Soldering, Brazing
& Welding

Derek Pritchard




CONTENTS

What is Welding

Non-Fusion Joining Methods
Oxy-Acetylene Welding
Manual Metal Arc Welding
MIG Welding

TIG Welding

Welding Other Metals
Distortion Control

Quality in Welding

Glossary

11
24
59
103
121
137
145
150
155




1 WHAT IS WELDING?

Py weeld s o jorn tweo preces of metal togeth clectrical, chemical, mechanical, ligh L
cr. Purther clarificatnon of fundamental van o
11100 | NeCessary ol COUrse, which then 1B \'-.1'i~';'ll5i can be done hot or cold, wi
I L simple defininon, | withot prossure and with or without

It can just involve pressure, but this s usu melting, with or without filler additon, mar
dlv aided by some torm of heating and uallv or automatically and so on, but it will
varies from the blacksmith’s fire weld o ele certainly invalve the joming ot metall
rical resistance spot welding, Heatng 1s also Welding is typically chosen for metal jou
ised to enable bonding to occur when sol nir becanse II-:-‘.ILI'-'I|:'|'|-<='|-.".:':1."|..'--.|
cleringy o Lrarzing nd tor melt the metal ey, However, In some cases these teatures
fusion weldime Heatr enerey sources can be mav he undesirable and in others there ma
be an easier metheod

Mechanical devices such as baolis L Jal1as,
screws and so on offer some alternanv
which are ':._'|.~|-\.\'|' fairly easy to apply, 1
can  he taken  apart Sreassembled  casi
thi -L:_!'_|- they may perh s lack the stre
or the ability o retain fluds thar welding
atters,

Welding 15 rarely a recreational pursuie, bur
1 means to oan end (which may be recreation
al’), and it is relatvely expensive and require
much practice to be done skilfullv. Tt will or
be adopted once all alternatves, too many o
||'-I .:"'|l:i .]l_!.lll | [ .'I 1V |!l.l I 1ven .li-'-.l': L

CONSIOErAation,

WHICH WELDING PROCESS?

This book assumes of course that weldin

has been chosen as the most appropriate




What is Welding?
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cuming  cufting cutting  cutting fiigcs
| T | | 1 b
resistance-butt liash spot SEAM projection T
welding walding welding welding welding I
the

Same of ihe mare common Welaing processes.

joining method but now a particular welding
process needs o be selecred. :'II'I.E'_fI.I.II':I adwvan-
tages and disadvantages are weighed against
each other to establish the process with the
optmum features for the sk

A British Srandard lists over ninery differ-
ent welding rechniques/processes many of
which are automatc or used in limited spe-
cial situanons.

This book deals with the common rech-
MRJLCS 10 quc:-;:_\ru_".uI use which Tt'L!LlII'I_' [Tan-

wal skill

Features of Processes/Technigues

Lead soldering Quite casy, especially

on thin/light joints, good for dissimilar met-

als/thicknesses, low cost  cquipment.
Relatively low strength.

2. Silver soldering lixcellent with cop-
per or brass but quite expensive,
3. As

ing, but high strength and probably needs

Brazing /braze welding solder-

oxy-acetylene equipment. Less distortion
than fusion processes.
4. Oxy-acetylene

satile for heating, cutting, brazing and so on;

Gas welding; very ver

high skill level — co-ordination of both hands
needed.
Manual metal arc (MMA)

thick and dissimilar metals but tricky on thin

5, Groad for

metal and in acute corners,



What is Welding?

Metal inert gas(MIG) [stablishing
'II'! ITILHTYT W ||||:'._'_ |' rameners :'l'i"._'(;'\ ||'|||{|
kall bt 1t 1 15V [0}

use, versatile and fast
OVera Illl. || :l-:l-"-'- g

Tungsten inert gas (TIG) MNeeds
much skill and 15 slow, used tor high Llil.li ty

1N '.II S0 WY |I|I:!__'.

/aidahia Adatale
weldabie elals

['he edse with which a metal can be welded i3
known as ies weldability and varies preatly,
A metals can be welded, with mild seeel
1L the most comnmun .;:Il! I .Il.|||'. '-.'-L.Ell::.l'lk.
I methods, Metals with high thermal
conductivity require a high heat imput and
Cwith refractory oxides need stronger
me metals need special treatment
PO L LESA s Ire Crad | SCNslt '\,l'l .!Elll CAast

ron espectally mav crack because 1t 13 verny

”ll |-. % LICCESs I8 € \.!'ﬂ;_l:-:_'l'|l'|_'|| '-.‘-_'fll WET
rv meltimge point allovs, particularly when

is not koown, and

comrmanly allovs which are zinc based

Ay -'|1|L'!x!|k'~.- aof metal can theoretically

be welded but tor practical purposes fusion
‘J.'x'|u|i|!l'_'. helorar about (00.9mm 1s .|:| {icu L, .||:-|
above 25mm {li

) warrants 3'~i'II. CIERL O 'I'|'-Il|

or

ation in relanon o switable consumabiles, or

|!I-:' 'Il.'l.'l.l for a4 taster mac ||I":_' NrC eSS

WHERE TO WELD

The classic tabnecation workshog

1
'-'II'.II.'I|.|| |"IIII':'|'- l.'I. '-':_'I.'! ..'I-.| CONCrete, '-.'.II|-

VErY NMunor guantines of Ci ambustible mater
als in the form of electrode cartons etc.

|"|,||' Illk '-".l:-l'i.'ll'_' ENVIEONMEnt i '-__I-:_
s = | - 4 s % | e e e v .
e P ATInge of  any  welding OPCrario
Ill.'I'I'I:i.IIl.l'- (e A LrCarcer or 1esser exient atler

Lol 0o ||||_' !.!ll:l'l'.'.“'.!',

The Workshop

l. The tlammability of the f

Building,
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2. The storage/location of  flammabl

Irems

3. Location of fire exonguwishers

4, 1"Lt;u.'t||.l:i'L' access for SMerFency services

- L ¢ 5 t

1. Installation of '.‘\.l.'-il'l"l-_'_.-;‘.'iill'l her electi .

il L'Lllll'l'l."l':l'."l| Wt |1.i1.f|-:|.|.|| reterence o

the loading on the svstern and ensuring that
all metal 15 at earth potennal {earthed).
(.  Fume extractoon ar all welding source:

Adequate screening between arc welding :

.II‘:q| ather personnet,

The Personne!

. knowledpe of the safery policy and s -
P wedures ng luding the fire doll and cvacu .
ation procedore;
2. Basic first aid knowledpe; o
3, Training in welding health and safen
Basically the operator needs 1o know how
prevent accidents, in particular those peculiar
to weldineg, and how o deal with them
.\|H3-II|::| 'IE'I'L". AriSe,

Finally, on an electrical note, a single phas
?'”'l-ll-"l-'. |‘1 F""rr-‘"'||". ..\,Ill.._";}l..“';_ i3LIE .1' WCS TCSTTICT

the size of welder that can be run on the sup

|_"|_'.. For faster '-.'-.".'|t1:|15._- of |::_'.|'~ et materials ;

uishers, an essential part of the welder’s kot three phase supply /machine is necessary,

10




2 NON-FUSION JOINING METHODS

Brazing

Mo i 11 ok 15 devoted to the ma AN 1
bl tensile joines where the strength 4. Brarze, or bronze welding
irended 1o matel e parent metal |
I'] we typically made by fusion welding, [ each of these methods the filler wire mu |
were the H nd parent metal both but the parent meral does not, Joint strengtl
| flow together as gquid  mixture, i= achieved by “bonding” or ‘skin adhesion
wl i by form homoreneons i there 1= cssennally lntterence  tor
11 EXAn |_'-||_ p Ll I | --.:'-||;;'_ | | 1 il;:ll 1%
S0 it 15 1 WaVE ARPrOpriae ar Poss other than the need to heat solder in order
il ! SO eld mertals i"_!_'_\ll'i."\ the first add it as .|.i~|lll|.'|'ll..l':|'l.'.'l. JLile 12
cotlons ol A 1 oa eroup of non-rasion |".'i.'l.| Loy thi Jorl which |:'.'."'I: | !
(TRIERAN] e sgys i||, Vooares ':--|||,'_--.I-'|'||, ITETTS [rcLineT.
I|'I-i':'_'-i'i" trend 15 foran imcrease in mel
. Lead, or sott saldering ing point to be accompanted by an mcrea 1
; = o hard soldering tensile strength

non-fusion

b straight profile

Nt hasa
surface

ponding

fsedt D

11




LEAD SOLDERING

Histonically the development of metals start
ed with metals like tin and |;_-;E[L and pro
gressed to increasingly higher melting point
materials which were more useful but more
ditticult to manufacture, Lead soldering has
vaisted tor hundreds of vears, and rather
than being superseded has become increas
ingly versatile and varied. It finds application
i many alloy combinations, from joints as
small as 150 microns on printed circuit
boards to lorey radiator joints,

I'he |-|=|!||'-.'~':r'l_'~l factors need to be consid-

ered when making a soldered joint:

_|'1II‘-T -fi.'hl;:n ‘preparation
Heat source

3. holder

},  Flux

5. Post cleaning,

Joint Design/Freparation

Surface Contact

Lead solder is weak in tension so soldering
twor thin edges butted topether is unsatisfac-
tory, All joints must be made with over-

!.||1|1|.'|i surtaces, where the contact area is

made preat enough o offser the lack of

strength,
|.'] SOIME Cascs \'.II'l'I'I_L'_fl" 15 .‘-'-'J'”]"-'ll |'|l-:.'1.'||:||1:'

callv, for '."\:ll‘l'l]"ll(_‘, a wire may he fed through

Non-Fusion Joining Method's

a hole in a terminal and then soldered. This
idea is developed in sheet metal joints, which
are totally self-secured and where the main
tuncoon of solder is to seal the joint rather

than hold it together,

Fit-Up

The overlapped surfaces must be in poad
contact. Gaps in excess of (L25mm cause the
solder to flow on each surface but nor bridge
across the gap. Soldering relies rorally on ap
llary action, that s, the drawing of a liguid
berween two surfaces very close together,
and is much too Auid 1o bridee gaps or build
up like a weld bead. € :;I]ﬁi||.]l'1 action can be
ensured ]]:-.' using a i'].ll'l'll'L vice, wiight, press,
binding wire or any device that will keep the

surtaces in good contact,

Cleanliness

The best results will be obrained by having
joint sutfaces which are both mechameally
and chemically clean, to allow the flux and
solder to *wet’ evenly. Oxide and paint and so
on can be removed [y iy abrasive means

followed by degreasing with a solvent

Heat Source

The two components of heat are {a) irs
intensity and {b) its volume. If bare skin is
exposed to a red-hot spark or to a cup of

boiling water then the spark has great inten

3 B |

relatively weak
butt joint

Joit design for soldenng,

~ — 3

higher strength from
increased contact area

Tioes of




on-Fusion Joining Methods

hundreds of devrecs Celsius s hiold "-|||:'.1|'. the richt volume of heat
t the bothing water at only 1005 Flectric irons are rated in watts, from a 240

led flict much more damage, because watt iron, which is small and switable for light

he volume of : HTVOUNE OF COergy 15 50 electrical connections, to a 200-watr iron

nuch ereater; A change 11 heat 1s often which is capable of jomming thick sheer

_ decision s The shape of the bit is important, For fine

wivs one of whether more hear or hotter elecrrical work 1t 15 penal-like in section with
a raked flat angle at the tp. Heavy sheet

foor  manual oines, on the other hand, require maximum

ut iron, a flame, or a combina contact so the rp end has arge rlat sides

both, A FAnge O [Mass !'-IIZ'-.;':I'l-'I:I raked tooa chisel l.l.l_.'_k

[RERD A 1 v
GIUrCT AN OVens ofr clectre resistance e Flame hes 15 hest done 1noa purpos:
1 be used combined with appropriate tech made mains gas heater which provides « |

stahle and gentle heat source

['he joint nee mly be heated to between lene (/A Hame can be used bur care 1s

(., which must be supplied in  needed to prevent overheating, while a DI
lie right vilume to enable controlled meltng  or plumbers blowtorch will heat steadily, 1
b the soldet somewhar slowly,

The bat 15 ar the correct temperature when

Soldering Irons ic will melt and hold a small guanoty of so
lrons rraditionally had a copper bit, but the der. If too cold it will tail to melt solder,
o of 2 modern iron s extended by being  when overheated solder melts instantly and

loved or coated with a more corrosion runs off the bit. Not all rons ar II:'-'.'I d

resistant met [t 15 heated cither internally tor continuous use. [ overheated or heated

clectrically or externally with 4 f1 TG, and tor tos longr the bt OXIALZCS, DCCOIMCS Unu:
¥ - i .l - ’ I 1

i e | 11as VA Iy =i IMiass [ .-'I:ll-i'.llllll'l'li'\- ‘".'l.'i‘"'.!.':.l.II"l.ll.-.'.lll":

penci bt far

heavy chisal bit
light work

13




Non-Fusion Joining Methods

Flame Heating Joints which are difficult to hear with an
['hiz 15 best done with a blowrtorch, which wall iron may stll be soldered with one it a flame
heat the work steadily and  controllably, 15 used o pre-heat and perhaps maintain a
assuming  the joint has enough mass o high ambient temperature, so that the heat
demand a flame or enable it to be used with-  ing required of the iron s reduced

(RIFI l|.||‘.|.1_!_'j. ey other parts of |?IL'{"!.I['I'.|'|'I"II'IL'IIT.

It the heating rate 15 slow then the heat Owen Heating

supplied must be contained as much as pos- soldering can be largely automanc if the
sible. Placing the work on a firebrick surface  joint is preloaded with both solder and flux
rather than steel, working into a ‘corner’ built and placed in a furnace. The temperature of
up of bricks or, at the extreme, building a the component can be controlled very close
brick turnace around the work will help con lv but it will of course be full heating rather
serve heat than local,

If it is necessary to resort to oxy-acetylene Crher heating methods include  electri
then the end of the Hame turthest trom the resistance, ultrasonic, inducnon, hot gas and
fp 15 used with a small nozzle, tocus infra-red soldering.

'his assumes that the work is relatively
bt but the intensity of OFA can be put to
' ' ' Tvpes of Solder
good use on heavy work, as rL'LEIIII'L'd |'h_'1'|‘|;1,p~'.
w the sream model enpineer warking in To appreciate the differences berween so

Copper ders some knowledge of metals and allovs 15

heat conducts
to tip

heat with
flame hereg

intense heating
burns solder

Flame heating a solid bit

14
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Non-Fusion Joining Methoas

cable

sheathing

bared end

of cable

v oaltaradg i mannoskar
Soiaanad Jug Connecion

weessary, A meral s composed of a singele can be quoted because the exact propor
netallic clement and has a specific melting tions of  elements vary from one cast b
oint: for example; iron mels at 1.531°C, An another, and hecause  the partcular cast
allow 15 a4 muxcure Of two or more metals ot will melt over a range of remperature. 1t will

clements which hehave in a metallic wa be completely solid up to a particula
1T M seel 1 cHher. IL"II!"-. I':|'I.:'-._i'I.I!II.. vomolten over a4 range ol
Mald steel 15 an alloy of iron and carbon, femperature and completely maodt it th
th some very munor addinons and trace top Of this range. Th weer and upper

element and  melss  at .||~|'|--x.|'|.-|~|'-. temperatures are known as the solidu
L Mthouph the various quantities arnd  the liguidus, bur ot 15 the €n
Il he within a specification (for exampl molten, “pasey’ range that 1s important in sol

M 25 anly an Approsimate fprure dering,

ligquid

i sami-moltan
F pasty range

L ' 100

i A0 50 60 7
minder lead

15




Non-Fusion Joining Methoad's

Common Solders
Mrhouph there are many types of solder to

sult o wide range ot applications, the classic

ones, stll finding the most use, are alloys of

lead and un, in varying proportions and with
ather minor addinions,

Within the range of un/lead alloys com
monly used, that 15, from about 3060 per
cent tin, all combinations start to melt ar
183°C, At a eritical composition, known as a
eutectic, with a composition ot 62 per cent tin
W per cent lead), it chaneoes g;_|||_'L_".|:‘ fromm
solid o hguid, As the lead contenr s
ncreased so does the liguidus, and the range
cwver which the solder s “pasty” gets wider and
wider, This 15 useful to the plumber who may
wish o wipe joints or adjust them shghtly as
they are cooling, bur would be ann Wing to-an
clectrician, who requires the joint o solidity
mmeditely upon removal of  the  hear
SOVITCC

The choice of solder vares with applica

non and o some extent with the trade af

the operator. Lead loading, for example,
15 a technigque used by panel beaters where

“hordy sodder”, imnally in the form of a suck

about 25 > 3mm in cross-secton, 15 pliced
I a cat |"-I|'.L'| dent. The solder’s hi}.‘.h lead
content and wide plastic range enable it

Tin Melting Range
65 183185
60 183-188
50 183-212
40 183-234
30 183-2565

to be pushed and moulded into shape
with a wooden spatula while the solder s

|T]ilh[li'.

Tvpes of Flux

Fluxes will be cither ‘passive’ or ‘active’ in
use, that is, chemical reactions mav or may
fol occur as 1 15 heared,

Passive fluxes, usually in the form of a
}M-‘»’Ik', areg ;151|‘r|'.l.'l.| tor the clean ot surtace
As heat 15 applied it meles and floats over the
surface, preventing oxidation by forming a
ligumid blanker between the air and the metal,
The most common flux of this type 15 a resin
koo as “Fluxite’,

An alternative 15 flux-cored solder which
as 1ts name implies offers a convenient selt
contained HI.I§1|>|x aif passive s,

Reacrive fluxes are necessarv for tasks
where 'wetting” of the surface does not oceur
very readily; indeed it makes most soldering
pperations casier. ‘Hakers fluid” 15 a &l -|~.:||_||
reactive flux but it cannot be used universal
Iv because it is not alwavs possible to remaove
the corrosive residual flux,

In general, passive fluxes are used wher
ever possible and reactive ones only where

pisst cleaning is possible,

Electronic instrument assemblies

High class tin smithing

General purpose copper and sheet metal
Best with flame rather than iren

Plumbing — exploiting wide plastic range

Soidter hypes and hewr uses

16

Cnabie

(AR EE. .

Prepa
Fear th
coxared

DrEDarn

hen th




Non-Fusion Joining Methods

pre-loaded solder

Solder Flux Paste der apphed. Excess solder can be ‘wiped” ot}

It IXINE eInts |5 OITen A4 ey dea, but i\ '|1.:-|_||‘.|;1 ragr or sponge which will leawv

re solder parucles suspended in the o thin coating, remove

erable both o be preloaded. Heating now the tip to be che
|| i i.l."ll_' |||_"| Ll el BT | Abirwr i s
b i.lil':i|k."|'l'|=l. base of the bit awav fron

Post Cleaning the tip to prevent oxidation of the sols
Removal o passive fluxes mav be necessary

tor appearance or because the joimnt has o be Wetting the Surfaces
[ [his can be done wiath oreanic sol The joint mav sometmes be made 1n a4 sin
Ve Reacove fluxes must abwayvs be operaton buat uswallv ir s much easier if i

emiowed nis 1% | e with hot s APy W Al ClOMAe 1N Paner 51 SOV COanng ach surtacs

and a wire hrush solder first, and then jominge them roeerher

|.|;- hirsl  srapc i Often naccocurat
. i referred to as ‘tinning’ and more eorr
(T i
known as ‘wertnng' the surface, | i
I'he joint surtaces are cleane g -I-II.-_..-|| (LN Mique cian Do s tul when brazine oo and

md solder chosen, and an ron of appropn ensures that each surface 15 defintely coated
1L ize and sl AP s lected, The iron s pre fand '...;"\-:.". recoverable 1 11 15 oot W T
pared and heated, the joint ‘wetted”’ and then commitment to making the joimnt
joined torether, COnce siolder has wertted the surfa | 1 It
15 simply a mateer of jominge solder to sold
Preparing the lron Flus s applicd to the surface at an early stap
For the iron to transter solder it must Arst be to prevent oxidadon as it heats, 'l cated
|

coated 1 older 1eself, A lll'\\.l"l".||\.'| 1T 18 il'l'I'H.:l.lk-"-'-||i::-'l. ler s ||.| nithoc

" " I il 1 anuvs T - i e | 5 = o -
prepared by filing down o elean metal, and and adjusted to make maximum surface com

then the tip 1s coated in flux, heated and sol tict, As the metal reaches the temperature of
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Weiting a shee!
edie with

Soider

the solder some will rranster o the surtace 3. Lack of heat solder droplets run on

ahead of the iron, but ransfer can only be the surface rather like balls of mercury.

confirmed by shiding the iron along or 4. Too much heat — the flux burns off and

removing it from the surface the meal oxdizes, casiby done when a flame
Excess solder may collapse and il the is useed,

jornat as 1t s joined provided the jomt is under 5. Lack ot solder — because too littde has

load, but it 1t prevenes 1 up then it ¢an be heen ilI"]‘“L'L'c tor the iron or the iron has over

wiped as the iron bit was heated fonadized and will not receive any, Iris
Fatlure o wet mav be because: important o realive that transfer of  hea

from the iron to the metal s almost entirely
1. The surface 15 nor clean enough. via the solder, so 1t muast be |~.L|‘II loaded at all

2. lLack of flux. [mes,

liguid solder transfering

heal
I
f
I
I
I solidified
| solder
|
|

*y

77777773 .

soldenng iror,

18
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Non-Fusion Joining Methods

Juoining Together

VOsnEUL amount ol passive flux is dApkied,
then the surbac 1T l'-.-.lf.li'-|‘-.l| and heated
unnl they run ether. When heated with an
o iowll 100 b raded wich further sol

and

Jer o ransirer heat and fitl an Zdps

the joint
has conducted
theoueh the jomar and the full widel 5§
1 LEe ran 18 moved alo 157 [
MY ST

1 .\.. 1
this process I'l

bur heanne shouwld not be rushed otherwise
upper surface will o

has melted. Note

v and a further addinion ot sol

the solder laver on the

dize betore the lower on

[
necded 1o thi

Flame solgenng & furmel wnger

o Ty
MGG

Cooling Rate

[he best mechanieal properties are obra d

by tast cooling, which mav also remove the

yreravation of joines hreaking apart becausd
they are weak at high temperatures or have

remained molten longer than expected.

Solderability of Common Metals

Copper

}{L':I<|'-"-. sosldered with :Ll'--'ll| --:'.L.l'__:'_l|, o i-

mer's hmiting factors are 1ts hivh conductivity

and the demand for a lot of hear, which

hecommes most noticeable with

ITHC TS I

mass /S thickness, Colour matching can be a
prablem

Brass

These |‘-'_1_'_|' COppel allovs are again easv to

solder, with less quantity of
than with copper but sharing the sar
vantage of colour match

Steel

Steel 15 more difficult 1o solder than copy
or its alloys but 15 quite readily joined w

any type of solder. Some coatings ke tn. or

|:'_!'.|'- lead (Terne Pl Are very easy: aved

cadmiwm and zinc are difficult, and chrome

imprssihle

Galvanized Steel

Gerting solder to wet with the zinc coatng
o galvanized seecl 15 quite tricky and only
possible when:

|. ‘:IH]l_I_"_lll;lr:'{] :I.'.lll.l"':.] !-5|.'|. 1L il: I= 1 "'-|:|
This

inhalation of tume be avorded

as the flux. st '-".. COLUTSC handled

W II|! CAarc and

as much as |'lli".'~I|'lEl.'.




Non-Fusion Joining Methods

'he Tux muast not be added ol immed
ely prior to s need, because atter onlv a
PO S .|;||.. el expOsure fis .il'i-.:‘ ||'|_ "-l.."r..l':'('

corrodes and prevents werting,
I Ly

Stainless Steel

High tun content solders provide the hest
trength and are used in comjunction with
ipehly  reactive tluxes and if nec R
wdrochl ric acid, The I‘|u’.|| MuUSI |'ll.' metic
ulously cleancd both before soldering for the
soldering ty be successtul and afrer to [pre

Vent si |'*~|.'L| wnt local COrroslon

Aluminium

I'his metal and s allovs can be soldered
using purpose-made solders and fluxes, but
this 15 no COMTUTION and h'l‘:|'~ to be restrnor

e to [pre wluction e x"||'.|>|-;_.".

SILVER SOLDERING

In [prin iple, lead soldenne, silver ucu]ulurin_-h-
i :
i brazing are idenccal, Each requires clean
surfaces and flux to keep them clean, and
relies on capillary acton,
Silver soldenng's excellent srreneth and
low temperature requirement make it very

usetul tor repairs o stainless steel, bur s

classic use is in the jomning of brasses and
copper. MNote thar cadmium-free Ypes are
recommended for items intended for food
handling. The actual method for making a sil
ver soldered joint 15 exactly as for brazing,
and 15 described in the nexr section

H e er, tor Hil\'L’1 s -|-.it'1'i|1ly_ IiH_' I-tu'\-. st
b l.!i."\ill_'_”i_'i.{ for use upy tix about 6507, The
prevalent flux is known as ‘casv-flo’. which
comes in white powder torm

For the filler wire, the silver content can
il

VATY |IL'E\'L B . .||'||| H5 [PEr Cent, but 15 €M

monly in the range 22-45 per cent. Higher
contents perform better but get very exper

sive, which 15 offser by the low volume

reguiTement af |_.[|5J|E;L:"; TS,

BRAZING AND BRAZE WELDING

Brazing and hraze welding use the same filler
wire, which has a strength near to that of
steel but a much lower melting point,
Brazing, like all the soldering techniques,
telies on capillary action, so the joint surfaces
must be clean, in v ry close contact and heat
ed to around 900°C in order to melt the wire.
For braze welding, a brass wire is still used
but with a fusion welding technique and

without melting of the parent meral. Hearing

—

/

hrazed butt
(capillary)

Brazed and braze weider

braze welded
butt

15 VT
1
WILTK
turc
thar
surtai
Br
Ty
dorne
LTEEr
wi er
rupt t

Nicke
M :._ |

Alumi
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Non-Fusion Joining Methoads

15 very local with the tlame held cl EER I'vpes of brase Melting point strength
Vil 1l by caretul control ot the tempera sy
e | i1 rrcler irners and s
g7 ‘
Fear 15, 11 bu up rather than thunly coanne 0
urface Aickeal 910 et |
Braz Jeli ulcker than hrazine and
AV T | i 1 TS
WWer temp I wswvever, hray
1 1 ol 1 st vasible jon or replr ot Huminium hronze:
wl lea 1 L Al { [ 1L I oA 1t
iy oint protil Aluminium Alloys
[he tern Wazin (ERRARII Il LiST [

joines made above SO0°C with lower ter Pt

W Allers are primarily bra A Coppers 21 ature  ones  belne

1 | 1
wledin | | ey are knowwn, The miost wire, typical vith stlicon o o et
COTIIT M licon bira | othet RTala _||I!IIIIII'!-.-.-. 11 116 y hittle T 1 117
IMANL N 11 ] aluminium RELEBLEMN Pure aluminium

51 | 1C0O0 .-Tl."".".]ﬁ".':" ; -;'."l .'L :."_.' i

When metals are case directly into their fin

1shed =l A iheon addimmion improves fluidi Y ooeneril purpose bora wscd thux ob

i retines the crvstalline structure, in poswder form is used with b tiller wires
11 My thet Erains smuall i d henee s FOEFCT. Thi CROCPTON s aluminiuim Drons et
LN IA] [reerthne ra Al .| ! capiliar It -.| N & Ln ||.I'. ||... |'|'--.‘-":| tary tlux ATt
1o, sea it (LR TRTS Y, ||'|!i-':='--~.; ; | abile for a ran e Or a] lications and ar

s 15 ot suitable tor fusion wel Il el

118 desymned parnculatly tor the joiming 1 43 VICE Vel
Woeast-iron and has rood streneth Zhondine with sol 1% COtIng I I
charactersiu h this met embedded 0 a serr d 1 17 1
ferred because they enable the joint to b
Nickel made without interrup
ek nparts hierh srrength bur 1s the mo

Heat Source
ingr stainles cel 1 ||-;-_'-,:|:.|| 1IN RO e e 5T
[4¢ 14K '-'||.|.|'I [E 1113 || 11 1 i a1 ol

Aluminium Flme 15 faster andd can o s ! 1

Vinmimum hller 15 only o | For the jolninge Brasin FELLITES @ 11 1 eat LEFCE Dt 1o
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Non-Fusion Joining Methods

braze welding a slightlv oxidizing one 15 nec- ted wia the wire. The end ot the bare wire 1 L 15 o
essary to prevent zine loss, When oining heated and dipped in the flux; a tuft wall stick Ing s
hrass or working on g brass surface on a tor the end, When the wire 15 dabhbed on the

multi-run joint, the process becomes one of heated surface initially flux rransfers, and Dissimi
tusion welding and requires an increasingly when hot enough the wire end melts and SOME M

oxidizing flame. Lack of oxveen in the flame transfers tao. 1T the joint 15 oo cold werting torn
-
. Pron

is indicated by a honeveombed, [HOFTILS eld. will not occar, 1t 1t 15 too hot then zine oxde
in the form of white fume burns oft the T
weld, Not only is the weld depleted of zine

Brazing Technigue Al
: and the strength this impares, but the zin

The joine is pretlused by mixing a little Hux oxide fume are also very harmtul when I'he lo
with water or ideally alcohol and pamtng it inhaled, producing «ine ague which has flu dIsTinct
on the junt surfaces. like symptroms of shivering -and aching method

[t possible the entire joint 15 heated uni Tov apply brass wires successfully: O ar
formly, eather than locally as in '-.k'-:_'|-.|||'-_!',. until E res I
. : . The metal must be clean. 2 :
the lux melts and turns hguid. Following a . - ) 5l

2. The surtiuces must coat with flux befor sl A

lirtle turther |".'.||"1-:'__ fller 1s :'3|'|;L|,-_"1| 1M 2 IMETal. W
they oxdize,

Contact with the |« it and 1t the lemperature . { L T
, o Appropriate wire must be used. (
s sutticient 1t thows along and through the ; : the «
4. The joint must be hot enoush o melt | .
I y! 1" 1

cnure o,
the wire,

5. Enowugeh wire muste be added. T R

E . ! Wl
Braze Welding Technigue S : b e
Adter bracce welding the residual tlux torms the rer

Preflusing is less necessary, and is transmit i hard, opague slands on the weld surfac braze
GEraii

Malleabl
[hus rvpe
el ong

too cold correct foa hot Linder and overfiealing
{muoltan droplats) {raugh, wide and flat) of Brgss wald beads
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Non-Fusion Joining Methoa's

e ne cach metal will wer with brass then
the brass ac wridere berween the ta

wy temperature of brare welding ofters

disninet advantages over fusion welding

micthod e duculity of cast-iron 158 very

Cy L SEresse et up when heating a local A braze weld in casi-iron

result 1 cracki 1 wither pont I the the heat-treated eftect b i Wi 1

metal, When fusion welding, norn U pracice cloes not.

thie 15 Ti11y hrowrhout to a femperature Mild Steel
tcert JO0h and GatrL., ||-.i':."lli||'-:'_ {311 IS Brass fillers offer advantaees where diston

complexin 'his "F:'.'“ , espansion pon contrel ot thin metal nporTa

I-| 1O | srresses between the weld area and where !Ili' sEctils are join I tov thicket
the remainder of the castine, but becanse ones, or where smoathness of pronle with
| i 5 | 5 H ! o -1 1 i e | I'he
braee welchng 1s done ac g relathvely’ sy Teimn Ll SLESEC UL 1T orinainge 15 Gesirabil L

perature the need w prehear s pracocally artributes are utthzed for example 10 replic

inated. The cooling rate of any welded Mgr AN OULCT CAT WiE Pane

pssible Coated Metals

.ll:"'\-l:'l ".'-'.'llllll;_' ||.||!"' i 1 T LidAl e
Malleable Trons reducing the corrosion reststmce and |
'his type of cast iron owes its malleabalioy to ducing hazardous fume, Braze welding s l

orcloneed  heat eatment at about S :I.~.1_|iw:|-.:' iid whilst a coaune hke zine m:

re ruins melt, it will salidify back 10 place on cool




3 OXY-ACETYLENE WELDING

F'his 15 one of the carliest welding methods
devels 1 || .|'|-| 15 ||I.I-. n reterred o l»EIH|‘I."-. AS
vas welding, Welding hear 15 penerated by
burning acetylene at the end of a copper
nevezle. The temperature of acetvlene burned
in air 15 very high but can be inereased to
V15050 by supplyving further oxygen. Other
tuel pases also produce hor flames, bur the
anly real COMmpertor 5 |‘I'::‘|1:||'|.'. \'-|I‘|l_|| |1:l.‘-
soamie advantages when used tor oxv-tuel gas
cutting. Osy-acetvlene equipment is very ver-
sanle II'II|!"..I'.l.i tor that of other welding
PO LS50S .II':| '.||'l.|"'~ use 1n the wavs described

bedomw

USES
Fusion Welaing

Ihe thame 1s direcred at the Jeant L'L!_!LLB unil
cach melts and the oo How towether, On
remmewvial of the heat the matenal remains

2-3mm

£ =

Brazing

This 15 one of a number of joinine recl

'millta where the fller wire melts bur the
material being jommed does not. Other heat
sources might be used butr oxv-acetvlene is
f|1L' MoEl L'|-1-L'L':|'-.'l..' because of 1ts |1|;'|| ."=.|||:L'

L I'.I'|'ll..'[':‘:1l.ll'i'.

Braze Welding

Carbon arc equipment can be used but does
noit offer the same close control of heat, The
|L'l'.'|'ll'||".'||..'i.' 1% VY '~'|‘|‘I|.|I' [ |'|.~.5->|'. W :1|':_:_-
but again the jomt strenegrth relies on

adhesion rather than tusion

Silver (Hard) Soldering

\ plumber’s blowtorch is often adequate but

the oxyv-acetvlene torch is superior for close

control on small tasks or for providing

e
axy-aceliens

the hottest part of the flame Hame

24
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(_';I {'r)' l,lq{-'t_?f‘ _l-".-'ré"u" = E"Vf'.l’?i':"{ fy

Crongern heat on vers ATEre ONeEs

Lead (Soft) Soldering

etvlene tlame 15 1 heat

IR =l LR TMTC NS

the most expert of hands

ful, ltems with a lot

M 0TI '-'|‘i. '|Z'|I|.|| L4} |' Pl |'i'-|| '-.!!l.ll e b

iors can be readily preheated to

L1l ||| Fine apErition _:_'||,! SoImce

ire most ¢ completed with the

hermal Cutting
Nrngr the swe || hie I| |.| i i

cuttirg
can "\...I|| v be cut with ease

. i I -1 1
1 reat thicknesses

General Heating

1
Whilst the oxv-acervlene torch s ll-."'.|"_.’|kL!
primardy or welding and Cutting 1t proy ides
an extremely useful source of heat for aloe

of 1rems such as chisels,

! Lo weating of meral in order o cause
I wnd more easty and ar the desired
R
H 11 i¥ # = 2 1
LEALINE ol cms to -."-:1.|I'.| temm in
rcler that the |'I'-||=|n a contracton
— _.--""---
o~
T
= - Ry
; X
- i";/
r I‘l-."-.
- -" o -
S -
LY e
b
LY
"\-\..\_. S

) dim P P gt S .
Heaiing a o and shut al e

o match
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(8131 I.'-!||'-|II'_:_'_ 0 I"l.|||,;'_'|-. ta tracture coreod

ed honds berween components, or ex

|5'|k' O CAar exnhaust systems,

EQUIPMENT REQUIREMENTS
Oxygen

Oxveen for industria purposes is

contained noa leve steel cvlin

lers, pa
black. BGPA codes of prractic dem:
all cylinders meet certain criteria: in practical

LEFITS, :‘.HI welders this means ¢ CY

der is labelled with the type of

at 1 5%

This information can also be found s

el e e vk o |
wressure iro1s charged to when full

tamper
i : [t ' 1
omto the cvlinder near its ne CK, Uong with it

tare wetght, serial number anc

Cylinder Pressure and Contents

In ||‘I.' |h'|‘~| ||q cacle AVETragFs cyunder CLsures

have risen from 175bar to Talh

;1L"|‘.|;'|1||II':IL'_ o e -~|:|>;1i|{'l' may AP

H

tar 230bar, This has implications in the use of

Il.'_:'ll|:|I|'-I'ri '-.II'II.'I.'-:I|||-._| ones are unhkelv to b

able o cope with these hich pressures. At

Wiibar a2 standard |.||_:'c_' cvlinder contains
r.'__:';,nf||| |:'-_'.":-: D CNVErEET.

I:}'\'-k'_l.".l ||.:."- TEL Y 'III{'”_ Taste or Codoyuar |'|

would make it casy to detect. Whilst it does

wtentially extremels '|.!i R |

not hurn I 15 i

Present

ous, CUhavpen has to b n order

||!II1_!'- ter burn, but 1t mav notr | readily
Ia'a'¢|-,_-_|'|'./'l'|| that T Mcreasing . the PRV e

content of the atn aspinere, Durning 15 m

MOTe SPpontancous and vigorous 'his effect

15 disastrous when, for cxample, oxvieren leaks

i a confined space, but of course is 1

good use in the contolled siruaton of an

: :
oxv-acetvlene flame where further oxyveen

can be added in order o unprove Combus




the cylinder were priven a4 small blow with a that 1s,
spanner it would explode spontaneously, OXVIED
without requiring any form of gniton, The pressus
problem 1s overcome by dissolving it in ace To p
tone, a liguid which is able o dissolve the :_-;._,
rwenty-five omes its own volume of acen solid, 1
lene without occupying any further space, cement

Hence acetvlenc is often referred o as ‘D /A,
that is, dissolved acetylene. Onece m its dis
solved state it can be safely pressurized o
SOIME extent,

A laree tull acetvlene L‘}'|I|‘;L|L| will contain

6,160 litres of gas at a pressure of 15.5bar,

tapped LH for
ragulator
valve - —, W

salety device

gauze filter

porous lopping

Thical pxy-acelviene weiding equipment ’
Acelylene "
2

Like oxyvgen, acetyvlene is supplied i a vanen, 2 e H Schona

! . : : P mMass
of cylinder sizes, from very small “portapak’ ) _ soaked
ces o the large ones designed for manifald : ) with
systemns. Acetylene is alwavs supplied in steel . acmnne
cylinders, painted miaroon, which are shorrer %
and farger in dwmeter than their oxyeen
counterparts. The evlinder will again bear a :

4— gauze filter

|"-'k"~‘-'l11 X ".'x'i'l'.'_|-‘., viCar of 1ssue and o on. & /l:‘; iﬁ%‘ : .
(S ®

Cylinder Pressure and Contents

label wdentfyine s contents, and  eiving
o r

= . e safety plug
LYl '-"'~|'- N CAanmol HII'I'I|"i:k g E"EL'h‘-i'.II'IK.-L'L'.- |I."i-'.'

oxveen because it becomes very unstable — it Cross-saction through an dcetviene cylinder

™ 1 r
Compon:

26




Oxy-Acelylene Welding

at 1s, about pwo-thirds of the volume of an sobved inoa higuid, seaked into a solid; whi
[ L | |"||':".: 1Ir AL e "\-"'\-'l.l"“l il T ACCOLINTS Ill" LNe erieal LlI'II_ e 11 WL

berween LIXYEET andl .'l.'l"'-.:.'ll'. [ '|i:' || 5 1

Lo prevent acetone escaping with the s weld

£ OPCrator Can prevent o O6 Acetors
the manutacturer soaks the acetone o a by not using the cylinder horizoneally o
ol POTOUS Con lomerate of charcoal and l.||:|l_3'_'.'l;; it 11 excess of one-hrth of
ement. Thus the cvlinder contains a eas, dis ner cyvlinder concents et now

outlel pressure gauge

cylinder contents gauge

flame trap e i pressure adjustment
flame tr: .

sSCcrew
cylinder contents gauge
:_:",'| ndar autlet valve

outiel pressure gauge

pressurg -\.|'!|||'!'|'|!-:II| SCrew snindle K&y

flame rap

blow pipe

acelylene axygen

L-ammoanents of an oxy-aceiyiene set




Gas Pressure Regulators
Located at the neck of the pas evlinder, these
regrulare the ~up]'l|k of was trom the ovimder
to the gas delivery hose. This involves a preat
reduction in pressure since delivery pressures
are typically only U1 4bar, In MIG and 'THG
welding and to some extent gas cutting, some
vartaton in delivery pressure is tolerable. In
pas welding this variation would produce an
urcceptable change in the welding {lame,
thus the pressure regulator not only has o
make an huge reduction i pressure but it
also has o provide a very uniform pres
sure/flow at the welding tip.

Regrulators can be cither single stare or
twi stage, Single-stage ones are used where
some variation in output pressure will not

affect welding quality; with rthese, pressure

in the

recdluction ocours in a single swage

pressureg Eid.;$1lﬁg
SCrew

stage
diaphragm

28

case ot a full oxyeen ovlinder this may be

from 2Hbar to (1 14bar, This 15 achieved |

means of  a manually .I||;~|~.|.||||c_- Spring Lurput
H["-]"'Phil‘.-lt', a flexible L|i.1§1||1':|_!_{‘.|| isee diagram DRyEen
below), so that as the pressure builds up Th
against the diaphragm it closes the valve and Over a

cuts oft the supply. Flow of pas causes the

pressure to drop and the valve 1o re oper, eSS U
allowing further pas to enter the repularor., in ad)
.“;inlz_'_h' sTasrd I'L.'_L'_l.|.||u1'-. are ‘*:‘-n;'_:|-_ have ‘:"!a refr
single paupe which indicates the evlinder Tw
pressure only, and an adjustment knob which TALEES
i= wiound 1in "l””.!'. g stem which may [ a1l tey b
be graduated to provide a rough gude of
delivery pressure Flashba
A wo stage I'I.'_!'Il.ll'.lll"[ s ettectively tao
single-stape regulators placed in line, but The
contiined within one housing, The first stage reprulan
15 pre-set by the manufacturer and s ennrel
on the
+7 gas out to torch Aot

sacond stage valve

first stage diaphragm
~lpre-set)
-~

first stage valve /

— A fiashbac
Hediicing e gas pressure in two stages. :




Oxy-Acetylene Weiding

TUNCOOrge: 1

the tollomaing wa

put pressure from the fiest stage of an | A sintered meral flami trap extinguishe

linder 15 abyour 2iibar anv flames that mav burn back 1

theretor 15 [ Waork eras hose. Theretore gas inside the eviind
il I 1 =20 rathet than cannot be wmited mthis was
U=ZOlbar, providing a very constant outpud 2, A valve cuts off the supply in the event
( [0t le by means of 41 Hashbacl ar  thi ITESSLTY
rxh [1 | ACCOmpan love, !
., T 1 ittt LU 1 th

.||I\.|l are

three  qui

rrisstonf, Varviie 1n I|'-|' I ease of use, and very

st ficantly 1 price!

:'-||l|\. tnal

".-|||'.__ WIHICE Pronv e

perafion of the cquipment. Lt ren I'his necds

arrestor has en actvared

hifore the svstem wi orrate normally agan



Oxy-Acelyiene Welding

Hetore reserting, consideration muast be given
tr why the arrestor activated, The common
causes are incorrect lighting up procedures,
[Frossur settings, Or usce '11. 1 :rn.'| 1.

\ seq -:|'|-| I'-.|'>u', less expensive and of more
simple construction, is one which activates
like the one above bur is more complicated
tor reset: 1t has to be removed from the line,
and a [, A |!|.'|| [ed ||!:.' Arrestor with 2
chain, must be inserted in the body o reset
e valve,

The third type is a disposable one — once
acovated it has to be replaced. This may be
UM l|| Fear |i':' 1"\{'}'l'|‘|{'|‘|l'l'|| |Jl;r i'\ '.:ll'li
mitely not recommended for the beginner!

If the arrestor is inadvertently fitted the
WTOINE WAy .|r|1|||‘-|| ||":'|-| ey I'_'_.-l.\' ‘\.||||| :-ll:"'\.‘-
throweh the hose to the torch, This ‘51I"J'x'll.|k.\'
1LEsg ful test tor s effectiveness: 1 :-.!|<|;|||_|

not leak at a delivery pressure of (L6bar.,

(735 Hoses

Cras hoses provide a means of flexible deliv-
ery of gas from the regulator to the welding
torch and vary in the following wavs,

Like the other parts of the system, hoses
are colour coded with red for acervlene and
blue for oxvgen. For ease of manufacture
they are typically ot the same quality, quite
often bonded together as a pair, with the oxy
ren lrse i1.||!|Il_-| Bilue. It is safer IIJH_!‘J|I1 these

|l|":.llli Lisd

Size

The wall thickness and diameter of the hoses
vary and relare 1o the maximum delivery
pressure, The high pressures demanded for
pas cuttng thick steel mav warrant heavy

hioses but if the anncipated vse is for welding

and cutting thicknesses up to 20mm  then

light hoses will be casier to manipulare in use.

Length

The standard length 15 3m, but this can he

doubled or may get shorter following repai
In either case a proprictary hose coupler
should be used artached with *o’ clips. Ay
cheaper or handier alrernatives are fraught
with danger. Hoses are easier to use when
short and should be completely unwound
before use. It is theretore pointless o buy o

make up unnecessarily long hoses.

Fittings

One end of a new hose will have a hose
check valve' fitted by the manufacturer, [tis a
liynger metal fitting than that at the other end
and will have stamped on ettt to blowmpe’.
The unit conrains a dise, which 15 free o
move up and down a short chamber. Pushed
one way it allows gas to How on through, but
any back pressure, perhaps following an
explosion at the welding up, sends the disc
back and cuts oft the LS \l|§“|‘i=.. [his [pro
vides a high degree of safetv and support but
does nor remove the need for a flashback

ArTCSTOT,

Torch

The torch, or blowpipe, consists of three
main parts: the shank, thar s, the body ot the

torch, the mixing chamber, and the nozele

Shank

The shank is typlcs ]': an aluminium castng,

although recently stanless steel ones have
emerged, which are even more durable but
also maore expensive. It houses the control
valves bor each pas which again are colour

Lo II.|L l'.l.

Ioemifyin

MNozzle
This
the en

seal ||.
flarme a
1AC) |
N OZS
{
vhish
s n




Oxy-Acetylene Welding

—d
! crimped "0 clip

hose

Dlow

stampead 'fit to
or with =>»——:»

pipe

d 2 -CIECK FHaive
red
contro
mixing chamber shank
MOZTIE
ey - 7
- | ¥ . i & | i
— : o =
S

.

blue oxygen

contral

arud into this u re the pases
cubic

feet/hr

[, complex

1en 1 11 it hira prernaps chrosme

plat 1wl i gerewed onto the end of the

han

MNozzle

I'his i 1 [ T R | 13 serewed inro litres/hr

Tt il § [ et

1 It 1 Tl
urly sott metal 1t can be damaged quite
i ['he threa | end | ot serew 10 o
il rlv | 1 end 15 damased and the
IREARET | I rend will T I||"\-|ll'|\_|i A
cl o foar sutters damae:
\\I || | '!l 1 TILETNEXET
vhieh 1 cs thewr consumption of each

K

WLy

manufacturer



Oxy-Acetylene Welding

recommended  setting  up/lighting  up
procedure 15 followed then a No,o 7 nozzle

will use about Tew. tr/hr of cach gas; chang-

iy the nozzle size changes the volume of

gas and 0 turn the volume of encrgy sup-
phed 1w the weld area, which will influence
the rate at which the metal heats up. If the
flame s correctly set then the temperature
will be the same tor all nozzles, rhar s,
3.1 5000

l'o withstand the increase in hear radiared
from the weld area nozzles with a larger

capacity are made physically larper too.

OBTAINING EQUIPMENT

Gas Supply

Cias can be obtained from a welding pas sup

plier. Most should offer competitive prices,

and provide good service and technical

information on all aspects of welding,

including the handling, transporration and

use of |1'li.]'.|l'~||'|i|| HEABCS,

Reguiators

For |'|_'i.|;||1||i|j. and saterv, the hest regulator

Cublet prassure gauge
Cylinder pressure
gauge

Pressure relief valve
Plug

Requlator inlet

Inlet nut

Requlator cutlet

Label giving gas inlet
and outlet pressures

Py —

M|~ ;L

A two-sfage reguiaror,

Flashbac
There are
above but
aton. s
hose has |
will be rel

supplier

Torches

Manv des
variations
appearanc

SAITIC Way

MAINTA/
EQUIPM

Cyvlinders
LISE .II.ui: A
CEMOVINE
returned fi
exhausted,

dri PR i

A hase conne




Oxy-Acetylene Weiding

will be one made to BS 3741 /BS 7650 (in the
LK) or equivalent, which should be evadent

omn the body of the resulator. It must be

Flashback Arrestors /Hoses

[here are three o e s of arrestor as discussed
wive but bevond this there 15 very little vari
tHon, Similarly once the six |-:'|._:_'I!! 0or a

wse has been selected then vanaton 11 Price

il be e ALK ll Loy The O III:|'I|_"':I|-.-C_| £85 ||'-|,'

Many deswyerns of moreh are available, with
varmtions in welrht and small ditferences in

ippearance, but all III” Wi |\:i|:,: in the

MAINTAINING AND REPLACING
EQUIPMENT

Cylinders must be turned off when not 1n

| when the cylinder is empty prior to
Femoning Il' '-;:'|||||'|! |”l\. ‘l:|'|.||l.i |||.
returned for refill betore they are completely
exhausted :-'.'||i-. whin the pressure has

-i|-::*|l='.. tor abou | bras lhese |1I'-.-::!.II'I>I'-'.

will prevent air backfilling into the cylindes

MNo malntenance 1s necessary or permitted
£n l."-.lil"lll.l'-. || A l..'.l'll_'l,"" IS thouent o I
unsafe n any way, tor example if the gland
nut at the neck leaks, then return it o the
supplicr and ace ept a replacement

Regulators, flashback arrestors and torcl
es may each cease to perform correct]v atter
I‘l"*|u||:._-g';| nse of ume. These items r (LT
:."x|'l."'| altention and noo atten [l should b
made to repair them, Leis customary to have
Faulty CquIpment service exchanged, tha
l'l."!‘-| wed with a fullv suaranteed. restored
itern at a lower cost than purchasing a new
replacement

Haoses reguire a somewhat subiect
assessment regarding their saterv. If the firs
laver of canvas shows
L |I~II‘.III'|_;_'. e it the hose 15 | eard o Crag
when squeczed dehty through 1800 deprees
i the |*:II'|I|_ ar of course (1t t leaks. the
repalt of r ':1|.|-. ement 1s necessary. Hoses
must be repaired properly, by curting our the
suspect |'\.|:_!'_|||._ then reconnecing with a pro
prietary hose connector, held in nlace wirl
‘ls-1'|i':‘l'\. Anvthing less than this 1s Hkelyv to b
dangerous. 1 copper 15 used in repatring the
acery lene ling, tor f.'\.;:||§1|‘__ a chemical com
|‘“ll]:'|l.i i\' |.ll"'I:|_:| '-.'-.!:li_'l il 111K DECOIT

<'\‘|1|-!I:-:'-. 2

coupler

A hase cannecior 8
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Oxy-Acetylene Welding

simitlarly the chemical reaction beoween
oxveen under pressure and oil or grease or
similar compounds must be avoided, and
particular mention of this is made on the
cylinder label. The reaction here 15 a sponta
neous explosion. When making gas connec
tons no lubricants, jointing compounds or
sealers should be used because |||L'f~ are sus

l.l'|"|:|I ¢ TNe Same reactions.

ASSEMBLING THE EQUIPMENT

'hroughout assembly of the components it
will quickly become evident that the system
1 colour coded — acervlene fittings are all red
and oxveen fittings are always blue. The
exceptions are the cvlinders, which are
Tk :|||I| || .H'l'. |'L""\.|||.._'|.:r|'|. L'l'..

[t wall also be apparent that there are two
tvpes of thread; those on similar ficongs will
e the same size and pitch, but threads for
oxvgen are conventionally right hand, and
those ftor acervlene left hand, Left-hand
threads on gas Attings of any sort indicate
that the pas 15 combusnble.

The explosive nature of the gas 1s further
nphlighted with “notched’ nues used on all

Connections, a earure peculiar to acervlenc.

Gas Cylinders

There are two stages i the preparation of
CVHTIACTS

First the plastic cap needs to be broken
and unscrewed from the |‘|.'+.'|1L o .;_-;1;_'!;1 L'f'-:i”'
der in readiness 1o receive its s recrulator.
i empry gas eylinder can be recognized by
the absence ot this cap and it is customary to
mark M.T. (emprv!) on it with chalk.

The second stage 15 to ‘snitt” the eyvlinder.

This 15 done by opening the evlinder valwe
and allowing gas o escape violently for about
a second before closing the valve again; this
5 done to remove any debris, dust, water and

s on from the COMIneC g HL:‘."...i_I."I_'!w_

opan for 1 second
then close again

|

H\r
H\W
W)
W

="

Srdting'a cylinder

Operation of the valve will vary depend
ing on the supplier of the gas. It may be
opened by rning a handwheel or by insert-
ing and turning a evlinder key in the direction
indicated on the valve assembly,

MNote that at all times the ovlinders must be
stored and used inoan upright position, [f
they must be transported horizontally then

ivert them and leave for about half an hour

|1.L.’i Cl




Oxy-Acetyiene Weiging

HETOre Using, S0 thal INE ACCtone 15 d ovwed to Finally, apen cach cvhna 11 Turm  ans

el 1 the acenyviene Cvinader |5'-.||'!.'_'i'

drive 1

lashiback Arresiors
Vthourh heavy and made manly of meta

i’ Uartors must e o e as [rrecisio ."'-'.‘.:I':.I remove tl :.'Illi"- caps Il the arrestor 1
en will they Funetion new, then fit and purgee,

reliahly and sive long service. New repulators It 1t was put an the rght way around

i o from ¢l thr led 1S OO “ticaris
removed Iron 10 TR rCAOed rils] e Ctions,
o585

Older ones sho I Inspectt d for siems of

T1 I - 1 P 1 ]
Fit, ensuring each hose check valve 1s ar the |

tosrch end, and prurgr If the hoses are bong
necdles that do not zero, betore reusing, B el topether then it them hetore fnng

that they will be quite separate when used

ithstand the evhinder pressure. y
' Torch

[he regulator stem is mnserted intoo the
cvliinder nect rinalls ] I_"|":_'||-;|| i |'.|:.1:|'!|"“!"~'|'-'|'-"l'-i"'=
then finished off with a geatle hammer tap tor suit the work 1n hand. It at this stapge the
o th Spranmnt | |-:|-'-|-." it this it |]':l/.'|L [ s s ||...'|_.'3|' which mike
whether the repulator touls access to the ward to use, slacken the s ng chamber
cvhindet ey knob ||-|| if necessary slacken CONNeCig, rotare e nozzle to the desired
and rotate the repulator to a more convenient angle and retighten the mixing chamber con

oSty nector

W}E

3 tighten mixing
chamber nut

_1 slacken mixing
chamber nut

2 rotate nozzle 1o
desired angle

I+ ekina tha nazsia
.‘-|'_._|_-_'|_-.". __I e "._ C




Cy-Acetylene Welding

Testing GAS WELDING ACCESSORIES

On completon of assembly all joints must In addidon ro the basic equipment require
be tested for leaks. “Teepol” is painted on ments, a number of other tems mayv b
each threaded joint with the equipment either essential or useful.

turned on and under pressure Bubbles blow-
g at a joint indicate that the connection 18 :
. SaraL T . Weiding Goggles

cither faulty or needs further nghtening, -
These are absolutely essential in order to se

the welding lJ|'rL_‘1'.I[iur'I clearly without ove

E‘OCAT!ON OFEOUKPMENT slraln '.i‘.'lii ‘q.‘-'iIl'IHLII FE"il[kh .ll":l.l h;"illlli.l entet

ing the eyes. The weld pool 15 viewed

It is too dangerous o allow the eylinders to through a coloured filter glass which reduces
stand freely sooa method of restraint 15 nec the brightness to a comfbortable level, Thesc
CHEATY, are made to BS 679 {or similar standard
Inioally 1t may be easiest and satistactory overseas) and for most work a GWE3 1s
toy hold them against a wall or to the end of used, Heavier, brighter work may demand a
the workbench with either a chain or 2 GWTES or a2 GWTEF3, the other two common
hinged strap. For tull mobility, a cvlinder rrol- grrades,
ley 1s ;~|L'I'L1'.|i1|u, and these also hold the The eoloured flter glass is prote: ted ||_-.
cylinders upright, These can be purchased, or plain glass or plste cover which gets spar
could perhaps make a useful first welding tered up and 1s inexpensive to replace.
task Some groprles can also be used for grinding

- Airintake

!
™ filter glass

[}
'clear glass

Gas welding gogaies.
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Oxy-Acetylene Welding

because they have a hinged filter glass which
1o expose a clear glass, but all poggles
'!'lll. ll'l';?""'!

i3 1942 0t equvalent,

D iy gl F T Rp
Frofechve {___.'__ 1y, _._._l".‘-r!.

v number of factors determine l.-.|'.|| ‘I"l"l.lf-:'{'
tive clothing 15 needed. A minor task, done
| | eneh mdertaken 1 % ld” cle '||'|3'1!-_'

ey ot warrant any turthet \."|I'~!I|'-.|.|||'-'|'I

Protective clothing sall, however, be a majon

welding overhead whilst

motar-vehicle, In this case a cap

wiotld be necessary 1o additiom o the usual

Corton clothing without

1 1 101 |

anv fravs 15 best for combatting welding
parks, which despite the most wvigilant
efforts wi I tend to find their way into
socks, 1 P sleevi imd down necks, Beware!

Fiarma

ferrifneam
= il !

FOIEILATT

1 1.1 1 . Py X
Whilst a spark in the wrong place can have

IT 15 1ITIpX IH'H'lIEI.' oy o

form ot Eniton

I are effectve and

safe, Matches arette lighters are

but porentially

=h

™, replaceable —

flints

ethal 1f

KU in a pocket L|l|ri‘|_:'_ WK,

Fire Extinguisher

[he need to have one of
hand during anv welding activity must be selt
evident. Consideration should, however, b
:.'\\, 20 T || L I". | L

1"."'\.||\.| I ':_\l,:_'”\._'l-:- .||'||| |l'i|ii'i'i"'\- I|'Il.
hood of turther yminon but 15 not a
choice when working near to elec
rrert!

{¥her
ST

VANLALCA,

possibilities are GO, |

each having its own merits and disad

Nozzle Reamers

During use the welding tlame mas

l.||:'-|""|i_'\.: o forked because some patter has

.|>L|_i.[u| inside the end of the nozzl

Ereal
MNozzle reamers are a pack of fideed cleaners

i a number of sizes to st different nogzles

=elect one which 15 a snugr 11t and use only as

MUCh as 158 NeCessary to restore a | flame.

Tow much !-||II‘._!I will :'!1|:.‘.'_;'L ofr missl

ape thi

hole, resulting in a4 permanently distorte

flame

spring
oaded

flint

keeper




Cxy-Acelyiene Welding

S0 WY |||: 14 [1%8 'l'- ¢y .IIZI:-:.'II:_' WOy 437 TTIHOTE

pieces of metal toeether and heating them
L3, st st 4l |:.||!|'.1||:_:_'_ systemn 15 allen
nocessiary, borh to wd initial assembly and to
hold the pieces in place L||.'I'1::_ ‘-.\-_'lkl“"_!'_. 11

the myriad tvpes of clamp avalable, G
|

ind mole gnps will find much use

PREFPARING THE WORK

ke many other tasks, a successtul ourcome

=

reatly influenced by the deerce of carc
taker i its preparation. A carelessly cut com

ONCnt may gnve rise by o4 reee peant L

which s then difficult and slow o fll, |'.:Ii||11l-.'.

tiv clamp preces torether may result ina good

wvield holding wovether a distorted construc
Farstly, all new or replicement preces are
making allowance for gaps or
Perad 1118151 ||L,' rca
sottihly elean. e s unhikely that the metal will

weed desreasing bt it should be free of

38

CXTERE II| LITEARC, |'¥.:. nt, sl or ruse Lleaning

with an angle grinder or a pedestal grinder
iy be necessary 16 the sorface 15 badly con
It Hl';'(:..

I'he COMpents need o be held ropether
well encugh not to move unduly when tack
ing or welding, and the clamp, grip or whar
ever vou are using, must be capable of with
standing welding hear,

If possible assemble

':!'Il. ‘._1.'|'||:|||, |l.l|:-_ L] Il"I_II CACH COIMIPaieit |I\. |i"‘-
hold another in place during assembly and so
that the appearance of the tnished job ca

' s 1
LA .II'I-'H.'||"i|.f-5.'i.|.

_._,..l. clamps

| = Y =

keeping square with angle —L
securad with clamps

Metal assembly ands

Selectir




Oxy-Acetylene Welding

Froally, place the w il 10 the most access: . The thickness of metal. This is the
ble position possible, or arrang voursel! as Mest sigmificant variable and 15 the starting
comitortably as |--'--|5-| tor wive vourself the st 1 the table on Py 42, Thicker meral
st possible chance of dommg a ood job. needs more heat/larger nozeles than thi

2, The mass of matenial, Two items each

2mim thick wall nor be welded with the sami

nozele 1t one measurces 2hmm X ZHUmm

[ and the other Thmm ® 3mim.

s 3. The type of

I rricd and tested surface making a4 “I" jomnt wall require mor

makes sense to set up those thines that heat than an edee meeting an edege 0t

imn [ .-':.-'.-'." hefore the £y Hpment s same  thicknesses, hecause there 1 YRS
urned o he following preparations fall rmetal to condoct the heac away

into this cateeory, Pur on protective clothing 4. Thermal conductivity sall Prartly deTer
as necessary, and obtain the tollowing: mine the ease with which a weld pool can b

abtained ar a partcular spot. High condus

RTRVFA LIWEEY 11T ils like copper are .|:|"| HL T 17
E 1

' Filler wie Lo untl all of the metal becomes ver
| haot,

} Means of flame senition Ay | ke "iu'l'i‘n:i' heat capacity of the meta

miakez a theoretical difference to the amour

[ Fire ¢ TEMLrLEL |=.' it |':'.|| I'l.'l!llil'l.il. b LS erbect 1s ||I |'-|

e |1'|||5|_' in welding

Selecting the Nozzle f. The weldng posinon will have s

1 . il o e e e vluence bec o ! R S
'he chowce ot noseedle weell be determined by intluence because a smaller weld podcd Ten

— =patEg ' = ]

twa directions

three directions

| —

1_-'-———-- —y - ——  —— =




tor be wsed when welding overhead, for exam-
ple.

Specd of welding. A nozele which s
shghtly ton E.II'I'_'.r may be usable ]':-['-Jn'-,'i|_||ﬂl1:1
there 1s an appropriate increase in speed
8, A nozzle which is a little small may prove
tor be manageable providing the gas supplied
through it 1s increased bevond the normal

SCTTINES,

Whilst thickness is used as the main guide in
nozzle sclecnon, ascertaining the optimum
size can only be an ‘educated _:-."-H_'.N"\-,, ard
theretore some trial and error must be

i"-.l T |

Selecting the Filler Wire

Vidding filler wire is necessary in order to
remntorce the welded joint, because as the
cdees are meled they tend to sink and be
hollow. They vary in rype and diameter.

The hller wire chemical composition 15
matched as closely as possible with the par-
ent metal (the metal being welded). In simple
terms this means that a mild steel wire is used
foor mild steel, stainless steel for stainless steel
and so on, Clear exceptions to this are when
brazing metals other than brass and when
joininge dissimilar metals, Wires for welding

nuld steel have a thin |:Ljn-rrnl' copper on the

. preparation :

™
a \

unacceptable concavity
{without filler)

Oxy-Acelylene Welding

S—

surface, simply to prevent them rusting
before use. These wires are referred o as
CCMS (copper-coated mild steel).
Diameters of filler wire vary from 1.2mm
up to SUmm and are chosen to match the

metal thickness as {'|r1.~'~u}}' as |1r1H.~-.‘l'-|;:.

Selecting the Flux

Generally a flux is not necessary because
most welding invalves fusion of mild steel,
and this metal is peculiar in not needing any.
This is because, like copper, 1t forms an oxide
with a lower melting point than the metal
itselt, and the small amounts of oxide that do
torm can be expected to float to the surface
of the weld and not spoil its strength, Most
metals form a high melang point, refracton,
oxide and need a flux wo break these down,
and floar them otf,

Flux for tusion welding comes in powder
form, of varying colour and density, and is
selected o suit the tvpe of metal being weld-
ed. Its funcrdon is to prevent oxidation of the
weld area, break down any oxide which does
torm, and also to combine with any other
impurities present. The addition of  flux
makes the weld pool appear cleaner and
brighter, and makes 1t flow better; the
absence of these signs indicates that more

flux should be added,

slightly raised profile
< - (with filler)

BN

e

Ciiose Dudt fownts with and wilfiou! filer addition
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Cxy-Acetyiene Welding

e pressures are set with the toreh contreol

knab OREn, because it will by QT w hen in

Cnce the nitial CyLpmen i1-."'|1'|r'.'! O 18 iE "'-\'I:II‘:I.l the 1.:-_.:.."“:':_' knolh in clockwise

whilst watchiy

done, and the con ronents fo be welded are i
- ‘ the needle nse on the deli
S iy and ready toosweld, a final satety check

4 ery Il‘:'l._\-l.'l. L r LI [I IS W71 IRARIE I|I |'l. bt |
v 1dea betore commencing to weld y ! : :

o foa 41 1 dbar, bt for larper nozeles refer to the
Ihe procedure for obtaning a suirable i
table overleat. Turn the torch conmrol knob

aoff, and repeat for the other gas

2 Voljust the working cras pressurcs
1 lurn o the acetyiene and prmlte
} lurn on the oxyveen and Increiase tos

1 | ¥ "
[Procuace 1 ool AITE

Turn On Cylinders

|.-| ! ||'.: TVLLEL .-n. 'I.'I:|_|| A5 SHOWEY as |!l.l'-.'-.!
Lile ror retard the shock loading of the regala
tor diaphragm. The ovlinder pressure witll

IOy e CHsP Ly Ca O e ..|' ||-,_- L LIEre s

Adjust Gas Pressure

I'his 18 done with each ||':||-.|1|_'||-|;'||I'-_

reaqing r
for nozzle siZzes
1=7inc {0.14bar)

outside nng = bar
inside ring - PS5l

[ie deivery oressure gaduge sel fymcaly on Ol T4iar

Serting the pressure with the torch walve
closed can be mnaccurate and confusing
"'-.I": illllil'll_'l "l'll. L LT T |-.!| ||| 11 '-'.||| LS '|:l.
rauge needle to rnise, but 1f 1t 15 wound hacl

ot the readiong will not tall. Ar this poine the

reading 15 high, hutr w
torch the ras w |i|'l.u'§-.|'. drain and there wall

bt no pressure reading o

outside ring — bar I Lighting the Flame
inside ring = PS| N

Cove the torch acetviene knob thoat 2 gua

2t [CLrnm., .I”l.l'-.'-. E.'I-. I':'I.I'.|l":' Tid |':i|"=:' AL

] i 1 B e T4
? Jauge reading Wiy
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Ony-Acetylene Welding

[ mild nozzle gas gas pressures filler
slee size consumption oxygen and wire
thickness mm IR fi3ihr acetylensa mrm -

! 0.9 | 28 1 12 .

2-.‘.I:'.| _ . /

2 2 |57

%]

2.0 3 86 3 o 1.6 |
2.6 5 140 5 0.14bar 24 \
.2 7 200 7 a0 .

svstem for abour 2 seconds and then wirn which causes it to change colour from bright

off. Repeat this with the oxvgen supply. vellow 1o blue. As the oxvgen supply 1
Furn on the acetylene again about a quar increased three pares of the flame become

ter turn, allow o flow for about 2 seconds,  ncreasingly clear. At the nozezle end s the

and wrnite. It should be lir near the end of the “nner cone’, about [mm long and a very

nozzle, ahout 25mm away from the end at light blue. Pxtending around this s the ‘outer 7

The na

most, Consider at this time where the flame cone’, which 1s duller and less defined; it has
15 Pointngs as i s lit, and Ve it toral atten i Ir.".ll-ll-'.'l'}' L'l|;_'l.'. |"i'|'.||!_‘. there 15 the main
tion whilst it 1s burning, [f anv distractions or body of the flame which s known as the
nterrupions welding are |:|||':'i[".|IL'L| then ‘L'll'--:_"f-|:-n_' of the flame.
turn the flame off The oxygen supply 15 increased unnl the

The acerylene supply 15 now increased outer and inner cone merge inexactly the |
until the flame ceases to burn with smoke. It same place and the inner cone becomes very [
this 15 done slowly then much soor and detinable. For qualiny welding it 15 absolurels |

smoke 15 released into the armosphere essental thar this neutral flame 15 achicved, \
because combuston 1s incomplete, so learn
tor adjust the acervlene as quickly as possible. The Carburizing Flame
_|L|_~.[ before the neutral flame 15 obraned,
The Neutral Flame there 18 a lack of oxypen (or excess of acen

Oxveen is now introduced into the flame lene) making what s known as a carburzing The cart

off riam
—_— i &L

—\"‘--\.\_\_\_- - i-:-'._.
o The O
I T |.' et

on hen

Forelt gas comr
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Oxy-Acetylene Welding

clearly detined inner cone

—
P,

undesirable ettect arn ..~|.||,-||'_._-_ flammic to. fusi

wreld weval

(el ||II|| el

WL

IPPears SCLITITY

produces IIasscs

the weld g

ool appoirs

Applications of Flame Tvpes

The Oxidizing Flame

It turther omy

W ErreaLy

d to a neurral tlame

[he neatral flame is

e

15, there are no

il the weld 1
flame 15 used

Carburizing

43
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 Oxy-Acetylene Welding

short, pointed
mauve inner
cone

ron carhide — will have a minor effect on 1its
strength, but it will become much harder and
more brittle. (Midizing the weld mertal
reduces its strength and ductility, and also
makes 1t more brittle

These flame types do have their particular
applications, however, with carburizing being
used for hard surfacing, and shight exidizing

tor braze welding (see Chaprer 2)

Making a Weld Bead

Without Filler

Before considering joining  two  pieces of
metal together some basic practice in melting
a weld pool and controlling 1t on the surtace
of o small sheet of steel is a a pood idea

[ake a sheet at least 150mm square by
|.5mm thick; a look at the table on page 42
will indicate that a Noo 2 nozzle 15 needed,
with delivery eas pressures of (L 14har.

Set the sheet on a .'_|r'|,_-lé"-r| wit surface, have
pogples to hand and set up a neutral Hlame,
Put gogeles on and direct the flame ar the
metal with the end of the inner cone about

2mm above the surface. The angle between

44

anvelope of
flame short
and more blue

the torch and sheer needs to be abour 60
deprees, pointing in the direction of travel,

Producing a weld pool takes a hrtle tme
how long depends on the meral thickness
CIn LLhmm thickness it will take abour 5 sec
omids for the tirst sipns of melong o appear
and a little longer before the molten puddle
LPOWS TO 8 W wkable size. (nce the P
dmm wide it will be melnng well and through
the thickness.

Move the rorch along the sheet, keeping
the [ o]l width constane, 1f 1t Bromw laree o
brreaks through into a hole increase the speed
oot travel, 1f the weld ['\cll;| appears to Iy |.|~.'
then slow down, This assumes of course that
the torch height and angle have remanne
comstant, as these will affect melting as well

Practuce should contnue unnl fused weld
beads can be made of specific and cven

width,

With Filler

Most welds require the addinon of Aller o
develop full strength but ar first it can be a
very difficult and trustrating skill 1o master,

o I]'Llil'l'.l'.lfl'll Il"‘.'r'\.'-'i.'i.'l'l ||'3'r|I |"l.:."I-.‘;"- | 0y,

A gas !
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|

|
I naminal

breaks in getting
large hole oo wide

width

direction of travel




necded and a vood combination of effort

and panence! The wire 15 added a hetle at a
time to the centre of the weld pool, which
will cause it to dry up a lirtle, The wire 15 then
removed so that the pool can recover its size,
whilst also melong new material as progress

along the sheet. The wire end 15 not

« 1T
- 1

removed from the envelope of the flame,

thus '|1r|'-.x'|III|1_' it trom "xiai:fillzl_ :l|‘|L| .'I|NU

1 ] o o F .1 3
keeping 1 |.- oL, ANd 800 Casy Toy melt oft when

ded to the '|1c||1|.

ke the fused bead exercise this should be

||-';:|||~.L|| until the weld |"!|'iI|-||l' % 45 envis-

aped at the ourset, Al to make owo types of
bead: (a) |‘|1'<|1'|4|1||'|L'L-|| above the surtace with
asmocth semi-circular |||'.]1|<.' nd (b meltng

tight through the sheer with shght build-up
:l.:lLl .l'l.llll A ||E| il '-\.'-I-Il:l'fll.'-l cven |-':|"'|"!El.'.

It is worth setting pood at making beacds
om sheet in this way before attempung a “real
weld, The transiton to making weld joines is
then quite easily accomplished with min
LM k‘-.:E‘:TiIIL'_r.' ot material or rejection Sre [t
\.]l |'|IC_II5|.:I_' '\‘.L'}lell 1TSS, 1:1'.|L'|:“L {1 A |':.'|_:'\
af thicknesses, using different nozzles and

filler wire sizes.

o

I W

1

ing filler wire

fully fused bead raised above
surface

More heat = less filler providing
full penetration

pi

Beads on plate with and without full penetration

46




Oxy-Acelylene Welding

welding, They can be practcally eliminated

FCIMOvInge |'I'If!'|' 01

laving it the tlame in the presenbed mannet of the danger, fr
111y be tound that a hictle more or a |i|| e '|"'|-:". HEgs q'h',1|r|:~|- 1S SWYNICHh OCCUr at the wafw lel H

less b would allow the metal to be welded o] nozzle end as a resulr of:

I Gras velooity being too low

| DrOErress v ST ;_"_'-!|___ devw then I.'ZEII'l'I .

| ; | Inner cone touching molten metal
Can e tarned up oa e 0 sUpply Inor ’
! ! 3 Molten end ot filler wire passing
calt Irn up the aceryliene o P wluce @

through inner o«

4. Moeele leak

properly.

I LI IXYVeren O refarn
SALSS 1T 15 ndat LA T

he flame wutral, Doing this not onl

Crea the amount of eas leaving the noe B ' i
2] Mozzle end beimng partially blow

G, Welding flame oxidizing

effectvelv turninge a ™o, 3 nozzle mnteo,

likelv e

e ot detect when a number of tactors are cach

{ progress has « e fast because the slightly wrong, tor example when the tlame)

both a |III':_' close and a little soh

Causes 2 and 3 show that the inner con

1TIe T -_--:"l--| the weld RIRT . Too much :I|1-| molten metal tend o react when i con

eduction i the supply oo o st aris o fict

8 I'!-'iu-'-- ..'-~.|II'I:||:||~'-'-||.|||-:'n:"\ 5 MNozsles leak because o 1€F TNEY ave n

P DACKIIECS (CXPLOSIONS; Al The W I L) been hand fi:_:.ll-. ned enough, or because th
end is damaged in some wav, Seating surface:

can he restored with very carefu ||--=I|'.-'_

- i
'-.'-ll S0 ensuring tnar rthe e¢nd rerm:ain AL

with the noxele axis




Blocked nozzles are cleaned wicth nosele
reamers, and periodically the tip should have
the accumulated spatter removed. The noz-
#le will not overhear normally, bur this can
happen when working in an enclosed corner

where the thame plays back onto the nozzle.

Shutting Down Procegure

Lo lalnph"iuﬂ b W ||||'.]::' or when one of
the evlinders is empty, the equipment must
be shut down correctely. T s very bad practice
ter leave 1t turned on for prolonged inactive
periods. The procedure 1s similar to setting

U, iy 1 reversc,

1. Turn off each of the gas evlinders,

2o Open each control knob on the wrch
and allow the gas o drain completely from
the system. Care must be exercised in dis-
chargng unburned pas into the air ac this
time. A8 the system drains the evlinder pres
sure wabge will slowly drop to zero, followed
|'l'. Il!';. |1l'||\ CL I;,'I.]|.|L'|.' r.ll.-||-|.';'I Ly 2ET0 1'[” COITY
ponents are now at atmospheric pressure and
theretore 1 a relaxed stare,

b Unwind the pressure adjustment knohb
on cach regulator, w relax the load on the
diaphragm and springs.

:l { |l'l\|. |||'§. roOrchn i_"'"‘“llfl Llll'llt?l"'\-_

3. Wrap up hoses and store equipment

AWy,

MAKING GAS WELDED JOINTS
Butt Joints
Y joint berween the L'L{!_(L'r- of two [‘it'i't'h‘ af

metal in the same plane 15 known as a bun

joint, From the table below 1t can be seen

that the preparation will depend on the meta
thickness. Thin marerial 15 welded with the
L't|_x_rl.'.‘~' touching, thicker material with a gap
between the edges and thicker materal sull
requires chamfered edpes which form a W
when placed rogether. Llse of gaps and Vs
enibles meldng to occur easily ar the bortom
of the joint without needing an enormous

weld pool for this to |§;1|v|1._-:|_

=<1.0mm

: Tw —

before after welding

d.amm=1.2mm

o | 3
_ .

metal thickness 1.2mm—3.0mm
i J K

=3.0mm

\/’ '-{,

45" chamfers to give 90° vee

[y

O butt weld preparations,

facking

Most welded assemblies need the compo
nents of the fabrcation o be ‘tacked’
togrether before welding commences, Tacks
are shore lengths of weld which both aid
assembly and keep the metal together during
welding,

In mass production situations  formulae
can be applicd to the size and frequency of
tacks, but for manual “one-offs’ experience s
the best puide. Tacks will tend 10 be made
longer but less frequently as the meral

thicknoess increases,

-

A [Fck weio

tree ot the

metal wi
metal 15 ¢
ing, pick

metal sur

Place t
and work
end of th

|5k. NECESS




Oxy-Acetylene Weiding

ceep them tlat
Welding s now stmply o matter of repe

114 the head on |"|.!El. exerclse, with the bonu

Py : i
" i1l |-.|'-.I!!I:'_..'::|;': ||I'_|' Cy B ||-'_-._-._l 11 1ol
T - |'-.l.'l_'i‘l||'l"-.'-l._|l.|‘-II'.Ii-_"il A tull-strength weld i
- | i
¥ | Pl often nol necessary, but wherd needes
- h
3 the weld must tuse through the tall thicks
i ¥ - e
- - ['his s ensured by meltunge a Py, CONTNU !
" ! B tor heat until 1t sinks a hieele, bur withio
-
- lapsing (tricky!), then adding tiller and mu

; 11 O repoeat the Cyele
N Wengad assamovy ] [

Making a Close Square Butt Joint Making an Open Square Butt Joint

\lign the joint edges without a gap on a flat The joint is set up with a gap berween the

firchrick surtace, Make 4 small tack in the cen edwes, either of necessity because th 1ret
tre of the leneth noting thar as this is done the 1l was cor inaccurately, or deliberat
| Wil i cejual 1

id and possibly warp. It the because 1t 15 prefterred, Wi

1 | . 1 1
mieal s Mo "-'~..|||-'_|-.|.' he point of tack the metal thickness 1t s casier o melt

11§, PICK 1T up With -|'|:'.::'|-||-.|c-. it on a solid J¢ I 1 vo Cl

metal surface. Serike with a hammer directly ut the rechmg ntially ditt

n tack whilst 1t 15 soll hot o bring the LT to TTiAstel

P 5 [ ity the sam ,-fux lirected at 1l 1] i
dBT he second tack about H0mm away movement, untl the edees melt awav cver

] word LTS, _II=| n l.'.il'l' Crecio] T I|'=.' | I”I. I I" _i|.|||:_-\.‘i [ad I resduce 1T piien larie

end of the joint. As tacking progresses (o will across the gap and a molten "key-hole shap

be necessary o keep realigning the ederes to s created

1 |
i |

i — 3 ]

L salidified {

! ioint edge weid |

| ? 5 ) §

! melted away butt walging

[oint gap
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Phis kev-hele is traversed along the joint,
CTSUTINE thar it -|-1-:'- Mo Erom 1o |.I|'IL'_{'
||:I|.~-I;_'| lack of filler or slow welding "\-|!LL'I.|"-,
inel that the kev-hole does nor Bl in because
tesey mch |-|| er has |'k'k"1 .liillkll o f|'|L' W |||

has advanced too guickly,

Making Single V Butt Joints
Steel over 3mm thick 15 hikelv o be joined
with an arc welding process but gas welding
still has irs place, tor example in site welding
of small diamerer steel pressure pipes.

| ||l' [ ||'_'_: L -.'I'I ."I'|l.'|'-."; Al '|: :ll.'_:_' .II'|I1
pliced topether to produce a Wi-degree V
with a small gap. Welding may be possible in
one pass, but splitting ir inte e passes
ofters better control, Concentratuon on the
nrsl pass can be devored frenetratnge the
bortom of the V properly and evenly, and on
the second pass to tusing the brsr run and

filling up the ¥V evenly.

Making Corner Joints

Most met | e iNSTIructon i':'l‘-.'::l'l.-:'-: ‘-.".'l.'l:lli"l'-_:'
mto a Nhdepree corner, and this s known as
fillet welding, TFiller welds can be made on the

outside or the inside of corner joints, or 0o

partial
ovearlap

full overlap

the corner of Ts or lap [overlapped) joints

The :1]1|1|'4|:n'|1 oy cach wall var

itside Corners
When learming to weld these are pood joints
tor start with being fairly casy and sadsfyving 1o
ke,

The joint edeges mav varv 10 relaton o

HRls d to

each other from being fully overlag
having a gap, which has a great ettect on pen
ctration, For full strength the weld must fully
fuse through the thickness and this will b
ditficulr on thicker metal iF the cdees an
overlapped. Conversely very thin metal 1s dif
lieult to control with a rap and easier 1o weld
when overlapped.

Artention must be paid to ensuring that all
it

cient filler s added to build up an effectv

U ||'=L' [t sud faces mel .II'.i.l e that s

weld, typically one with a quadrant cross

SeCHorn

[nside Corners and 'T' Fillets

Fach side ot the joimnt can be expected o
melt evenly when producing outside corners
and butes, bur where an edpe meets a surface
the edge will tend toomelt moch more quicl

I ||L'I;:l||‘~1' it dissipates |h:'4| 111 ol 1L
I

gap

VAV AV A VAN

better tor thin metals

-

better for thick metals

e COMmers

y Y L
TOVETT 200

-|':-.'.
||; Cl
than




Owy-Acetylene Welding

harizontal

Coren LIl endency can b offset by |Z':|_-:_'~| II:'z'XI':':"\-|||\I.'.". o1 he required than b

et more at the s |||'__| & Feft W !l.lll'.!_' inn the same 1l ickness.

an ar the edpee, makinge small adjusements
v posiiion and angle unol cach side of the Lap Joints

it meles evenly, [ike the T fillet some expenmentation
||_|I -Ii'-,'-iln.nl 4y Ii';-.:_ LS 1S :-‘.'i||:_! flecessar Tih 'II-.| 1 ;'l||'~':|||| --i-II'II.I 1

taken away in three directions and theretorea angle,/position. The metal can be addressed
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CILTe SCpLLars | AN Ty ke Il':_' |' AT

CANTECE 0T (RAREI S |

VE NS st satls

F + [ i -
L -:l."-'l.'{ ar Joinrs

Mouowst we !ll 14! wirrk 15 com II'I'-klllll. ||:|_' |'.i'll_""\.

o i dnt abowve but there are of course others

Edge welds are made berween the edges of
a steel sandwich’,. These are done most easi
v and smoothly by simply fusing together
without filler

Welds like the one in the diagram opposite

WCIWCCTT a |"'|‘.‘k .ll1|.| sheet are o CATCEOrize ||_

and have 1o be treated on a one-off basis,

The rule of thumb, for any process; ty

joint or position, 15 that the joint surfaces arc

A

bisected with the welding head, An allowance

may then be made for gravity where it tends

change of position
with change in
angie

¢ Torch angles far weiding

A A A

flarme on edge axis

Torcl anglas for welding eoge welds

Sl

]

1 1
mn

1 e
WLk
[y I
W M
ey ¢




Oxy-Acetylene Weiding

"-'-.'l|'|. FLUHrE ||| 1

I CalLETTO i ||l_ €3 i"ll;lll [ ::Il [ |
marking the 1ob as
1 | reduce accidents,
neal 1o gquench the wiorl
nmcdiarely atter welding both 1o make n

nahle further aperanons on the

wirl v commoence. 1 he coaling rate, noma
r, 145 4 profol nd effect on the mechani

| ;'\I'I.li'll'“l,"'.'ll LE1E (11 ra I'.I'-'l.ll"IZII:_' e

1re used on certamn ciarbon ~-'J;|~""|'|’I MCTLs

| -] T e e - |
them hard and this s accon panied

in increase i brodleness, Quenching

]
WL || 1 peants 1n wates I8 UNACCE |"I.I-'-I|_'

hecome hard and

Gas Welding Variables

|| A L LT S ||| 11 4 FTAL LaCCaA=an |1 Iarie L I 1L

A 'Illl.l 11

SOMe aspect of w
ill:-"'--lll!.'|||'|l.|:'ll\.'ll' variables are consi
-.II_':llll.ll."-'..['||-|'|-.I|.".._"|-|1

1= frbtalned Dby '-:.Iilll.lllll.)l:"_'

thus rem Wing thelr eftect

Size of Material

\s the thickness and mass mncreases, mon
:I':'I.|| |‘h Paration s NCCCESAry, he wels WD
'.||_|,':-- UOMYrErT [0 |.-l:'I| .II'||| WL '||||'-_' i'!l. :.:l ITEL

slovwer, Theoretically any thickness can

‘\-'-.I-l'.li'll. DUt mi I.:!' between (.9 mn 111
»Smm can be welded wath a reasonal

LA li'I'lli'I-Il:l"Il Of case and sped -l

Position of Weld

I‘\.\'-. |I1_:'I:'-.:'I |'|| iss1 the 10N Mol

|'|.-.|L-| I e flat feravity fed) posioog




flat (gravity §

Hai T DOSS

Welding vertcally o
|

and maore ditficuls

Type of Material

VIl the common Ll

gas tusion welded wi
e IMOst Cormmnion

0 ALy redqu

skall, bt the metal

Type of Joint

Corners and bures

Oxy-Acetviene Welding

ed) easy and

fast

LWy k'i"li"lll 15 I‘I:I:"I k|l AR |

NeCTige metals can b

th mald steel being both

ind casiest. Cast-1ron,

steel are more ditficul

vith thi prrores weldalil

commonly used as the

3 |"f"'l:! I'.'l.|| l'.I*-'IiI'II_"- |I|-;_'

edpge to edpe) require less

hie A, 1 O |-|_' WL I|Ll.| taster than fllets .||'||

aps (edge to surtace

IFES ErEAt &as Wi E|||:1;'_

.-I‘-H] *-.| L l.| :

)

harizontalvertical

T
i

overnead

Torch Angles

l". '-i'lil.:---'. TOArCE Al !'lk i':_'.ll- I|||, meta ..|.
Ip welding but makes it more «
ficult to penetrate inm the metal at the w
usetul on very

ing point. This can b

metal which can b penetrated too casily

Steeper angles penetrate bette

Speed of Travel

Caas '-.'-.L":|i'|:_- is inherendy a slow we
process. 10 the
weld puddle wall prow very laree and diffi
foy Coantran
structure of the weld because the crysials
grains, cron unduly large. The neyrhbour
metal, known as the “heat-;
HAZ, also suffers grain growth and

eaultant redhue

| T RCCsE Deat LITLPALrS THe Crvst 1111

"-:"1.'1.':| 15 10D \l' N tNen L




Oxy-Acelylene Welding

nigh penetralion siow speeds ~—

FTILITTY 2ricdie

O SoeedneTelf

crystalhine change in parts of plate

affected by welding heat

Fast welding speeds will tend 1o undertuse Filler Wire Size
or underpenerrate the metal. More s all s Thin wires produce smooth wi d
needed o work at the taster pace, lut thi cither ineffecuve or have qo be added
wat input will produce less distortdon guickly and are then rapidly consun cil
i 111 i .! ].|I'1 | eSS TONA 1oy r II||.'.;. Ty
mnd ahsorh much hear, which i tarn sloss
Filler Wire .1;||,t_['|\'-- diran the wa [cin R 8 = b, This can bre wsetul

Filler wire 1s added most easily when it 1s 1 on thin mewal which 15 proving difhicul

1t '|- LR [ .||':-| EORCTENE |I'EI_"|I ||'_-__-|L |<:1'Il'u|.




Oxy-Acetylene Welding

Technigue

since welding s a manual skill there 15 no
unversial agreement on prectsely bow to exe
cute any partcular task. Varous movements
of the toreh and Aller wire are recommencd
ed by some authontes, and these ditfering
approaches will vary the outcome,

For consistency and ease variables must be
murimized and theretore the best movement
af the wirch s |11-I_'."'L'~~|\L_'|'-. forward 1In a
straight line; similarly the filler is moved
straght it and back from the weld poaol,
The rechnigue described U [ 1w 18 the
lefrward’ :|||:.r|.||.||. used ||:-. i 1i;_f||l hearcled

PETSOT = W lding: trovm the rght towards the

lett of thi |l LY .-,_'.’-l'l.i_"ll_i:_'i_l‘:

person would
weld towards the r._L;|:'. son the leftward tech
migue essentially means that the flame poines
in the direciion af iravc .||'|l.| 15 PIL'L'LH]L'L' I
the tiller wire,

Wilding of metal over 3mm thick can be
sreatly speeded up by using the ‘rightward”
technque but the prevalence ot are welding

tor sucl NICKTICSSCS ||.I,*-\. -:I._I|||_|iL_'I| ':l'li:- I

Moved side 1o side
continuously in pool
|

Mst CASEs,

o all welding operations the weld qualiny
will be influenced by the skill and confidence
of the operator and the ease and comtors

with which the work is approached,

Orther Facrors
Nozzle stze, vdge preparations, pressure ser
fngs and flame gas velociry will each influ

ence weld {]u:1|ll_'. as discussed earlier,

OXY-ACETYLENE EQUIPMENT -
SAFETY DEVICES AND
PRECAUTIONS

This scetion should be read and 11ts contents
understood before starting to use the equip
ment for any purpose whatsoever, It s pre
sented ar this point rather than the start of
I:"I':.' L.'h:]]“[t.'r |!-k_':.'rlll‘u'. Il 15 necessary to b
tamiliar with the equipment and how it func

tiomns boetore f|'|L' S»I.’.I.'L'-. |.|-:.'-. ICes It contains and

safe usage can be fullv appreciated.

direction of travel

Torch and fller angles for ihe rghtward fechnique,

Nty a

réquire
exampl

nreaqs

Ncous €

If 3

Cylinge

and ol

atrermp
2. Su

l"H ERkale)




Oxy-Acetylene Weiding

precautions have already been con-

o are listed here tor reterence bt

not expanded on further
oneiderations can be sub-divided
Dos and Don'ts. There are

prasp of engineering principles could

Series o

ose things 4 mature aperator with

be expected to know, such as avoiding an

heating Wb oyhincks while other aspects

require more  specialise knorwledge (€83

imple, knowing that lubricanng an oxygen

i
threadoed connection cold lead o a S[ia
the yount 15 orhtened

neous CXPIosion as

[f viou want to live long enough to become

R L 1o pas welder oo ol IEnoOre this section!

acetviene evlinder mav have a satety

valve the neck or 10 15 ||i:'-|':l.'|| I"'.I*l. 3

| S o 2l
e 15 I--LI|-| toy e leakinge ||'.|| rake 11

mutdoors, drain it safely, inform the suppher
ind obtain a free teplacement Make no
.||':'|'|i1| Lo repalr 1t

Store and use acetylene in an upright

ST,

N

joint under warking
pressure

3. Where a quanaoy ot ¢y linders are stored,
a. Keep different types of gas apart,
apart

by Keep full and empty ¢y linders

4. kKeep oxygen cvlinders and all firtings
clear of oil and prease.

5. Avaid any headne of evlinders.

. Do not open o linders more than 15 net

eEsary. |
keep secure with restraining «

STEA.

g Do onot

for preat distances

‘churn’ evliinder: el

use 4 Ccyl nder

9. Do not use as rolls,

Lo,
1. Mowving evlinder,
b. Work is finished,

c. Cvlinder s empty

Close valves on oylinder

Reguiators

[, “Snift’ the cylinder be
repalaton
2. Slacken

the pressure adjusting  screw

when th1'|\ 1= I_'|I\'|':L'L|. [#] 1 when changnng

cylinders.

1, Oinly wse regularors that are:

L

"

=

4

W W fesno

Jesting & pressure jo
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Cxy-Acetylene Welding

i Designed tor the gas being regalated,
b, Designed to handle the full evlinder
pressure.

c. Have gaupge needles that work and zero
properly

.o Ensure no pas connections leak, rest

5. Make no atempt o repair regulators,
but gret them service exchanged,

Flashback Arrestors and Hoses

| ||.|-|'|i-.IL'L Irresnirs '.."\lll'L'LJ'!-l"' I-i;l'-.h-
backs and cut off the supply when the pres
sure chanpes,

} Heses are colour and ‘thread’ coded.

Y. Hoses contain a hose-check valve at the

torch end.

oo Separate bonded hoses before use.

. Lse approved hose connectors for repair
[T,

6. Copper and 70 per cent-plus copper
dlovs form explosive compounds when in
contact with acervlene. Avond their use in

I'i |1.III WIOEH

Using the Equipment

L. Remove all Hammable material from the
vicinity of the welding area.

L BEnsure fire exunguisher s to hand and
aperational betore commencing work.

. Whenever possible have a “warcher” o
omeone on hand who can acr quickly in the
event of an accident. When workinge as an
CIIPHONCE this i1s a |\_':'.;: 1-;_'(1ils|r|._'[]‘_:_'|‘||_
4. Gave full artennon to the lame whenitis
running; 1f vou are distracred or something
needs o be ferched, uen 1o off,

. Consider the consequences of produc

1L and /Sor Eninng rume.

Coated Metals

Materials coated with paint or plastic or metals like
chrome or cadmium can produce fume which may be
toxic or simply irritate the lungs and skin, Of these
zing is a classic example: if inhaled in gaseous form
when welding galvanized steel it will produce nausea
and flu-like symptoms. Remove the coating first or
use effective fume extraction

Fuel Tanks

Tanks which have been empty tor years can

still explode after welding has been under

wiay for some ome. The welding of vessels
has been the cause of many tragedies as a
result of cither ignorance or bravado,
Always have the vessel steam cleaned first
and continue the operation untl the outside
has felt warm for abour 10 minuates. This is
NeCessary |'L'}[.Ir'l.||k'h$ of the size of the vessel,
ot what it is thowrht to have contained.
Then Hll with water, allowing the vessel 1o
vent through one of its inlets Soutlets whilst
also keeping the welding area to the top so
that \\'i‘h“ﬂg; 1% not retarded ]13 the water,
Finally, remember that you do not have o

take on the task — 15 it really worth doing:

vent |
- | split
{L_#_—f_-ff_ﬁ-: .‘ to be
repaired

e
filled with water {after
steam cleaning)

Vassel fillad with water lo make sale.

Manua
tirst
clect
ng «

| i
1ar
hiol

i% i' } .'L
it has

parent
metal




4 MANUAL METAL ARC WELDING

Manual metal are (MMA) welding was the
*&n

welding processes
clectric arc as a heat source, and despite hav-
to MG welding
Favoured parncu

;-.-"|'|:‘:'I.|I'.I~I'. ]

such

rares,
o foor site work because
| mohility and tolerance ot adverse
T OO nons,

The technique 15 known as shielded meral

flux
coating

electric arc —

ArC 17 AL rics and in Bricain

simply been known as arc” or “electne wel
Ing, The latter terms !rrl.-u.| toas reneral b
the term ‘stck’ welding remains a commaon
substitute for its full name

[he stck’ 15 a
- q . bacd wrraik 1 . . ™
'||:| ".'-I||l. 4 5 C{HATECD W [1 & 1L % VI L

current 15 passed throygh the rod, jumps a
small gap to the metal being welded an

Hres 1S ;'-.|I|'- back to the welding power

source. As the electne current crosses the

melallic core

maolten droplet forming

draplet tranterning through ar

protective gas shieid |
Y

The M4 arc

molten pool
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AP I Renerates cn llj_L:|: heat to melt the elec
trocle and the surface of the metal, The elec
frocle end s |1r|!'!u-||uu.| by electrical force to
the melting metal surface, where it mixes and
butlds up as the weld bead.

The flux coatinge on the end of the rod
also melts and protects the metal whilst ir1s
molten, It solidifies 1o become a slag and
contnues to protect the weld metal as

cinols,

THE WELDING CIRCUIT

The tollowing components are the essennal
features of the manual metal are welding cir-

CLIL,

l. Source of cnergy

2. Welding plant or set
e ¥ "-."‘u'|lil'1-_1 lead

4,  Electrode holder

5. Flectrode

6. The arc

Work fmetal o be weldedd

power in

!

welding
plant

welding
lead

i l

ground
(earth) -
L
return lead

The MMA welding crrci,

Manual Metal Arc Welding

alectrode ____
holder

A, Woelding return lead

9, Welding earth

Source of Energy

Most welding sets operate oft mains electric
ity from the national erd. Smaller ones gen
erally run on a single phase supply — about
240V — and find use either in light fabricanon
ar 1n DY work, Larger sets require a three
]1'_'|-_|5~|._- '-.|_|E1|r]j, — abur HHY — and are mor
ceonomical to run. These are bkely v
used 1n fixed industrial situations.

Other welding sets are powered by a diesel
or petrol motor and find most applicanon in
site wiork, where mamns electricity may not be

readily available,

Welding Sets

The welding set must be capable of supply
ing a continuous current, which can e
:I-'.i.'.lli‘-ilL'l.l BOF SLIL VATIOLUS SE£ER of ¢ |-!'{'fr' '||t . Al
an open circult voltage of berween 508 and

1OOY, There arc 4 number of tvpes available

glectrode

"'

i

|

return —
clamp ground
{earth)

Outpu

| il

v 3

AL e
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equIrement, tvpe Output Voltage

.-|.| mont ol current e "-_:':-_:!__ llllk;: Clr ||'I\ 15 TT1L .|‘-|.i||_|| oy I'I:-I'l‘-'l-.'-.'lll':_!_: i '-I'|IIZ|-. (|

cult voltape, durv cvele, and cooling mecha between the electrode lead terminal and the

= return lead ::_"."l‘.'1:||, which will re T4l AT
A%, or OOV, Since amperage output s the

Output Current main selling point, and power is a product of
1i 0" of an MMA set 15 determined by Amperagt and vo fagre, ma ufacturers of
maximum current output mmoamps  small welding sets keep the voltage low in
amperes), rather than s physical size neces order to maximize the current potennal, Sers
e an [ race avatlable will -|1":""1'||u with an .;'1'.!\(1':5'_'_:' oof T40A  have WY ooy

the lareest electrode size which can be used {output \::l:.i_:u_;_ with |.i!'_-_'_-.'r ones ottering a
il 10 reen the rate ar which weld meeal can choice herween 50 and 80, and ones abow

he derosited, This 1s the main vardstick in cav] 225A a choice berween 80 and 100
clectineg welding sers, which start ar TO0A,

wer common sizes being T0bA, 18EA,

/
/ d ;
i < / /s 50 or 80 ocv by
" [ /¢ changing the
s 8OV /f/ alectrode lead
;'/_;;-.}'--:1!(, connection
| |
L/

Open circwil voltage focy) comnechions

a choice betwean
MMA welding sets frarm a O et B0/100V on the return
oparalar sef side of the circuit

WY to & large doubie \\ .
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Oev selection s made by choosing one of

twor return lead rerminals, with the highess
current being available on the lower voltage
range. The ettect of this striking volmge’ 1s

comsicdlered lTaret

Duty-Cycle
Although lareer sets may never be used at
maximum output they last longer and can be
used continuously, whilst a smaller set sup-
plving the same current at the top of its
FaAngEe would need o be frested” = allowed o
cool down — frequently,

I'he proporoon of the tume thar a ser can
be used at mven currene levels 1s known as s
‘dutv-cycle’. This 1s expressed as a percentage
and the manufacturer’s recommendations,
possibly tor vartous current outputs, will be
foound onoa |'-'-le' on the machine. If the

durv-cvecle of a 2530A welding ser s 71 per

cent at 180A then when used ar 180 1ts

maximum use should bhe for 7 minutes of

continuouns welding followed by 3 minutes of

Type of Cooling
Smaller welding sers are air cooled, which in
practice means that they heat up in use
Cwverheating is prevented by thermaostaric
control, which in rurn precludes heavy or
CONTINLHMIS s

Turbo' models contain a4 cooling fan
which enables them to be used for longer
periods than conventional air-cooled models.

Chl cooled welding scets have their wind-
ings immersed in oil, which greatly inhibirs
mternal heating. Ther duty-evele s much
better than air cooled r';]'u-k'. but being heav-
wwr they are less portable. They are not as
Hlesible cither, because they are likely to need

a three phase electrical supply

Welding Transformers

These are the least expensive tvpe of welding
set, require negligible maintenance, and a
mains  clectricity supply. They transtorm
mains clectrical voltage, in this case reducing
it from 240 or 400 1o (tvpicallyy BOY across
the output terminals. There 15 an inverseh
[jrr:l'mr[inr'l"ﬂ MCTeass 1N current n the sec

ondary (welding) side of the circuit, so cur
rent entering the set on the primary side 15
low but on the output side is high enough 1o

melt electrodes.

Welding Generators

As their name implies these are self-con
tuned units which generate welding curren:
and thus dispense with the need for mains
electricity. They are powered by either a
petrel or dicsel motor and are typreally used
tor site worl,

The current output can be either 1
(chirect current) or AC {alternating current)
AC models are more prevalent because the
output voltage needs only minor transforma
ton in order to supply auxiliary power for
110V equipment  like drills and  angle

errinders.

Welding Rectifiers

These solid state (no moving parts) picces of
cquipment rectify the mains electricity sup
ply, that is, change AC current into DC. Their
use simply as a rectifying unit is as the power
source for MIG welding. When used fom
MMA welding they are part of a set which
offers a choice of either AC or DC, such as g
transformerrectifier set, and which 1s likely

alsor to have TG w 'ii:ll‘.'l.;:_ {';'|]1.|_|1-1!:':'|._

Inverters

A relatively new development in are welding

F“]-”IE.";S‘:I'.-".'I

The fu
ing cu
|r|u|-_- :
back

recty 1




Manual Metal Arc Weiding

| g | primary
| ‘ - ] winding
- LI tappings
J —
GV WA P L VAV AT ARATACA A W |
AN A A L A A
o '\;f WAV AW VAT ELY _.f v | |
L e e e e o current salaction
F o e \x.- e -\.‘ \'. kY - J L 211 2
| [ B '?' r b ~|'. oy E b (lixed settings)
| L | |
[ | ! ' current sele '
el |
| . . I J switch
| [ '
| — |
[
- \ |

l\ elecirods

[work ]

WEILHNG (ransia

POWLET SOUTCES these chanee AC mains elec ronsula these comn
rrcity inro DO welding currene, but are supe cetrocution or o i
rr Doy recnners 1 ='|,|| I||-L Vo oaArg TMOHe LT

portable (have higer current outpur o

weirht rato. and by the efficiency and very Flecirode Holders

close control of the weldine current.

||"|.:|I.'I"-. ;_;‘_l'|'- "|-. L EI'I.""lIIlI. end, translerrnn
cutrtent from the welding lead w1 el

ol .||'.|| £n thle the electrode to b '|II' o |

tion of these leads s to carny weld at the work 1 an approprial fashim

urrent from the welding ser to the elec Handles wary in material, texture and

der and from the work or bench  diameter but will grip the ¢lectrode in one o
hack to the sel ['he latter lead 15 often mncor oo wavs. Lne LV has SPring loaded s

rectly referred to as the carth but is properly  opened by squeezing the handle or a tnpger
called the return a'.L-.;.‘ IH_('ZE-I‘-I.' this 15 [iterally on it These I_I".Ill'l. Fast elgd trode chang il
dov rely on the integrty of the spring. The

ts Tuncooen
[he welding lead in partcular necds to be second type has a twist grip, which brings the

flevible in use. which i1s achieved by using hiolder head down clostng the electrods
‘thousands’ of copper wires each a tew thou The chotee 15 a marter of personal |
SOATIE this

1 dlameret eoce: and 1t 1S worth grving
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rubber sheath ng

Stranded end of a welding iead.

5

to tighten and grip electrodes 7a g
S S — ‘\_/
mnce it will affect aperator comfore/confi ments in the are, though in some cases it may Proucin
lence be easier to add alloving elements via the -
L'H'.II:H:,_{.
The Electrode [0 surfacing applications, whether to resist It
abrasion or corrosion, the electrode wall Fig
Manual metal arc welding electrodes are clearly be different to the parent metal, This the |
made in lengths varving from 200mm to  1s also the case when welding dissimilar met BOT
150mm and ranee in diameter from 1.53mm als, such as carbon steel to cast-iron.
o 8,0hmm The core wire 15 coated with an extruded LIPSt
The core wire 15 selected to match the flux laver, which has the sandy texture of
chemical composition of the metal being  hard mortar, It is typically dyed, which often

welded as closely as P wsible, Some :Hh'.lh‘l

ment is made to allow for loss of alls '} I:1jlt.|n;-

helps with electrode recogmition,

SCHTE L'|i.'1.'|l'| Ji%L'!‘* E'I.I"- L ||':I.' illl-l"]';"'. |'.1|l.'I| rond
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section ‘electrode type
identiication

core Wire

action of extruded

electrical
resistance

copper
electrodes

greales
resistance

2N SUraces

o

/
COHTES ]

air gap

resistance of

ol

alactacily.

) 4 3

Mame ke on the Coatn: and Sor a seres of Prodnece heat fo 'c.u|||ll Poare rom elecir
Faprur which mndicates s classihication, In reststance OfF ITont 4 ar

he Uk H4031 NiIB34HE is a parocular cate The are in all these processes 1s the visible

corv tn BS EN4UG:19095 whilst 6013 is a evidence of clectricity  jumping  a  pap

VETY COMMIMOoN AMencian coding ror !__"i.IIL'1:I| hetween I|‘;L end of an electrode and the

[prarpm C, Positi rial roveds

great hear 1s produced as the current over

i o . - . 1t
comes the electrical resistance of 16 1.

£ ¥ 1 " 5 SLrey
[he heat wenerared 15 ar approximarel

Ihe o maln wavs of usinge electricity o L H0EC bue will vary between electrod

65
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depending on what gases are present. The
5 controlled with a combhi

iy o currdnt serrn and 1'|\'-'I|1:||- 17,

Increasing the current produces more heal
ut 1t the are becomes ereane then a larec
1 1{ | o ad 1 ! ik
cledtrode 1 weded o0 accommodate  the
! Feurrent
C;

1t test wWorkinge . situation 15 e W

or renerating side of the
CITCLET |'|._E the s | 14F CIrCLL e ".'-.'-.I:'lx."f'
lench it is o are earthed, All meral which
may intenoonally or otherwise carry an elec

fricsl curretit maast Beoan cartl Porenil 1. This

MaLIT hat 1t there | akdown i the
W O CIrcutry, o i e el :I'I'l-.:il.llﬁilk.'.
fective, o if the steel fabiric of bilding
WO ive then the earth mrip s .i"l'-.||l.I|
current ceases to How and a potentially dan

refonls sitiation 15 made sate.

If there is no earth on the work and the

gleclode

accidentally

making

Bench |iw_=.

rerarn circo ’.II|'- -'|'|u|' current muay CoOrmp e

its circuit throueh the earth wire 10 portable

clectrical l.._'il.\,lil"'|-|!||'i like angle gnnders,

CAUSIE ||.||1|.l_:!l_ and |'i'l"|.|!“. i i
Wiernatveby other metallic items with whicl
3 | |

the hench is in conmer or electrcally oo

1CCTE

tis will become live

OBTAINING EQUIPMENT

The selection of an MM A welding seowill be
determined after considering the electr
charactensncs :'-:\il.':'ul '!~.L|-;'|~c ndence on
mains clectricity supply, the maximum cur
rent ;|'-|:| \'H|':i:!l. Il.'i'i=ll"-.':|_ th cirl iy
method and dury eyvele, The welding cquip
mont market 15 as COMPEnnve as any and
there 15 4 wide rangee of choice compared 16
L3N eyuipment,

The initial purchase is likely to be tor
l_l'-|'|'||l.:_'f-:' |'|.|L'|\.:;_I| COMMPrIsing o weldmyg

set. hoth leads and 2 holder, with soame

|

no return

or earth

on bench

T

tha mncertanee A AT
he smoortance oF anming

earthing through
floor or steel fabric
of building
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1CC 1 Lhireni 1 revap ['he tems e expectancy of 4 recpfier, T !
i also be pur ed mdmidually, 1 arm cneth ol tn 16t T [ PecTedd
! upply electrodes, acting a to be readily obhtanable even veat hie
et tor o ol 1 many liree electrode (e I 1 Factors 1l CINE
I 1 | 1 (]| :E'l.il' I"\,I Imaal LIGLT || kY L ||” | b § |il 11 In 11 Il I

tics can probably be obtaned from DY Crenerators need lubrcs i t mu
ares, but ar a4 hagrh it cost prarts and renewal of brushe

EQUIPMENT

MAINTAINING/REPLACING We

5 N Lo o
g LJNEs

LA wd rarely breal diown because ther e protectve rulbzla LS I TiLast Ll
e oo n ng Parts { Ml-caoled R will checked repularly in order 1 WCvent elect
d the les checked rourhly everv mwo cunon or electrneal damage o orher [
; but comld well g rewenty vears witl ment, and i must he ensured that spatter o
L1t ,_,|||... ..l.-.l._ 11, | 'ranstormiet |.|| ||||' et :i- WS 10 |'.||I rthrosair] 1
Fivuled T mecl, o course, which I|:I|-l mn 14311
.|-| rig [ TIeaTi-Coad !li:-. IR AN .I'||".| i"" MAPLE] LS Tt 11 near o &1l
re not immersed ool and the the welding set connection, or particularly
anlv maintenance necessary 15 to take the the electrode holder, causes the wire strand
ide Srear r oft and remove the dust to fracture, reducin Crre !
11 I [ | [rliy | 11101 | 11 "'5'-i|'.|ll" TILLLE | i cable 1 1
COmpI d air. Printed circu WAL fracture right through, The cable n b
PR reak dowwn o tnally, bue the shortened a littde and the connecton rema
! thilite of rectifier 1 VET o, The Where rther 1 1
: '|||
{
]
payonet fitting
: to welding set most freque
¥ i IMFEr EONEE T W
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set and the work the  JNSTALLATION AND ASSEMBLY

Ciabpies can. b |-. Nerthened, :':|I I|' S omust b

done with caution, Making a conductor twice  Elegtrical Supply - Prmary Connections 4
loange also douhles the resistance, which in .
turn doubles the heating effect, 1F the cable 11 .|[v|rhﬂlh' |40 ser s au|q:'L:||r'|-|x=” 1 '
e used ar more than half its capacir a 13A plag and then ?1L|(q;' irn a oy, stable
tl -n!l'.h-lt;lw=lnllqlﬁ lie made T Lt siruanon, ios ready for use. Tnoindusorial si r'e
also larger 0 cross-secton, This will reduce tations the ticnng of an appropriate plug will
the heating etfect and loss of power at the he governed by company policy and must b R
we. Use proprictary cable connectors o done by a suitably qualified person ' '
cither lengthening or repair work, since DY The electrical supply to the welding set -
Arernatnves  af l1kely ey leave part of the must he FJ[LH=L il |ﬁ'hﬁ|np the maximur
conductor exposed demand that may be made of i and th
msessment is hest made by oan electrician o
Owerloading  the supply will simply ke
‘tripping’ the trip switch
K iandling ma ||'|'||1"IH'|:' RS l‘~||1|i|;|‘|'.\ i clectrician 1s best q_|J Flescl T |
o Clve” meral, The electrode jaw zrip will nake arrangrements for the installaton of 4 tl
become spattered and corroded and eventu number of welding sers; making appropriat &

ally worn to the point where it needs replac terminal connectoons and balancing the load
mantenance possible with acrioss the |>|-.|~:.'~. of a three phase suppl

1.4
SIRILAL 15 1O use hnem wilth carc,

3 phases
— AN _ N |

red blue yellow

- - nautra lard f
phase phase phase

l = T b 1 :!_.
[ rrat
‘e . . &

Talanrna tha faad arree 3 throa Rhaca e
LA N8 (033 A0r0ss 8 Iee Orasé 5
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Sacondan: Connechions ready Tor use, but a4 number of ac CIrILs

. . are Citner Nnecessary or usaefu
{ yiwee the weldinwe ser s sately mnsta cd then

T P erator Can maake T 'l-'ll""-'-ll'.!'

ing Screens

lectrode | er oo welding lead. The Face sCreens are neccss:r, o profect the tac
red end o lamiped 1n triom exposure to harm radl M oemitte

Romove t thi must cover the tall tace, and ca |

1 SE 1 | throurh which the brg I = 1 | 1
e the | 1 thserve
l1 ST I'h II:II|'I.';I'I'! I-||.'.|.-' L 1 i i |
! Woeld al ard one which 15 hand held, Tl bosrmer

' 1Ier leet e+ hisldde Houe” connec ._'.:i_'|_l.|. tree hand mav be u iv hold
) R eInT wer 9 threaded termin i nece of metal i place tor tackn I 1old

el ceured th T solderinge (sed sereens are i clavstrophob it le 118
(o ipter : 1114 |||'.--.'; - 0 ceptacle for e electrode
j Remurn lead connections, These wiall be holder when it conrains a “live’ electrode that
made i the same manner as the welding lead i not being used
CONMCCTIOMS Dt 8 LR L needs to be fitred at il contaln : |.|:|_' 455 Wil
the waorl .:|-| that -_:'_||l.-.ll I|||||. _"|-;'i;-,| "I_Ill,.l:"".|i'i'i5".'||'l. :I_'!! 0l 'El' AT S0 LIl
[y and '-.!':--'-.--! from  the work L]LH and the weld pool can e viewed comtor

1 i o q ¥ oy a " ' N | 1 I} Pl |
VATTATI TS A L release Ui Clamps, stin .I|| v The wlasses are cateporized 1 B> |

ard Cr « f.:="il-. oo loacded 'I:l{'-‘nll::"|'-'-_-. with | INIRR R QAT 1Or carkers 8] 1P 111
and marrers, Where all work can be done an the ncreased hehr emitted at high amper
a bench then a soldered lue hrong holted Ares
semil-permanently to the bench s a cheaper

TeTrmn Vi
. Fsrablishine an earth, An effective carth
| ild be tached n he work ar be nch in - - g \

ddition tor the rerurn lead, Cfren the most . =it ( '
[PTACTI sesree ol -.:I'II'll!ulII'_:'l'-'llil. st f Ir.: I

ne of the balding, but aeain if 0 doubt | = [
| |

MMA WELDING ACCESSORIES

With a s pply of clecrrodes thae cyuipment 1s
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and possibly the inside with a clear glass or

plastic which 1s much cheaper to replace than

the filter glass iselt when i becomes opague

from weld parter or clouding,

Procoss Current Fiiter

up to 100 BEW

QEW

manual 100-300 1O0/EW
a 11/EW

| 2/EW
1 IEW
1 4/EW
up to 2040 1 O/EW
11/EW

12/EW
13EW
T4/EW

MIG over 204}

B/EW

15-75 |  wEW

p o 15

Fo=100

G 100200

10/EW
11/EW
12/EW

1HEW
14/EW

200-259

250-300

I'wo other tvpes of filter are gaining in
i .||__ Lrity -i:_ |'| [ therr ExXpeEnse,
standard dark flier olass,

) i 2 :
But above it s a shallow field of view with

CHEOILr 'I||I.'I'_ S0t s ust

1T €10 |'_'| [y S ||""| ll:'_'l' 11 il:;'l||'_'_||.| Il."l'i'
welding scene s viewed throuph the lig
ready the head 1s raised and an are struck
viewed through the dark area

a filter _'_'_l.i_'-.'i that 1=

M second tvpe has

1% |:|-|!|_| ted on the outside

pertectly clear, bur darkens the tnstann an ar

15 SITRIC E-.1 '-'.Ili'!!-I,II Any |E|'-.;_:::'|': Lot || 1TT1:0 8%
ey the Sy s, Thev are AT d with a small
Battery and on some the depth of filte
adjustable

"F6 Z:':'ll‘I'L'l.'i.||". the

ACIVANTALES (% TS

SCTeCns it must |li' it !'z'l'il That

ing'a conventional screen in tront of the cves
anel striking an are, there 15 a period of com
plete darkness dunng which ame the ele
rrade end can strav well away from the

. e
L|L'!~I|Li| sSITikLnw pddnt!

Chipping Goggles ¢

i |'-- R i ..||_;.._

The clectrode coating

througeh the arc and solidifies on the com
|‘|l.'il.'l.| wield as ||,_‘ Removal of this s neces
weld beads can by

sary so thar further

deposited, whilst removal from complered
welds permits inspection of the weld and
prevents it corroding,

The

chipped preces of slag are angular and sharep,

operation 15 hazardous  becaus
{'-III*—'|1'I!' :'|:I_:‘L'|I :|!'-l.'l l||'|.l il .-_'|-: -.'.|;|'.|_'_'-:' 11 Ii £
enter the eye. This 18 doubly so 1t the slag s

removed immoediately afrer welding becaust
hiot slag can adhere to the skin or ey
and be ditbicult o remove
Chipping gogeles or a similar clear protes
tve screen will elimimnate

Ly,

Chipping Hammers

These hammers are made spectficallv for th A
Purpirsc ol weld ‘~|:._:_' removal and have a I
pointed end and a chisel end, The point | :
Necessary at times to et into three-sided con 1
ners or into recesses, but i s possible o con L}

troal the th g slag verv sk by impartng
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R

MR
NG
5 0int
N
AL
1
Il
fi |
i |
II|
I
|
|
|
Ml
f |
N | b
K 1
| 1
'\ |
11 ]
| handle of wood, metal
W or coiled wire
W
Y
hisel end
| | i L 1 ] - # r
| 1111 sirike, away rom the DaOf ._.-_‘._”l ETIES (O i diarmete

it wiath a ball [ hammer. This can v a rule of thumb complet

Lo o :||..-.:..-| wils1s |-_|,|,||l. runs are Al 'l'l. I_I'--:l.'.l '-i.=' e padier 4nd 4 Feot
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trigger — onfoff

e = T
| /

compressed air

Neadlie U,

Protective Clot

nng

The primary concern when welding 13 not
protectinge strect cliothes |n_.-' ‘I'l"l Tecting the
bodv from the radiation and heat penerared
by the are. Ultra-violet radiation burns any
exposed skin in the same way as verv intense
sunlight. 'This exposure may not be direct,
Light-coloured clothing or retlective su faces
like polished metal or white walls must also
be avended. The short-term effect can be
deep, painful burming, which, like sunburn,
may not be fully .:;quw;i.tl-:_xf untl 115 oo
late! In the long term exposure to LIV raclia-
Hon can cause skin cancer.

viooverall /boiler sutt may be sansfactory
Hor most x'x:|||~_, bt the additional |‘I'HIL'L‘i’.I1I
ot a leather apron 15 highly recommended.
Leather gauntlets are essental; they should
'II!';I i .:'_l lIHl resiStance |'i.'.|| FEIETEs |'|:|.”|.| IS
very close to the are) whilst also protecting
the wrist and lower arm from radiation burn.

When welding on a verteal or overhead
surface some form of head protectio 15 usc
||||, -_'|-_| the '.‘1|:r'i'||:'.~L' ot a leather H|ii||! L.".l|‘l
iy be |.|"-i'="i.'\.:.

Finally, steel toe n'-.|'|1|‘|.1| boots are essen
tial, as thev penerally are in engineering.
When working with pleces of metal |Z1I'IL',L
ENOLEn fo ﬁ.ll'l:i_-_'\-'.' the foot, sooner or later a

piece wall! Mlow trouser legs to overlap the

72

vibrating neadles

boots to prevent welding spatter entering the
top of the boot: a welder 1s instantly recog
nizable by the number of holes in his socks
[ extreme cases, such as when heavy arc or

s Cuteyge

[ 1

leather spats are avatlahle o pro

tect the lower leg trom spatter burning

Mher Accessornias

The same accessories as those required tos
Has L_'..L||1‘|I:_'_ V-'i” be NOCCCSSATY when assem
':'.liu_!_: metal by ANy Process MMA tasks tend
tiw ":::_' heavier and TRy theretore FEgUITS More

robust clamps, jigs, hammers and so on.

USING ARC WELDING EQUIPMENT
SAFELY

Once vaou have become Fambar with ar
welding equipment, it s important o under
stand the hazards that mav atteer the health

or safetv of the operator. The sources of

these hazards mayv be broadly eategorzed as

Froallonrs:

1. Electricioy
Radiaton

Fume

=

Heat
5. Slap

|

|
¢
fa
TEL ¥
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leather gauntlets
protect hand and

wrist

shoulder cape
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Vv m calinge with electriciey should exer

CISE CAUtiom:  ai this must nclude the

i 1 ] 1 M y 1 1%
velder, who has perhaps 21 ATTEPYS FUTTing

i f
Lilectrocution o ITS I e T W5 ZWay's

‘ i 3 ! " Tl ] -
cutt or (b)) fearthing’ the circuir. The daneer

riod 15 when the welding se Sorturned on

and deseribed as bemne “hive', bur betore the
Are struck, Onee the weldinge are 15 under

he electric current has |_'-E.ii!|"~ill.l.| H |
path, hopetully throush the intended circuir,
I

o | 1 X
11el LIS Pyoaltdd 10 IS 1St undisedy o seck a1

the current may attempt to find a path
through him, Alernaively, touching the hive”
! HCICT TV PYHOWTae i |'.E"|I [ carti 1t the

vperator s working ourside inower condinons,

I'he currents used in welding are well
above those needed o cause death bur in fact
are rarely fatal The secondary coffect of
[ 114 thronwn ot ‘-.l.':|1|'=li||il'li'_ Ay, Desavever
provce more disastrous

Assuming that the welding cquipment s
properly installed, clectric '-".'..Ill'._:' shocks can
be avoided by working in dry condiions and
4 f1'~|."i|'.'.'_ that no ||:~H conductor 1s EXPOSL i

that 1s, that all insubanion s in sood order.

Hadiation

Frnergy from the arc is radiated on thre

hands of waveld tirthe

|. |:'I'i|'| I'l.|| l.lll...I
Visible light

b, LiHrra-viodet

Radiated Heat

||l...' CAn 5‘.'II"-.|LI ".‘.'l'_'|: [RIATS ':l::l: I |||_.:'=.-|! |
by L'lzn|'|||Ih1'III 1, CONVeCton or racd 1o, ard
of these radiarion is by far the most effectiv
Howeever; leather pauntlets provide ads (uate

protecton apaimst heat radiated from the an

Visib]

gl
W
[ AR
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Méﬁ@_ﬁéw Are Welding

It 15 customary tor ||-|_ '-.'.l._:l_ll._'l Ly l\.'||_|I||
Eves!” before striking an are to allow others
[0 LAKE APPropriate acton,

Prevennon 15 of course better than cure
:'I|| since | have had the I-_'l“}ui I'-1:Il||'||_' L
averd anvthing worse than mild itching of
the eve tor the last thirty vears, it is difficult
for me to recommend a cure with frst-hand
authority! Some relief will be obtained from
keoping the eves closed and by berngrin dark
ness. Further advice on relief vanes from the
apphication of tea bags to antiseptic of astrin
1

eent lonons, If the pain 15 severe or lases for

more than 24 hours, medical |:L-'|'- should e

e effect of breathing in MMA welding
tume 15 not as immediately obvious as petting
a “tash' but in the long term may acrually do
more damage. The early sign of breathing in
too much fume s to feel drowsy and full
headed, rather like having a head eold. In the
[onge term, inhalation of fume, with its high
metal content, can onlv do "'t.|1.l:.i':'-|'.' farm
tor the lungs. The likelihood of breathing in
fume 15 high when:

ce

. Working in a confined spa
Many welders work in a small workshaop
o Welding metals with coatngs of [rtint,
plastc, zine and so on
| RS 1 cortain types of el t'll':|||-“ such as

'I'I|-II="-.I EOxdied Ones

Fume health problems are reduced or avoid

| Weldinge ourdoors

Fnsurnng good venulaton QPN

doors and windows o allow a draught of an
througeh

b Using ‘atr-stream’ helmets (ones fed with
a :-'u|1;1|_'- of air)

4.1 SIng A huame extractior

i Ty
// 1 Fy ; filtered
adjustable
for axis and
heght

air
expelled

A porabie fume extracior

The last method is best because 1t removes
tume from the welding area and filters it
mitking the air safe before releasing 1t again
The extractor can be |H-‘.'r.||| ¢ or part of g
fxed installation. In either case it is essentsa
T TCITIONE I]:H' ‘:-'.Iﬂu' at source and not :ll.lt (|
has passed the operator’s face, and also to
rmaintain the flters so that clean aie 15 dis

charoed II."-CE"iI‘.Ir-”I!'-. irter the atmu sphere

Heat

Potenutal sources of burns are weld sparter,
chipped slag gerang lodeed nside clothing,
or slag burning through clothing and possi
bly setting it on fire

Yoy ]"ii'f'x. of metal in a fabricaton work
shop might be hot, particularly where a num
ber of welders work towrether, 1 sPIte exer
i'l."iﬂll.', the Lrrcatesl of can , burns are [rat loar

the course untl evenmually caution when

N
Y

. |

e ¢ i

AL 1
m

mai

tl
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Heat E
Welder:



Manual Metal Arc Welding

._“',;. |;'- Tiefand 1S ||_.-'|.|,'||
Hurns are not only paintul in themschves
burns then

heat of the arc on the

makes turther welding very uncomtortable.
Dealing with Burns

It 15 1 portant to Act Very quickly to mirnd

irea sate, It only to the

Make won
extent of turning the flame off and putting

Jve At

y quickly

14} ;|| I O Sald
y O cause any urther acClacnts
/ Run cold warer owver the burned area.

[raur it i Iv importintly will prevent the

ST L I'-i'lil.'l ||':i||I ||'L'

burn spreading and becoming much worse

cwep the burned area under

ot 10 ma ates, Or un || thie

| I 5 il - i e i
yUETL Can e removed 111 T swarer withaoruld

up and becoming paintul again.
rwith 1 :|\ N Aressing and a gaunt

let before continuing welding, Do not .i|ﬁ|1!'-'
ANy creams of any sort
(M course medical ard hould b '~”li_'!|'-:

1 || 1 xrremic.

Heat Exhaustion

L foundry! i in o confined Space and

with o muimimuom dress

1ken not to become too exhaust

hurns, one maoment of careless-

1ess 15 rewiarded with a

Wear |'|'|:!'\|'|'-|:._; ol es

reguirernent, care

BIAIL !1.\_|!;||| (11 'I'I.III'..

PREPARING TO WELD
Freparing the Matenal

Chemically, MMA welding has a high toler
ance for oil, ':".Ill".._"\.ll.li. mid 20 on, becaust
:_|||_ !] 1ine action ot the elec "-|||-: COarg

very effective. For high quality we ldds foa Do

produced, however, or whete these contamu

NS PIOVE O m:

tle, the metal must be depreased and

clean
NI A

thicker metals and this may demand suitabli

'-.'-.l.ll.;-l'!.' i‘- !_'I.I'I.I.:”' AP Plred 0
i.'i::!'_i' |'II'-.'|"-:':I'.|III i 11 order o weld conrtrol

lably through the tull thickness.

Setting up for Welding

e fodl PRI POnLs will need be checked

before welding can commence.

| Fileetrods type
Flectrode diameter

}, 'E':-.Pn_ of we ||i|'_5' |:'.|:||
4,  Electrode polanny

5. Voltage s LTI €0 W lder

G, Current settng on welder

he welding earth 15 in place
B, The return lead connection 1s miad
9. The area 15 screened as no
ik, The welding screen with s
15 available

1. The chipping hammer and wire bru
are to hand

12, The

claimped towethe

components are set up and /o

15, The components are set
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' Metal Arc Welding

[.  Rurle
Hasi
Y Cellulosic

mis of the mechanical propertes of

metal, the swenitican 14
herween Conibmng Ve e i : ek
and hieh hydrogen emission of basic, rutl
and cellulosic coated eleetrode

cuated electrodes Recogmized by the °R
their | I'-'--!Il':y_ those are sreng LTS
clectrodes "u'-| e u-.c_|-i||i-_= b stan i e
['hev vary a little i tensile streng o du
tility, and b voocrntted  ong 1Tt
restricted o welding 10 the flar [gravine fe

|-| iS00

EM499 E 46 3 1M

Hydrogen conter

Welding position

e ['hese are

q ji i1 thetr l.'l.l-li'l_-_'_ il a

er strength s |, Provided

(LA Ju T

kept dry by only openimg just

by |1:i|\||'!-_ and storiny 1In

quiver until require

||'-_l:-'|'I W v 1%

absorbed al

crotrapped i
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_--:i-' KRETEWWTT A= W IS, ||"ll'-.ll.|||_:' LE1e Ci Y, .II|I.| 113 vt Wi {
cooling rate s slow enough the ras will dit Weld beads are rourh with high g
i I 11 RN he tast cosolin
ck or cold steel. or the lack of Electrode Diameter
crlivy in high streneth steels, mav result u e selection ot electrode diameter s
Cra | | cooling meral econtra rer of pe soinal discretion o
L 1 kL l Iy 1 il thi | I
| ywrohlem wihly r 1 welding [ e, o |
racks evelop hours o dectrode possible shoul
fre 0 1 b they are usu ITern the weld o ) I5 Mo
i Talsla] i 0o & nple, i fll 111l lcry 1=
| Ll ol 1 toat i i i hi [reml Wi Fet loww: 11 |
fou t thi r simpl I iall | | e |
F1il undercut and loel i
{ Hyvdeowren etr | i L 1 Wi 15 T | £l
il nerbi-strenetl lds Tsut 1t i eloling | i [3 [& ! {
| e Il 1, I Bl Rl Firer Ciara |\ | 1L I i!i [ ol
rerist tl I Cellulosic o 1S At Lrrent | |
| 1 Ic maten il hence high i [ il Tl i
'--.-"-- £l b T :'~'-| I--"x:;xl'- |*|:'.||'.: '|'n '-.-.-|-! !.|'.|| CHsY ||..i

salidification (hot) cracking in a single
butt weld caused by sulpher or mgn
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Manual Melal Arc Welding

rone o sl traps d lack of fusion, The made nerative. This offers 1 mea ot heat
volume of weld meral deposited by the small control in addition to elecrrode size, tvpe of
clectrode 15 low, s buillding A we Id o coatinge, current and -.:-||_-_--; settings. When
with sufficient eross-sectional area requires the electrode s required o melt with ease,

many more passes than would be necessary it i5 in MMA and MIG welding, it 15 made
witl large electrode, This increases the positive, but in the TIG process, where the
hens the electrode should nor melt, it is made necative
I INereascs || e II~|-_ |1{'||l""."'lll' Can Tl |';| Iy Acdvantaeg
it f §: in MMA welding when welding thin sheer

and for hard surfacime where minimum dili
Type of Welding Plant ton ot the weld metal helps it retain irs hard

Most MMA we ding done with ann A sy

pensive, ctticient and reguire hirtle mainte Voltage Setting (

1 | |
ance, A DO welding set will be used where Cin welding sers offer the volrag e
the electrode demands IT, OfF perhaps for st 15 selecred |"!:|| g the return lead o the
cldi 1 which case the e polarity required terminal. If the set is now furne
nust be determined o, 4 voltage reading can be obruned acr The
the ourpur te rmunals. This is known as the
Electrode Polarity ‘open crcut voltase’ Coov), that is, the voli P f
Ina DM are more heat 1s hberated at the posi age that exists betore the cireuit is closed and |
tve pole than the negsanve one. If the ele current I-;'_-_-_:hI--I-.J.:'-.'-_ [t 15 also known as the 11 15t 45

trode is made positive it meles away in half the  “striking voltage’, that is, the voltave nece vil e

nme 1t takes when the same size electrode s sary o get current to tHow berween the MO
W el
II:I
T Ik ]
| pass with a Smm L
e
(0] o 4 i
- Eriviad
7.0mm Lt
In ke
e

Tee 3 e e

anl rogf siras o nr

=]
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Manual Metal Arc Welding

MARA,

8 he

i heat

e TG

/ fue— 4 AL

haat

S

e
-,/\/1 \
2
5]

[here must be a difference in potential of
it least 45V in order to strike an arc, Higher
CTALrE MAKS Are st iny Casicr, DUt [re Gists

more daneerous: the chance of the current

rowle current setong it is assumed that the
elding lead 15 on BIN connection, Changing
e omen cireult voltare will alter the arc volt
e 1O and also the current tlow 1114 '!||'|.~|:I=_'.5|
the cireutl

I'he recommended striking voltage will le
found on the electrode |'li||.'|-'.l."., or can be

determined from the EN4DY classiticatuon,

In keeping with connnental satety require
mcnts, most cled trodes today will strike om
S0 but there are still those thar require a
minimum of 7OV, B0V, or 100V oey

If are voltares were as high as the oov the
e would be very violent and unstable, but

[Tt _|| I n _|.|'!|.|'--. 1Ty .|--~|-!|||_|| [N _|||| R

81

electrode does not melt

for these conflichneg needs. When an arc 1

seruck, and the circuir closed or M PIeTE
current rises to the setting on the maching
whilst the voltage falls correspondingly, np
callv doswn to abour 22724%

|'|||_ 'IVu_n'l'u anrc 'x--:r.|_~_|. will e mnt Il.'l!..-l

by

1. The ocy, with low oevs resulung 1n low
arc '-.l.lllil!-_'l.'f'-.

2. 'The clecrrode coatung ovpe. Difterent
I‘.'I‘I'.'-. Al (.'il...ll'll"!-:"-lli s 1 rated trom the
coating as it melts will vary the clectncal

reRISTAnCE, with increase In resistance pri

ducing a larg
the pap.

) The lenpth of the arc, with longer arc

producing  higher arc voltag vrain thi

INCTeass In electrical resismance w cause

Fivrhes |1|:|i_'|'|='.||x!i'|-. rence. 1T the arc voltap

[ |,':|I:k'|,'|,| fEy Vary oy ':|'.II'::_=!I|'_' TNC e ETIET

then there 15 a corre ORI o hange 1 cut




Manual Metal Arc Welaing

rent — shortening the arc will reduce the volt Current Setting
nd increase the current flowing across 11 Transtormers use either a tapped choke or 4
Yooinrerestng exercise s I-I!~|.i'; 1 vt TTHOWITIED T .-L'.-.'|...-1||.; different curr
meter and an ammeter in the circuir and oty to b selected.
observe the readings fluctuate as a colleague The first fype pron ides a ranege of  frxed
wielel 'he roal 15 1o keep the are :':I;:l|-'_.ll'-:| '.||“-_""-t'.*i.lli'l_.L'n"-|".I|I|II|?-'- MOVINE SWITCNOS

meter reading teacly. or changing pluy socket connections,

welding set
Y turned ‘off'

Y

| S i current set for

3.2mm rod L

current l i N e — - -
(amps) ' 4 L

arc struck arc extinguished

cable carrying curren




Manual Metal Arc Welding

/\ combination of the tao,
inner sattings ~titar eattinns

The sccond ype 15 anhmtely varable
{low W S50V and )f E
highest current /w across the r BREEL and ..a||:l~:-. d by means of a

lower current
|

R f(/ capacity hand wheel, which regulates the positon of a

I
Il

":_,,/— core ot ool windinge inside the weldin

higt \ /‘"'JW This type offers much closer control ot

welding current, but the stepped type is usu i

ally guite adequate and can be adjusted mor

aption. The display 1s either i the form of a
rable. or in farcs’ as in the diagram on the let

Care must be taken to read the correct dis

plav because a particular setting on, say, Sl

A, '-.'\.Il- ||l|"'| a lowser carrent 11t [t
it (8 lal i

connection 15 chanped to BN |
r o | i
[~ L [he amount of current needed 1o mele the

) )
! clectrode successfully will sary with many .
w |
\; Factosrs .||'a||hI'L':'I|'a CLUTTENT reCommInIe oy :

for a given clectrode size can only be appro: !

W CLATET SO imate, 1f a manufacturer suegests thar a "

—| |!

o wp dy 18 ]

| use this table for

-3 i - Pa——— T T e e a1} /
urrent Bt fransformer currant coniro

83 '.,.i|




' Manual Metal Arc Welding

elactrode currant sefting HECCSNREY i Aas  SELULES "_'I el *'“'-l'”“"_ MA
dia  mm [ min typical max Unless the welding set 1s calibrated as parr of
= a quality svstem, 1t is most unlikely to deliver St
£ 2 ) 5 wwecisely the current that 1s ser, and 1t will
25 70 85 100 HERLESER, WP A8 e e M
3.2 an 10 135 vary i lietle wich arc ||_'!|;_{1!| I any case. The
4.0 140 160 185 The current serring may he preseribed ina end
5.0 7 245 : ; :
4 175 240 welding procedure’ — a documented and that
= aroven wav of welding that must be adherec The
| vl lding that tl it |
i f red for LS rod Si7es, M relding, however, rehe he skall irf
Codrrantl requared 1o kaiious g si788 ton MoOsST weldime, Dowever, rehies on the Skl surt
al the welder, and current selecoon 1s likely 40D
ter he made on the basis of observaton of Irtes
Lilmm rod requires berween 130 and 1800 the arc and successtul welding 1in action, ]
inps this is because it will work quite well  regardless of what curfent is indicated on the COns
throwehout this FATHrE, and at omes it will be \k-'v'.'|l.Li|'|_L' set end
at th
low current = high — 7 high current —_ : duce
narrow bead | wide low rough T]
bead ! ;
dire
this |
IS Vi
first
.1}“”:
optimum profile Effect of current saftings on
and penetration wald beads
MMA beads made with
fow, correct and high
current, Sirkr

84




Manual Metal Arc Welding
MAKING A WELD BEAD If the el
hould 1mmediat firrmly
Strking an Are S 0 relea 1 i
Hlash that will oo art th i
0 by b the electrogl tiy respond gui 1 CErey
1 ( 1 the parent metad so S rAnce | | ch o |
| i 1t at i hrewerh the « Lt rather that It 1t rm i 1
led then d al [ it then the situati
" d corrent ] [cder ot | i
&} 13 101 1 CLTI | el thie i ] vl
| v 1 LT | It
vay of striki 1 arc, with
¢ I P | Ma I B I
| 1 Art rap the surtace 1wy [ I
| roand risn y T [cepin 1 i !
RN I il i fri i} i
e 1S Lo tap ode ond ), oStrike the ar . -
16 we and [kt 1t W huls iale 1 it the st
vl can b e | wCourare,
ptible to stcking, which n thi L httic 1 I
| | il | nted b the moverment Iy 4An arc Aar i pree ] 1
1t W develop WL | s
< =¥
r9 J _ /7 A
[ ] {7 /] A
[/ | I."I I,." / :." I."'I
[/ /]
II.' .'I _.'I .-I ," / ." |V ri
ol U /
- { J f.d £% ) Er o
/ 7
W FEellanne way o 5
1ckine |
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Manual Melal Arc Welding

started accurately ar the start of the JCa L
at the end of a weld bead which needs 1o be

contnued, The difficulty arises at

thove, where the one hand must remain
gquite still whilst the sereen is heing moved

T ProsIteon.

Common Difficulties in Striking an Arc

It there 1s no sign ot life or sparking at the
clectrode tp then the following are possible
causes, The first three are encountered moss

I LI |-r|-,

The welder 15 not turned on, cither ar the
solator or on the welder wself,
2. There s no supply to the welder beeause
the carth trip has been actvared.
i, The return lead connecron with the
work has not been made well encugh or has
heen foreorten
4. Awelding or return lead rerminavon has
broken dowwn,

'he welding lead has fracoured near the

l.'l'.l'fl"l.l': |II?'|I.|'.| i!'.!li.".llil :|||._- I||-l.|.|||l3-|':2.

—clipped

producess coaling

weld metal

contaminated

I air

“bare end difficult
o strike

A chipped eleciode coahng.

86

0 | he WTOLY ‘L'Ill.l ol the electrode has

been inserted in the holder

It there 15 evidence thar power is available as
the electrode but at is ditticult to per it start

ed then perhaps the:

. Current setting 1s too low for the ele
trade 10 use

2. FHlectrode requires a higher ocy

3o Blectrode requires a DC welding supply
}, Elecrrode needs changing from DO neg

atlve to 1M positve

Ll it T PR [ = 7 |
Jl"L'hl.' [actors can l"'L'L“'I"'l'I'IIILl.l Dy reterence

tr the electr: II.|L' |'l:‘.l.'|'i'L'|. Alternatvely the:

5 Coating mav be chipped off the eled
trode end, Metal o metal contct must b
made to l.'l:-l"l'l'l'l:I'H' the circuit but the coating
is essential for easy arc mitiation

G, Retorn lead connection 15 nor effecove

cnogeh

. Electrode coating is damp; hvdrogen
increases the electneal resistance of the gap
B,  Surface of the plate 15 heavily oxadized or

|1:=.!|1||.'d. impeding the thwwe of current

Starting a Bead

Practice in depositing a smooth regular weld
bead on the surface of a plate 15 essential
betore considenng frying o jom two pleces
together,

The acton 15 one of slowly moving the
clectrode across the plate, whilst also feeding
it towards the plate as it is consumed. This
motion will be jerky at first but if the ele
trode is held at an angle of 60 degrees then it
is simply a matter of lowering the hand

perpendicularly  to the plate, effecnng

Runmng s




wial Metal Arc Welt

AT T tspeed
18] 1 sfcliree eleCir
| i il [ | [ L 173 ll I".l"-.: [ ||- |:I'I..' W AL I e COontnu
1 el 18] 1 wetal 1€ IS peration it po £ | I I |
leres, wh sor il o FCascn Tor stopping 5 that the eloe
e | 1 1 plate surka trocde has exp ed: 1f this happens, discard
tuh sately and nsert 1ew electt e 7]
| ! 1 ne cracklin LI rECOmMmence as
| ] 1 b torn, oo fryin
' 1 jual the cor | Remove the slag from the cra e lasi
I I | thim of w |l. 161 AL 1A I W I
&1 vlon (] rhe b STk he ar 1Al It [ |
| v or iy tl ry the ar mave back i it. Move the i ri31
| ( il -1 1 cle ttle or ro ] cirel
] ul 1 [4 d th cas (1o Ercouragr 0 Sprea then progr 10
| [ 1= 111 il 111 norml sme st o el crater and alo
| ik 11 Yrrer o e« T3 i Taiish
1 Wi il 1l hea LA I'-.I\"\-_ 1 Pracliice 115 Jialt i1 rhi [ I 8T |

ol ket will be underectable once the whald




Manual Metal Arc Welding

chip slag off crates first

ween  wire brushed, Despite this, faalts
CRPLRSCL |"- caamination of an \ Iy i|"-.‘:|‘-'|
ably have a regular frequency, occurring
about every 180N m: that 1s, thev rend to be

Al The -I--|* S LArEs

Finishing Off the Bead

e the are s simply extinguished at the end of
the joint then it leaves a hollow crater which

weakens the weld and which mav crack as e

| Weld up to the point where the i-:'_'ll_lll'._!'_
cdue ot the pool s ar the end of the joint

2 seconds to fill in,

b, Weld back in the opposite direction for

about 3mm without changing the anple of

WELD PADDING

Practice in making weld pads 15 a4 very usetul

strike arc

mowve quickly to crater
rotate or move side to side
4 progress at normal spead

termediate CHETCIAE between running

ety vl lspned el Tei T oE S {
'|'|:||_!'_|I| ‘\--.L.\:l EACES (NG pOnInyY WO peeces of

metal together. It provides practice in ‘aiming
the electrade at a joint line bur the rechnigu
also has a number of pracncal application:
A tirst weld bead s made along the surface
A

ot a4 rarly >l.|!!~|.:!|||:|| |*|..:1'~ WITHh muinimum

dimensions of 130 = 100 % 10mm, but the
|":I!..',_!_[|".'I' the heter, | he |||_'.E;_| should be con

tinuous, extend over the full lenerth, and or

completion be deslagged and wire brushed
The second bead 1s not placed randombhy
on the plate but directed at the we of the

Previous one, thiat 5, rlll.., l..,ll._'_\_ ot the weld

The .~~|i1|'h' oof the electrode 1s stll 60 de [ ]

bt e |Z|| (the transverse anele) 15 now alse

o) degrees, rather than the 90 degrees used

toor the first bead
The effect of welding in this manner |
that half the nesw bead covers the bHrst one

whilst |I"|k. "k.|'l'l.;.fl'i:.l.'! |.I|""- OVED TIEew |'-|.:Il.

Ater a number ot passes have been made in

this way, USRI berween each, the plar

thickness will have imereased by abour 3mm

It will be nonced chat the bead profile is

attected by the temperature of the |\|..IL' it




Manual Metal Arc Welding

pause for 1-2 seconds

weald back 5mm

ve quickly in same

direction
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Wi padtair W on a

stee! surace

vs the

he commencement of each head.

plate warms up the beads will become pro

pressively wider and flatter as a2 result of

weldimg intensively in one area. The aim is
tor the surface of the weld |‘|.u_| af o '.'|'|.||'s
ping weld beads to be as flat as possible, so
that machining the surface would require
mummal metal cemoval to obtain a Gaalt-free,

ratsed surtace.

Fractical Applications of Padding

This technique 1s useful tor reclaiming worn
surtaces, crither with '-|:':"|'.E.||'I,| electrodes oar
with purpose-made hard-surfacing elec
trocdes tor improved wear resistance. 1t the
wear has been caused by corrosion then cot-
FOSION-resistant .|||::-. electrodes can be
deposited o extend the working life,

In cither case a suitable weld surface might
be used :'\’l':1|.| the .II'uiIc'i]1.||g'g| |:|.|._- -!ll. pi |
new component, often with the strength
being supplied by the base meral and the
wear/corrosion resistance heing supplied by

the surtacing laver

90

MAKING WELDED JOINTS

Most joints encountered in MMA welding
are fillet joints, where the weld is placed in g
Ulkdegree corner, without anv gap. Bun
joints are less common and more difficult to
dey weell.

An edge meeting a surface presents dith
culty in gas welding but MMA is much less
sensitive to this sort of varaton. Dissimular
thicknesses are not 3 problem cither, provid
ed that the thinner piece, ar the one needing
least |1u':11, |~ (RTR Y 1|u'1.1|;4| .||'_|_'|5|1!:'u|!.||.~|'.. Fivt
all welded assemblies the items need to be
arranged in, position, probably held with

clamps, and tacked,

facking

The size and mumber of tacks needed are
learned with experience, Fach should be at
least Omm lone and they should get 1 e
but less frequent as the meral gets thicker

It i= i"l'nptlﬂ:tnl that the electrode progress

s along the plate dunng the short period of

™
<
5
iy
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Manual Metal Arc Welding
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tacking this side

will ‘pull’ ve
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Manual Melal Arc Welding

100 COmvex

wotch effect «

o

undercul

overlap (roll-over)

ve welds look mood
wh

Lut are
1 5
ISt convex welds

at the roes,

intity of Welding

12 WL :| |-.'-:|I !!'l.ll fia |_|_l.i'l a T fil

Are: _:'_"L:'."- and  wall

l R Rl of o 1o will be under.
load 15 verdcally down through
||: I I: "-'.'.|:||! |.|-.'.'|!'|."|I

the loading 1s at
hen the weld may need
ral. Ty

ter e egual o the

!'. WL lll.ll trovm I':' ".ll

wth can be ohtained by welding

1T Dasses wWilil a '-"I':.I” L il.'l. e Ii.ll. Z

it 15 possible wich a larec

83

placed unevenly in jo
[unegqual leg leng

ured
Iae ;;_"k('||'
[ ||'|:|'!;:_'_|'. I"l.l'\: e 0y "-”':li' L R
Peassible variations

CCC, dl'L

[, Contnuous welding, singl

H;-.iL' i l"Ill.

2. Conunuous welding, single pa both
'.:|||,'\

3, Contnuous welding, mulo-run n On
0T ||| II|| -.I-:_;_'.

L. Intermittent or sotch welding on o
'-.|l_i: Ay

3 Stitch welding on both sides direct
Iﬁﬂ\“\"i'Vifll-H'h:

i, Sutch welding alternately on each sid
When welding mult-ran Allers the electrode

wlope ftor tarther runs w revet

depgrees because the joint profile s n




Manual Metal Arc Welding

open, and slag control 15 less problematic
Cin the second piass atm at the lower toe of
the root run with the intenton ol -'H\l.'l'il'l-_-_

valll two-thirds of 1 the ult AR should
be 653 degrees, On the third pass aim at the
centre af the Vo tormed by the plate surface,
the exposed part of the root run and the top
halt ot the second run: the il angle should
be 30— degrees. If another laver is needed
then repeat as tor the second pass unnl rthe
binal pass at the top which 1s done as for the
MNote that in oall mult-run welds of this

tyvpe weld met 1 IS "-l..l.l.l: e || T k::{t i1t
the ponne brste to [P e a '~I¢_|" om which o
place turther weld metal. Note also thar it s

alws NECOSSAryY [ -.::'--|.|:' Zu'l-|~ DEtween

| | A Ill | '!'||"| X .||'|l‘l.li |"'il.'l.'|."~ l"l. (N
opether 1s under a shear load which makes it
el structurally less

e
desirable than the same size weld under ren

94

sioarn | dps are not used as an easy alternany
to burt welds bar mstead wsua
up’ the materal, for exan |-|. 1 oan area which
15 to recerve a boldrn,

It tollows that a single pass is often thai
15 funcaonally necessary, bur f full stremet]
I:-!I':'i".?l':lIII:'|I|':||Hl_:-l_.-_|"|;'! __||.. e Te

colere of the :.||1. I'his edee should be melted

WAy

s little as I" sstbxle so that the we d ha:

A TIINNMIT Crosss-section ol o4 guadrant ang
5] |'|1-.|-. arpiosthly with: each nlat witliesg
undercat,

Lap joines are

niggue will he the

. | 1
exceprion of e final [Piss al il top ¢ Jire

tle,

Outsige Corner Joints

\ ‘close’ corner joint 12 one where th r

touch without a gap. IF full streneeh 15 need

ed then hotl are tally exposed bur
without overlap and set at 90 degrees o each

other, They are then treated as fillet joint

.
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Manual Metal Arc Welding

butt weld {open)

<7

| 1

nd are complete when the toes of the weld . [he gap in an open joint mak
'|. wter Corners tr proguce a l.|.|.||| I|||-||!.i||'!||:u'lf [LIS Y
[ 1T b Laps reguire "ill.l'_l' COMSI

| COTTers  arc |',;'|":l|.'|,'::| % butt Roor Buns under Butt Joints

cause the weld is made hetween tao wide gaps are difficult/impossil
maln dirrerences hetween cle 150 1l

Bt Jomits

Butt jomnts are ones betweer

ipen joint has a greater cross-secnon plates, which are usually in the
need more weld metal and take Preparanon of the edges vanes
vweld than o close yoint thickness, accessibilioy of  hoth
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Manual Metal Arc Welding

| | &1 1er itl 1« Il
1 | tren 1ma macine, 1 I 1114
I f il poedestal  prin it il
| [ I 1 . 1 '_'l: o N LS LT 215
| 1T 1 s I 11 I|| | :I.!II
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single vee bt single U but
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Manual Metal Arc We

ding
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1t e Mhedepree fillets waill P
that he angle become ! I
WAL PereTraliosg ol 1wl slag con |'i.:'.'7|' Lok 4
| i T
1eed [ :'L'I:*I-:'!Il-i"ln._l.: to ablosww the edges
Root Runs cool 1t the tack sinks withouat bridein
|l tup witl Crv nt st ) lacks should he cleaned ot a { 11
| ] ratel "mn necessary pround 1o a smooth concave pro
[ e ide 15 castest because file to ensure fl ire complet E {ur
1 surt rather than the base g welding,
[1 i les the plates o b I'he oot s made with o Ssmall” electrod
RIS AN | v Ewen swith o et that 15, a 2.5mm one on Plate up ) i
I i 1 [i E'. oim T L1k ."Il: Foan ||:l|l.| _'l|_|ll. 1 AL on |'|-
I I L iaccessible or il teo1s sttuck on the i 1l el |
lel Fear ass et 1 "--.ll'll:_:' CHAE TRC S, melnne avway the *eR Ty
duce a kev-hole exactly as in ras welding
LT ST y IPESET it
el | lectrode 1= used It the combinaton of prep e, roal
i er il Its current range and th tace and gap, electrode size and serting, weld
I one edge o the orher ing speed ind clectrode angle are correlates
| I Wl {: Tl cehmoue miy e the
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[he arc 15 moved Root Stop/Starts

Jemar 1 el Ylalin dly  tused 1
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Manual Metal Are Welaing

th MM A demands much skall, and the T make perfect restarts th

restart 15 needed with a new elec prinder or a hacksaw blade so 1l

PrOEresscs GinaT The Sl peI

resrart 15 made much easier by when it gets to the feathered edg
B | a ey 1 5 s 5
r that the kev-hole remains ar the end crater.

yevicus run. When the cectrode s A e ITHIOTISE i5 tey st

the keyv-hole to 8l in. Ful frenetri reaches the end ol the old crater «

crrade, overla -im;_';! porton will be poo!

s root run

;;I.Es.g] ‘divide

oo late leaving

haliow

misaligned and tao
ovearlapped producing hump

100

15 at the point needs 1o be ‘raked’ bhack warh

will he established wo be penerraring

;I,lll'll.:' .}“I'I'l'l! ."_Il:_i-. i tne "|l§ e, si
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anual Metal Arc Welding

it

| ] tey by nsUte 4 smooth 31 1cl 0 T i
| e 1 11 ||- I | i
VEAVE A | il I
Filling up the V e fOor NOVE 1IN S0 1
WL el o 1y tilbi ot \ ¢ LLSe ti he i il
1 f el cay = h 1 rhiet i
1 l rinal 1a and L ant, thern | 1 f
1 C
| cal &1 il e horl Dealing with Faulis
| T8 | It | | I 'h ::::'|:.itl--_' weelel 1
| f 1 i the full plate thickness, be tault tree, and
J I ( ed 1
il laricl ! A i ! Voo [
1 | / |I |'|.Il | 'I i I i [ I| ‘
) 1 1 ||I 1 |
.' l', |I I. |I |1 .I I. ,' | [
| il ith 1 { 'I | { | O O O W T | |
[ 1. ! [ | (] { | | {
h{ 1] b Wi 1 V| Vi |
! [ | { 114 | b 1] 1] ||I | \
' ¥ Y L] ¥ V ¥ L] V I
i i il
Marrcow i A
I | | i i1 |
n -— —= L |
L | | 1 | I 1€ produce d y T
i 1ooth weld i i
1 11y 3 =11 Freaang
A N4




Manual Metal Are W.:?.-’rﬁ’.-'ﬂg

the surface be smooth and slightly pro lengrh o enable full fusion over the profl

nounced, with no part of the weld below the surface:

plate irbace. IF tadlts become evident ||'L':'.

must be removed as the weld progresses and (0 the underside of the yoane a small under

ot become permanent teatures, Comimiod ead of weld metal will be ._'\i-|-~:_.|.:§:.::'|': -

LS are entire ;1'||::I||. [

faults are evident, and acee
15 possible; then a sealing run s made an 1l

|, Slag traps, These are pockets of slag left side to complete the weld, This 15 placed

i and replacing pare of the weld, Removal 15 directly on the metal and should melt deepls

At L1l With d \'llill""l. |'|ZEE'I:|'III.'|'-5'|' ':'!!I':- -.'I"l"|i'_'I!i foy ooy IMPeTrccieas 11 they ar

t the slag 15 very deep, or if its remova shallow :
i-'---il.-.x Ul Por sUrtace prod le then prinding I..II'_!.!I."!' taults will have 1o be removed by I
| ||; 1 Cessar, |I:il |\ I!'I-:I:I:<-_EI'I:<' .':.I!-I"!_' '§'||, ::'II'_-'!'l_ "'.'-'EI|I'." Can o )
. Poor Profile. Poor placement ot weld done with 2 gas pouping nozzle, an MMA ;

beads can produce a prodle that is oo acute pouging electrode, an angle erinder or a

1 deep for the next we I|:'li.'llii"'l"'.l':_'l":..,':' nose chiscl, A scaling run ;-.H.'i 11
iy the bottom properly, The area must be groove makes soundness ol the weld maor
--l':l:. I 1Tt |'li Il-_ OF A the SwWindaold ||i.i'|'-_:iill.!!_'|'-i"-:'Z.l'l'li'-.'."ll.l-ll.l.' :l"'l|||l.. (4]
below plate
surface
1 4
| ——— (00 pronounced
pa——
e FE
without '.'u'lri'l ’f-.
—rT o £
."‘Ir aung
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5 MIG WELDING
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MG Welding

I'he process 1s often regarded as semi
skilled because ]1|.1|;i"|;-.' a weld head in s
ton smoothlv s easier and to some extent
AUtomatic 10 comparison o MMA or gas
welding, Setting up the welder to produce
pond results 15 more complex, however, and
a pood understanding of the parameters is
necessary before the |"I'|'I:IL'L"\"-C1.\' achvantagres
can be exploited.

It finds application on all

tabricanonal
metals and on any thickness above abouw

(. %mm and s now |13 Far the miost ['H'L"'."L!:'l'r'”

manual welding process. It also lends itself

very  readilv to o automizaton,robotization

and 15 widely used in this way, for example in

Meter CRr pre wduction,

using! MIG waiding sifualion with wire feed unit
n an overhaad boom

Since MIG welding 15 an arc welding
process like MMA, consideration will only be
siven to those aspects where the difference is

stemiticant.

EQUIPMENT REQUIREMENTS FOR
MIG WELDING

The tollwing components make up MIG

welding equipment:

1. Welding power souree
2, Welding lead assembly with suitable liner
4. Welding torch with supply of contact tips
5. Spool of wire
fi. Cylinder of shielding gas and a suitable
replator

Welding return
B, Welding earth

Fower Source

All MIG power sources are welding recti
fiers, with the electrode always DO pasitive
and the work DC nepadve.

The choice is one of size, that 15 current
output, and duty evele. Very small DIY mod
els supply about 904 and run only the small
est diameter wire whilst heavy industrial
machines might supply 600A. Although even
the largest wire does not demand more than
A00kA, a 600 A machine can be used continu-
ously at this level, thar is, the duty cyele 15
excellent.

IDIY machines are produced in a number
of sizes up to 140A and run off a single
phase 13A supply. The purchase price 15 very
low, but running expenses are relatively high
hecause 1) the (Amm wire comes on a 1k

ar 2kg spool which makes the unit cost high
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NG Welding

wprarcd o 1 st dard 15ke spool, and (b The ll"l"';:.".-":'T:"-"-"L,-ra'ia:‘».'fjif"'rq.f?.f'.'t'-."f?-"I"
[ I || il i 17K
1 ither disposable or needs to [ s assembly 18 more complex tha
tren L e he unit cost WMMLA cable L
i | AT
1 1l 10 Tl 1 LGk
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MIG Welding

swan neck .

eurg-conneclor {usually adustable)

q ind | /
1 I
wilching !
contacls =~ —L
‘ u_:—-_._\_\_\-\-\-\-‘
- —} *
wire and * [
-urrent | !
k ratalniRe torch
plckup el 4
F _ switch
nut
The MG ! A556MI
Tl A
—THHY
' 111 | €aa
., 111} =
N LA H - J separ
ol : | ’ : P
| at
1 |
shroud/coll  gas entry contact h ; 5
||-.|‘=.||||-|u into tio with SN - ;
qrooves shroud size Hesditing
coil it 1
TILIC
T ey e
. L L LA
TArf I
he o s s |||--|";.'.i|l'-. i '-.'-.L".1:|;_- *-|"'--l:t|. and they |L.|'.i||l3'|lk IiI..I|\. rey a hieh '|'k'|||': 1
whose function 1s to direct pas towards the ron in order to be suitable tor 4 range of tes b
WO P Ihe diameter varies with torch materials, Thus wires are avatlable for carbon

size, with larper ones supplyving the increased stecls, stainless steels, nickel alloyvs, alunmuni

dcmand or -i'l-.'|-|l!'_'_"-| . They are made of um and 1es allovs and so on.

copper to withstand heat and general wear There are four main sizes: (LOomm, (. 8mm \

teat Lmm and 1.2mm. The wires are all *fine ire
bur the range of leg .l'!lg_:".!'l'- that can be pro trowll
duced is great, ranging from 2mm with .

(1.omm wire to 10.0mm with a 1.2mm one. testall

Spoal sizes are Thy, kg, Ske and 15kg, the
atter bemng the most commeaon and econom Tlm Wire Feed Unit
cal. Standardized plastic spools have, with  The unit may be housed within the welding
the exception of (LOmm, layer wo re wire, set and an integral rart of it, and CXPast d by [ Disp
s that it unwinds smoothly, As with other removing a panel from the side or top of the At
consumables the .~|-.-I'::!l'*-lll."-|1:.'.-.'If!'~i.fk.. :]'|.||'|-'|h_. Industy

The range of MIG welding wires 15 much \ternatively it mav be a separate unit con ones

more hmited than that of MMA electrodes, nected to the welding set only by welding when
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MIG Welding

P (rmm’ Current Arc Wire fead Currant are Wire Faas
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MIG Welding

screw siol head (or nut) spool
- tensicner

washer reta ning the
lensioning spring

— Spool relalning nut

— Spool spokes

feed roll tensioning’
quick release

flexiguide from
f{g‘\‘_ o spool

|
---—-——l__

—T—

,

quide tube

_f - guide tube clamp

? TEET FONS,
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MIG Welding

ol Shroud

Welding Lead Assembly
! wr n 1 errat | 1 1 5in i 1 1l
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I ! phyvsical sie tor ease of ronon he spool
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MIG Welding

| cycle

Approx e sacond

short-circuinng, the wire wi

meit so rapdly that 1t oo e B l||-. ot it

e an electncal fuse bl 11T,

producing much spatter and very licde weld
et F the current riseis too slow then the
wire wil i if freeze in the '-'.-_||||‘.|--|!
Control of the current rise /heating effect
15 ensured by having an dppropriate induc
ince tn the circwit. On smaller machines this

ACErer Ones may ofter a2 chowe

['hese are rarel

varations in ir oz !'-.'-,"":l_:;__:L:: Which may be on

aithar the tive or 'work' lead connecti

Dos

e Fe
A
'.. I..I.'. i

112

Hirh inductance pives a lowver

i1 i1

cuiting I'r{'¢|lu'-|r. v and relatively Thot” weldin .
due to the longer arcing pertids between
shott-circuits. The arc will be quieter. and 111 1
|"|"'til.l'i.' less spatter and smoother weld t
than lower inductanee settings,

['he higher short circutting frequency of a I
o inductine Serung |=|'-'I-||.| CS5 MOre nogs 1arT
and spatter and a miore pronounced ripple o and flatt

Il be cooler,
tend o be used Wire Fe
The %

the l.'.-:l. W
Hisrh

thick metal whilse I

LIRS

nductance settinees
L ",

untortunately  more Spatter,

sheer and posidonal welding

Setting Up Dip Transfer

['he three FEQUIrCTICALs in sertng

transfer are:

r—

|. ]1I'IJ-Z! Ik":l;_‘l [ |I|_ are with the
(R

LIS,

“1l:i1|1|'-. i'1_5'_ the |'i_'__'i|| amount of weld mera

Balancing



AL (AL ddiene
-':'.'."lil FL’\'._I.II{:":'I-'I--'_I.__?

Bl ] forhit amount o T 031 shorten the arc because t it .
1 | Arco 1 Deen tered | [ i Ted
|||. TR 1T r e swWir i--.-! rtl I
v 1L lch 100 15 tor bein i 1t ithout ch 1 ¢ hut "
Il t regl EImen 1] DY Ll IaEr i 1 lenethenes |81 11 1
e he second one also, but accompanyin ICTEASEe 1IN volrage
b | LA LB (RRIAINS fully fused weld LT i--!xu|'||-' ire stable miakl
TLresr L |
1 1t Wl VT L Smaller welds are of cour 1 1
T & i 51 ing the wire speed d i danein
1 | thlished [T CELICITLET b vosltacre as ner
d d 1 1 nulated situ I'l deoree fo which | f ) |
1L LT (8] LU 1 |-..'||' 111 e | ANCE n be rased or lo ¢ |
I 1 I1 1 ed by the staly [ T i el |
' 1171 ly T (%) 1 i vl 1
Arc Voltage Adjustment weak are that fus 0 Vet
ery low settin the arc 15 so short that |II-II|l.-:-.' 1 are that 1s overly forcet 1 1
. b, pushing the hand hacl ing and pushing the weld metal out of i
| 1 rrat 111 5 11 1 tacr { 1AL e reguired f 1
L I ter thi solnit where it er digmeter wire respectiy i 1t Tl
i but further increase resnalts Operate at current densities that are 1
| ] 1 i | this: globule
{ it the pool, This i Welding Speed
" i Tl ang ko a :'i-.'l.ill' The weld size can b viried by cl
1 a prot T ively pets wider tions. Very laroe weld beads cat 1 I
[ 11 anwele pa 1 ma P o b 1o
'-l'-l.llll ol th t1ace 1 1 1 11

L~

wire si I 1o i valtage too high or wire speed
too low ({]%] |i.:'-"-'
] r FaPu] T | ] 71 e o




MIG Welaing

because the are 1s bebween the w e _|1‘-.| the Passes should |.~k 1m :-|-_- ROy e (] t

clevated surface of the weld pool, with the be contrellable and of reasonable cross-se

o] actng as a butter between the arc and Lo bt ||_|;l':_|-. cnoush for the wire to flead

the joint surfa the pool: the intention s to are between the |
Welds M. ll'. VET) [&] 'l.'i.l'- |'.I'-.l.' o Ve W _||';_| LI |'| ate. not e Wwire i the Ml

reduced cross-section and many passes are It the bead is the size desired but had ro b

necded o bulld up a strong enough profile, made at a ~|:|.|.|| which produce wck o I

e weld should be sound, with sanstacron fusion, then the wire should be chaneed o

wart, bur may be brittle as a result of the |'||'_'~',§'|'|"|'l.'_.\l.l that the same amount of meta

fast coaling rat can e :|gi1|:-~|||_|| it 4 taster ~.i'-L;.| I'his m

arc hits raised pool surface

weld metal
-

) ( :

weld pog poor fusion

rolls' forward

al
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TEN /

Waiding fon Wi \
"'|.|
1 1
l
e leads pool :
and hits piate not a
surface ™, cia

Voltage

weld metal
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a1 COECT &
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MIG

WK |l.|'. 1

i1l i may alread 1 use, 1n
i ¢ 4 number o maller runs should
uscd m preference to nerle larpe one
I 1 1ETECLELL 11 1 T 1210 Ti1at
whk ot tusion ICCUrT s professional
i id cuality « tresl ar cntial to
[SAELNR 11
SPRAY TRANSFER
Wt 1 113 5% the wire moeles dif
fer Once the are is established, it is per
At tl 1T ol M CEpr 10ty T
Wil HI-CIFCL] l OGRS O CraAnsicr
| | 1t e 1D iU rance Sertnge
1ir 0yl L T | £V T
1 [ | 1T TIE |.| i1t e RN

id are sprave Cross t rap, and since th

| ini il 11 1 I! ::! . "-IIIIl.l.l ]
1141 | i 1sed welds on thick met
st 1 o hot for thin or position k.

itself hest to 1.0 and

] L 1L 1mn

) < and hurh i | deposition rates
ontrolled on flar and hortzoneal work, bur s
| | tibsle toy the lack of tusion asso

e wtt hip tran I

e,/ Wire Speed Setting

It tl i1 vois increasced then rhe ar
|+ ot} | [v oy the pon vhete 1
- | tes tl t 1111 1 IS 1
il | WeCoimeaned 1 1T TICAnt

1NCTed twire teed speed, then spray trans
1% 0l 1] s not crackle bur
Fiar wchily and the { tle spattes

Weiding

arter imitia

PNy The voslraor:

" L ¥ s ” PP | o |
the type of transter required and

S0t e wire diameter: IATECT W
nerher voltapes
[t 15 important to set the wire

recl et 1t, hecause 1

LT IRAYE |

voltage the wire will mele |

tip instantly. Oine second ot artem

s then tollowe

1es Of mameenandcs

T || SWWITCh

rmean th has o

Wb
e wWire 1may [nave DUrst osur il
roll mechanism. Both situanons
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MIG Welding

_wire malts
J» f-"__-- into ball

S

\_\_\_fu".\"‘_""

arc very shart and
Bing' surface

Saiane G We Speed and Yol T

weretore yuides on each of these vari-
Hes tor a particular metal thickness Stvpe of

HOL Can o -l'.|| IT1enT -'!l'. [ | !-.':I."'- .IIII.|

1 1 |
lds of dentical quality can be made using

Prerdmeters which are not fixed |;1---::'I_|!L-|'~

1€ Are 15 tar more sensiive to heavy oxide.
rust, paine, oil and sooon than in MMA weld
ingz, and may tail to seeike at all. I can accom
miociare standard mill seale on hot e led stecl
s bo il ality work all contanunanes must be
remioved by prinding or dewrre 1514,
YWoTECn I-I'l 'I'EI- ".'-.:'ll.ill'._'_' dre __~.||||l i-.‘:l‘!-n.
wsitloned o protect passers-by bur also o
Fediucy .:'-|-_'|'..|! 5T weld 180 DO

I'he tollowing accessories ___|“ 'I.i-.: |.|{. .|‘\.i§!|

Welding sereenJhelmetr. Light eadiated
am the MG arc 15 not '|:|'|."-l.'i| by e a8
it s MMA so for a miven current level the
tilter glass needs to be darker so the are can
e viewed comtortably, especially as the glare

froom brght steels or auminium 18 ereater

w7l gopearance of arc

arc very long: wire transfers
infrequently in large blob

Z, Y SPparter spray |-.'|!-. Pronrietary flu

ids are available which prevent spatter sticl
11 (] .||.I |||_:.!'|: I_|' 1171 ill_ 111 iRt

T'hey are ;a|1|1 e erther by aero ol or by 1

ping mnto a jellv. Spatter build-up disrupts pac

I
Hevw and will evenrually bridee o the shroud
miaking 1t hve and arc when the rorch swit
s operated. Spray used on the metal surface
will reduce spatter stcking o 1, but 1t ther

:Il.l.l|\~ [ ]'ll_' removed with a solvent b LRl

the surtace can be Anished with paii

S T4 ST Betore recommencing weld
ing the wire end 1 be srinped SRy Y
14 L swre n must b mpped Lo adjust
CXRTENSIOT |||_'-_-||! | I|'-|.' -~i||l-|..f ||-|| toh DrOYVIOE
d LA lll':l"?{l-:l'i-'l.'ll end that will strike T T

:.'ilhil'-.'. .|:I||l. WITE CAmnog ||. With | Wi

||'||"..l.|l:_'|' the liner for excha e without

removing  the “balled” end, and smips ar
ChRi ||||:|! 17 WIre 511 ||.\,= D I the e T

1
1A% T |1L' cut out and removed.

MAKING A WELD BEAD

The wire onlv becomes live when the torel

ST |' 5 I|l'.|'!|'l"-.\l.'||. ||||'- -;l'.||:!| 5 Thi startin

point to be located with precision and satery,

T
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MG Welding

eetil 11 | irtace i
| T '|-||| 150l 1 !u. -| e I.'I:IH\ L wErtl rance x‘|:.||-:'_:_"~ -|.:i-|~|': Ll [ |
cal. 1t should point in the direction of travel, time to readjust, Sqguarer ang I i
t Bil deprees to ensure maxiumum usd irvity to changes in distance o1
1 1neidin A too ac mnple causes: moverment of the torch
| lneress of air e the shielding eas o
e, The Self-Adjusting Arc
n i t noving gas. 1 his can also
1ak| | | &1, s tlovw 15 ser ton .Iia'l'l anl It w | be found that it the conract i bt
| P scummy welds and porosiey, often is wvarted smoothly 1t makes onl I EARRTEY
ilale on the surtace difference to the length and stalality
good arc stabifity and
A5 COVEragey oo c
STELR r" o optimum angle aas shiel
visibility
/ Iraws air ir
nsiable

M
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irc, Itis this self-adjusting feature thar caus-
es MIG welding 1o
skilled process, but whilst it 1s quite easy to
more ditficult than MMA to
set up and provide puaranteed weld qualiey
The

; ;
he considered  a semi

1S, 11 15 1771 I|

behaviour of the are 1s I||'.I‘~II'.IIL.'I.|

[t the arc length 1s increased because

the torch i moved further from the plate or

5 i'l.l'-'-':l.l OvVer, the arc \"-|I:i._!'_i JL8 L)

upe that s, there 15 a larger difterence in

potental, or a greater EMF is required o ger

current to cross the gap,

Alnce the power of the arc is constant, as

the voltape goes up the current reduces and

the wire melts maor slonwly, restoring the

il ear
onmnal gap

Ihis relattonship mav have been expern-

' MIG Weiding

||ur1‘.|'.l of some sarcor f'|w~='1;:' the contact 1 & 2 L
distance will lower the voltage, increase the ) 1
current and cause the wire o melt mor ment |
quickly until the arc lenpgth readjusts,
MAKI!

Finishing a Weld Bead B
The arc 15 held in the end erater for 1-2 sec Muc!
onds and then exdanguished by releasing the SErHng
torch switch, Holding the torch in position a
further few sceonds will help prevent axida vol
ton of the crater I|'|1'1|:|;-_;5'1 sudden loss of pas CoOrTin
shielding, 1!

Since the existing settings on the maching TETCE

are fine and may be appropriate for the next

task, there s no point 0 seroing the wir

3

feed and valtaee switches, Shumng down o

mented with in MMA welding bat the elec therefore simply a martter of: ackir
K Py
trical characteristics of MIG welders are I
such that they respond very sensitively and . Turning the welding ser off at the 1sola f
quickly to voltage change. Passing over 4 tor, SEaAn
&
| o
) ol unﬁ?‘ . i
P ) o S o
e 0{‘\3‘ AE 4 oA
,\\.":.‘\ e K .:l.;_t'f'-n o M
L B s )
. .\ﬂ""‘; 1_3{".\\" i ‘_;_‘nw"‘q I
o o ot P ot Fadi
@ e ® ot
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The self-adiushing arc. { diston
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MIG Welding

| ¥ain he gas oy |-|Ix| valve b Prosvent d or allowed tor
LW ner the re '."il"" [Pressure adjust MMA tacks are made “mnstantly’ b I'i
nent knob strikineg can be difticult, leave unwant
|.|.;'-§I!"-. OvEer I|Il. 11 I.:: SUrTace, o NECE
joint ol of position if it 158 not restrained
MAKING WELDED JOINTS well enough,
When tacking with MIG the wir
the skill in making good joints s o touch the point at which the tack 15 require
tir he weldet [ I ncd L 15 USCIUL T .||u| (814 |'l!'l."-‘-i|'::_' l| ¢ torch switcl mact
1 similar womt on whiel Lin Tactise aid VErY (il kly, Like MMA acks some prowres
the best welding condinons betor along the joint 15 necessary to get the tacl
itment to the actual task, This pracrice blend in rather than build up in a bloh

mt] the operator has both EXre

Fillat Joints

acking with MIG very much easier than lipible allowance for either graviey or i
v either pas or MMA welders, When tacl tlar thicknesses
vith gas the joinr edges can expand som The leading edpe of the weld pool m
tance apart betore the edpes have been ohserved o be fusing rght into the roo

ralsed to meltine point and this must etthet whilst the tratling edpe s would be forn




MIG Welding

the desired profile. Welding requires constant
ssessment of weld pool shape and size, and
immediate correctve action taken if neces-
sary, I auwomane welding s like using a
T gstablishing optumum  condi
tions and fixing them — then manual welding
can be likened to dtiving a car along a coun
try road, where a4 constant serles of correc

Floais IS e Cessiar

Butt Joinils

Burts can be made with ease in sheet 1.0mm

tor 30hmim thick 1na single pass with a gap of

.75 % thickness but no edge preparation.
Fior plate butts, a Gl-depree Vois used with
root face and roor gap of 1.5mm. This is

less than with MMA, but the weld 1s splic into
et and cap in the same way, o allow max

L attention e be gven [ penetration

with the fiest REELH antd weld |"|‘.'--H:L' with the

[arter
1.0mm C I L4
1 B { ]_ H

1L 5
—| |—— 1 0mm gap

v
J.0mm

oot face and gap

pach 1.0mm , B
L

L
b 4
( 3
B0
—a/

o N %

roof face and gap each 2.0mm

r.~-..l.'n'r|r.' \
1

FAULT FINDING IN MIG WELDS

Fault
Scattered

P':]T':'IHJ'.".'
Heaws

POTOsILY

Cold lapping

Unstable arc

High bead

with averlap

Cause

Crun at acute starting angle
Build-up of silicare slag
Ol o other l]L|1' 1SS

rmetal

Windy conditions
Mot enourh shielding gas

Mo pas turned on

Wire feed too h
Voltage too low

"".I'-i.'lt;;ll'lai .\"l"lL'L'I.i oo lonw

Arc not on leading edge of

pool

Voltage cither too high o
Leats ||: il

Clogged contact up

Wire feed ermatic

Poor return connection

"\U'I;i_::i_' too low

Woire .x']'u'rd too hiph

Flat 1':!.|51h weld ‘-.,'._\|1;]_ul- T |1i_-:_|'

cold
lap
(lack
of
fusion)

surface
_porosity

internal porosity

Weid preparations for WG walding.

Porosity and cold iap 1 & MIG wedd,
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6 TIG WELDING

his w o brocess an arc is formed  pletelv inert gas shield, which pre

nesten clecteode and the work tmospheric contamination of the

he welded, but unlike what happens in any fluxing or chemical reaction
most Processcs e o lectrod does not melt 'l (SEREELAR mert 1 L
I'h nly other processes in his catesoary ol THrSD COMITIMET THAe Tk his proce 11
| nsumable’ ar '-.'-.'!-5!I|:'_ Al .".|||:u'| 15 or has been known as I A

re, ILs Torer !!':"_.|:'.||!-:.:-.-1'| .|||_'-'.|:1'|'||‘.:i'~ ATy

(LR shielde i .II:il (S5TA ras shielded

Wher weld needs filler addinon this 1s qlen are) by the Americans

W h
10 1] b a o umable elecorode, burt [1G can be used to weld any al
1115 erarate additon of hiller wire finds most use in ph-guality sheet 1 iRl
el ctly 1 gras welding, The co-ord work in stainless steel and aluminin
| mn ot th we and the filler additnon [he process 1 lova compared 1o MIMA o

reauires considerable expertise, Eiving rse 1o MIG but pre wluces weld { the highest

[ welding’s reputation 4s the mostd fricult Cualiey, w i
S oy fmaster. ||_||:|'- et by the alrcratt, (RIS B chem

; 1
protected by a com auclear and off-shore indust

tungsten electrode

filler wire

electric arc

e deposited
analralion
P L —— = - wald meta

=
L
| - pare

!__,
.

I
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TIG Welding

EQUIPMENT REQUIREMENTS

In the past TIG equipment tended o be an
add-on’ facility, extending the use of stan-
dard MMA welding transformers ar een
crators, A TIG lead 15 subsdtuted for the
welding lead, provision is made for gas SUp-
plv, and pe |'|'|.:[‘.~- A4 contact switch (on-oft)
and HF (high frequency) arc-start unir.
Modern TG welding sers have T1G as the
prime tacility, with MMA as a useful sec
ondary tuncoon. All of the necessary mech
anisms required to control the arc and gas
Flow are buailt o, Hl'i{_'{fll)l] -!||. @ w-'_-||.|-'_-|' 14
guided by the thickness and tvpe of metal to
be welded. Thicker metals require a higher
current capacity and/or berter dury-cycle
Most metals can be welded with DO but the
Higrht” metals — aluminivm, magnesium and

therr alloys — require \C

0C TiG Sets

l'hese are 12 rectfiers with electrical char-
acteristics dentical to those of MMA

michines. In common with other electrical

L'L|IIi|‘I."|‘|L“.H I|1|_':-. have :':l{'l_'l!-l"-l-;_ CVET My
compact, A 200A unit is gquite mohile, being
lgrhter and no larger than a similarly raced i)
cooled rransformer but having the advantaec
af being able to run all types of MMA ele

Frovilos.

AC TG Sets

TI1G machines supplving AC as well as I

can be used for welding all merals,

An AC welding supplv 15 essennal for

'ﬂ.'(_]n_“r:_' light allew Sy ‘-1.'|‘-'I'|| mncreases the cost

ot the machine significantlyv, In additen o
the increased control circultry required.

needs a bank of capacitors to conrtral the
inherent rectofication thar takes place 1n 3
tungsten,/alurmmium are, and it must have an

Features of TIG Welding Sets

An exammnation of the welding set wi
familiarize the operator with the conrral

functions which can include the following:

water in

caramic shieid

\’4 :

4
o
"

copper collet

fungsten
electrode

WOrK

walter out /';::
(Y
|

argon

welding

plant ‘

The TG welding crou




TiG Welding

#,  HF switch
O Lift TIC: or scrarch start
Gas Saater control switc

11. Gas/water umer

1 1 oY *
o (|
iriable curre I 12, Tlowme
| ot 1] 1 3, b O 117 0L [ swWitChes
el
l

raal fexternal switcl 14, Feonomiser

fixed/variable

| fine current
curman
ontact : control
Wwitch | |
\ gas/waler
— ' delay
timer
v ot e b
wen | B | |
. ' i HF on/of
e} @ u:-
= [ AnmbiEtiate
n |
= I jaswal
18 orvoff
| @
ntrol
- === B B0
DC-ve
. d DC+vi
= .f._.l t'_:, ) .
iy £ t > r dt L
’ ! ! ! E — 3 14 1 4
informathon L == s "t -1: ” i f..i—"\ wegative lear
e j_"_-.' {\ \ “_ﬂ |' &) Lf-;'r' ALY (MMA return)
I — N f_‘: L i\ 9 i L3
ae— 5 1\ T“T .",.'. | [
S | i || |II
F, I | I
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~TIG Welding

The frant pane! of a fypical TIGMMA sat

Polarity Switch
| he i\-‘-;.llll_'. of the electrode on DO sers is
controlled with the welding leads. The
maching is preset for TIG welding with the
clecrrode DO negative; tor MMA welding the
WL ||.||||_ i.'.||.| I% l..l'..lllL'L'r(_l.! (KR ||I_ E\(Ih'_ri'n.'{_' 1er
minal and the return made negarive.

On AL /D sets the switch has three posi-
tions: [ positive (the elecorndel, AC, and

12 ne tve.

Contact Switch

This switch i= used to make the welding cir-
cutt live permanenty, as 1s usual for MMA
welding, or alternatively o enable this facilin
tr be remote from the ser. In the later
position contact 1s made either with a swirch

ot the torch or with a Foot pedal,

DC negative {usually TIG)

v
AL
e,
. ~, £ -?\ o zf“\ ===
AC —= A0 e T (+)
e
) -~
Py | g DG positive
e ~.. fusually
- T MMA)
I, 3 s
Mg ol
o '

The paiarity switch.

Current Conraol

self-explanatory in function, the coarse cur
rent control switch offers one of a range of
currents, and is found on larger machines,

A fine current control knoh, usually 1den
tfed as 1" for current, is used for making
tinal adjustment, but may be overridden by
the foot ]‘-L'H;Ll.

The welding current can be made cicher
constant or vartable, variation being effecred

r'uﬂ‘n:l'._lj. |J}' tont switch or hand control.

fixed current

switch (in fixed
current position)

The variabie current
&5 Wl [ .f 7

variable
Eﬂmﬁy | ~—— CUFrent
I
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] NIN] 1Jk'l|.|| 'II':=|I rrequertcy, Nige YOiTag 1ITCult vhich i1

\ 16 TaAR! ne i 15 ancl about 200000% jumps the gap berwecr
el ow and HE an covated by a swatch clect '-|||-_ end |!-||i: WL It dloes 1
| i3 1 rorch it by ouse of g4 oot ease and looks like and has the ne cl

| € oepstan elocating th ot II| teristics as ‘lieho Gt L\ :|;:.:. CLUEFET

it larpe assembly work can be a nusance bhu lowes this ‘electrified’ path and an arc 1s

1 cann be used o control the Odpe ot the frustrations of TIG weldi

lding continues, buat s intended that 1s -||!-'.5' l i I f the t
HACTION 1 ol he current rradually on rouches the wark e eets contarminated
ol botl o 50 th Il cratet g the arc dithic [er L5 | weld U
I 15 | I re 1 cracking poor, 1t the clectrod Lo il
it must be temon 0 1 ooun
Internal /External Switch fected met | a restart mad
Iy 1t | I 'II" (ANIR]| COAILrc 5 "'!:l. ||I' 1% | necded 1o 1are ) 11

HF Switch three positions: star, contnuous arc ottt 1t

—k
o
&h




TIG Welding

B Figh
frequency

in ‘start
—_— e — — position
for use
with DC

off position
@ = for MMA

welding

the
continuous
HF

pasition
used with
AC

The HF swilch

causes interterence to radio and TV signals,
and at 1ts hagh voltage tends to ‘rrack
through angle ennder leads, welding wires,

trom e machii ¢ty another -|11|L-- Cire 1S

tre e Iili'll'lll.'l'lf.

Lift TIG or Scratch Start

In recent vears it TTE has oy 1dec] a 1.-|||'|_|_-

alternative o HE and without irs problem:

but 15 only useful for ate initation on [

Ta strike, the tungsten is shorted on the
work, the torch switch is pressed on and the
clectrode 15 lifred up to create an arc, The
position of striking is very precise and stry

HF farcing does not mark the meral surface

|i".||"-:lll. the ot area. It s Successtul becausc

the current flowing imitally is very low, risine

over about 2 seconds 1o the machine® se

ting: and it is claimed to produce X-rav qu:
. .

Ity weelds -'l'l.':l |_|I"| it *-I.|.I.;_':' troomy turesten

inelusions.

Gas and Water Control

The gas water control switch is unnecessary
for MMA but 15 switched on for TIG w
ing Forgeting to do so results in:

L. Mo gas flow. The wungsten immediately
axidizes and becomes unusable withour
remedial grinding, and the pool /erater oxi
dizes and must be ground away o sound
metal before welding 15 recommenced.

2, o water I-.HT\ The !Il\. r either will rico

work ar all because it 15 contralled by 2 sole
noid |'=.'|_'~II'._L'_L'ZI water o or ieowill waork o
a short period and then blow a water
immersed fuse, which must be located and

replaced before wi 5||||:_=_-_ CAN COntinuge,

collet

11445
ST
WL

) s

slits close to grip tungsten
when end pressure applied

ogEe QroEing machanism

o LS

Flomwmn
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G Welding

he pas and water nmer enables the eas out’ can be used to cause the are o La
1 vater tor o Tiar a farescl ."|:'!| 7 I { I.I-.i I.'..l'-_ .... PETITLY || L Crater o ":l in ancl
frer thw rc has been extinguished. This IL'L|!I{II'_:' the prospect ol Craler Cracking
A ] ¢ oweld pool o cool in Conunuing These machin -xllll'_"'-ll'i|l.-- the attract
iy ot et eas, and water o continue to ness aof foot |':L-||!-:--'III--5

flowy throueh the torch assembly, cooling
quickh FEconomizer

When Il': SCCHICHTIZCT 18 I.'-:':l tNe gFas LI
Flowmeter i= nod controlled with solenond mers but |
v Howemerer will measure the amount ot woas fed directly to the torch, interrupted onlyv by
Hivaing throueh the line rather than |I'.|'I:."- the economzer, This in-hne valve 15 closed

[he units will be volume and by suspending the torch on i, and opens a

nme, i the past cuble feet/hour but noss the torch s |"L'!.L'L: up tor be reased. The
[Loes THITh, PrOSRLITE WS T l.:-.l| 1 | S |i'|';_:'|| of e that gas :'|. L= e L , 1
pstl in the past bot nosw i bar, The acra ceases 15 now controlled manually by the
o LELTE" o cal oar | will vary w '|l :|u H'il: Al = -".i r 1T '."Il.i this COTITRE  LSET
roud diamerer and the gas retention/floss tor bench work but not for larpe assembh
W the o [t 15 ser with the ea wiirh,
101 I LI Ture i, |-.--||-J|-
1 bab it the desirg igrht 1n a prlass

Assamb

| penod, and similarly the “slope toy the welder and water as necessan

suspended torch

v closes valve

T gas 10 torch




TIG Welding

EQUIPMENT MAINTENANCE

|l equIpIment requires pracocally no main
tenance, the tungsten itself being the ongo
g exception Fach ome 1t touches the weld

|""'|. ar fller wire 10 transit o the pool

d end must be

toeches at, the contamina
pround back ro sound meral, The skill and
experience ot the operator, and rthe ease with
which he can approach the work, will deter
mine how trequently this happens.

When the torch used s wates i'lﬂjii':]., d
constant water supply must be ensured and is
provided in one ot the tollowing ways. The
supply can be direct from the mains, and
HIORY asway to swaste, or the "-’|'."'|'| VoCan |'IL' :"\-i.'l':.
contaned and recveled from a water tank
lrcared ar the rear of the machine. This elim-
nates the plumbing requirement and makes
the machine more ||'i'||.l.i’!'..

Olccasionally a broken ceramic eas shroud
:||L=i"" re i1|'ll‘...|5—' .||'.1 l"\.l..,l”_l..l”'. Iill._ !I"l'l:;l
hose’s polythene sheathing as well, Hoses
themselves age-harden and lose their flexabil-

ey
1%, which makes the ':||'|_|‘ more dittficult to

manipuaiate,

FREFARING THE WORK

Cleaning

The advantages of the TG process can onls
manifest themselves if the mewal 5 ver
clean, All oxide must be mechanically
removed by grinding or sanding to leave a
bright surface. This is followed by degreasing
in a suitable solvent, and from this poine
omwards the metal must be handled wil
clean cotton gloves.

Clnce clean; fillets and lower quality butts
can be kept that way adeguarcly with the pas
a|_|;‘-[1]'_n_'i] fronm the torch, but this is of course
only o one side of the joint. A scecondar
supply of gas can be applied to the underside
of butt joints where quality demands 1

Pipe work can be kept clean by blocking
oft the plpe A little 1o cach side of the oint
and then |‘.||I'L'_i|'|lz_'_ this '|_';"|‘:|1-:||'_|!"._ l|1..:ll!1L"
with gas for some time hefore welding con
mences. Masking tape wound around  the
joint ensurcs no loss of gas and is removed
as welding progresses.

The underbead of burs in nlate or sheer

masking tape
removed as b,

weld

b

progresses

temparary

gnd cap

removable bung

argon

o — — — ——exit-at

rgon supply at

low leve

ffas,
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T AL A fedire
TG Welding

amall holes  PREPARING TO WELD

ne marer: 10 SUeqQuUence ol CYVENTs 10ad

tEALlon or | I FePAre 1l as above

[oacs becon ] oclect tvpe and stee of Diller wir

by ol [ |iu-| 11
w1 RCIUATC b, T CL 1 (01 Weldl
ip o 1.5mm Select litr TIC: ar HE posinon
{ | ; 2l i L
Pyt t: never il ':l'-l'l K CONTACTOr Aol wiireal CLTrTe

backing strip

= S { 2

[ ok A B
Vi2r A
after welding
backing bar
i S e ME—
_E' .:s ~ P xk_,j__

after welding
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TiG Welding

SCIECTOT O Sy | [ 1K]

v owide range of wires s available, ;|L-5~'~._g_-|'r||
toy match, or more often exceed I'|».'L|.I.:':|'. o
'he majority of these are
cither stainless steel or an aluminium allion:
British Standird BS 2901 Part 1 was super
seded i 1995 by BN 4440, which covers car
b steel wires for THG, MG and pas weld

ITH 1rt . OT STAMIESS steeis), |1
copper alloys) an part 4 ftor aluminium
[iwsy continue to be the standard .||'!','~.||L-.|
eventually HSE  mve way o 2
PPy ¥ B 1 a ¥ 1
I'he tvpe ot wire is stamped on Aartened
[HOTELONS TN ards cach end so that its « ALeEria
ry oo Wodenthed when new ot [rartialiy
tor example, 15 appropriate
boar 1y VO stainless steels.
In the absence ot a switable wire throuch
poor stock control, or if the precise allos
] ) i, | L | [l i L1 S ALKy
:
v 15 unknown or no marching wire s com
mercially avalable, it s common practice fio

CLIE Marnoy sices moim e same shoeet .II'|I.|

1 o H s
With recard 1o size, the same considera

fions apply as for pas '-.'~:_'§<|"|___-_ that 1s, the
.i|‘-_;-fk.'\| -:1‘.:=.!HL'I(_'|' nossihle cons stent with
smooth and easv melting should be used. It
will he approximarely equil to the metal
thickness up to sheets of 3.0mm. Laree TIG
weld heads have a weak crvstalline strucour
50 10 15 unnecessary to have tller wires largrer

than 3.0hmm.

The Tungsten Electrode

"'.1.||\|1]I:'_ the tungsten clectrode [N nepnve
and perhaps having the torch water cooled,
|Il.'.!|"' [y e the electrode ||:;!Iil'-_'.'_. bur 1ts
success as a4 non-consurmiable electrode o
evwedd mainls ey 115 wery ill;_=|| meltinge provmnt (N1
A400°C

aome  alloving additions are made o
improve arc strikinge and stabiling Thonare

clectron |c_'>. contaun 2

pet cent thorium oxide
and are best for DO w L'i-:{'-‘_l_;_'__ whilsr zirconi
ated ones are most suitable for AC weldi o
ot aluminium.

When ||Hi|'-ll_'_ B povwer the electrode 1s

-_:l'l'-|:|1-| | G 1 B ree o, which concen

trates and stabilizes the are. The electrodi
wets hotrer on AL and if g .~||.J.|~|'. pranted
end is used 1t would melt a licde and became
rounded, so the end s "|||I':'IE'- erosine 1oy U

i |L'_!'_1'-LL N

316 S 92
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TIG Welding

The toreh swirch or the foor switch are

located in readiness o stnke the are

TaLESE I.| I'Iki!:‘i"-uk reen 1s I]li_ i-.{_'l:: |.-!I|"-.|.'._I|':| Ly oy

the tace, and rthe are 1s initiated.

lhe weld pool forms over g fow seconds
{not instantly but quicker than wirh gas) and
ts allivwed to grow to the size desired. Filler
wire 15 ted mro the pool cither direetly or by
shiding: it along the surface, but definiels
avanding the clectrode!

Proweress 1s made much as s ingas weld
ingr, by repeating the following eyvele as finely

and smocthly as ||l'--i|l|-’..

1. Melt |'|:"|.

A YWewse 1n tor o

the

T fler o T I i
TG walging can require aif four imbs!

132

Lo Add filler to grve required build-up.

4. Withdraw filler, but not our of the e
shield,

5. Mowve forward,

. Allosy pool to prowe and so on,

At st this sequence 15 ltkely to be executed

in a somewhat solted, exagecrated way b

| ey < 1 . X
with pracrice the disuncnon between cach of

the abiowve stapes becomes less obvious, The
sequence may seem quite clementary bue the
experience of co-ordinanng each hand whilst
viewing 4 small bright licht through a darl
Flter elass I'l.'l.lllil'l'.". mich skill, The job might
e turther complicated by having to maintain
the [RLERI RS Y] of 2 current contral foor switeh

anc it the work were on a twrneable (con

|1'1I”i.'d |" '.ll'i. 'Hl'L"I |.' 'Hl:_' |]'i.' Mo ernent "|.

all four limbs and the head would have to be
synchronized,

T be able o address the work in a com
tortable, controlled way 15 of  paramount
importance, but the following variables also

plav a part.

Factors Affecting the Quality of Work

Welding Current
High currents are difficule o contral and
toree fast welding speeds, which 15 fine in
automated situanons but for manual work s
tove demandimg,

Low settings lack fusion and depth of
penctration and make it ditficule 1o add filles
smoathly, Reducing the welding specd will

oftset this to some exrent,

Welding Speed

Clearly, welding current and speed are corre
lated, with higher speeds demanding a higher
curtent, and vice versa Providing the weld

I Fas
| -
with 1
drop i
Lance
d1T Ar
W
||__" wi




7IG Weiaing

I il i o, laste man electrode 1y L by doswn on
L te desirable because these produce the worlkk ar n hi 1T 1T f
¢oleast distortion FEATTONW ATC Ly !'..
1
AT |.|.-[I'_':I|I ."?{-?5‘,-'}?.-'.'-'?'-’?;? the Bead 1
'l 1 wsceptible e varmanon as ch )
| I | it the o jaton can b Seane types ol st 1T Pulr e y
i using the ‘pencil’ grip. Holding vy oxidize in the crater enoush 1o necess
the torch h 1 1 roeath, perhap witl 1 1T o 13y L H i 171 8l ' |
.! | i Tih 1:111 L 111 tlein Lilc L crater surtac [* L 161 1 i' Fe
Feet surtace, 1 L nore controllable than .=|l|||_!' filler an i;" WIS KT
thie ‘power’ prip (hand above the toreh) used
AW Finishing the Welo ,
l.on ! 1 1 AT 1 SPre jilely '
Al 1 .i- ' :|'~|I 1 i 15 0] II .'-.I I!':':.'Iul--l :|_| Lt I L1 1 I [ i
A L0 K [ hwd 1] 1 o] Swork i Loy e cakne T fl i1t
1 [ TS this ma [ 1TSS Ol 1= 1 s |3 i.|.|:||- ¢
ur i IRETAE it contumination of  th ind 1% casier it the carrent 15 ma U [
Il T hie heaul e il 1431 porssilale radually, either with slope out o 1
TATEC ¥ lli'lll. Foaal swleh

I
.|
-t
"
ha Ir -"I_. f M lr'.- ¥ .h-‘:” I- [t _'.'-'I K
L
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TG Welding

wshed by switching it off

not by littinge the torch up, and the torch
wiuld remain stationary long enougeh Ffor the

past-weld gas o o protec the crater dur

sturmy allovs are nor welded very
atten it s hkely o be alumimum  that
demunds AC, The differences berween this
el wsing 10 are as follows,

Ihe HE 15 set o fcononuous’ and a zirco
niated clectrode 15 mserted. The arc 15 Jess
clearly defined than when using DO, is LLite
noisy and rakes longer to create a weld |'--'H'-|.

he tiller wires melting point ot abieaut
G s much levwer than steel’s, and 1t mast
theretore be added :|II'!-. U ||' .IIZi.l dettly to

prevent it from melting back into a ball and

torch remains in
position after arc ——

gas cut oft delayed —

arc fades gradually ——.

A E
T,
e
o
crater filled with o
filler wira

Finshing & ThG

134

blowing away betore it reaches the [ren i

Vuminium eets very hor some distance

away trom the weld because of s lagh ther
mal conductivity, the heat travelling bath
through the metal and up the filler wire
|4li.||".1':\..||'i.'.||"\-ll||ll"'\."'\.|5'||_ frovm the Comtnuous
|||, |1:||II§:||:|I|'- it the ware make contact

with the clecrrode.

SHUTTING DOWN PROCEDURE

?"l"ll.-||||"_!'_\.ll"'-.'-'ll 15 SI0 || 1 arrer ol

I, Turning off the welding set ar the iso
[

Turning off the gas cvlinder

3, Unwinding the ras regulator adjustment

ks,

4. Closing the water tap il on mains supply

. Returning: usable lenorhs of fller war

slops

weld melal




| macket o, if uncertain about thei joint as  they are approached  and
II| rnem it |.|"|'|i"|"'|ill| ITEsT O i (|
using hridg
tl ire bui 1411
MAKING TIG WELDED JOINTS e o

removed a5 wild appri

\' . I “:u II'-I.Illl-II|II:I (

() 1% ":” |::' I.I"Inl.ll

ICATNIINESS 1l fuston when 10 COTITI0O Wt

111 e f |!\|| r RINC wielol |‘:|-| -|l-l ol |-_

weld must not break through




TIG Welding

trathing edee. Some repulatdon of the cur-
et '\-l'l. I.'il MY ||I_' noecessary o |1'|L"\\,I_':|| ||'II_'
weld breaking through the unwelded side of
i'. LNl

I'he mimimum requirement of any fusion
weld s that 1t should be fused o all of the
parent metal 1t 1s in contact with, but the bal
mee between this and not breaking through
in thinner T1G T fillets and lap joints can bae

duite mcky

| i I !Il'l"i'. 1l I|I'||"III.:I|-.'I-' '\'.t_lllll'!lj'_ll:lll
jernts are tor a large extent the same as when
gas welding, with the ditterence simply being

the heat source wter expetience ol gras

136

'L.~'<_'|L|I|'|_!'_. the |1|;<|! will seem to Appear GQuickiy
and  the arc to  penetrate very wel
Fstablishing a seld posal key e 15 not ne
essary, and gaps need only be abour 1175 =

the metal thickness to melt throueh easily. A

shght “sinking’ of the pool indicates thar i1 s
penetrating, tiller 1s added to regamnm control
and build the profile up, the worch is moved
forward and the cyvele repeared.

The merits of .|-i|'_'_'_i:-.u':. ng eas. or a bacl
ing bar or strip need consideration; their use
is dictated by the end purms e of the polnt

The surface of a stainless steel weld bead

and on mult-ru

15 MEVEeT |n_".".':_'x-|'-
welds inter-run cleaning with a small grinder
may he necessary if the surface 1s scummy o1

oncddized,




7 WELDING OTHER METALS

lehi ructions 1 this book e reguires a strong flux and good clear
Lased on mild steel, since most welding is betore and atter gas and MMA welding

1 this marenal, This chaprer consid

the weldability and technigues reguired ;
) ! Oxy-Acetyiere Welaing

wermal conducuvity makes  ar i "Ii|'||"-l.-|=.:I"ll. The metal melt
ling copper ver ditticult, but TIC 15 sud out any colour change, and close atter
ooy thnnet "-.Il.l:_ L1SIT1E |'!|'||, r ‘-."|E"'- IMUslt De |“. :l to the tormat noof f Il
ff the side or proprietary Bl wrire. Tt nool if tota cnllapee 6F the niet AR
1 e ras welded but take 1 10nE me Lo I'-’.'I|H!

I o Il.,..l.-_ which time much of
MMA Welding

['he non-tusion methods ot soldenne or VMuminium electrodes run on D nly and
1 apper are easier becaase the heat are very difticult to control evenly alon

cepuirerment 15 L ||-. - fCRIIL .;_||"I|:

ALUMINIUM MIG Welding

LA

niniar are its low melong point and high minium fabrication. A “hard” alloy wire tron
thermal conductivity, which tend ta result in group 5 s necded which wall pusl ireaLgr

Losrim m of a weld |\--::i_ (& ack o the lnet evenly and ensure table arn
fusion ar the stare, followed by high .I| \Mrernative wire feed methods are Spool o

i' 14 [ ] 15¢ T 111 .|| !l.."'- ||i.'|.i'!lll. YVET .'_.Il' |_"i'|-. L '\.l"l.:'l.”'li“'. .||'-'| s -1l
irtedd tems, The latrer has rolls within the wch

ITTYVITNILEETY £ e 1% VETHY I._'i‘l.l':'lll" LTt !II.Z'.Il 1‘w'l"l.l: _'l I ||| T !i'l I"IEI CALLL




Weiding Other Meitals
15 LT T vhen usine a soll TG LI:'?'.'EI'J"'.-"{}

i:]'::l WL |||i| 54 |\ "'-!I (AAAS E: i1 '.|:- {<e=t

vy euarantecd gualing and ace i
r driven ‘pull’ rolls choice or filler wires o match the arocula
L] "
by, NIy and T weld 14 heath i MUTL

B argon shielding ras

WU N STAINLESS STEELS
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Welding Other Melals

- " " | ls SR | 9 5

esaminanon and so on, bure tals eettcally and
prematurely when put into service because
the weld meal composiion and hence 1ts

||E 1VAI1E _-! |-| VOETTIOS SIre Wi ML,

['his wall be kepr as low as [ issible 1n ordet
tor reduce. erystalline change and growth in
the heat-attected  zone. Welding must be
.|l L 15 |.|:|'|.g'. COOHY A5 i""'\'-lllli.'. .Il]ll ||!L'

vork may need to be allowed to cool down

Expansion/Contraction
'his property s put o good use 0 man
areas of enginecring, but in welding causes
much  frustration, Two notble character
siics of stainless seeel are its lngh coefficient
of expanston and s low coefficient of
thermal conductvity, The etfect of this in
welding practice is that the heat tends to seay
where 1t 1s .;|":-||u| and the metal -;.'\_[".II!-:]B

imatically ar this point,

Simce starnless "--I..,".l distores OWICE  as

readily as mild steel greater attention will

=y

low heat input or inter
pass temperature

need tor be pad o

I, Tacking trequency
Heat i|'.|'.~||r

5 YWeld sequence

Choosing the Welding Process

Oxy-Acetyvlene

Y sumitable Ailler and flux for stamless sreel are

required, and a fair degree of skill. This

PTOCess has o "I!'I'Ii"ll':'l':'l‘. SVCTT WAy Tor the

T [rocess,

heating at X produces bump (or hollow) unless
done vary guickly

llf Ui
A conductivity
— — high expansion

Spof freating Dump' in sianess siee!

- large HAZ - from high heal input

Heal inputMALS size redationsiin

MM

[
1t
i
b
@
Sp
\
o
i
|
h
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Welding Other Metals

Fen &L LTICMLES rades o steel, with one of unacceptable

MIG/MAG

[he ady:

(5], :..__ i'..i-.. 11 Coratingrs, YR AT -| qre ||| ut bir 11 "'ll"""!"'

WIS T wiarh |.-;' i_':l[ --.-|"||| i Wi

A Rutle coated. These run on AC as wel strinrent because

clected bor a tvpe 1 Loy starnless stec . Control of weld met COMTIM S IEL

ing MMMA welds in stainless steel s mote difficult than with TG (o transter of

rall jutte stralrhttorward, with good e throurh the arc) or MMA (fluxing of

CHL el e | detachability but the weld [re

Foalli 1er RO | e be noted
TIG
| ["he arc must be kepr as short as possible ['his 15 most widely used and accepred wher
o prevent loss of alloving elements high quality 15 required. It otters good contro
Vopreps, gaps and so on should be wider i tusion/penetraton, parncular 10

than tor mild steel because the metal 15 more [t |--~|-:|'-.'~.:"""h_ LC CHISTOT T 1 denanc
SCON id thus mare conrenllable) the most skill of all the methods, Are
lectrod nust be completely drey, and used as the shielding eas, and protection

e 31 3 - o | LN g e e . % E I
FTET i 11 i, |-| L | 1 |..II-.I.! WVETT i LEFAINST WY 1thie |:.-I.||II|I-'--I__:-. ¥

[reated guiver ul '|i|'|=':-||l.;:|-.|:||--:'::|.~.;_ site 1o keep this in place, In the ke 1
| ['he slag entrapment inherent in closed TG wires are selected from BS 2901 :Par
by -,
J 3
I\.
i .
| armove and =
Siag and fux pan 3
Ty f I".
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Welding Other Metals
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Welding Other Melais
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Welding Other Metals
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8 DISTORTION CONTROL
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Distortion Control
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Distortion Conrol
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The overall performance of a welded join

will depend on four factors:

| The oy pe o material bemer welded

I'he consum ll"i\.' used to hold i |""_!_':{'I|'l".'

cedure used to make the joint

L The skill of the welder making the joint

fer o have confidence and reliability 10

welded work standards are applied 1o all four
areas, :'-_|1|'.||!'-. matiornal ones Like DDIN in
Grermany, and BS in Britain, but moving
rapidly  towards ENs in Hurope. Euro
Morms are becoming universal across the
EC and i Britain are prefixed by BS; for
example, BS EN 100 025 is the standard
apphed tor structural stecls

Materials and consumables are subject to
quality control during manufacture to ensur
compliance with various standards. Welding
]
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er's skill are assessed
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1 [0 arn established weld I”I'I'-~'u||L:rl.. showld
ensure that the joint is not distorted and that
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9 QUALITY IN WELDING
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sions and a profile which blends smoothly

with the [Hate.

WELD FAULTS AND THEIR CALISES
Lack of Penelration

The weld tails to fuse fully into the root of 4
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welding, feed less in,

i 11 .
S LRIRAT AP IS [0a small or the a

Loy ACuLe.

hver-Fenetralion

The weld Ml |""."'I|-".I-!|i."- EXCUSSIVE
I!Irul.l'.':|‘ a butt or breaks I|'||'::||__'i‘. the orher
side of fillets, The causes are the npposite of

those listed above for lack of PENCTTALION

Lack af Fusion

The weld metal fails to fuse at the interfac
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Quality in Welding
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Qualty in Welding

I'his has the same causes as lack of tilled 10, leaving a ‘notch” at the side of the
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Quaily in Welding

n the weld surface and mav be due o surface. caused I |.5_;'|. wildine currenr
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