28 56 . - 24 24 44
284 21 ¥ 28 56 . B 32 24 44
285 21 ¥ 28 56 40 24 44
286 21 A 28 56 48 24 44
287 21 A 28 24 v . 24 24 44
288 21 kN 28 28 32 24 44
289 21 kN 28 56 24 24 72 24
290 29 £ 26 .
291 15 s 25 40 48 44
292 21 ¥ 28 28 48 24 44
293 15 s 25 48 32 40 56
294 21 A 28 24 v e 48 24 44
295 15 % 25 48 32 44
296 37 Yo 26
297 33 kA 23 28 48 24 56
298 21 ¥ 28 28 72 24 44
299 23 ¥ 25 24 24 56
300 15 s 25
301 43 %3 26 24 48 24 44
302 16 %6 24 32 72 24
303 15 % 25 72 24 40 48 s 24
304 16 %6 24 24 48 44
305 15 s 25 48 32 24 44
306 15 s 25 40 32 24 44
307 15 s 25 72 48 40 56 o 24
308 16 %6 24 32 48 44
309 15 s 25 40 48 24 44
310 31 % 24
311 16 %6 24 64 24 24 72
312 39 S0 24
313 16 %6 24 32 28 56
314 16 %6 24 32 24 56
315 16 %6 24 64 . 40 24
316 16 %6 24 64 32 44
317 16 %6 24 64 24 44
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Simple and Differential Indexing - Browne & Sharpe Milling Machines(Continued)

No. 1 Hole Idlers

No. of No. of Graduation| Gear Second Gear
Divi- Index Turns of on on First Gear| Gear on on No. 1 No. 2
sions Circle Crank Sector Worm on Stud Stud Spindle Hole Hole
318 16 76 24 56 28 48 24
319 29 kS 26 48 64 24 72 24
320 16 %s 24
321 16 N 24 72 24 64 24 24
322 23 i 25 32 e s 64 24 44
323 16 %6 24 64 e s 24 24 44
324 16 %6 24 64 . . 32 24 44
325 16 %6 24 64 . o 40 24 44
326 16 %6 24 32 . . 24 24 44
327 16 %6 24 32 . . 28 24 44
328 41 T 23
329 16 %6 24 64 24 24 72 - 24
330 33 kA 23
331 16 %6 24 64 44 24 48 - 24
332 16 %6 24 32 48 24 44
333 18 %8 21 24 72 44
334 16 %6 24 32 . . 56 24 44
335 33 Y 23 72 48 44 40 . 24
336 16 s 24 32 . . 64 24 a4
337 43 Vs 21 86 40 32 56
338 16 %6 24 32 v e 72 24 44
339 18 N 21 24 56 44
340 17 %y 22
341 43 k75 21 86 24 32 40
342 18 %8 21 32 64 44
343 15 s 25 40 64 24 86 . 24
344 43 Vs 21 .
345 18 %8 21 24 40 56
346 18 %8 21 72 56 32 64
347 43 Y3 21 86 24 32 40 - 24
348 18 %8 21 24 32 56
349 18 %8 21 72 44 24 48
350 18 %8 21 72 40 32 64
351 18 %8 21 24 24 56
352 18 %8 21 72 24 24 64
353 18 %8 21 72 24 24 56
354 18 %8 21 72 48 24
355 18 %8 21 72 40 24
356 18 N 21 72 32 24
357 18 %8 21 72 24 44
358 18 %8 21 72 32 48 24
359 43 Vs 21 86 48 32 100 . 24
360 18 %8 21
361 19 N 19 32 64 44
362 18 %8 21 72 28 56 32 24
363 18 N 21 72 e s 24 24 44
364 18 N 21 72 32 24 44

Notes: On B & S numbers 1%land 2 machines, number 2 hole is in the machine table. On num-

bers 3 and 4 machines, number 2 hole is in the head.
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Indexing Movements for Standard Index Plate — Cincinnati Milling Machine

The standard index plate indexes all numbers up to and including 60; all even numbers and those divisible by 5 up tt 1

divisions listed below up to 400. This plate is drilled on both sides, and has holes as follows:

First side: 24, 25, 28, 30, 34, 37, 38, 39, 41, 42, 43.

Second side: 46, 47, 49, 51, 53, 54, 57, 58, 59, 62, 66.

No. of | Index No. No. ’\gf" Index No. Index No. Index No.
Divi- Plate of of Divi- Plate of No. of | Plate of No. of | Plate of
sions | Circle | Turns | Holes | sions | Circle | Holes | Divisions| Circle | Holes | Divisions| Circle | Holes
2 Any 20 44 66 60 104 39 15 205 41 8
3 24 13 8 45 54 48 105 42 16 210 42 g
4 Any 10 46 46 40 106 53 20 212 53 10
5 Any 8 47 47 40 108 54 20 215 43 8
6 24 6 16 48 24 20 110 66 24 216 54 1q
7 28 5 20 49 49 40 112 28 10 220 66 12
8 Any 5 50 25 20 114 57 20 224 28 5
9 54 4 24 51 51 40 115 46 16 228 57| 1q
10 Any 4 52 39 30 116 58 20 230 46 8
11 66 3 42 53 53 40 118 59 20 232 58| 1
12 24 3 8 54 54 40 120 66 22 235 47| g
13 39 3 3 55 66 48 124 62 20 236 59 1q
14 49 2 42 56 28 20 125 25 8 240 66 11
15 24 2 16 57 57 40 130 39 12 245 49 g
16 24 2 12 58 58 40 132 66 20 248 62| 1q
17 34 2 12 59 59 40 135 54 16 250 25| 4
18 54 2 12 60 42 28 136 34 10 255 51
19 38 2 4 62 62 40 140 28 8 260 39 )
20 Any 2 64 24 15 144 54 15 264 66 10
21 42 1 38 65 39 24 145 58 16 270 54 9
22 66 1 54 66 66 40 148 37 10 272 34 g
23 46 1 34 68 34 20 150 30 8 280 28| 4
24 24 1 16 70 28 16 152 38 10 290 58| 9
25 25 1 15 72 54 30 155 62 16 296 37| g
26 39 1 21 74 37 20 156 39 10 300 30| 4
27 54 1 26 75 30 16 160 28 7 304 38 g
28 42 1 18 76 38 20 164 41 10 310 62| 9
29 58 1 22 78 39 20 165 66 16 312 39| g
30 24 1 8 80 34 17 168 42 10 320 24 3
31 62 1 18 82 41 20 170 34 8 328 41 5
32 28 1 7 84 42 20 172 43 10 330 66 g
33 66 1 14 85 34 16 176 66 15 336 42| g
34 34 1 6 86 43 20 180 54 12 340 34 4
35 28 1 4 88 66 30 184 46 10 344 43| E
36 54 1 6 90 54 24 185 37 8 360 54 6]
37 37 1 3 92 46 20 188 a7 10 368 46| E
38 38 1 2 94 47 20 190 38 8 370 37 4
39 39 1 1 95 38 16 192 24 5 376 47 5|
40 Any 1 96 24 10 195 39 8 380 38 4
41 41 40 98 49 20 196 49 10 390 39 4
42 42 . 40 100 25 10 200 30 6 392 49 5
43 43 40 102 51 20 204 51 10 400 30 3

20; and a
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Indexing Movements for High Numbers — Cincinnati Milling Machine

1987

This set of 3 index plates indexes all numbers up to and including 200; all even numbers and those divisible by 5 upitb
ing 400. The plates are drilled on each side, making six Aid&<C, D, E andF.
Example:—It is required to index 35 divisions. The preferred sidg since this requires the least number of holes; but shouls

of platesD, A or E be in place, either can be used, thus avoiding the changing of plates.

and inc

one

5§ @ o 2| g |5 gl o o 2| g |5 g @ o L
g2 | 2 £ S| s2| 2 £ S| 5 |s8 2 £ 5|3
2z @ (8] | I 2z o (8] LT |22 @ (8] |z
2 Any | Any |20 15 [ 93 2 | 62 28 D 77 1| 33
3 A 30 [13 | 10 15 F | 159 2 | 106 28 A 91 1| 39
3 B 36 |13 | 12 16 E 26 2| 13 29 E 87 1| 33
3 E 42 |13 | 14 16 F 28 2| 14 30 A 30 1| 10
3 c 93 |13 | 31 16 A 30 2| 15 30 B 36 1| 12
3 F 159 |13 | 53 16 D 32 2| 16 30 E 42 1| 14
4 Any | Any |10 16 c 34 2| 17 30 c 93 1| 31
5 Any | Any | 8 16 B 36 2| 18 30 F | 159 1| 53
6 A 30 6 | 20 17 c 34 2| 12 31 c 93 1| 27
6 B 36 6 | 24 17 E |119 2| 42 32 F 28 1 7
6 E 42 6 | 28 17 c |1s3 2| 54 32 D 32 1 8
6 [ 93 6 | 62 17 F o |187 2| 66 32 B 36 1 9
6 F 159 | 6 [106 18 B 36 2 8 32 A 48 1| 12
7 F 28 5 | 20 18 A 99 2| 22 33 A 99 1| 21
7 E 42 5 | 30 18 c |1s3 2| 34 34 c 34 1 6
7 D 77 5 | 55 19 F 38 2 4 34 E |119 1] 21
7 A 91 5 | 65 19 E |133 2| 14 34 F | 187 1| 33
8 Any | Any | 5 19 A |11 2| 18 35 F 28 1 4
9 B 3 |4 | 16 20 Any | Any 2 35| D 77 1| 1
9 A 9 | 4 | 44 21 E 42 1| 38 35 A 91 1| 13
9 c 153 | 4 | 68 21 A | 147 1| 133 35 E |119 1| 17
10 Any | Any | 4 22 D 44 1] 36 36 B 36 1 4
11 D 4 | 3| 28 22 A 99 1| 81 36 A 99 1| 1
11 A 99 3 | 63 22 F o143 1| 117 36 c |1s3 1| 17
11 F 143 | 3 | 91 23 c 46 1| 34 37 B |111 1 9
12 A 30 3 | 10 23 A 69 1| s1 38 F 38 1 2
12 B 36 3| 12 23 E |161 1| 119 38 E |133 1 7
12 E 42 3 | 14 24 A 30 1] 20 38 A |11 1 9
12 c 93 3 | 31 24 B 36 1| 24 39 A |17 1 3
12 F 159 | 3 | 53 24 E 42 1| 28 40 | Any | Any 1
13 E 26 3 2 24 c 93 1| 62 41 c |13 120
13 A 91 3 7 24 F | 159 1| 106 42 E 42 40
13 F 143 | 3| 11 25 A 30 1| 18 42 A | 147 140
13 B 169 | 3 | 13 25 E |175 1| 105 43 A | 129 120
14 F 28 2 | 24 26 F 26 1| 14 44 D 44 40
14 E 42 2 | 36 26 A 91 1| 49 44 A 99 90
14 D 77 2 | 66 26 B | 169 1] o1 44 F | 143 130
14 A 91 2 | 78 27 B 81 1| 39 45 B 36 32
15 A 30 2 | 20 27 A | 189 1] o1 45 A 99 88
15 B 36 2 | 24 28 F 28 1] 12 45 c |1s3 136
15 E 42 2 | 28 28 E 42 1| 18 46 c 46 40
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Indexing Movements for High Numbers - Cincinnati Milling Machine

MILLING MACHINE INDEXING

56 ) o 2 k] g @ ] 4 56 @ ) 8
2 2 e S szl 2 e s s 2 2 e S
z2 o (8] T 2zl @ [8) I z2 o (8] T
a a a
46 A 69 60 70 E 119 68 96 B 36 15
46 E 161 140 71 F 71 40 96 A 48 20
47 B 141 120 72 B 36 20 97 B 97 40
48 A 30 25 72 A 117 65 98 A 147 60
48 B 36 30 72 C 153 85 99 A 99 40
49 A 147 120 73 E 73 40 100 A 30 12
50 A 30 24 74 B 111 60 100 E 175 70
50 E 175 140 75 A 30 16 101 F 101 40
51 C 153 120 76 F 38 20 102 C 153 60
52 E 26 20 76 E 133 70 103 E 103 40
52 A 91 70 76 A 171 90 104 E 26 10
52 F 143 110 77 D 77 40 104 A 91 35
52 B 169 130 78 A 117 60 104 F 143 55
53 F 159 120 79 (o} 79 40 104 B 169 65
54 B 81 60 80 E 26 13 105 E 42 16
54 A 189 140 80 F 28 14 105 A 147 56
55 D 44 32 80 A 30 15 106 F 159 60
55 F 143 104 80 D 32 16 107 D 107 40
56 F 28 20 80 C 34 17 108 B 81 30
56 E 42 30 80 B 36 18 108 A 189 70
56 D 7 55 80 E 42 21 109 Cc 109 40
56 A 91 65 81 B 81 40 110 D 44 16
57 A 171 120 82 c 123 60 110 A 99 36
58 E 87 60 83 F 83 40 110 F 143 52
59 A 177 120 84 E 42 20 111 B 111 40
60 A 30 20 84 A 147 70 112 F 28 10
60 B 36 24 85 c 34 16 112 E 42 15
60 E 42 28 85 E 119 56 113 F 113 40
60 F 159 106 85 F 187 88 114 A 171 60
61 B 183 120 86 A 129 60 115 (o} 46 16
62 c 93 60 87 E 87 40 115 A 69 24
63 A 189 120 88 D 44 20 115 E 161 56
64 D 32 20 88 A 99 45 116 E 87 30
64 A 48 30 88 F 143 65 117 A 117 40
65 E 26 16 89 D 89 40 118 A 177 60
65 A 91 56 90 B 36 16 119 E 119 40
65 F 143 88 90 A 99 44 120 A 30 10
65 B 169 104 90 Cc 153 68 120 B 36 12
66 A 99 60 91 A 91 40 120 E 42 14
67 B 67 40 92 C 46 20 120 C 93 31
68 (o} 34 20 92 A 69 30 120 F 159 53
68 E 119 70 92 E 161 70 121 D 121 40
68 F 187 110 93 c 93 40 122 B 183 60
69 A 69 40 94 B 141 60 123 c 123 40
70 F 28 16 95 F 38 16 124 (o} 93 30
70 D 42 24 95 E 133 56 125 E 175 56
70 A 91 52 95 A 171 72 126 A 189 60
127 B 127 40 160 A 48 12 198 A 99 20
128 D 32 10 161 E 161 40 199 B 199 40
128 A 48 15 162 B 81 20 200 A 30 6
129 A 129 40 163 D 163 40 200 E 175 35
130 E 26 8 164 c 123 30 202 F 101 20
130 A 91 28 165 A 99 24 204 (o} 153 30
130 F 143 44 166 F 83 20 205 (o} 123 24
130 B 169 52 167 c 167 40 206 E 103 20
131 F 131 40 168 E 42 10 208 E 26 5
132 A 99 30 168 A 147 35 210 E 42 8
133 E 133 40 169 B 169 40 210 A 147 28
134 B 67 20 170 c 34 8 212 F 159 30
135 B 81 24 170 E 119 28 214 D 107 20
135 A 189 56 170 F 187 44 215 A 129 24
136 c 34 10 171 A 171 40 216 B 81 15
136 E 119 35 172 A 129 30 216 A 189 35
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1989

Indexing Movements for High Numbers - Cincinnati Milling Machine (Continued)

55 o o P 58| o © P 55 o o P

g2 3 £ S se|l 8 £ S 2 3 £ S

EP o (8] T 2z o [8) I E o (8] T

137 D 137 40 173 F 173 40 218 c 109 20
138 A 69 20 174 E 87 20 220 D 44 8
139 c 139 40 175 E 175 40 220 A 99 18
140 F 28 8 176 D 44 10 220 F 143 26
140 E 42 12 177 A 177 40 222 B 111 20
140 D 77 22 178 D 89 20 224 F 28 5
140 A 91 26 179 D 179 40 226 F 113 20
141 B 141 40 180 B 36 8 228 A 171 30
142 F 71 20 180 A 99 22 230 c 46 8
143 F 143 40 180 [ 153 34 230 A 69 12
144 B 36 10 181 c 181 40 230 E 161 28
145 E 87 24 182 A 91 20 232 E 87 15
146 E 73 20 183 B 183 40 234 A 117 20
147 A 147 40 184 [ 46 10 235 B 141 24
148 B 111 30 184 A 69 15 236 A 177 30
149 E 149 40 184 E 161 35 238 E 119 20
150 A 30 8 185 B 111 24 240 A 30 5
151 D 151 40 186 c 93 20 240 B 36 6
152 F 38 10 187 F 187 40 240 E 42 7
152 E 133 35 188 B 141 30 240 A 48 8
152 A 171 45 189 A 189 40 242 D 121 20
153 c 153 40 190 F 38 8 244 B 183 30
154 D 77 20 190 E 133 28 245 A 147 24
155 c 93 24 190 A 171 36 246 c 123 20
156 A 117 30 191 E 191 40 248 c 93 15
157 B 157 40 192 A 48 10 250 E 175 28
158 c 79 20 193 D 193 40 252 A 189 30
159 F 159 40 194 B 97 20 254 B 127 20
160 F 28 7 195 A 117 24 255 c 153 24
160 D 32 8 196 A 147 30 256 D 32 5
160 B 36 9 197 c 197 40 258 A 129 20
260 E 26 4 304 F 38 5 354 A 177 20
260 A 91 14 305 B 183 24 355 F 71 8
260 F 143 22 306 c 153 20 356 D 89 10
260 B 169 26 308 D 77 10 358 D 179 20
262 F 131 20 310 c 93 12 360 B 36 4
264 A 99 15 312 A 117 15 360 A 99 11
265 F 159 24 314 B 157 20 360 c 153 17
266 E 133 20 315 A 189 24 362 c 181 20
268 B 67 10 316 c 79 10 364 A 91 10
270 B 81 12 318 F 159 20 365 E 73 8
270 A 189 28 320 D 32 4 366 B 183 20
272 c 34 5 320 A 48 6 368 c 46 5
274 D 137 20 322 E 161 20 370 B 111 12
276 A 69 10 324 B 81 10 372 c 93 10
278 c 139 20 326 D 163 20 374 F 187 20
280 F 28 4 328 c 123 15 376 B 141 15
280 E 42 6 330 A 99 12 378 A 189 20
280 D 77 11 332 F 83 10 380 F 38 4
280 A 91 13 334 c 167 20 380 E 133 14
282 B 141 20 335 B 67 8 380 A 171 18
284 F 71 10 336 E 42 5 382 E 191 20
285 A 171 24 338 B 169 20 384 A 48 5
286 F 143 20 340 c 34 4 385 D 77 8
288 B 36 5 340 E 119 14 386 D 193 20
290 E 87 12 340 F 187 22 388 B 97 10
292 E 73 10 342 A 171 20 390 A 117 12
294 A 147 20 344 A 129 15 392 A 147 15
295 A 177 24 345 A 69 8 394 c 197 20
296 B 111 15 346 F 173 20 395 c 79 8
298 E 149 20 348 E 87 10 396 A 99 10
300 A 30 4 350 E 175 20 398 B 199 20
302 D 151 20 352 D 44 5 400 A 30 3




1990 MILLING MACHINE INDEXING

Indexing Tables.—Indexing tables are usually circular, with a flat, T-slotted table, 12 to
24 in. in diameter, to which workpieces can be clamped. The flat table surface may be hc
izontal, universal, or angularly adjustable. The table can be turned continuously throug
360 about an axis normal to the surface. Rotation is through a worm drive with a gradu
ated scale, and a means of angular readout is provided. Indexed location$ twith.25
accuracy of£0.1 second can be obtained from mechanical means, or greater accuracy fro
an autocollimator or sine-angle attachment built into the base, or under numerical contrc
Provision is made for locking the table at any angular position while a machining operatiol
is being performed.

Power for rotation of the table during machining can be transmitted, as with a dividing
head, for cutting a continuous, spiral scroll, for instance. The indexing table is usually
more rigid and can be used with larger workpieces than the dividing head.

Block or Multiple Indexing for Gear Cutting.— With the block system of indexing,
numbers of teeth are indexed at one time, instead of cutting the teeth consecutively, and t
gear is revolved several times before all the teeth are finished. For example, when cutting
gear having 25 teeth, the indexing mechanism is geared to index four teeth at once (s
table) and the first time around, six widely separated tooth spaces are cut. The second ti
around, the cutter is one tooth behind the spaces originally milled. On the third indexing
the cutter has dropped back another tooth, and the gear in question is thus finished
indexing it through four cycles.

The various combinations of change gears to use for block or multiple indexing are give
in the accompanying table. The advantage claimed for block indexing is that the heat ge
erated by the cutter (especially when cutting cast iron gears of coarse pitch) is distribute
more evenly about the rim and is dissipated to a greater extent, thus avoiding distortion di
to local heating and permitting higher speeds and feeds to be used.

The table gives values for use with Brown & Sharpe automatic gear cutting machines, bi
the gears for any other machine equipped with a similar indexing mechanism can be calc
lated easily. Assume, for example, that a gear cutter requires the following change gea
for indexing a certain number of teeth: driving gears having 20 and 30 teeth, respectivel
and driven gears having 50 and 60 teeth.

Thenifitis desired to cut, for instance, every fifth tooth, multiply the fractiof@02thd
3050 by 5. Then 2®0x 30/'50% 51 = ¥1. In this instance, the blank could be divided so
that every fifth space was cut, by using gears of equal size. The number of teeth in the ge
and the number of teeth indexed in each block must not have a common factor.

Block or Multiple Indexing for Gear Cutting

Number | Number [ 1st | 1st [ 2nd | 2nd Turns Number | Number | 1st | 1st [ 2nd | 2nd | Turns of

of Teeth | Indexed | Drive | Fol- | Drive | Fol- | of Locking| | of Teeth [ Indexed | Drive | Fol- | Drive | Fol- | Locking

tobe Cut atOnce| r |lower| r [lower Disk tobe Cut atOnce| r |lower( r |lower| Disk
25 4 100 50 72 30 4 46 5 100 3q 9 9. 4
26 3 100 50 90 52 4 47 5 100 3 9 9 4
27 2 100 50 60 54 4 48 5 100 3d 9 9 4
28 3 100 50 920 56 4 49 5 10 3 el 9 4
29 3 100 50 90 58 4 50 7 100 50 8 4 4
30 7 100 30 84 40 4 51 4 100 3q 9 6 2
31 3 100 50 90 62 4 52 5 100 3 9 5. 2
32 3 100 50 90 64 4 54 5 100 3q 9 5 2
33 4 100 50 80 44 4 55 4 100 5 9 4 2
34 3 100 50 90 68 4 56 5 100 3d 9 5 2
35 4 100 50 96 56 4 57 4 10 3 el 7 2
36 5 100| 48 80 40 4 58 5 100 3d 9 5 2
37 5 100 30 90 74 4 60 7 100 3q 8 4 2
38 5 100 30 90 76 4 62 5 100 3 9 6. 2
39 5 100 30 90 78 4 63 5 100 3q 8 5 2
40 3 100 50 920 80 4 64 5 10 3 el 6 2
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Block or Multiple Indexing for Gear Cutting (Continued)

Locking

Disk

2nd | Turns of

lower

94

54

™

64

L

6B

5B

8B

5p

6B

9%

8H

B

9B

2nd
Drive | Fol-

r

84

8¢

84t

1st

lower

5(

3(

92

54

5%

43

54

1st

r

10
10
100
10
10
10
10
10
10
10
10

10

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10

10
10
10§
10
10

10
10§
10
10§
10
10
10
10
10§
10
10

Number

Indexed | Drive | Fol-

at Once

Number

to be Cu

65
66
67

68

69
132
133
134
135
136
138
140
141
143
144
145
147
148
150
152
153
154
155
156
160
161
162
164

165
168
169
170
171
172
174
175
176
180
182
184
185
186
187
188

189
190
192
195
196
198
200

Turns

of Locking| | of Teeth

Disk

2nd

lower

82

84
86

88
30
70
72

74
50
76

44
78
80
52

82

84
68
86

58
88
50
52

92

62

94
76

96

98

44
40
68

52

60
60
44
40
56

76

46

58

78

68

40
44
82

62

50
42

64
86

52

2nd

Drive | Fol-

r

90
920
920
920
70
920
920
920
84
920
96
920
920
84
920
920
96
920
84
920
70
72
El)
84
920
96
920
920

80
84
60
90
96
70
84
80
920
84
96
920
96
72
70
96

84
90
84
50
920
84
84

1st

lower

30
30
30
30
50
50
30
30
30
30
70
30
50
30
30
30
50
30
30
30
30
70
30
30
30
50
30
30
30
50
30
60
70
30
50
74
60
30
50
60
30
70
50
66
30
60
50
50
60
30
50

1st

r

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
60
100
100
100
100
100
100
100

Number

Indexed | Drive | Fol-

10

Number
of Teeth

to be Cu| at Once

41

42
43

44
45
70
72
74
75
76
7
78
80
81

82

84
85
86
87
88
920
91

92

93

94

95

96

98

99
100
102
104
105
108
110
111
112
114
115
116
117
119
120
121
123
124
125
126
128
129
130
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Indexing Movements for 60-Tooth Worm-Wheel Dividing Head

S9J0H
10 'ON

30
2p

3

g0
4

1p

20

ElTe)
xapu|

3y

149

191

.
51
w

10

15

20
15

10

10

15
40

10

suoIsIng

146
147

148

149|
150

151
152
153]
154

15§
156

157
158
159

16
161
162|
163
164

164
16

167
16§

170
171
172
173
174

179
174
177
174

18

181
182
183
184

184
186|

187
188
189
190

191
192
193

S9|0H
J0 'ON

30
20
36
60
10

60
15
12
30

60|
15

60)
18
20

15|
60|
10
12
15

20|
30|
60
13|
60
30
20
15

48

10

60)
15
20
12
60)
15
60)
30|
12
30

60
10

60)

20
30

60
25

12

ElJTe)
xapu|

49

33

60
101

17
103

26

21
53
107
27

109

33
37

28
113

19
23

29
39

59
119

26
121

61

41

31
100

21
127

32

43

26
131

33
133

67

27

68
137

23
139

21

47

71

143

60
29

suoIsInNg

98
99
100
101
102

103
104
105
106

107
108

109
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MILLING MACHINE INDEXING 1993

Linear Indexing for Rack Cutting.— When racks are cut on a milling machine, two gen-
eral methods of linear indexing are used. One is by using the graduated dial on the fee
screw and the other is by using an indexing attachment. The accompanying table shows
indexing movements when the first method is employed. This table applies to milling
machines having feed-screws with the usual ledglin€h and 250 dial graduations each
equivalent to 0.001 inch of table movement.

Linear pitch of rack

Actual rotation of feed-screw ead of feed-screw

Multiply decimalpart of turn (obtained by above formula) by 250, to obtain dial reading
for fractional part of indexing movement, assuming that dial has 250 graduations.

Linear Indexing Movements for Cutting Rack Teeth on a Milling Machine
These movements are for table feed-screws having the usual igamtbf

Pitch of Rack Teeth Indexing, Movement Pitch of Rack Tegth Indexing, Movement
Linear No. of No. of || Diametral| Linear No. of No. of
Diametral or Whole |[0.001 Inc Pitch or Whole |[0.001 Inch
Pitch Circular Turns Divisions Circular Turns Divisions
2 1.5708 6 70.8 12 0.2618 1 11.8
2, 1.3963 5 146.3 13 0.2417 0 241.7
2, 1.2566 5 6.6 14 0.2244 0 224.4
2%, 1.1424 4 142.4 15 0.2094 0 208.4
3 1.0472 4 47.2 16 0.1963 0 196.3
3% 0.8976 3 147.6 17 0.1848 0 184.8
4 0.7854 3 35.4 18 0.1745 0 174.8
5 0.6283 2 128.3 19 0.1653 0 165.3
6 0.5263 2 23.6 20 0.1571 0 157.1
7 0.4488 1 198.8 22 0.1428 0 142.8
8 0.3927 1 142.7 24 0.1309 0 130.9
9 0.3491 1 99.1 26 0.1208 0 120.8
10 0.3142 1 64.2 28 0.1122 0 112.2
11 0.2856 1 35.6 30 0.1047 0 104.7

Note: The linear pitch of the rack equals the circular pitch of gear or pinion which is to
mesh with the rack. The table gives both standard diametral pitches and their equivale
linear or circular pitches.

ExampleFind indexing movement for cutting rack to mesh with a pinion of 10 diametral
pitch.

Indexing movement equals 1 whole turn of feed-screw plus 64.2 thousandths or divisior
on feed-screw dial. The feed-screw may be turned this fractional amount by setting dic
back to its zero position for each indexing (without backward movement of feed-screw)
or, if preferred, 64.2 (in this example) may be added to each successive dial position
shown below.

Dial reading for second position = 642 = 128.4 (complete movement = 1 ter64.2
additional divisions by turning feed-screw until dial reading is 128.4).

Third dial position = 64.% 3 = 192.6 (complete movement = 1 tar64.2 additional
divisions by turning until dial reading is 192.6).

Fourth position = 64.8 4— 250 = 6.8 (1 turr 64.2 additional divisions by turning feed-
screw until dial reading is 6.8 divisions past the zero mark); or, to simplify operation, se
dial back to zero for fourth indexing (without moving feed-screw) and then repeat setting:
for the three previous indexings or whatever number can be made before making a cor
plete turn of the dial.



1994 CONTOUR MILLING

Contour Milling.— Changing the direction of a linear milling operation by a specific
angle requires a linear offset before changing the angle of cut. This compensates for tl
radius of the milling cutters, as illustratedrigs. 1aandlb.

radius

X\‘ T~ Cutter @
PR N L
\;

Fig. 1a. Inside Milling Fig. 1b. Outside Milling

f

Outside
angle

For inside cuts the offset is subtracted from the point at which the cutting direction
changeskKig. 13, and for outside cuts the offset is added to the point at which the cutting
direction changes{g. 1. The formula for the offset is

X =rM

wherex = offset distance; = radius of the milling cutter; an = the multiplication
factor M = tan%). The value oM for certain angles can be foundTiable 1

Table 1. Offset Multiplication Factors
Deg® M Deg® M De¢® M Deg¢® M Deg® M
1°  0.00873| 19 0.16734| 37 0.33460| 58 0.52057| 73  0.73996
2°  0.01746| 20 0.17633| 38 0.34433| 56 0.53171| 74 0.75355
3°  0.02619| 21 0.18534| 39 0.35412| 57 0.54296| 78 0.76733
4 0.03492| 22 0.19438| 40 0.36397| 58 0.55431| 768 0.78129
5°  0.04366| 23 0.20344| 41 0.3738§| 59 0.56577| 77 0.79544
6°  0.05241| 24 0.2125¢4| 42 0.3838¢| 60 0.57733| 78 0.8097§
7° 0.06114| 28 0.22169| 43 0.39391| 61 0.58003| 79 0.82434
8° 0.06993 26 0.23087 44 0.40403 62  0.60084 80  0.83910]
9° 0.0787q 27  0.24008§ 48  0.41421 63  0.6128( 81  0.85408
10°  0.08749 28  0.24933 468  0.42447% 64  0.62487 82  0.86929
11°  0.09629| 29 0.25864| 47 0.43481| 68 0.63707| 83 0.88473
122 0.10510| 30 0.26799| 48 0.44523| 66 0.64941| 84  0.90040
13 0.11394| 3T 027733 49 045573 67 0.66189| 88  0.91633
14°  0.12274| 32 0.28679| 50 0.46631| 68 0.67451| 88 0.93252
15°  0.1316§| 33 0.29621| 51 0.47698| 69 0.68728| 87  0.94896
16° 0.14054| 34 0.30573| 52 048773 70 0.70021| 88  0.96569
177 0.14945| 3% 0.3153¢| 53 0.49858| 7% 0.71329| 89 0.9827Q
18° 0.1583§| 36 0.32493| 54 0.50953| 72 0.72654| 90  1.00000

Multiply factor M by the tool radiusto determine the offset dimensien
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