Praise For Auto Repair For Dummies

“Ms. Sclar stresses preventive medicine for the automotive patient ...
with a bedside manner that any physician would envy.”

—Reprinted with Permission of The Dallas Morning News
“It has dispelled automotive myths and mystique for . . . long-suffering
motorists, male and female.”

—Paul Dean, Los Angeles Times
“This book may be easily used as a primer for both understanding auto-
motives and performing service and repair on all major car components.

If only a few titles are purchased for an automotive collection, this should
be one of them.” '

—Library Journal

“An auto repair manual for people who think they can’t do it themselves.”

—The Times-Picayune, New Orleans, LA

“. .. an idiot-proof guide to painless, money-saving car care.”
—The Toronto Star

“An indispensable manual for any do-it-yourselfer.”

—Auto Advocate

“If you're tired of macho mechanics who seem to talk to you in a foreign
language, who you suspect may be ripping you off . . . and who never
seem to completely fix your car, then Deanna Sclar has just what you
need.”

—~Fort Worth Star-Telegram
“Even car owners who consider do-it-yourself car repair with the same

trepidation as they would a self-performed tonsillectomy will find valu-
able material in this volume . . .valuable to anyone who drives.”

—The News Tribune, Tacoma, WA
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“More than a publishing phenomenon,
‘Dummies’ is a sign of the times.”

— The New York Times “...you won't go wrong buying them.”

— Walter Mossberg, Wall Street Journal,

“A world of detailed and authoritative on For Dummies books

information is packed into them. ..”
— U.S. News and World Report
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About the Author

Deanna Sclar is the internationally best-selling author of Buying a Car For
Dummies, a guide to purchasing new and used vehicles, insurance, and
more. A former contributing editor to Family Circle, Boys’ Life, and
Exploring, she also writes a regular column for the Los Angeles Times and
has written articles that have appeared in Redbook, New Woman, and other
national magazines.

As an automotive expert and consumer spokesperson, Deanna has
appeared on more than 700 radio and TV shows, including Good Morning
America, NBC Nightly News with Tom Brokaw, Today, Sonya Live, and The
Gayle King Show: Her Auto Repair For Dummies video was a National Home
Video Awards finalist. She'’s co-hosted Outrageous Women, a weekly TV talk
show, and has produced, written, hosted, and edited several documentaries.

The former “Thumbs Sclar” has restored two classic cars, a truck, and a
house. An inveterate gypsy and blue-water sailor, she has crewed her way
across the Pacific and Polynesia, sailed and dived the Great Barrier Reef,
trekked alone for nine months through southeast Asia and five months
through Brazil, and crossed the Atlantic in a small boat with a companion
and a cat.

“My goal is to prove that we have control over our lives,” she says.
“Whether you are working on a car or making a lifelong dream come true,
it’s a do-it-yourself world. Knowing this has turned my life into a great
adventure, and [ want to pass the good news on to everybody else!”
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What's So Special about Auto
Repair For Dummies

It Is Not Written for Confirmed “Do-It-Yourselfers.” It Is for You If

2 1~ You have never held a wrench.

.~ You are positive that, in your case, manual labor can lead only
’ to disaster.

+# You haven’t the vaguest idea of how a car works.

 You cannot identify anything you see under the hood of your
vehicle.

+* You have failed shop or arts and crafts.

v~ You believe that if you do something wrong, your car can
i  blowup.

To Enjoy This Book, It Would Help If

E 1+ You don't believe that working on your car can possibly be fun,
but you're willing to give it a try for any reason whatsoever.

|| »” You are sincerely tired of being ripped off because of your
{  ownignorance.

Why Should That Be Enjoyable? Because You Will Be More Delighted
Than Anyone Else to Find

E v~ Cars run op principles that are as easy to understand as
common sense.

1 Most of the devices on your car will not hurt you unless you
really go out of your way to hurt yourself.

. 1+ Not only can you get a fair deal, but you can save a tremen-

. dous amount of money, extend the life of your vehicle, save on
fuel, do your bit for the environment, and have a heck of a
good time working on your car!

| 1t's fun because it’s so easy and you expected to hate it or be
B bored or befuddled.

Here’s How Auto Repair For Dummies Accomplishes These Miracles:

v~ By starting from scratch (it even shows you what a screw-
driver looks like)

» By providing step-by-step illustrated instructions for even the
simplest tasks



1~ By telling you exactly what you need and how to know if
you've been given the wrong part

1 By covering each system thoroughly in simple terms before
you get to work on it (it's easier to work on something that
you understand)

There Are Fringe Benefits, Too!

+* Your vehicle will run better and live longer.
v Automotive technicians will respect you.
v You’ll have more money to spend on other things.

+* You'll no longer be a dummy.
It Tells You the Truth About

»* What makes your vehicle go (and how and why as well)

v The easy work involved in keeping your car well tuned and
running right, and how to tell what’s wrong if trouble strikes

»* A program of “preventive medicine” to avoid trouble, which
takes about 15 minutes a month

1 Whether you can handle a problem yourself, and how to get it
fixed at a fair price if you can’t
These Features Will Make Life Even Easier:

1 A Practical Glossary of Automotive Terms that are in special
type throughout the book so that you can refresh your
memory if you've forgotten what something means

v A detailed Index where you can look up a part, a problem, a
symptom, or a specific job and find the page you need

v A Maintenance Record so that you can keep track of what
you've done and when you did it

1 A Specifications Record where you can keep all the informa-
tion you need to buy the right parts for your vehicle

1+ A Tool Checklist so that you can tell what you need, what you
already have, and what you’d like for your birthday

v Tons of illustrations that show you how things look, where
they are, and what to do with them



This Revised Edition Also Tells You

1 How to keep your vehicle young and healthy looking, and how
to repair the dents, dings, and other hard knocks that life has
inflicted on its body

+* A whole bunch of stuff about diesel engines, alternatively
fueled vehicles, turbocharging, fuel injection, electronic igni-
tions, anti-lock brake systems, and other innovations that may
come into your life, like it or not

1 What to do if you meet with The Unexpected
You Have a Few Things to Supply, Too!

¥ You have to buy the book.
¥ You have to read it.

¥ You have to try to do one small, easy job yourself (you can
pick the job).

And That’s What’s So Special about This Book!

It is probably the only auto repair manual designed for people who think
that they can’t do it themselves, feel that they wouldn’t like it anyway, but
are willing to give it a try. How do I know that it will work for these reluc-
tant readers? Because it is written by a genuine, certified ex-dummy who
has found that, despite total ignorance and a complete lack of manual dex-
terity, working on a car is enjoyable, rewarding, and easy. Believe me: If /
can do it, so can you!

DEANNA SCLAR
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Introduction

OB O BCBECREDLOERRROGOO0GBOPRBRBRORLEBCOREEORBTOREOGCOCGOQRROREOGBGBOES

F)r many people, getting a driver’s license is an event that runs second
only to getting a diploma or a marriage license. We study, practice, and
take the test in a state of high anticipation that’s marred only by the fear of
failing and being “grounded” forever. Yet most of us succeed in passing and
hop happily into our cars, headed for the freedom of the open road. Unfor-
tunately, most of us don’t know the first thing about the machines we’re
licensed to drive — and this can turn a ticket to freedom into a ticket to trouble.

I'm not necessarily talking about physical danger. State motor vehicle
bureaus have made fairly sure that, before we can get a driver’s license,

we know how to drive defensively and can handle a car under poor driving
conditions. What I'm referring to is the kind of trouble that comes from
depending on other people to care for and repair our vehicles. If you're like
most people, you probably tend to drive around until something goes wrong
and then incur the expense of replacing worn and burnt-out parts — or the
entire engine — when low-cost, regular maintenance could have kept your
wheels turning for a long time.

About This Book

Whether you're trying to cut expenses, are tired of being patronized, or have
just fallen in love with your first car, this book tells you how your car works,
what it needs in the way of tender loving care, and how to keep from getting
ripped off if you have to entrust repairs to someone else. By handling the
simple maintenance and tune-ups and being able to diagnose trouble and per-
form the less complex repairs yourself, you’ll earn the respect of your family,
your mechanic, and your car — and you’ll feel pretty good about it!

In this book, I introduce you to the wonders of the internal combustion
engine and to the even more wondrous newfangled engines of the future.
After you get familiar with the principal parts and systems involved, I gently
lead you into basic maintenance and repair tasks that you can do yourself.
Don’t worry about getting in over your head. If a repair can get you into trou-

" ble if you attempt to do it yourself, I tell you how to be sure the work is done
properly by a professional at a fair price. I also warn you when you should
tackle a job only with an experienced friend or automotive teacher at your
elbow. So don’t chicken out on me! Start with the easy stuff and then take on
the more challenging tasks. You'll love yourself for it, and your vehicle will
love you, too. Believe me, I've been there. . ..
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How | Became Intimately lnvolved
with My Car (and Why You'll
Want to Do It, Too)

Before I moved to California, I was an ordinary urban cliff dweller: I had only
a nodding acquaintance with cars. Ours was locked up in a garage, to be sum-
moned forth by my husband for excursions to “the country”; otherwise, |
used subways, buses, and taxis. All the maintenance on our car was done by
the garage that housed it. My sole contribution to our automotive life was
choosing the color whenever we bought a new vehicle, and my main purpose
in getting a driver’s license was so that I could go to the supermarket during

" our summers in the country or drive down to the lake for a swim. I rarely, if
ever, drove in the city because doing so seemed a cross between foolishness
and suicide.

When we moved to California, I must confess that my enthusiasm for a life in
the sun was considerably dampened by the knowledge that this would also
include a life on the freeway, but then I began to sow my oats. It started with
a solo marketing excursion, and then that marvelous feeling of freedom that
comes with sliding behind the wheel began to take hold. Before I knew it, I
was looking for a car of my own.

Because the family budget had been considerably strained by the move West,
the best I could do was a six-year-old Mustang with more than 70,000 miles
on it. A friend of mine who had grown up in Los Angeles — and was therefore
a qualified automotive expert — checked out the car and pronounced it dri-
vable. He said that it might need “a little work.” We took it to a reliable
mechanic, who checked it over, tuned it up, and told me that it was “a classic.”

Thus reassured, 1 drove the car to the Department of Motor Vehicles to regis-
ter it. | parked the car, turned off the ignition, locked it, and found that, sitting
there in the middle of the parking lot, the car was singing! A bit puzzled, I
rechecked the ignition and the radio, but everything was truly shut off. And
still the car sang. By the time I returned, all was quiet. But that night, when I
took the family out to dinner, old Tweety Bird began to sing again. Several
weeks of filling and refilling the radiator, changing the coolant, putting gunk
in the radiator to block any leaks, and so on managed to reduce the singing
somewhat. But-when I found out, many dollars later, that all she had needed
was a new $2 radiator cap, I was made abruptly aware of two things:

v+ Tweety was mine, and my responsibility. If she didn’t work, I wasn’t
going to be able to, either.

1~ It would be impossible to enter this symbiotic relationship properly if I
didn’t know anything about her, because the garage bills were going to
send both of us down the drain.
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So I conned a friend of mine (who happened to have two sets of automotive
tools) into taking an auto shop class with me at a local adult education
center. I discovered that cars are pretty simple things to deal with. Instead of
a bewildering array of weird metal objects and miles of hoses that threatened
to blow up if I turned a screw in the wrong direction, I soon found that a car
is just a series of simple Rube Goldberg mechanisms linked together (with a
computer thrown in now and then that even professional mechanics need
specialists to deal with). Most maintenance, tune-ups, and many repairs
involve only a few, isolated gadgets, and cars are very good about sending
out signals telling you clearly what’s wrong — if you know how to hear, see,
smell, or feel them.

Before long, it was no longer enough to be able to communicate with a
mechanic; I wanted to be the mechanic myself whenever possible. I learned
that the best way to work on a vehicle is to handle it like a baby — take a firm
grip on things and do the job without mincing around. Not only did I save
money, but Tweety began running better, and I found that I was having fun! To
share the good news with everyone else, [ sat down and wrote the first edi-
tion of this book. I called it Auto Repair for Dummies because that’s the only
title that I would have been willing to take a chance on before I realized how
easy this stuff really is.

Doing it yourself can really pay off in terms of dollars and cents. The major
difference between doing the work yourself and taking it to a professional is
that professional mechanics often try the most potentially lucrative solution
first. If that doesn’t do it, they try the next thing, and continue to try things
until they hit the right one. This method can cost you a bundle.

On the other hand, when you do the diagnosing, you can try the cheaper
solutions first. For example, if your engine has been overheating constantly,
you replace the radiator cap, pressure-test the system, and check the coolant
level and the thermostat before buying and installing a new water pump. And
if it finally comes down to changing the pump, you try to find a rebuilt one
and install it yourself (which is usually not difficult). The money you save is
well worth the effort.

With this book as your guide to auto repair, you may discover that your car
stops being a mystery and begins to be fun to hang around with. You may even,
as 1 did, enter into the closest relationship you’ll ever have with an inanimate
object. Of course, the term inanimate isn’t really accurate. When you realize
that a car exhibits most of the symptoms of life — it’s self-propelled, reacts to
outside stimuli, consumes fuel and discharges wastes, and even manages to
sing a little tune now and then — it’s really hard not to respond to it as though
it were another living thing. Of course, how far you go along with this idea is
your own business. It’s not a prerequisite for getting into auto repair, but it
helps.

3
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How | Picture You

In order to make this book as relevant, readable, and enjoyable as possible,
I envisioned it as a friendly conversation with the kind of person I felt would
want to read it. Here’s the mental portrait of my readers that I kept in mind:;

i 1 You're intelligent and may know a great deal about a lot of things (law,
’ business, literature, medicine, and other nonautomotive subjects), but
you need some help when it comes to cars.

v You're tired of living as a “closet dummy” who nods and smiles at the

| incomprehensible mutterings of your mechanic, only to end up shelling
out money for repairs that you neither fully understand nor always
need.

v You've decided that it simply isn’t worth the extra money to have other
5 people do things for you that you can do yourself.

1 You're tired of other people assuming (especially if you're a teenager or
’ a woman) that you aren’t capable of handling repairs yourself.

1 You're tired of feeling helpless in an emergency and want to be able to
| troubleshoot and deal with breakdowns and accidents so that you can
cope with the unexpected.

|~ You want to keep a good vehicle in good condition without paying dearly
| to have someone else do the maintenance, or you simply want to keep
your old heap running just a little longer without spending a lot of
money on it.

» You either want the satisfaction of doing it yourself, or you just want to
" save a few bucks by not having to rely on the whimsy of fate and the
expertise of mechanics for every little hiccup.

| L~ You want to maintain your vehicle without devoting every weekend,
i  weeknight, and spare lunch hour poring over the intricacies, details, and
mysteries of the internal combustion engine.

1 You've realized (1 hope!) that a vehicle that runs inefficiently because
it’s poorly maintained pollutes the environment, and you want to do
something to turn that around.

How This Book Is Organized

If you're eager to get started (or at least willing to read on while reserving
judgment), then let me tell you a bit about what this book does and doesn’t
cover. Basically, it covers everything you need to know to care for and main-
tain your vehicle, from what tools you need (whether you borrow or buy
them), to how to perform a tune-up, to how to fix common problems. To help
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you find information easily, this book is divided into six parts, each contain-
ing chapters that deal with a particular topic. The following sections describe
the information that you can find in each part.

Part I: Getting Started

If you want the basics, this is the part for you. I cover things that everyone
who drives should know, like how decide whether you want to do a job your-
self, how to get the hood open, how to use a jack and change a tire, and how
to take anything apart and put it back together again. A monthly under-the-
hood check that can prevent 70 percent of highway breakdowns, and a bunch
of easy repair jobs, should transform you from an “I-can ‘tdo-it-myselfer” into
a hands-on mechanic. I also describe the tools that you'll need at one time or
another if you plan to do regular maintenance and simple repairs, and I give
you pointers on what you can borrow and what you should buy.

Part 1l: What Makes It Go?

This part begins with a simple overview of how a standard internal combus-
tion engine works and how various systems work together to get a vehicle
started, keep it running, and bring it to a stop. Subsequent chapters provide
a closer look at each system — electrical, fuel, cooling, transmission, and so
on — on a part-by-part basis. You'll be relieved to know that I explain every-
thing in everyday terms, with no jargon, no unnecessary technical details,
and lots of simple illustrations. If alternatively fueled vehicles strike your
fancy, you'll find information on how diesel, electric, fuel cell, hybrid, and
other innovative engines work, and the advantages and disadvantages of
each kind.

Because the key to doing any job is to understand what you're working on
and how it functions, [ strongly recommend that you read the chapter in this
part that deals with the system you want to work on before you head for the
chapter that tells you how to do the specific job.

Part 11l: Keeping Your Car in Good
Condition, System by System

Here, you can find out how to perform regular maintenance on your vehicle:
change the oil and coolant, do basic tune-ups, check the tires, maintain the
brakes, and more. By following the detailed instructions in this part, you can
keep your vehicle running longer and more efficiently and lessen the likelihood
of major problems that could send it to “The Great Used-Car Lot in the Sky.”

5
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Part IV: Dealing with On-the-Road
Emergencies

This part helps you deal with problems that may occur while you'’re away
from home. It shows you how to decipher such symptoms as weird noises,
smoke, smells, and leaks to determine what’s wrong (we call this troubleshoot-
ing in Carspeak) and what to do if your car drops dead on the road. If it’s safe
and fun to do the work yourself, I tell you how to do it. If the job is just too
hairy to deal with yourself, I tell what to look for so that, when you do talk to
a mechanic, you can describe the problem in the terms the mechanic needs
to hear and evaluate whether the service you're getting is good, poor, or even
necessary.

This part also tells you how to find a good mechanic, decipher a mechanic’s
invoice, and get satisfaction on complaints if, despite your best efforts, you
run into problems with anything you buy.

Part U: Helping Your Vehicle Look Its Best

Because keeping a vehicle clean — inside and out — can extend its life and
value, in this part I cover washing, waxing, and removing stains from the
body and all the interior surfaces, plus how to repair the small dings, dents,
and rust spots that cost big bucks at body shops.

Part Vl: The Part of Tens

This part can save you money, time, and sanity. It offers “eco-logical” tips for
saving fuel and lists the most important preventive maintenance you can do
to keep your vehicle in good condition.

Glossary

If you're unfamiliar with the jargon, automotive terms can sound like pig
Latin — familiar but nonsensical. That’s why I've provided a practical glos-
sary that tells you what something is and gives you advice about it as well.
Throughout the book, glossary terms are set in a special font to remind you
to go to the glossary when you see a word that you don’t recognize or a term
that you don’t understand.
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Special features

To be sure that you can find whatever you need easily, there’s an extra large
index, so you can look for a part, system, symptom, or problem when you
return to this book for instructions. If you're not sure what to look for, try
general terms like “How to” and “Troubleshooting.” There’s also a
Maintenance Record to remind you to get busy if you've let things go too
long, and a handy Specifications Record so that you have the numbers of the
parts you need when you go to the auto supply store.

Icons Used in This Book

This icon points to suggestions or hints that can make a task easier, save you
money, help you avoid hassles, or otherwise make your life easier.

This icon indicates information that you may have encountered elsewhere in
the book and need to take into consideration.

This icon appears beside technical information that, although interesting (at
least to me), you can skip without risking anything important.

This icon appears beside information that you want to watch out for because
it points out events or circumstances that are dangerous or can end up cost-
ing you a lot of money. _

This icon appears beside rules that you absolutely must follow if you want to
achieve success in a particular situation. There aren’t many of them, so pay
attention when you do come across them!

This icon appears beside reallife stories that provide a relaxing respite from
serious subjects and demonstrate what you should — or should not — do to
avoid major trouble or to triumph in difficult situations.
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Where to Go from Here

You can use this book any way you want to in order to find the information
you need. You can read it from cover to cover or jump from section to section
as the fancy strikes you. To find a general topic, head to the table of contents.
If you're looking for more specific information, go to the index.

No matter how you use the book, I recommend that you tuck it into your
trunk compartment or under the front seat to keep it handy when it’s time for
a tune-up or if you want to make an adjustment or figure out what'’s gone
wrong.

If this book turns you on to auto repair, then by all means extend your knowl-
edge by reading more and more sophisticated literature on your favorite
automotive topics. There are excellent books that deal with specific systems,
vehicles, and repairs, written for the amateur mechanic. But there’s no sub-
stitute for hands-on experience. You won't be able to realize any of these
goals unless you stop procrastinating and start working. If you're feeling
timid about actually fouching your car’s inner parts, try doing something
simple, like checking the o0il dipstick or changing the air filter. Believe me,
once the ice is broken, the heady sense of power will carry you through most
of the other basic stuff. I hope that you find it as exhilarating as [ did, and I
know that your car will love you for it.

May you and your car have a long and happy life together!
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In this part . . .

Erer seen someone try to figure out how to open a can
of sardines? They have the key in one hand, the can in
the other, and they poke, prod, and pry until they finally
decide that saltines alone are fine. If you've ever tried to
open the hood of your vehicle or jack it up without the
benefit of prior experience (or paying attention when
someone else did it), you may feel as confused as they
seem. That’s why this part covers the things every driver
should be able to do, safety tips that everyone who works
on cars should know, and the tools you can use to get
your vehicle running smoothly again. This part also shows
you how to do a monthly under-the-hood check that can
reduce the likelihood of major repairs being needed by 70
percent!




Chapter 1 |
Things Every Driver Should Know
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In This Chapter ‘

p Knowing when to do it yourself

p Paying attention to safety

g Filling ’er up yourself

p Getting under the hood

B Jacking up the car

p Changing atire

p Getting into your car when you lock yourself out

p Taking things apart (and putting them back together again)

0000 CEBOOEORORO0RIRBOOOGOAOSSTLCORRVLLOOBREGEGGGGO6BD

If you're not particularly mechanically inclined, you may watch those who
are with admiration and amazement — and exasperation because they
have something you don’t: an understanding of how things work and how
things go together. When they take something apart, they can reassemble it
back the way it was. When they say that they want to take a look under the
hood, they can actually get the darn thing open. And when they need to
change a flat, they don’t spend ten minutes trying to figure out which end of
thejackisup. ’

The good news is that you don’t have to be born with a wrench in your hand
to know how to fix things — even things as seemingly complicated as a car. I
know; I've been there. The section in the Introduction called “How I Became
Intimately Involved with My Car (and Why You'll Want to Do It, Too)” tells you
all about my automotive epiphany.

Of course, the simplest things can sometimes be the biggest hurdies to over-
come. After all, if you can’t even figure out how to open the hood, how can
you check the oil or the coolant level? That’s why I begin this book with a
chapter on the basics. I explain simple tasks that you use again and again as
you work on your vehicle — like how to open the hood, jack up a car, and
change a tire. I also include instructions for filling the tank with gas yourself
(it’s cheaper than full-service), a surefire method for taking anything apart
and putting it back together again, and saféty pointers that every mechanic —
experienced and beginner — should heed.



’ 2 Part I: Getting Started

WMBER
23N

You can find a definition in the Practical Glossary of Automotive Terms at the
end of the book for any word that’s printed in this special type.

Before You Tackle Any Job

It's wonderful to do things yourself. It costs you less, it gives you a sense of
power to know that you did it on your own, and you know that the job’s been
done right. Nevertheless, to avoid getting in over my head, I always ask
myself the following questions before undertaking any job:

»” Do I really want to do this? Will it be fun — or horrendous? (I try never
to do anything that doesn’t feel good anymore (unless it’s absolutely
necessary).

v Do | know how to do it? If not, where do I go to learn?

»* Does it require such expensive tools that it would cost less to have
someone do it for me than to buy those tools? Can I borrow the tools I
need?

v~ If 1 goof, can something be seriously damaged? Can I?

1 How long will it take, and what is my time worth? How much money will
I save by doing it myself?

You'll be happy to know that almost every job in this book should pass these
tests. If you find one that doesn’t, don’t hesitate to turn it over to a profes-
sional — after you read enough to know that the job is definitely necessary,
what it entails, whether the work has been done properly, and how to get sat-
isfaction if it isn’t. With that in mind, let’s get on to the very first thing you
need to know in order to work on your vehicle.

Safety Rules

The first time I tuned my car, [ was sure that if  made the smallest mistake,
the car would explode when I started it. This seems to be a common delu-
sion, but it just isn’t so. All you'll get is silence (which can be just as
disconcerting, but not lethal after all). This isn’t to say that working on cars
is free from danger, though. Before you do any work on a vehicle, be sure to
observe the following safety rules:

»” Don’t smoke while you’re working on your car — for obvious reasons!

” Never work on your car unless the parking brake is on, the gearshift
is in Park or Neutral, and the engine is shut off. If you have to run the
engine to adjust something, turn it on and off yourself to avoid the risk
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that a friendly helper may misunderstand and turn the engine on while
your hands are in the way.

V:' +~ Be sure that the parts of the engine you're working on are nice and
i cool so that you don’t get burned. If you're doing a job that calls for a
warm engine, be very careful.

i§ .~ Never jack a car up unless the wheels are properly blocked. I go into
more detail about this later in this chapter in the “The Safe Way to Use a
Jack” and “How to Change a Tire” sections.

§ 1~ Use insulated tools for electrical work.

i 1~ Before using a wrench or ratchet on a part that’s “stuck,” make sure
that, if it suddenly comes loose, your hand won’t hit anything. To
avoid the possibility of being injured because your hand slams into
something, pull on wrenches whenever possible rather than pushing on
them.

[ 1~ Take off your rings, long necklaces, or other jewelry. If they get caught
‘ on parts, they — and you — can be damaged.

v Tie back long hair. If your hair accidentally gets into a moving fan or
' belt, you can literally be scalped.

1+ If you’re working with toxic chemicals, such as antifreeze, cleaners,
| and the like, keep them away from your mouth and eyes, wash your
hands thoroughly after using them, and either store them safely away
from pets and children or dispose of them in a way that’s good for the
environment. (For examples, see the next paragraph and the sidebar
“How to dispose of empty gasoline cans safely,” later in this chapter.)

| 1+~ Know that gasoline is extremely dangerous to have around. Not only
is it toxic and flammable, but the vapor in an empty can is explosive
enough to take out a city block. If you must keep a small amount of gaso-
line on hand for a lawn mower or chain saw, always store it in a ventilated
gasoline can designed specifically for that purpose. Unless you're going
far into the wilds, never carry a can of gasoline in or on your vehicle.

i 1 Work in a well-ventilated area to avoid breathing in carbon monoxide
if you have to run the engine, or breathing in toxic fumes from chemi-
cals and gasoline. If possible, work outdoors in your driveway, your
backyard, or a parking lot. If you must work in your garage, be sure to
keep the garage door open and move the vehicle as close to the door as
possible.

v Keep a fire extinguisher handy. You can find reasons for this that may
i surprise you in Chapter 2.

So much for the scary stuff. It’s all a matter of common sense, really. And
remember: Making a car blow up is almost impossible unless you drop a

match into the fuel tank. If you do something incorrectly, the worst thing
that will probably happen is that the car won’t start until you get it right.

13
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How to Fill 'Er Up Yourself

More and more gas stations are shifting toward self-service. If you've been
reluctant to abandon the luxury of the full-service lane, chances are that it’s
going to get more and more difficult to find one. Knowing how to fill ’er up
yourself not only prevents you from being stranded with an empty tank when
there’s no one available to fill it for you, but it also saves you money on every
gallon, every time.

Always extinguish your cigarette before you start to pump gasoline. If the
flame comes in contact with gasoline fumes, it can cause an explosion.

Here’s how to pump your own gas:

1. Look at the price window on the pump.

If a price is registered there, have the attendant clear the machine so
that the price window reads “$0.00.”

2. Move the lever on the pump to ON.
3. Unscrew the cap from your fuel tank.

4. Unhook the pump nozzle and hose from the pump and place the
nozzle into the fuel tank opening.

5. Squeeze the trigger on the pump nozzle to allow gasoline to flow out
of the hose and into your fuel tank.

There’s usually a little latch near the trigger that keeps the trigger open so
that you don’t have to stand there holding onto it. Don’t worry about
overflows; gas pumps shut off automatically when your tank is almost full.
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Engaging the trigger latch gives you time to take advantage of the other
free services at the gas station. You can wash your car’s windows or
check the air pressure in your tires and add air if they need it. (There
are instructions for doing so in Chapter 19.)

When the gasoline stops flowing, the trigger clicks closed and the num-
bers in the pump window stop moving. Remove the nozzle from the fuel
tank and hang it back on the pump.

Never “top off” a tank by adding fuel after the pump has shut off auto-
matically. If you overfill your tank, the fuel may overflow the fill hole or
leak out onto the road through an overflow outlet. This is not just a
waste of your money; spilled gasoline ruins asphalt, pollutes the air, and
is a fire hazard. This kind of leakage is especially prone to happen if it’s a
hot day and the gasoline in your tank expands.

6. Replace the cap on your fuel tank.

How to Open the Hood

S

How can you do even simple “under-the-hood” jobs — such as checking the
oil, antifreeze, and transmission fluid; refilling windshield wiper fluid; and
checking accessory belts — if you don’t know how to get the hood open?

The good news is that opening the hood of a car is easy and uncomplicated —
if you know how to do it. Although the location of the hood release may differ
from one vehicle to the next, all releases work in pretty much the same way:

v In newer models, the hood release is often inside the vehicle, some-
where near the steering column or on the floor next to the driver’s seat.
(It generally displays the word Hood or a picture of a car with its hood
up.) In older models, the hood release is behind the grill or behind the
bumper.

v All vehicles have a safety catch that stops the released hood from pop-
ping all the way open. The purpose of the safety catch is to prevent the
hood from accidentally coming open and obscuring your vision while
you're driving.

+»* Once the hood is up, it usually stays up on its own, unless you need to
prop it up with a safety rod.

If you haven’t the faintest idea of how to get your hood open, head for the
full-service bay the next time you go in for gas and ask the attendant to show
you how to open the hood. You may pay a little more for fuel, but the lesson
will be worth it, and you can get your windows washed and your tire pres-
sure checked for nothing! (If you're really short of cash, just ask for $5 worth
of gasoline; the difference in cost will be negligible.)

15
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Here’s how to open the hood of your car yourself:

1. Find your hood release and pop open the hood.

Either consult your owner’s manual, or try to remember the last time a
service station attendant opened the hood of your car. Did he or she ask
you to pull a lever inside the vehicle? Or did he or she go directly to the
front grill?

If the hood release is at the front of the car, look around and through the
grill and feel under the grill and behind the bumper to find a handle,
lever, arm, or button. Then pull, press, or push front to back and side to
side on the thing you find until it releases the hood. If the hood release
is inside the car, press, push, or pull it until you hear the hood pop open.

The hood will open a little, but it will probably be stopped by the safety
catch: a metal lever that, when pressed one way or the other, releases
the hood so that it can open all the way.

2. With one hand, raise the hood as far as it will go. With the other hand,
feel along the area between the hood and the grill for the safety catch.
Release it and then raise the hood the rest of the way.

3. Secure the hood if necessary.

If the hood stays up all by itself, fine. If it doesn’t, look for a safety rod
that’s attached either to the underside of the hood or to the bottom
edge of the hood opening. Either lift or lower the rod (depending on

. where it’s located) and fit the end of it into the slot that’s provided to
hold it in place.

On some vehicles, the hood is held up by two gas-pressurized cylinders
known as hood shocks. If the gas has leaked out of these units, be careful
because the hood could come down at any moment. If that’s the case,
replace these units or secure the hood with a broom handle or similar
object.”

The Safe Way to Use a Jack

The most obvious reason to jack up a car is to change a tire, but other jobs,
such as inspecting brakes, may also require you to get under the vehicle.
(Even if you're reed-thin enough to squeeze yourself between the pavement
and the underside of your car, you still need room to move around and manip-
ulate tools.) Chapter 2 has detailed information about the different types of
jacks, as well as items such as jack stands (essential) and creepers (nonessen-
tial, but nice). This section explains how to use a jack safely and efficiently.
The next section shows you how to change a tire after the vehicle is in the air.
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Jacks are used only to get a vehicle off the ground. They should never be
used to hold a vehicle in place. Even if you're simply changing a tire, you need
to make sure that you've blocked the other wheels so that the car doesn’t roll
off the jack. You must use jack stands when you work underneath your car; if
you don’t, you run the risk of serious injury or even death. People have been
crushed to death when vehicles that were improperly secured fell on them.

Before you attempt to jack up your vehicle, observe the following safety
precautions: :

+* Never change a tire on a freeway or highway. Not only can you be seri-
ously injured, but you can also fall prey to carjackers. Don’t exit the car
on the side nearest traffic; use a cellular phone to call road service or
the AAA. If you have no cellular phone and a public phone isn’t near
enough to make a call and get right back into your car, hang a white rag
or a white piece of paper out of the driver’s side window and wait for the
highway patrol to rescue you.

1+~ Always park a vehicle on level ground before you jack it up. If you get
a flat tire on a hill and can’t coast to the bottom without killing the tire
completely, then park close to the curb, turn the wheels toward the
curb, and block the downside wheels securely to prevent the car from
rolling. Even after taking these precautions, however, I'd be nervous.

»* Never jack up a vehicle without blocking the wheels. Even if the car is
on level ground, use bricks, wooden wedges, or metal wheel chocks to
block the wheels at the opposite end of the car from the end that is to be
raised. Doing so keeps the vehicle from rolling after it has been jacked up.

Keep the blocks in the trunk of your car so that you won't have to go
hunting around if you have to change a tire when you're away from
home.

If you find yourself faced with the job of changing a tire and you have
nothing with which to block the wheels, park near the curb with the
wheels turned in. This may not keep you from getting hurt if the car rolls
off the jack, but at least innocent motorists and pedestrians won’t have
to deal with a runaway driverless car!

+” Be sure that your gearshift is in Park (or in First if you have a manual
transmission) and that the emergency brake is on before you jack it
up. The only time you don’t want the emergency brake on is when you
have to be able to rotate a rear wheel or remove rear brake drums to
inspect the brakes. In such a case, make sure that the front wheels are
blocked securely, preferably with chocks designed for the purpose.
(Chocks are available at a low cost at auto supply stores, and they stow
neatly in the trunk.)
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Figure 1-1:
The type of
jackyou
have
determines
whether you
crank, turn,
or pump.
|

Once you've observed the safety precautions just listed, follow these steps:

1. If you're going to remove a wheel to change a tire or check your

brakes, remove the hubcap (if there is one) and loosen the lug nuts
before you jack up the car.

Once the car is jacked up, the wheel will turn freely, which makes getting
a hubcap off harder and makes starting the nuts almost impossible.
Instructions for removing a hubcap and loosening lug nuts are in the
next section, “How to Change a Tire.”

. Place the jack under the part of the vehicle that it should contact

when raised. If you are using jack stands, place them near the jack.

Where you place your jack depends on whether you're planning to do a
one-wheel job, such as tire changing or brake checking, or a two-wheel,
whole-end repair job. To find out the proper place to position the jack
for your particular vehicle, check your owner’s manual. If you have no
manual, ask the service department at your dealership to show you the
proper place, or follow these rules:

Never place the jack so that the weight of the vehicle rests on something
that can bend, break, or give. If your manual is incomprehensible or
lacks this kind of information, try to place the jack so that it touches
either the car frame or the big bar that supports the front wheel suspen-
sion. You can also place jacks near the rear-wheel axle. Until you
become more proficient at this, I'd stick to jacking up one wheel at a
time. It may mean more work, but the practice is good for you.

. Lift the vehicle by using the jack. How you accomplish this depends
on the type of jack you're using (see Figure 1-1):

¢ If you have a hydraulic jack, place the handle into the appropriate
location and pump up and down. Use nice, even strokes, taking the
jack handle from its lowest to its highest point on each stroke to
cut down on the labor involved.

¢ If you have a tripod jack, turn the crank.

¢ If you have a scissor jack, insert the rod or wrench over the knob
and then crank.

Scissor jack Tripod jack Hydraulic jack
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4, If you have jack stands, place them under the car, near the place
where the jack is touching the vehicle (see Figure 1-2). Raise the
stands until they are high enough to just fit under, and lock them in
place. Lower the jack until the car is resting on the jack stands. Then
remove the jack.

Substituting boxes, stones, or bricks for jack stands is very dangerous. They
can slip out or break while you're under the car. A jack can do the same thing,
so if you're going to work under your car (and you will if you plan to change
your own oil and do your own lube jobs), be sure to buy a pair of jack stands.
The money you save by getting under there yourself will pay for the stands in
no time. You can find information about buying jack stands in Chapter 2.

]
" Figure 1-2:
Jack stands

hold your
vehicle up
safely.

]

5. Before you begin to work, wiggle the car a little to make sure that it’s
resting securely on the jack or the jack stands.

Doing so also tells you whether you have the wheels blocked properly.
It's better if the vehicle falls while all four wheels are in place. (It will
bounce just a little.)

If you remove a wheel and begin to work without making sure that you
jacked up the car and blocked it securely, it can do a lot of damage to
itself — and to you — if it falls. (This is not meant to frighten you away
from jacking up your car and working on or under it. It’s just to empha-
size the fact that a few simple precautions will remove any danger.)

6. When you’re finished working, lower the vehicle to the ground.

If you're using a tripod or scissor jack, simply turn the crank in the
opposite direction. If you're using a hydraulic jack, use the rod to turn
the pressure release valve. The jack will do the rest of the work for you.

19
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How to Change a Tire

Even if you’re a member of the AAA or CAA, there’s always a chance that
you’ll find yourself stuck with a flat tire on a remote road with no telephone
in sight. On these occasions, all traffic generally vanishes, leaving you help-
less unless you know how to change a tire yourself. Everyone should have a
general idea of what’s involved:

1. Secure the vehicle so thét it won’t roll.

N

.. Jack up the vehicle, following the instructions in the preceding sec-
tion, “The Safe Way to Use a Jack.”

. Remove the old tire.

. Put on fhe new tire.

. Put away the jacking stuff and the old tire.
. Drive happily into the sunset.

S U1 o W

But the job gets sticky in a couple of places. Unless you're properly
equipped, you can find yourself out of luck and in for a long wait for help to
come along. The following sections explain in detail, and in order, how to
change a tire. To make sure that you have the tools you need, read the section
called “More Things to Carry in Your Car” in Chapter 2, and then stock up.

If you owna luxury car with an air suspension, you need to turn the system
off before jacking up your car. Vehicles with air suspensions have an on/off
switch located in the trunk area.

Removing a hubcap

If you have an older car that still has hubcaps (instead of the wheel covers on
more recent models), the first task in changing a tire — after you pull to the
side of the road and finish banging the heel of your hand against the steering
wheel in frustration — is to remove the hubcap of the injured tire. The follow-
ing steps tell you how:

1. Use a screwdriver or the flat end of a lug wrench (see Figure 2-20 in
Chapter 2) to pry off the hubcap.

Just insert the point of the tool where the edge of the cap meets the
wheel, and apply a little leverage (see Figure 1-3). The cap should pop
off. You may have to do this in a couple of places; it’s like prying the lid
off a can of paint.
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Figure 1-3:
You canuse §
a screw-
driver to pry
a hubcap
loose.
|

2. Lay the cap on its back so that you can put the lug nuts into it to keep
them from rolling away and heading for the nearest sewer.

After you remove the hubcap, the next task is to loosen the lug nuts.

Loosening the lug nuts

Lug nuts are those big nuts that hold the wheel in place. Most garages
retighten them with a power tool, and unless you've done the job yourself by
hand, they're going to be pretty hard to loosen. (Take my advice in Chapter 2
and buy a cross-shaft lug wrench. Figure 2-20 shows what one looks like.)

Before you begin, you have to ascertain whether the lug nuts on the wheel
you're working on are right-hand threaded or left-hand threaded. This isn’t a
“left-handed hammer” joke; the threads determine which way you turn the
wrench. The lug nuts on the right side of a vehicle are always right-hand
threaded, but the nuts on the left side may be left-hand threaded. Look at the
lug nuts on your car; in the center of the lugs you should see anR, an L, or no
letter at all:

v A lug with an R or with no letter is right-threaded. Turn it counterclock-
wise to loosen it.

v A lugs with an Lis left-threaded. Turn it clockwise to loosen it.

For the purposes of sanity, I'll assume that your car has right-threaded nuts.
If you have a couple of lefties, just turn the wrench in the opposite direction
as you follow these steps to loosen the lug nuts:

1. Find the end of the wrench that fits the lug nuts on your car, and fit it
onto the first nut.
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Always work on lug nuts in rotation. That way, you won't forget to
tighten any later.

2. Apply all your weight to the bar on the left.

This starts turning the nut counterclockwise, which loosens it.

") If the nut has been put on with a power tool and you can’t get it started,
a piece of hollow pipe, fitted over that left-hand arm of the cross-shaft
wrench, magically adds enough leverage to start the nut easily (see
Figure 1-4). After you replace the nut yourself, this aid is no longer nec-
essary. But remember, the longer the arms on your lug wrench, the more
leverage you have.

———
Figure 1-4:
A hollow
pipe and a
cross-shaft
wrench can
loosen the
tightest

lug nuts.

BER

&6*‘ Don’t remove the lug nuts completely; just get them loose enough so that you
can remove them by hand after raising the car (a feat explained in an earlier

section of this chapter, “The Safe Way to Use a Jack™).

Changing the tive
Once the vehicle is safely jacked up and the lug nuts are off, follow these
instructions to change the tire:

1. Remove the spare from the trunk if you haven’t already done so.

Actually, it's easier to do this before jacking up the car. If you haven’t
checked your spare recently, keep your fingers crossed that it has
enough air in it! Roll the spare to the scene of the action.

2. Grasp the flat tire with both hands and pull it toward you.

The flat tire sits on the exposed bolts that the lug nuts screwed onto.
As you pull the flat off, it should slide along the bolts until, suddenly, it
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clears the end of the bolts and you find yourself supporting its full
weight. Tires are heavy, and you’ll be quite happy to lower it to the
ground (if you haven't already dropped it).

. Roll the flat along the ground to the trunk to get it out of the way.
. Lift the spare onto the lug bolts.

Because tires are heavy, you may have a little trouble lifting the spare
into place — especially if you're not accustomed to lifting heavy things.
If this is the case, a bit of ingenuity may help; see the sidebar “A little
ingenuity goes a long way” for details.

After you have the spare tire in place, replace the lug nuts and tighten
them by hand. ‘

Give each lug nut a jolt with the wrench to get it firmly into place, but wait
until the car is on the ground before you really try to tighten the lug nuts.

Remember, right-hand threaded nuts tighten in a clockwise direction;
lefties go the other way.

. Replace the jack, lift the car off the jack stands (if you used them), and

lower the car to the ground.

. Once the car is resting on the ground, use the lug wrench to tighten

the lugs as much as you can.

You don’t want to twist them off the bolts or ruin the threads, but you
don’t want the wheel to fall off, either. Use your hollow pipe if you're
worried about tightening them sufficiently, or step on the right-hand arm
of the lug wrench after the nut is tight.

. If your car has hubcaps, place the hubcap against the wheel and

whack it into place with the heel of your hand.

Cushion your-hand with a soft rag first so that you won’t hurt it. And
don’t hit the hubcap with a wrench or hammer — you’ll dent it. Whack it
a couple of times, in a couple of places, to be sure that it’s on evenly and
securely. (Even secondhand hubcaps can cost from $20 to more than
$100 apiece to replace.) If it’s too much of a hassle, or if you don’t have
the time to replace the hubcap, you can take it home and install it later;
it’s mostly ornamental, and you can drive for a while without it. But do
replace it soon because it helps keep dust and dirt out of your brakes
and bearings.

. Put the flat in the trunk where the spare was located, and put your

tools away.

Don’t forget to remove the wheel blocks, and don’t forget to have that flat
fixed!

23
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1. Measure the distance from the ground
{A) to the bottom of the tire {B) while
the car is jacked up.

3. Now you can roll your wheel up the ramp and
just push it into place without having to lift
it yourself!

2. Nail some boards together to form a
ramp of the same height as AB in Step 1.
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Make sure that your flat tire is repaired properly. Instead of dismounting the
tire from the wheel rim, inspecting it, fixing it, and remounting it, some ser-
vice stations simply plug the flat from the outside. Several states now outlaw
this procedure, known as “outside-in” repair. To avoid this, tell the service
facility that you don’t want the tire plugged from the outside; you want the
flat corrected the proper way.

If you get caught in the middle of nowhere with a flat tire and are unable to
change it yourself, you can get rolling again without riding on the flat. If you
carry an aerosol can of nonflammable inflator/sealant, simply screw the
nozzle of the can onto the valve stem of the flat tire, and it fills the tire with
air and some sort of goo that temporarily seals the puncture. Because there’s
still some question about how permanent this fix is and its ultimate effects on
your tire, use inflator/sealant only in emergencies, get to a service station as
soon as possible, and ask the attendant to try to remove the stuff before
fixing the tire.

You may not find the prospect of changing your own flat tires especially allur-
ing. But isn't it nice to know that if a crisis does occur and you're not near a
phone or don't have the time to wait for the auto club, you can get yourself
rolling again in less than 15 minutes?

If reading these instructions makes you think that you'd rather languish by
the side of the road for hours than undertake changing a tire yourself, you
might consider outfitting your vehicle with run-flat tires. Although these tires
will set you back a couple of hundred bucks, you'll be able to drive with a flat
to the nearest service station without ruining the tire.

To make the job easier should an emergency arise, you may want to go out
and check the lug nuts on your car now. If they’re on hideously tight, loosen

. them with a lug wrench and a pipe and retighten them to a reasonable ten-

sion so that you won’t have to struggle at the side of the road.

Getting Back into a Car When
You've Locked Yourself Out

Here’s an “emergency” that may not be dangerous, but certainly can be
exasperating!

If you tend to be feather-headed and leave the keys in your car fairly often,
you may be tempted to hide an extra key somewhere on the vehicle.
However, I must warn you that unless you're very clever about where you
hide it, you may be inviting someone to steal your car or its contents. Those
little magnetic boxes that stick to the metal surface of the body or frame are

25
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the best bets here, but be sure to place your box in an obscure and hard-to-
reach area where it can’t jiggle loose and fall out. | leave the choice of area up
to you — if [ publish a list of suggestions, the Car Thieves of America will
nominate me for their annual Helpful Dummy Award! Be imaginative.
Struggling a little to reach that extra key is better than giving the car away
easily. And don’t hide your house key with it. You don’t want to give every-
thing away, do you?

Assuming that you've decided not to risk hiding that extra set on your car,
here’s how to get in without a key:

| 1~ If you have the old-style door locks with little buttons that go up and

: down, obtain a wire coat hanger, straighten it out, and bend the end of it
into a little hook. Insert it between the rubber molding and the side
window or vent window and then, carefully, with the dexterity of a jewel
thief, hook it around the door button and pull it up.

{ 1~ If you or your auto manufacturer has had the foresight to replace

: these buttons with the new, smooth kind, your vehicle has less of a
chance of being stolen, but you will have a harder job getting into it
without a key. You may be able to use the hanger to hook one or to push
the gizmo near the door handle, but most of them will straighten out
your hanger before they condescend to budge. Sorry!

| 1~ If you're in a parking facility or near a service station, the attendants
often have a gadget called a “jimmy” that can be slid between the window
and the door and used to operate the locking mechanism. It certainly
doesn’t hurt to ask. If they have one, ask them to do the job for you and
be generous with your thanks. They’ve just saved you a lot of time and
money.

1 If you call a locksmith, you’ll have to prove that you own the vehicle

' before any work can be done, and you’ll probably also have to pay
immediately. (Let’s hope that you didn’t lock your wallet in there along
with your keys.) If your key is lost outside your car and your steering
wheel locks, the locksmith may have to dismount the steering wheel and
remove the lock — this can cost you lots of money, plus time and aggra-
vation, before you can drive off again.

There’s good news, however, Each car key is coded by the auto manufac-
turer, and if you have the key code number, a locksmith can make you a
new key as long as you have identification and can describe the vehicle
in terms of its vital statistics. General Motors car keys have little coded
tags that you knock out of the key and keep; other U.S. cars come with
little metal tags with the number on them; and most foreign carmakers
engrave the number right on the keys.

As a valuable favor to yourself, write down the code number where
someone at home can read it to you in an emergency. Also record it —
without identifying what it is — in your pocket address book or in your
wallet before you lose your keys. If you don’t know the code number for
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your keys and you bought the car, new or used, from a dealer, the dealer
may still have the number on file. Failing that, a good locksmith may be
able to analyze a key in fairly new condition and come up with the
proper code for it.

v~ If you happen to lock yourself out of the car while you have the trunk
open, you may be able to move the rear seat out of the way and gain
access to the rear of the car (or you can hide an extra ignition key in the
trunk). '

v If you get totally freaked out and decide to break a window, break the
little vent window, if you have one. It’s cheaper to replace, and some-
times the latch breaks before the glass does.

- If you have to break the glass, wrap something around your hand and
use a stone or other heavy object. Keep your head away from flying
glass, although most auto glass should be shatterproof. And dont break
a window that will interfere with visibility while you're driving home to
face the jeers of your family and friends.

How to Take Anything Apart — and
Get It Back Together Again

I've never been able to follow the instructions to put my kids’ toys together,
but I can take a wheel assembly apart and get it back together again, slowly
but accurately, by using the following procedure. The bonus is that this pro-

. cedure works for anything that you need to take apart and put back together
again — brakes, toasters, bicycles, and so on.

1. Geta clean, lint-free rag and lay it down on a flat surface, near
enough to reach without having to get up or walk to it.

As you remove each part, you're going to lay it on this rag. Consequently,
the rag shouldn’t be in an area where oil or dust or anything else can fall
on it and foul the parts. If you're going to use something that blasts air
for cleaning purposes, leave enough of the rag uncluttered to lap it over
the parts resting on it.

2. Before you remove each part, stop and ask yourself the following
questions, and if you’re worried about forgetting, make notes:

¢ What is this thing?

e What does it do?

* How does it do it?

* Why is it made the way it is?

* How tightly is it screwed on (or fastened down)?
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Most amateurs tend to put things back very tightly, in hopes that the
part won't fly off. But some things, like bolts that hold gaskets in place,
shouldn’t be tightened too securely, because the gasket would be
squeezed out of shape and whatever it’s holding in would get out, or the
bolt threads could be stripped. So try to remember (or make notes
about) how hard each thing was to remove. The note needn’t be long —
just something like “Part #6: Hook at end of arm on left hooks on to knob
to right of Part #7.” Add a picture if it helps.

3. As you remove each part, lay it down on the rag in clockwise order,
with each part pointing in the direction it lay when it was in place.

This is the key to the whole system. When you're ready to reassemble
things, the placement and direction of each part tells you when to put it
back and how it went.

4. If you’re making notes, assign each part a number indicating the
order in which you removed it — Part #1, Part #2, and so on.

If you work systematically and understand the function of each part, you
won't be left with those “extra” nuts and bolts at the end of the job. You
can even put numbers on the parts with masking tape if you're afraid
that the rag may be moved accidentally.

5. When you’re ready to reassemble everything, begin with the last part
you removed, and then go counterclockwise through the parts.

Never, never do a job in a hurry.

Allow yourself plenty of time. If things get rough, have a soft drink or a cup of
coffee. You may get a whole new perspective when you go back to work. Turn
on your answering machine or take the phone off the hook, keep the kids and
the dog away, and relax. If you hit a snag, sit quietly and think about it —
don’t panic.-If the parts fit together before, they'll fit together again.
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‘The Way to Your Car’s Heart Is
through Your Toolbox
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In This Chapter

B Getting the best tools for your money

B Determining which tools you need to buy (and which ones you can just borrow)

B Stocking a trunk compartment toolbox

I Making your list and checking it twice: A tool checklist to take with you to the auto
parts store
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mether you're trying to cook up a decent meal, paint a picture, run an
office, or work on your car, you're only as good as your tools. Just as

you can't slice tomatoes super-thin with a bent, rusty, dull knife, and you
can't type a professional-looking letter on a broken-down typewriter, you
can’t do any kind of job on your engine if you lack the means to loosen or
remove parts, clean or gap them, reinstall them, adjust them, and test the
results.

Before you run off to return this book because you aren’t prepared to spend a
lot of money on tools that you’ll probably never use again after you ruin your
engine or cut off your thumb, let me tell you that all you really need are a few
basic implements, and they’re not very expensive. (I'll deal with the engine
and your thumb later.) In this chapter, 1 list and describe the tools you need
for working on your vehicle. You may be surprised at how many of them you
already own, and in the event that you do need to buy a few, I give you point-
ers on getting value for your money.

Shopping for Tools

Tool prices vary widely, but if you keep your eyes open and know where to
go, whom to talk to, and what to look for, you can get a good value at a fair
price.
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1+ Shop for tools in a major auto parts chain store, and stick to well-known
brands.

1 Watch the newspaper for sales; most chains have them regularly, and
you can save a lot of money.

1+ Buy each kind of tool in sets of different sizes rather than buying at
random. You can save money this way.

1 Look for high-grade steel with no rough edges.

v Pick out friendly-looking salespeople and ask them what kinds of tools
they buy. Most of them are auto enthusiasts who will be delighted that
you’re planning to do your own work (and be a future customer), and
they’ll be happy to point out the best buys.

Buying everything at once isn't necessary to get started on your car; use the
beg, borrow, and steal{from-the-family-toolbox methods if you must. The
important thing is to get to work!

Screwdrivers

S

There are two basic types of screwdrivers: standard, or slot, screwdrivers (the
most common type) and Phillips screwdrivers. The difference between a stan-
dard screwdriver and a Phillips screwdriver is the shape of the head, as
shown in Figures 2-1 and 2-2. You use Phillips screwdrivers with Phillips
screws, and standard screwdrivers with -— you guessed it — standard screws.

Using a screwdriver of the wrong type or size can damage the screw, the
screwdriver, and even you if your hand slips while you're struggling to use
the tool. Always use a screwdriver with a tip that’s the same width and type
as the head of the screw you're working on,

Because you usually can't use a standard screwdriver on a Phillips screw or
vice versa (except for some Phillips/slot head screws that can be tightened
or loosened by a standard blade type or Phillips head screwdriver), and
because your car is fitted with both types of screws in a variety of sizes, you
need several of each type (not just for your vehicle, but for almost anything
around the house).

Shafts vary in length too, which is useful because a longer shaft provides
greater access to “buried” screws, while a shorter shaft gets into tight places
more easily. Handles also vary. It's important to have large, easy-to-grip han-
dles to help you loosen tight screws.

You can get all the screwdrivers you need for relatively little money. Look for
sales on plastic- or rubber-handled screwdrivers in sets of varying sizes.
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Figure 2-1:
Standard
screws and
screw-
drivers.
|

|
Figure 2-2:
Phillips
screws and
screw-
drivers.
L]

Screwholders

Screwholders are perfectly marvelous for hanging onto screws that have to
fit into tiny places. Instead of hanging onto a screw with the fingers of one
hand while wielding the screwdriver with your other hand, you simply fit the
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screw into the screwholder and use the screwholder instead of a screwdriver
to tighten the screw. One type of screwholder has a magnet to hold the
screw; another (see Figure 2-3) has a little gizmo that grabs the screw when
you twist the screwholder. Both are lovely.

|
Figure 2-3:

A
screwholder
can help
you get
screws into
hard-to-
reach
places.

P ]

Wrenches

Wrenches are probably the most basic tools for auto repair. You need a
couple of different kinds in different sizes. There are several basic types of
wrenches, some for very specialized purposes, but the following sections
cover the kinds you need for most jobs. Look for sets made by well-known
toolmakers, and try to buy them on sale. (For more pointers on buying tools,
see the beginning of this chapter.)
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Figure 2-4:
Combination
wrenches,
with one
open end
and one
boxed end,
are your
best bet.
I

Most wrenches are available in both standard — also known as SAE (Society
of Automotive Engineers) -— and metric measurements. You must know
which system of measurement your engine is based on. Originally, most for-
eign vehicles (except British ones, which had their own thread standard)
were based on the metric system, while domestic engines used SAE stan-
dards based on fractions of an inch. Today, most American vehicles have a
mix of SAE and metric nuts and bolts. Foreign cars or foreign components
used on American cars (a practice that’s becoming quite common) use
metric nuts and bolts — even the inch-based British. Check your owner’s
manual or ask your dealer to see whether your vehicle requires metric or
standard SAE tools before you buy anything.

Combination wrenches

When shopping for wrenches, you'll come across open-end wrenches and
box-end wrenches, but the very best kind to get are combination wrenches,
which have an open end and a closed end on each wrench (see Figure 2-4).
These wrenches come in sets of several sizes, and each wrench is made to fit
a nut of a specific size, whichever end you use. See the sidebar “How to use
a combination wrench.”

Offset wrenches

Some combination wrenches are sort of S-shaped. Called offset wrenches,
these are good for working in hard-to-reach spots. You may want to add a
couple to your tool kit.

The most useful offset wrench is the distributor wrench, shown in Figure 2-5;
which you use to adjust your car’s timing. ( You need this tool only if your
car has a non-electronic ignition system.) Be sure to get one to fit the distribu-
tor hold-down clamp on your vehicle.

33
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|
Figure 2-5:
An offset
distributor
wrench is
probably the
most useful
offset
wrench.
|

|
Figure 2-6:
Use ignition
wrenches
for ignition
work.
|

Ignition wrenches

Ignition wrenches (see Figure 2-6) are simply sets of combination wrenches in
very small sizes for ignition work. You can get a set for a couple of dollars.
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Allen (or hex) wrenches

Some of the screws or fastenings on your vehicle may have odd-
shaped holes in the centers of their heads that require special Allen
wrenches — L-shaped rods that fit into the holes (see Figure 2-7). If
the center hole is hexagonal, the wrench you need is sometimes
called a hex wrench. You can buy a set of assorted-sized Allen
wrenches for under $15.
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L]
Figure 2-7:
Allen
wrenches.
I

EE———
Figure 2-8:

A socket
wrench set.

Socket wrenches

A good set of socket wrenches, shown in Figure 2-8, can really make the dif-
ference between enjoying your work and killing yourself over it. Socket
wrenches come in sets for a wide variety of prices, depending on quality and
how many there are in the set. Sets can include either a mix of SAE and
metric sockets, all SAE, or all metric pieces. Unless you've decided to become
a mechanic, you can buy an inexpensive set of basic socket wrenches suit-
able for your vehicle for less than $25.
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Your set of socket wrenches should contain the following basic items:

1~ A variety of %inch or %-inch drive heads or sockets: The %-inch, ¥sinch,
and %inch sockets are the ones you'll use the most, unless you need a
metric set. The metric sizes most often used are 10, 11, 12, 13, and 14 mm.

The word drive refers to the size of the square hole in each socket where
it attaches to the ratchet handle. It’s easy to remember that the smaller
the drive, the smaller the job you use it for. A %inch drive is for tiny
areas; ¥inch drive is for the next range of sizes, typically up to SAE % or
18 mm metric; %inch drive is for up to SAE 1%, or up to 25 mm; and other
drives up to 2 inches are for really big jobs (you won’t need one of these
monsters). You can use adapters to convert sockets of one drive to fit
handles of another drive.

v A spark plug socket: This is the large socket with a soft lining to hold
the spark plug securely without damaging its soft jacket when you
remove and insert it, or when you drop it on the floor by mistake. Spark
plugs come in two sizes, so make sure to get the size that fits the spark
plugs in your car. Your owner’s manual may note the spark plug size.

v At least one ratchet handle, to which you can fit any of the sockets:
Most sets have two or three handles with at least one adapter. You may
want to add additional adapters to extend the handle to different sizes
and adapt it to different drives. Figure 2-9 shows the wide variety of
sockets, handles, and adapters available.

]
Figure 2-9; A -Adapter K -Regutar 6-point socket
The parts of B,C,E -Extension bars L -Regular 12-point socket

a socket D -Sliding T handle M -Hollow screw socket bit
wrench: F -Deep 6-point socket N -Universal 12-point socket
adapters, G -Deep 12-point socket 0 -Flex handle
ratchet han- H -Spark plug socket P -Flex head rachet
dles, and | -Speeder handle Q -Reversible rachet
extenders. J -Rachet adapter R -Universal joint




38

Part I: Getting Started

1 A flex-head handle: Although not strictly necessary, a flex-head handle
is very useful. It enables you to hold the ratchet handle at any angle
when working in tight places — and engines are full of tight places!

v~ Socket extenders: These indispensable items help you get your socket
head way down into the bowels of your engine compartment to reach
those almost-unreachable nuts and bolts.

The way to tell a good socket wrench set is to look at the number of teeth in
the ratchet handle. Most have 20 to 30 teeth. The really good ones have up to
60 teeth. The more teeth the handle has, the better it can fit into tight places.
This is because you have to move the handle only a few degrees to turn the
nut as much as a cheaper handle would in many degrees. In other words, a
ratchet handle with 24 teeth must be moved 15 degrees to reach its limit. A
handle with 60 teeth has to be moved only 6 degrees to turn a nut as far. You
can find instructions for using a socket wrench in the section called
“Removing spark plugs” in Chapter 12.

Torque wrenches

A torque wrench, shown in Figure 2-10, is designed to tighten a nut, bolt, or
screw to an exact degree. A torque wrench is extremely handy because, until
you become familiar with a job, you always run the risk of undertightening or
overtightening things.

If you're replacing a spark plug and you don’t tighten it enough, it will work
itself loose and fail to deliver a spark. If you overtighten a spark plug, you can
strip the threads or crack the plug. Similarly, parts that have gaskets can leak
if the bolts that hold them aren’t tightened enough. But if you overtighten the
same bolts, the gaskets will be crushed, causing the fluid to leak anyway.

Most really good torque wrenches are expensive, but a cheaper one is good
enough to serve your purposes. If you’d rather not spend the money until
you're sure that you're really going to like working on your car, borrow a
torque wrench just to get the feel of how tight a nut, bolt, or other part
should be. Or you can just forget the whole thing. I've never used a torque
wrench; my set of socket wrenches accomplished everything quite well for
the work in this book. If you are planning to buy a torque wrench, get one
with a slim profile, because torque wrenches are bulky anyway and often
don’t fit into tight places.
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|
Figure 2-10:
Dial torque
wrench
{left) and
deflecting
beam torque
wrench,
|

If you use a torque wrench, keep the following in mind:

»* Grip a torque wrench well down the shaft (not up close to the dial) and
operate it smoothly. ’

v Tighten a series of nuts or bolts in a sequence that distributes the pres-
sure evenly, instead of in strict clockwise or counterclockwise order.

1+ When tightening a series of bolts, tighten them all just until they’re snug.
Then go back and tighten them all a bit more. Then go back and tighten
them all the way to the torque specifications. Doing so ensures that the
entire part you're tightening is under even pressure, prevents leaky
gaskets, and increases the life of the bolt and the part. This and the pre-
ceding tips are good to follow when you're using any kind of wrench to
tighten anything.

GMBER 1 Before using a torque wrench, make sure that the nut or bolt turns freely
S so that the torque wrench gets a true reading of the proper nut tightness.
You can use a lubricant such as WD-40 on the threads and run the nut up
and down a few times to free it before using the torque wrench on it.
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Adjustable wrenches

An adjustable wrench, sometimes called a monkey wrench, is a useful addi-
tion to your toolbox. (See Figure 2-11.) You probably already have one in the
house. You can adjust the jaws to fit a variety of nuts and bolts simply by
turning the wheel. I like the very small and medium sizes because they fit into
tight spaces easily.

|
Figure 2-11:
An
adjustable
wrench has
many uses.
]

Hammers

You may associate hammers solely with carpentry, but they’re useful in
automotive work as well. In auto repair, you use a hammer to “sweet talk”
something loose (like a nut or bolt that’s on too tight). You don’t use a
hammer to whack the tar out of your engine.

Make sure that you use the right kind of hammer. You should have a ball-peen
hammer (see Figure 2-12). A carpenter’s hammer (or claw hammer) isn’t really
designed for auto repair.

Claw hammer

Figure 2-12;
Usea
ball-peen
hammer,
rather than

. aclaw
hammer, for
car repair.
L

Ball-peen hammer
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If all you have is a carpenter’s hammer and you don’t want to buy another
one, you can probably make do with it. Just be sure that the hammer you use
doesn’t have a loose head. If the shaft isn’t securely sunk into the head, the
head can fly off and damage your car, you, or an innocent bystander. Claw
hammers can also be dangerous because a hard, solid impact can cause the
claws to break off, with dismal results.

Pliers
Almost everyone has needle-nosed and slip-joint pliers (see Figure 2-13); if you

rummage through the family toolbox, you'll probably discover that you have
them, too. Both types of pliers are useful for auto repair.

If you have to buy pliers, the very best kind to get are combination slipjoint
pliers. You can adjust these general-purpose tools to several widths with a slid-
ing pin. They usually have a wire-cutting slot built into them as well. If you're
the only person on your block who doesn’t possess these, by all means rush
out and buy them before dark. Again, they needn’t be expensive. Just make
sure that they work easily, are made of forged hardened steel, and seem to be
well finished. '

Needle-nosed pliers

Figure 2-13:
Needle-
nosed pliers
and combi-
nation
slip-joint
pliers.
]

Combination
slip-joint pliers

If you're really into tools, you may also want to buy the following pliers, but
you can easily get along without them:

1 Robogrip pliers are a useful variation of slipjoint pliers that automati-
cally lock in position when you have a grip on the part that you want to
manipulate.

1+ Adjustable vice-grip pliers are useful for persuading recalcitrant stuff to
loosen or twist — if, for example, you round off the edges of a nut so
that normal tools won't loosen it. When set properly, the jaws lock onto
a metal part very tightly, and you can pull, push, or twist almost any-
thing with them. :
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Gauges and Meters

Despite the simple principles behind how an engine works (if you want the
lowdown, head to Chapter 3), many auto repair tasks require fairly precise
adjustments: You put only so much oil into the engine. You add only so much
air to tires. You tighten some nuts and bolts only so tight. You leave a gap of
a precise size between spark plug electrodes. Several tools are available to
help you determine when enough oil, fluid, air, pressure, or whatever is
enough. This section highlights those that are most useful.

Wire, taper, and flat feeler gauges

This section covers tools that you use for “gapping” spark plugs, points (on
cars with non-electronic ignition systems), and valves. These tools are very
inexpensive — some stores even give them away as premiums. Although 1
usually discuss specialized tools in the chapters that call for them, I want to
mention these now so that you can pick them up while you're at an auto
supply store buying other stuff:

1 Wire and taper feeler gauges: You use these gauges for gapping spark
plugs (see Figures 2-14 and 2-15). Gapping simply means sliding the
proper-sized wire or taper gauge between the spark plug electrodes to
make sure that the surfaces are the proper distance apart. Doing so
ensures that the spark can jump across the gap with the proper intensity.



L
Figure 2-14:
Wire feeler

gauges.
|

]
Figure 2-15:
Ataper
feeler
gauge.
L
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1+~ Flat feeler gauges: You use these gauges to adjust valves and ignition
contact points, relatively simple jobs that are impossible to do properly
without a feeler gauge (see Figure 2-16). Look for these gauges as part of
a set of tools — or as freebies in auto parts stores — before you buy :
them separately.
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]
Figure 2-16:
Aflat feeler

gauge.

Cars with electronic ignitions don’t need tune-ups, and they require special
expensive tools for adjustments. If your car has an electronic ignition, forget
about buying a feeler gauge for gapplng points. You can consult your owner’s
manual to see whether your car’s ignition is simple enough to adjust yourself
and what tools you’d need, but chances are that you’ll be happy to have a
professional maintain the system for you. The good news is that electronic
ignitions usually don’t require adjusting if they’re set correctly in the first
place.

Compression gauges

You use compression gauges, shown in Figure 2-17, to check the pressure that
builds up in each cylinder as your engine runs. These gauges also reveal
worn or damaged piston rings and valves. If your vehicle is new, you proba-
bly won’t have this problem for some time, but if you have an older or
secondhand vehicle, this easy-to-use gauge is a good investment. It can help
you spot trouble and save money. The screw-in kind is ea51est to use but usu-
ally costs a bit more.
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]
Figure 2-17:
Compression
gauges
measure
pressure.
|

Work Lights

Whether you plan to work on your car in your home garage, in your driveway,
at the curb near your house, or in the auto shop at a local school, you'll find
that the lighting will be inadequate once you get under the hood — or under
the car, if you're that adventurous. A work light can provide all the illumina-
tion you need and enable you to shine the maximum amount of light right on
the work area and not in your eyes (see Figure 2-18).

L |

Figure 2-18:
Awork light.
L]
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When you shop for a work light, be sure to get one that has a protective cage
around at least half the bulb and a cord that’s long enough and properly insu-
lated. (Go for at least a 25-foot cord. Lights with shorter cords are cheaper,
but if you need to buy an extension cord to get the light to your car, you may
end up spending more in the long run.) Also look for the Underwriter’s tag to
be sure that you're getting quality.

The typical work light cage has a hook at the top so that you can hang the
light inside the hood of your car or on a nearby part. The hook is very handy,
but don’t hook the light to anything that carries electricity!.

You'll find that a work light is useful for a variety of home repairs and for out-
side work at night, but if you're going to be working far from an electrical
outlet, you may need a long extension cord in addition to a work light.
Luckily, neither a cord nor a work light is an expensive item. You may also
want to consider a work light that gets its power from your car’s battery. I've
also seen portable battery-powered fluorescent lanterns that are useful for
night work and for camping.

Jacks

Most new cars come with a jack to be used when changing tires. If you have a
secondhand car, or if your jack has been lying around neglected, you may
need to buy one. If you think that you need a new jack, you can buy the scis-
sor type, but I suggest that you invest in a 1.5-ton hydraulic jack, which is
faster and safer and not terribly expensive (refer to Figure 1-1 in Chapter 1).

Whatever type you buy, make sure that the jack is suited to your car’s body
design. To determine the type of jack you need and to find out how to use the
jack that came with the vehicle, check your owner’s manual or ask someone
at an auto parts store.

Check your jack periodically and lubricate it. Never use a jack without the
base plate, and never jack up your car unless the wheels are properly
blocked. You can find instructions and safety tips for using a jack and chang-
ing a tire in Chapter 1.

Make sure that your jack is in the trunk of your car at all times. It’s very
depressing to kinow how to change a flat, only to find when a flat occurs that
your jack is in your garage and your car is on the road.
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Jack Stands

If you plan to work under your vehicle, you also need a pair of jack stands
(refer to Figure 1-2 in Chapter 1). With these, you jack up the car, place the
jack stands under the car close to where the jack is, and then remove the jack
so that the weight of the vehicle rests on the jack stands, and not on the jack,
which can collapse or roll over. The stands keep the car off the ground with
less danger of slipping and enable you to jack up more than one side of the
vehicle at a time. Get two jack stands and read the instructions in Chapter 1
before you use them.

Substituting boXes, stones, or bricks for jack stands is very dangerous. They
can slip out or break while you're under the car. A jack can do the same thing,
so if you’re going to work under your vehicle (and you will if you plan to do
your own lube jobs), be sure to buy a pair of jack stands. The money you
save by getting under there yourself will easily pay for the stands in no time.

Creepers

If you're going to spend a lot of time under your vehicle, you may want a
creeper, which is basically just a board with casters under it. (See Figure
2-19.) You lie on it and move around easily.
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Figure 2-19:
A creeper
makes
working
under your
car more
comfortable.

If you're good at carpentry, you can make a creeper yourself from some ply-
wood and a couple of old roller-skate wheels. If you're fed up with buying
things, try lying on an old bedboard or a ratty old blanket instead.

If you're not yet game for a lot of under-the-car work and you just want to
change your tires, change your oil, and be done with it, forget about the
creeper and just be sure that you have a jack and jack stands that work prop-
erly, and that you know how to use them safely (see Chapter 1). Your owner’s
manual can tell you how to operate the jack that came with your vehicle, or
you can take the jack to an auto supply store and ask someone there to show
you how it works.

Fire Extinguishers

A fire extinguisher isn't really a tool, but it’s a must for your vehicle. Get the
2%-pound dry chemical type.

An engine fire won'’t necessarily ruin your car — if you can extinguish it
quickly. A gasoline leak can be ignited by a stray spark from your spark plug
wires. The resulting fire looks awful, but it’s really burning on the outside of
your engine. If you put it out quickly, your vehicle may suffer little or no
damage. ‘

Cigarette butts can also land on your backseat, causing a fire, and fires can be
caused by ruptured fuel lines, flooded carburetors, and faulty wiring as well,
so an inexpensive fire extinguisher may not only save you money; it may also
save your life. If the flames are anywhere near the fuel tank, forget the hero-
ics; just run for it and throw yourself to the ground if you think that the tank
may explode.

Because your fuel tank is located right under your trunk compartment, keep
your extinguisher under the front seat of your car, in a suitable bracket that
will prevent it from rolling under the pedals when you stop the car.
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Funnels

You use funnels to fill your radiator, add oil, and add transmission fluid to
your car. Steal a large one from the kitchen, or buy one at an auto supply or
hardware store. Either metal or plastic is fine. Just be sure to clean it thor-
oughly after each use.

Some automotive funnels come with a short hose attached so that you can
insert the hose directly into a narrow opening in a space that’s too small for
the funnel to fit into.

More Things to Carry in Your Car

You can pack your toolbox with the best tools that money can buy, but all
those fancy gadgets and gizmos won’t do you any good if they're in your
garage at home when your car breaks down 30 miles from civilization. Don’t
tempt fate: Keep these tools and materials onboard at all times ( you probably
have most of this stuff already, so there’s no excuse for being unprepared):

| ~ Rags: Rags should be clean and lint-free.

Get rid of gasoline-soaked rags — they’re highly combustible. Never
keep them in closed places. Don’t use an oily rag on anything that isn’t
oily already. Because your car contains a variety of substances that
must be kept away from other substances, throw out or wash dirty rags,
and use a clean one each time you start a job. Keep a clean, lint-free rag
in your glove compartment; you’ll need it to wipe your oil or transmis-
sion dipstick.

| 1~ Spare parts: If you replace your spark plugs and your points, save the

|| old ones if they’re not too worn. Carry them in your trunk compartment
toolbox for quick replacements if something goes wrong with those in
your engine. Just be sure to replace these substitutes with new ones
immediately, because they won’t hold up well. The same goes for old,
not-too-cruddy air filters, rotors, and other minor gizmos. A couple of
extra nuts, bolts, and screws also help, in case you lose the ones you
have or strip them accidentally.

+* Emergency parts: Buy extra accessory belts, extra coolant hoses, an
| extra thermostat, an extra radiator cap, and extra fuses — they're
inexpensive and could get you out of a lot of trouble on a long trip.

1 Spare tire: Check your spare tire often. It’s humiliating to go through.the
work of changing a tire only to find that your spare is flat, too. If your
spare is worn beyond belief, most garages will sell you a not-too-hideous
secondhand tire at a low price. Make sure that it’s the right size.
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Figure 2-20:
Lug
wrenches
are essen-
tial when
you need

to change
atire.
L]

2 1 Lug wrench: A lug wrench is sometimes provided, along with a jack, on

new cars (see Figure 2-20). You use it to remove the wheel or lug nuts
when you change your tires. If you buy a lug wrench, get the cross-shaft
kind, which gives you more leverage.

i 1+~ Jumper cables: One of the most common automotive malfunctions is

the loss of power to start it, either from an old or faulty battery or from
leaving the headlights on by mistake. If you're in this situation, you can
either wait for the AAA or a nearby garage to come and bail you out, or,
if you're in a safe, well-populated area, you can stop a passing car, whip
out your jumper cables (shown in Figure 2-21), attach them in seconds,
and “jump a start” from the Good Samaritan’s car to your own. Most
people are willing to lend their cars to this sort of operation because
they lose nothing but a few minutes of their time, but it’s up to you to
decide whether you want to risk getting carjacked if the Good Samaritan
turns out to be a devil in disguise. Chapter 21 has instructions for the
proper way to jump a start.

You can buy a set of jumper cables for much less than you'd have to pay
a garage to send someone to start your car. Good cables cost more
because they have more strands of better-conducting wire, which let
more “juice” flow between the vehicles with less loss of voltage.

——Single-shaft

——Cross-shaft
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Figure 2-21:
You use
jumper
cables to
jump-start
acar.
|

Sometimes the success or failure of an attempt to jump a start depends
on the quality of the jumper cables and their grips. If you get a cheap
set, here’s an easy way to make them work better: Go under the plastic
sheath that covers the place where the cables meet the grips and
squeeze the connection tight with a pair of pliers. Doing so improves the
connection, and sometimes the cheap set of cables works beautifully —
at least for the first few times. The best way to stay out of trouble is to
pay a little extra for a quality set of cables.

N\

v Snow and ice equipment: If you live in an area that’s cold in winter, try
| to carry tire chains or a bag of sand in case you find yourself dealing
with icy conditions. (Rock salt is no longer used for this purpose
because it corrodes metal and is considered an environmental hazard.)
A small shovel may prove useful for digging your tires out, and a scraper
can clear your windshield if you've been parked in the snow and it’s iced
over. A can of de-icing fluid is useful in icy weather.

+~ Flashlights and reflectors: A flashlight is always a good addition to your
‘ glove compartment. It can help your kids locate dropped toys on the
floor of the car, enable you to see under the hood if your car breaks
down, and serve as an emergency light for oncoming traffic if you have
to stop on the road for repairs. A flashlight with a red blinker is safest
for this purpose. Of course, you have to be sure to put in fresh batteries
now and then or to carry a couple of extras.
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An inexpensive set of reflector triangles can save your life by making
your stopped vehicle visible on the road. You can use flares, but they
can be dangerous, and many states have rules regarding their use on
highways.

:l v~ First-aid kit: It’s a good idea to keep a first-aid kit in your workshop and

in your vehicle. Choose one that’s equipped with a variety of bandages,
tweezers, surgical tape, antibiotic ointment, something soothing for
burns, and a good antiseptic. You can find one of these kits for very little
money at a drugstore or an auto parts store.

| ¥ Hand cleaner: Most hand cleaners are basically grease solvents. They

range from heavy-duty stuff that removes the skin along with the grease,
to soothing, good-smelling creams that leave your skin feeling reborn, to
precleaners that you put on your hands before you start working so that
the grease slides off easily afterward. Some of these cleaners can also be
rubbed into work clothes to remove grease and oil stains before you
launder them.

| ” Gloves: Keep a pair of gloves in the car for emergencies. Thin, tough,

and comfortable dishwashing gloves are available at any discount store
or supermarket. They cost little and keep the grease from under your fin-
gernails. One problem, however, is that gasoline or solvent may melt
them. If you prefer, industrial rubber gloves, available at swimming pool
supply stores, aren’f affected by gasoline, solvent, or battery acid.

| 1~ Spare tools: If you can’t carry your toolbox in your car all the time, try

to leave a couple of screwdrivers, some standard-size combination
wrenches, an adjustable wrench, and a can of penetrating oil in your
trunk compartment. Some very handy gizmos that combine a variety
of basic tools into one all-purpose, weird-looking instrument are also
available.

1| »~ Hat: To keep the dust and grease out of your hair, and to prevent long

hair from being caught in moving parts, wear a hat that you can afford to
get dirty. A wooly watch cap or a baseball hat worn backwards works
just fine.

® 1~ Cellular phone: This device is useful when you're stuck on a road some-

where with a dead car or when you have an accident. You can call your
loved ones or friends for help or call the auto club (some cell phones
have an AAA or 911 call button) or the police.

| 1L~ Miscellaneous stuff: A roll of duct tape, a roll of electrician’s tape, a

sharp knife, and scissors also come in handy.
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Tool Checklist

) Table 2-1 (on the following page) is a handy checklist to help you keep track
P of what you have, what you need, and what you think you can do without.
Photocopy the page and take it to the store. (Asterisked tools are optional,

but definitely worth buying. Tools with two asterisks are only for vehicles
with non-electronic ignitions.)
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Table 2-1

Tool Checklist

Tool Have

Need Sizes

Standard screwdrivers

Phillips screwdrivers

Screwholder*

Combination wrenches

Offset distributor wrench**

Ignition wrenches**

Allen wrenches

Socket wrench set

Flex-head extension*

Extra handles and adapters*

Torque wrench*

Adjustable wrench

Ball-peen hammer

Combination slip-joint pliers

Wire and taper feeler gauges

Flat feeler gauge

Compression gauge*

Work light*

Jack and jack stands

Creeper®

Fire extinguisher

Funnel

Spare tire

Cross-shaft ldg wrench

Jumper cables®

Flashlight

First-aid kit
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Preventive Maintenance:A
Monthly Under-the-Hood Check
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In This Chapter A

b Preventing 70 percent of the causes of highway breakdowns
p Checking the air filter

B Checking accessory belts

B Checking the battery

B Checking the radiator

p Checking hoses

p Checking the fluid levels

p- Checking the wiring ‘

p Checking the windshield wipers and tires
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m all know people who are chronic tire kickers. These people habitu-
ally walk around their cars, kicking the tires to make sure that they
aren’t flat, before they get in and drive off. These same people habitually
open and close all the cabinet doors in the kitchen and check the gas jets to
make sure that they’re completely off every time they go past the stove. We
tend to laugh at them, yet they're probably rarely caught with flat tires, open
cabinets, or leaking gas. You can learn from these people and make a habit of
checking the little things under the hood of your car — maybe not every time
you go somewhere, but definitely once a month and before starting out on
long trips.

If the idea of committing yourself to a regular under-the-hood checkup seems
less than alluring, look at it this way: Spending 15 minutes a month on this
under-the-hood check can prevent 70 percent of the problems that lead to high-
way breakdowns! If you need more motivation, check out the sidebar “The
benefits of a well-maintained car.”
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Convinced? Then what you need to check regularly is anything that can run
out of fluid, lose air, jiggle loose, or fray after use — in other words, things
like accessory belts, tire pressure, and coolant level. This chapter explains
what to look for, how to look for it, and what to do if you discover that some-
thing needs to be replaced or refilled.

I've provided a Maintenance Record sheet at the back of this book. Make a
copy for each of your vehicles to keep track of what you check and what you
replace. You'll find a Specifications Record at the back of the book as well. To
avoid having to return parts that don’t fit your vehicle, just make a copy of
this “spec sheet” for each of your vehicles, fill in the appropriate part num-
bers, and take it with you to the auto supply store.

Once a month, in the morning, before you've driven your car, arm yourself
with a clean; lint-free rag and the tools mentioned in this chapter and open
the hood of your vehicle. (If you've never done that, see “How to Open the
Hood” in Chapter 1.) Then check the items in the sections that follow. It may
take longer the first time you do it, but after that you should be able to whip
through this check in about 15 minutes.

If the coolant, oil, transmission, brake, or power-steering fluid level is very
low, fill it to the proper level and check it again in a couple of days. If it’s low
again, ask a mechanic to find out why you’re losing fluid and correct the
problem.
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Check the Air Filter

]
Figure 3-1:
The air filter
is inside the
air cleaner.
EnEe——

Look for the air cleaner (see Figure 3-1). In carbureted engines, the air
cleaner is usually large and round with a snorkel sticking out of the side to
facilitate the intake of fresh air. Some fuel-injected engines also have a round
air cleaner; others use a rectangular one.

If you unscrew the wing nut on the lid of your air cleaner and undo any other
devices that hold it down, you'll find the air filter inside. To see whether your
air filter needs to be replaced, just lift it out (it isn’t fastened down) and hold
it up to the sun or to a strong light. Can you see the light streaming through
it? If not, try dropping it lightly, bottom side down, on a hard surface. Doing
so should jar some dirt loose. (Don't blow through the filter — you can foul it
up that way.) If the filter is still too dirty to see through after you've dropped
it a few times, you need a new one. Chapter 13 has instructions for buying
and replacing air filters.

Idle mixture
SCrews.

PCV valve
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Because the air filter extracts dirt and dust particles from the air, you should
change it at least once a year or every 20,000 miles, whichever comes first —
unless yours gets very dirty before then. If you do most of your driving in a
dusty or sandy area, you may need to replace your air filter more often.

Check the Accessory Belts

|
Figure 3-2:
Accessory
belts.

]
Figure 3-3:
Serpentine

multi-

_ accessory

drive beit.

——

Take a look at all the belts (see Figures 3-2 and 3-3) that drive the fan, the
alternator, and other parts of your car. If any of the belts “gives” more than
half an inch when you press on it, you may be able to adjust it ifit is other-
wise in good condition. If a belt is cracked or frayed inside or outside, or if
the inside surface is glazed and shiny, you should replace it. Chapter 14 has
instructions for adjusting and replacing accessory belts.
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If only one belt appears to be driving all the accessories in your car, see the
section called “Check the Serpentine Multi-Accessory Drive Belt,” which fol-
lows this one.

Chect the Serpentine Multi-Accessory
Drive Belt

In most modern vehicles, a single, long, flat drive belt (shown in Figure 3-3)
drives all the engine accessories. This belt winds its way around every acces-
sory pulley, and on the way winds tightly around a “tensioner” pulley that
keeps the belt to the correct tension. In cases where it is possible to adjust the
tensioner, you usually find something that indicates the correct belt tension.

It isn’t easy to figure out whether a belt is at the right tension just by looking
at it, but if the belt is loose, you will hear squeaky noises when you acceler-
ate sharply. (With the hood up and the emergency brake on, have a friend
accelerate the engine while you listen. Be sure to keep your hair and clothing
away from the belt.) If the belt squeaks, have a professional replace both the
belt and the tensioner because, in many cases, radiators and air conditioning
condensers may have to be removed to allow access to the belt.

Check the Battery

The battery is part of the ignition system and stores electrical current that
your car uses to start. The battery also passes electricity along to the parts
of your vehicle that need electricity to function. (For more information about
the ignition system in general and the battery in particular, see Chapters 5
and 12)

A battery, like other parts of your car, is subject to wear and tear and should
be checked regularly. In particular, you want to pay attention to the battery’s
trouble spots, shown in Figure 3-4. A battery that’s kept clean and filled with
-water should last a long time.
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Figure 3-4:
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want to pay
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To check your battery, follow these steps:

1. If you have a battery with removable caps or bars on top, remove
them. (See Figure 3-5.)

These days, most batteries are sealed.

Never open a battery with a lit cigarette in your mouth. (For that matter,
never smoke while working around your car!) Batteries are filled with an
acid that generates hydrogen gas, so you want to be careful when work-

ing around them. If you get the liquid on your skin or clothes, wash it off
with water immediately.

2. If your battery is not sealed, look inside the battery.

If you have a sealed battery, you won’t be able to do this, so disregard
Step 3 and move on to Step 4.

3. If the liquid inside the battery doesn’t reach the tops of the plates,
add distilled water or water with a low mineral content until it covers
them.

Be very careful not to add liquid past the top of the fins inside the battery.

4. If you see powdery deposits on the terminals, clean them off.
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|
Figure 3-5:
Battery
covers with
removable
caps or
bars.
]

The cruddy deposits that form in lovely colors on the top of your termi-
nals are made by battery acid. Before you clean this stuff off, remove the
cables from the positive terminal and negative terminal by undoing the

_nut on each cable clamp and wiggling the cable until the clamp comes
off the terminal post.

Always remove the cable clamp from the negative terminal first. (It’s the
one that’s marked with a - sign.) Replace the positive cable first and the
negative cable last. If you attempt to remove the positive clamp first and
your wrench slips and touches something metal, your wrench can fuse
to the part like an arc welder. ’

Brush the deposits off the terminal posts and cable clamps with an old
toothbrush or disposable nonmetallic brush and a mixture of baking -
soda and water. Sprinkle the baking soda straight from the little yellow
box that keeps your refrigerator smelling nice, dip the brush in water,
and scrub the deposits away.
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_
Figure 3-6:
A battery
terminal
brush and
clamp
cleaner.

If your cables and clamps won't clean up completely with baking soda
and water, rotate a round battery terminal cleaner brush (see Figure 3-6)
on each terminal to shine it up and ensure a good, solid electrical con-
nection. You can also shine up the insides of the cable clamps by using
the clamp cleaner that is usually sold as one unit with the terminal
brush. If you can’t find these brushes, use a soapless steel wool pad.

5. Dry everything off with a clean, disposable, lintfree rag.

Try to avoid getting the powdery stuff on your hands or clothes, but if
you do, just wash it off with water right away, and neither you nor your
clothes will be damaged.

. To prevent these corrosive deposits from forming again, coat the ter-

minals with grease or petroleum jelly.

. Examine the battery cables and clamps to see whether they are badly

frayed or corroded.

If the damage looks extensive, the cables and clamps should probably
be replaced; otherwise, the battery may short-circuit and could damage
onboard computers.

In most modern cars, computers control the engine fuel and ignition sys-
tems and automatic transmission functions. When messing about with
batteries and their cables, be extremely careful not to make a mistake
and inadvertently send a shot of unwanted voltage into one of the com-
puters and destroy it. They’'re not cheap to replace! Carefully remove
and replace battery cables, always removing the negative cable first and
replacing it last.
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If you don’t want to lose all those precious radio presets when you dis-
connect the battery, you can make a cheap tool with a cigarette lighter
socket and a 9-volt battery. (Most electronics stores can set this up for
you.) Plug the 9-volt battery into your cigarette lighter socket before dis-
connecting the battery, and when you're done, you'll still have all those
radio presets. That process also helps maintain memory for your on-
board computers for your engine and transmission.

Take these precautions: Tie the cables back while you're working on the
battery so that they don’t flop back over onto the terminals. Always
remove the negative cable if you plan to work on wiring under the hood.
Do not allow anything made of metal to connect the terminal posts; this
can damage the battery. And if the cables are connected to the posts at
the time, you can destroy the onboard computers.

8. If you've been having trouble starting your car, if your headlights
seem dim, or if the battery is old and has bars or caps that you can
remove and look inside, buy a battery tester (see Figure 3-7) and use
it to check whether the battery acid concentration is high enough.

|
Figure 3-7:
Battery
tester.
|

These testers cost only a few dollars. You simply draw some of the bat-
tery fluid (electrolyte) into the tester and look at the floating balls inside
it. A scale on the tester tells you the condition of the battery fluid. If you
get a very low reading, you can try having the battery refilled and
recharged at a service station. If they tell you that your battery should
be replaced, replace it. It’s no fun to get caught with a dead battery,
because you can't drive to the store to get a new one!
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If you have a sealed battery and you own or can borrow a voltmeter,
attach it across the battery terminals (red to positive and black to nega-
tive). With all accessories off and the battery at 70 degrees Fahrenheit,
the voltage reading should be 12.6 volts or slightly lower at lower tem-
peratures. Or just stop off at your local service station and have them
test the battery.

9. Check the battery case and the terminals.

If you see major cracks in the battery case or obvious terminal damage,
the battery should be replaced regardless of its electrical performance.

When replacing the battery, buy a new one with a reputable brand name at an
auto parts store, battery service, or department store; don't risk getting
stranded by a cheap battery that malfunctions. But don’t overbuy, either; it’s
foolish to put an expensive battery with a five-year guarantee in a vehicle
that you intend to get rid of in a year or two.

Don’t just dump your old battery into the trash, where it’s a hazard to the
environment. Because batteries are recyclable, you can trade in your old bat-
tery for a discount on the price of a new one and walk away content knowing
that the old one will be back in service before long.

Check the Radiator

The radiator cools your engine and needs water and coolant (sometimes
called antifreeze) to function. (Chapter 8 familiarizes you with the parts of the
cooling system and how they work; Chapter 14 tells you how to flush your
cooling system and do minor repairs on it; and Chapter 21 tells you what to
do if your car overheats on the road.)

Always use a 50/50 mixture of coolant and water to fill or top off the cooling
system. Use plain water only in an emergency. Most modern engines have alu-
minum cylinder heads, which require the protective anticorrosive properties
of antifreeze to prevent corrosion. For the purposes of brevity, I'll refer to
that 50/50 mix simply as “liquid” or “coolant” from now on.

Never add coolant to a hot engine! If you need to add more liquid, wait until
the engine has cooled down to avoid the possibility of being burned or crack-
‘ing your engine block. To check the level of the liquid in your cooling system
and add more, if necessary, do the following:

v~ If your car has a coolant recovery system (a plastic bottle connected to
the radiator that holds an extra supply of liquid, shown in Figure 8-2
in Chapter 8): There’s no need to open the radiator cap. Just check to
see whether the liquid reaches the “Full” line on the side of the bottle. If
it doesn’t, add a 50/50 mix of water and coolant to the bottle until it
reaches the “Full” line.
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Some coolant reservoirs are pressurized and have a radiator cap instead
of a normal cap. Do not open these when the engine is hot, or hot
coolant may be ejected.

v If your car has no coolant reservoir: You need to open the cap on your
radiator, peek down the hole and, if necessary, add liquid. The next two
sections show how to do so.

Opening a radiator cap safely

Never try to remove a radiator cap from a hot engine; the escaping steam can
burn you. Wait for the engine to cool down. Test for a cool engine by grasping
the large upper radiator hose. If the hose is hot to the touch and/or feels like
it has a lot of pressure inside it, continue to wait until it’s cool enough for you

to open the cap safely.

To open the cap (as shown in Figure 3-8), place a cloth over the cap and turn
it counterclockwise to its first stop. This allows the pressure to escape. If you
see liquid or a great deal of steam escaping, retighten the cap and wait for
things to cool down. If not, continue to turn the cap counterclockwise to
remove it. Tilt the cap away from you as you remove it so that whatever
steam remains lands on the engine or under the hood, and not on you.

Checking and adding coolant to a radiator

If you have no reservoir, here’s how to check the coolant level (after you get
the radiator cap off) and add liquid, if necessary:

1. Look down the hole in the top of the radiator; you should be able to
see the liquid an inch or so below the place where the cap screwed on.
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If the liquid is below the fins in the radiator, or you can’t see it at all, the
level is too low.

2. If the level is too low, pour a 50/50 mixture of water and coolant down
the radiator hole until it covers the fins or reaches an inch or so
below the cap.

Keep the following points in mind as you check the coolant in your radiator
or coolant reservoir:

? 1” Coolant is usually red, green, blue, or yellow. If it looks colorless, looks
©  rusty, or has things floating around in it, flush your cooling system and
add new coolant. Instructions for when and how to do so are in

Chapter 14.

1+~ If the coolant has a sludgy, oily surface, immediately take the car to
1  your mechanic to check for internal head gasket leakage. The service
facility will have special equipment for performing this check.

Coolant is very toxic and cannot be disposed of except at special depots
set up for this purpose. Call your local toxic waste management agency
to find out where you may take coolant for disposal.

I| 1 While you’re messing around with your cooling system, feel the radia-
| tor hoses, too. (They're the big hoses that go into the top and come out
of the bottom of the radiator.) If they're leaking, cracked, bulgy, or
squishy, they should be replaced.

For more information about replacing hoses and adding water or coolant to
the radiator, see Chapter 14; to find out what to do if your car overheats
anyway, head to Chapter 21.

Check the Hoses

To check your car’s hoses, walk around the hood area and squeeze every
hose you encounter. If you find any that are leaking, bulgy, soft and squishy,
or hard and brittle, replace them. Replacing a hose is easy and inexpensive.
You'll find instructions for how to do so in Chapter 14.

<P It pays to replace hoses before they break; any savings in time or effort aren’t
worth the aggravation of having your trip come to an abrupt halt on the free-
way because of a broken hose. Most tow trucks don’t carry spare hoses
(they’d have to carry too many different kinds, and they don’t have the time
to change hoses on the road), and you may end up paying an expensive tow
charge for a couple of dollars’ worth of hose that you could have replaced
ahead of time in about ten minutes.
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Check the 0Oil Dipstick

Oil reduces the friction in your engine and keeps it running smoothly. You
should check your oil at least once a month to make sure that there’s enough
oil and that it isn’t contaminated.

To find out whether your car needs oil, do the following:

1. When the engine is cold (or has been off for at least ten minutes), pull
out the dipstick (the one with a ring on the end of it that sticks out the
side of the engine, as shown in Figure 3-9) and wipe it off on a clean,
lintfree rag.

]
Figure 3-9:
The oil
dipstickis
located on
the side of
the engine.
L]
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2. Shove the stick back in again.

If the dipstick gets stuck on the way in, turn it around. The pipe it fits
into is curved, and the metal stick bends naturally in the direction of the
curve if you put it back in the way it came out.

3. Pull the dipstick out again and look at the film of oil on the end of the
stick (see Figure 3-10).

Figure 3-10:
This is one
time when

you want to

follow direc-

tions from a

dipstick.
I

4. Notice how high the oil film reaches on the dipstick and the condition
of the oil.

If your oil looks clean enough but only reaches the “Add” level on the
dipstick, you need to add oil. You can get some oil the next time you fill
up at the gas station, or you can buy a bottle at an auto supply store and
add it yourself. Chapter 15 can help you to determine the proper weight
oil for your vehicle; it also provides instructions for locating the place to
pour in the oil.

If the oil is dirty and grimy or smells of gasoline, it probably needs to be
changed. You can pay a mechanic or an oil-change place to change it for
you, but why not head to Chapter 15 to find out how to change the oil
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yourself? The task is easy and can save you a lot of money. [ know that
it'’s easy because, during one of my appearances on his show, Regis
Philbin changed the oil in a car in five minutes without getting a spot on
his [talian silk suit!

5. Put the dipstick back in.

Check the Automatic Transmission Fluid

To check your automatic transmission fluid, look for a dipstick handle toward
the rear of the engine, sticking out of your transmission (see Figure 3-11) or
transaxle (if your vehicle has front-wheel drive).

|
Figure 3-11:
Where to
find the dip-
stick for an
automatic
transmission.

SMBER If you have a car with a manual transmission, disregard this step. The fluid
§ level in a manual transmission must be checked with the vehicle on a hoist to
enable the technician to reach a plug in the bottom of the transmission. It’s
best not to monkey around with this yourself. The next time your car is in for
repairs or lubrication, have the mechanic check the transmission fluid level
for you as well. However, it's a good idea to know what type and viscosity of
fluid goes into your transmission and to make sure that’s what the technician
plans to use. Some newer manual transmissions use automatic transmission
fluid; others use engine oil.

To check your automatic transmission fluid, do the following:

1. With the gearshift in Neutral or Park and the emergency brake on, let
your engine run. When the engine is warm, pull out the dipstick.
(Don’t turn off the engine.)

2. Wipe the dipstick with a clean, lint-free rag; then reinsert it and pull it
out again.
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3. If the transmission fluid doesn’t reach the “Full” line on the dipstick,
use a funnel to pour just enough transmission fluid down the dipstick
tube to reach the line. Don’t overfill!

There are several types of transmission fluid. Each is made for a specific
type of automatic transmission. Newer transmissions from the major
auto-makers require different fluid than vehicles as little as two years
old. Because so many different kinds of transmissions are around these
days, check your owner’s manual or dealership to find out which type of
fluid your car requires, and enter that type on your Specifications
Record.

4. Dip the tip of your index finger into the fluid on the dipstick and rub
the fluid between your finger and the tip of your thumb.

The transmission fluid on the dipstick should be pinkish and almost
clear. If it looks or smells burnt or has particles in it, have a mechanic
drain and change the fluid.

If your car hesitates when your automatic transmission shifts gears, the first
thing to check is the transmission fluid level — before you let any mechanic
start talking about servicing or adjusting your transmission or selling you a new
one. Many symptoms of a faulty transmission are the same as those for being
low on transmission fluid. Obviously, adding transmission fluid is a lot cheaper
than replacing the whole transmission system! See Chapter 17 for advice.

Check the Brake Fluid

On the driver’s side of your vehicle, usually up near the firewall, is a big,
round thing called the vacuum brake booster. Just in front of that, sitting on
and connected to the brake master cylinder, is the brake fluid reservoir, a
plastic canister that contains (you guessed it) brake fluid. (Older vehicles
don’t have a plastic reservoir; instead, the master cylinder is a little metal
box with a lid that you must remove to check the fluid level.)

When you put your foot on the brake pedal, the fluid in the master cylinder
(see Figure 3-12) moves down the brake lines to the front and rear brakes. If
there’s insufficient brake fluid, air is introduced into the brake lines and your
car won't stop properly. Therefore, it’s important to keep enough brake fluid
in your brake fluid reservoir. (This situation is not as scary as it sounds;
most master cylinders have two chambers as a safety feature. This way, if
one well of brake fluid suddenly goes dry because of a leak in the brake lines
or something like that, the other chamber still has enough fluid in it to stop
the car.)

If your vehicle has anti-lock brakes (ABS), consult your owner’s manual before
checking your brake fluid. Some require you to pump the brake pedal approxi-
mately 25 to 30 times before opening and inspecting the fluid reservoir.
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]
Figure 3-12:
The master
cylinder on
many popu-

lar cars.

]

To check your brake fluid, do the following:

1. Open the top of your brake fluid reservoir.

If you have the kind with a little plastic reservoir on top, just unscrew
the cap of the reservoir. If you have a metal master cylinder that con-
tains the reservoir, use a screwdriver to pry the retaining clamp off the
top (see Figure 3-13).

Figure 3-13:
Releasing
the lid of a
metal
master
cylinder
with a
screwdriver.

SWON Always clean the top of the cylinder or reservoir carefully before open-
ing it. A small amount of dirt falling into the fluid can cause the internal
seals of the master cylinder to fail. Your brakes will begin to lose effec-
tiveness and ultimately fail completely.

2. Look to see where the fluid level lies between the low- and high-level
indicating marks on the plastic reservoir, or inside the master cylin-
der, to make sure that the brake fluid level is within half an inch or so
of the cap. '
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If the level isn’t high enough, add the proper brake fluid for your vehicle.
(You can find instructions for buying the proper brake fluid in Chapter 18.)
Also keep the following points in mind:

* Don’t get brake fluid on anything that’s painted — brake fluid
eats paint. If you spill any, wipe it up immediately and get rid of the
rag. Because brake fluid is toxic, take anything with more than just
a couple of small spots of fluid on it to a toxic waste center.

¢ Don’t get grease or oil in your brake fluid — either one may ruin
your hydraulic brake system.

* Don't leave a can of brake fluid standing around open. Brake
fluid soaks up moisture to keep it from settling in the hydraulic
components and corroding them. If moist air gets to brake fluid for
as little as 15 minutes, the fluid is ruined. So keep the can tightly
closed until you're ready to use it, and if you have some fluid left
over, take the can to a toxic waste center for disposal.

If your car has a manual transmission and the brake fluid reservoir is
empty when you check it, you may have to “bleed” the brake system.
See Chapter 18 for step-by-step instructions.

Because brake fluid deteriorates with use, it should be replaced by a
mechanic if it looks dark in color. In any case, have the fluid changed every
two years. Doing so protects the hydraulic components from internal corro-
sion and premature brake failure.

Check the Power-Steering Fluid

To check the power-steering fluid, locate the power-steering pump in your
car (see Figure 3-14). If you can’t find it, your owner’s manual should tell you
where it is. Unscrew the cap and see whether the fluid reaches the fill mark
on the dipstick (or whether it’s near the top of the bottle). If the level is low,
check your owner’s manual or dealership to see what kind of fluid your
power steering pump requires. Mark this type on your Specifications Record
for future reference.

Check the Wiring

Feel the wires that you encounter under the hood. If they feel hard and inflex-
ible, if bright metal wires show through the insulation, or if the wires look
corroded or very messy where they attach to various devices, they may need
to be changed before they short out. Until you really get to be an expert, have
a professional do the rewiring for you.
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Figure 3-14;
The power-
steering

pump.

To figure out whether your ignition wires are electrically sound and not leak-
ing to surrounding engine paris, put the car in Neutral or Park and put the
emergency brake on. Start your engine, and lift the hood at night in a place
where no light shines on your car. Look down at the engine until your eyes
are accustomed to the dark. If your ignition wires are leaking, you’ll see flash-
ing lights — almost like a small fireworks display within your engine
compartment. Have the ignition wires replaced if you see this.

Check the Windshield-Washer Fluid

Under your hood is a plastic bottle or bag that connects to the washers on
your windshield wipers. Is it full of liquid? If not, you can fill it with any one of
a variety of windshield-washer solutions — you can even use a home window
cleaner. Don’t use detergent. It can leave a residue that can plug up your lines,
and it isn’t easy to drive with suds all over your windshield!

Pay attention to the kind of washer fluid you get. Some kinds are concen-
trated, which means that you need to mix them with water before you add
them. If you live in an area that gets cold in the winter, you can buy a pre-
mixed washer solution that contains antifreeze. This solution comes in quart
and gallon sizes and keeps your windshield clean while preventing the liquid
from freezing up in cold weather.

Other Important Checks

Although they’re not found under the hood, you should check the following
two areas as part of your monthly routine.
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Check and replace windshield wipers

If your wipers have been making a mess of your windshield, buy new blades
or new inserts for them. The rubber wiper inserts are inexpensive and usu-
ally just slide into place. The metal blades into which the inserts fit are a little
more expensive, but if your old ones look corroded or generally aren’t in
good shape, you should replace them as well. The metal blades frequently
come in packages with conversion parts for different cars. Consult your auto
parts store for the type and size of blades you need and for instructions on
inserting the blades if you can’t figure out how to do so just by looking at
them. Be aware that some vehicles have different-sized wipers for the driver
and passenger sides, and that other vehicles have only one wiper. If your
vehicle has a rear window wiper, don’t forget to check that, too.

Check the tires

Tires that are low on air pressure wear down faster and make your car harder
to steer. Tires that have too much pressure may blow out or steer erratically.
Try to keep your tires inflated to within the manufacturer’s specified range.
To do so, buy an accurate tire gauge (they aren’t expensive) and check the
pressure in each tire. Chapter 19 has instructions for performing this easy
task and checking your tires for signs of a variety of problems.

If you've done this monthly under-the-hood check, congratulations! You now
know that your vehicle has what it needs in terms of fuel, oil, water, and
other exotic beverages. You can be reasonably sure that it won’t leave you
stranded on the highway because of a faulty hose, wire, or belt, and you did it
all yourself! Doesn't it feel good? There’s nothing like working on your own
car for instant rewards. Get in and drive it around. It feels smoother, right?
The pickup is better. The car is happier, and you can hear the engine purring.
Your vehicle knows that you care about it, and your efforts have drawn the
two of you closer to one another. Silly romanticizing? Well, I have either an
extremely affectionate car or a wild imagination.
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In this part . . .

ou can’t repair anything on a vehicle until you know

how it works. In this part, I explain what makes a
vehicle run, walking you through system by system.
Despite the fact that the only interaction your vehicle usu-
ally seems to demand from you is a key in the ignition and
a foot on the gas pedal, you may be surprised to find that
cars really aren’t magic. Also included in this part is a
chapter on special vehicles and how they work: diesels
and alternatively powered vehicles.




Chapter 4

The Inner Secrets of
Your Car Revealed
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In This Chapter
B Figuring out what makes a car go
p Understanding basic automotive systems

B Locating the basic parts on your own vehicle
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One of the major events that marked the transition of early man from
“wise monkey” to a more civilized critter was the ability to get some-
thing else to do his work for him. Along with such major technological
breakthroughs as the club and spear, the control of fire, and the invention of
the loincloth was the eventual use of round logs (later called “wheels™) to
move things and people. Wheeled carts of various types were pushed or
pulled by humans and animals for centuries until some early science-fiction
freak decided to invent a machine that could move itself, and the first engine
appeared.

Today, most people possess vehicles that can move themselves. True, you
have to tell your car when to go and when to stop, and you have to steer it in
the proper direction and keep it in good running order, but any vehicle is
basically a set of wheels with an engine to turn them.

The internal combustion engine, which still forms the “heart” of most vehi-
cles, is a lightweight, fairly efficient, and relatively uncomplicated piece of
machinery. It works on a mixture of gasoline and air to produce enough
power to turn a shaft that turns the wheels. The basic gizmos on your car are
simply the things that bring the fuel and air together in the proper quantities,
ignite them, and channel the resulting power to the wheels. All the rest of the
stuff is there to make this happen with ease and efficiency, to provide you
with some control over what’s going on, and to give you a place to sit and.to
stow your groceries.

For a look at the future, check out the alternatively fueled vehicles described
in Chapter 7.
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In this chapter, I give you a brief overview of how each of the basic systems
in a vehicle with a standard internal combustion engine functions and how
these systems work together to make the vehicle run. Don’t worry about
what model you own; every vehicle with an internal combustion engine
works on the same principles. By viewing your vehicle as a series of simple
systems, each with a specific job to do, you can stop seeing it as a dismaying
collection of wires, hoses, and gizmos and be able to deal with it easily and
confidently. Once you've gotten a general idea of how things work, the rest of
the chapters in Part I explore each system in detail. When you’ve become
familiar with how a system functions, you're ready to tackle the chapter in
Part 11l that shows you how to work on that system.

Every car manufacturer makes sure to do something a little bit differently
than the competition does so that it can get patents and say that its vehicles
are the best. Also, the location and looks of the engine and transmission in
rear-engine cars and front-wheel drive vehicles are different from those with
traditional front engines and rear-wheel drive. Therefore, if any part of your
vehicle is not exactly where it is in the pictures in this chapter, don’t panic.
Believe me, the part is in there someplace, or your car wouldn't go. If you
have trouble finding something, your owner’s manual should have a diagram
(which was probably gibberish to you until you bought this book) showing
the location of each principal part. You can also ask a friend who has a simi-
lar vehicle, or your friendly automotive technician, to point out these
“missing” parts. 'm willing to bet, however, that if you read this chapter care-
fully with an eye on your own vehicle, you can locate almost all the parts
yourself. y

Although you certainly don’t need them to get through this book, it’s good to
have both an owner’s manual and a service manual for every vehicle you
own. If you don’t have an owner’s manual, ask your car dealer to get one for
you or to tell you where you can get one. Service manuals are also available
for every vehicle, and I strongly suggest that you get one of these as well.
Every auto repair facility cannot stock a service manual for each year, make,
and model of every vehicle, and if you lend your service manual to an inde-
pendent service facility that is working on your car, you can save money by
reducing the time it would take them to figure out the proper way to repair it.
Also, if you get to the point where you want to do more than basic repairs,
one of these manuals will be indispensable. The drawings in service manuals
show you where every little screw and washer fits so that you won’t end up
with a couple of “extra” parts at the end of the job, and they show you how to
do each job in the most efficient manner.

You can obtain a service manual at the parts department of your local dealer-
ship, or write to the company that made your vehicle and print “Service
Manuals” on the envelope. The car manufacturer will be very happy to sell
you one. If you have an older vehicle, you can find new or used service manu-
als or instruction books for it in bookstores. Public libraries often have
surprisingly large collections of service manuals, too.
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Whenever you encounter an unfamiliar term set in this font, you'll find it in
the glossary at the end of the book. This glossary not only defines the word
but usually provides practical information about it as well.

What Makes It Start?

3

R
Figure 4-1:
The starting
system.
——

Although people tend to think that most vehicles are totally powered by
gasoline, many parts — the radio, headlights, clock, and so on — actually
function on electricity. Of course, you could get along without these devices
if you had to, but did you know that it also takes electricity to get your car to
start? An ignition system works in conjunction with your car’s electrical
system to provide the power that allows your starter to make your engine
turn over. Once your engine turns over, it can begm to run on gasoline, just as
you expected it to.

The following is a blow-by-blow explanation of what happens when you start
a car. Most vehicles still have traditional gasoline-powered engines; if yours
doesn’t, you can find information about alternatively powered vehicles in
Chapter 7.

To get the most from this chapter, take the book out to your vehicle and try to
find as many of the parts as possible as you read along. (If you don’t know how
to get the hood open, you can find instructions in-Chapter 1.) Just fouching the
weird-looking gizmos under the hood helps you get past any doubts and fears
you may have about getting more intimately involved with your vehicle. But
then, isn't it always that way?

1. When you turn the key in your car’s ignition switch to Start, you close a
circuit that allows the current to pass from your battery to your starter
via the starter solenoid switch. (See Figure 4-1.)

Starter Ignition
solenoid switch

79
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Figure 4-2:
The fuel
system.
|

2. The starter makes the engine turn over (that’s the growling sound you

hear before the engine starts running smoothly). Chapter 5 tells you
exactly how it does this.

3. Once the engine is running, fuel (gasoline) flows from the fuel tank at

the rear of the car, through the fuel lines, to the fuel pump under the
hood. (See Figure 4-2.) Chapter 6 explores the fuel system in detail, and
Chapter 13 shows you how to keep it in tune.

£
Fuel injection
system

. The fuel pump pumps the gasoline through a fuel filter into the intake

manifold. (In carbureted cars, the gasoline is pumped into the carbure-
tor, but nearly everything else is similar in cars with fuel injection.)

. Each pound of fuel is mixed with 15 pounds of air to form a vaporized

mixture, like a mist. Because fuel is much heavier than air, this mixture
works out to something like 1 part of fuel to 9,000 parts of air, by
volume. In other words, your engine really runs on air, with a little fuel to
help it!

. This fuel/air mixture passes into the cylinders in your engine. A cylinder,

as shown in Figure 4-3, is a hollow pipe with one open end and one
closed end. Inside each cylinder is a piston, which fits very snugly and
moves up and down. The piston moves up, trapping the fuel/air mixture
in the upper part of the cylinder and compressing it into a very small
space.

. A spark from a spark plug ignites the fuel/air mixture, causing an

explosion.
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Connecting rod

I
Figure 4-3:
A cylinder
and piston.
I

Crankshaft

8. The explosion forces the piston back down again, with more power than
it went up with.

9. Attached to the bottom of the piston is a connecting rod, which is
attached to a crankshaft, which leads, eventually, to the drive wheels of
your car. As the piston and the connecting rod go up and down, they
cause the crankshaft to turn. As shown in Figure 4-4, this is pretty much
the same motion you use to pedal a bike: Your knee goes up and down
while your foot pedals 'round and ’round.

T
Figure 4-4:
The pistons
and con-
necting rod
move up
and down

to turn the
crankshaft
in circles.
—
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Figure 4-5:
Cutaway
view of a

car with
rear-wheel
drive.
|

Figure 4-6:
Cutaway
view of a

car with
front-wheel
drive.
]

10. At the other end of the crankshatft is a box of gears called the transmission.

If your car has a conventional engine with rear-wheel drive (see Figure
4-5), the transmission is under the front seat. If it has a transverse engine
and front-wheel! drive (see Figure 4-6), the transmission is under the hood
of the car. On rear-engine cars, both the engine and the transmission are
under the rear deck lid, where the trunk would ordinarily be found.

Differential

U-joints

Qit dipstick

Engine block

Cylinders

Crankcase Transaxle

Transmission dipstick
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11. If your car has a manual transmission, you'll also find the clutch located
between the crankshaft and the transmission. The clutch tells the trans-
mission when to connect or disconnect the engine from the rest of the
drive train. In a car with an automatic transmission, this is done auto-
matically.

12. When you shift into Drive (or First, if you have a manual transmission), a
set of gears causes the rest of the crankshaft (which is called the drive-
shaft after it leaves the transmission) to turn at a particular speed. See
Figure 4-7.

Clutch pedal

Gearshift ,
) " Driveshaft

Output

I—— e B U-Joints
Figure 4-7: Differential
The Crankshaft C!utéh Input Throyv-out Resr
drive train. disk  shaft bearing axle
—

13. The driveshaft runs to the rear wheels of conventional rear-wheel-driven
vehicles and ends in another set of gears called the differential. The dif-
ferential turns the power of the engine and the transmission 90 degrees
into the axles that connect the drive wheels of the car. Because on most
vehicles, the axle is set at right angles to the driveshaft, you can see that
the differential is really changing the direction of the power so that the
drive wheels can turn. Chapter 9 looks at drive trains and transmissions
in detail, and Chapter 17 helps you deal with them.

Cars with front-wheel drive or with rear engines do not require drive-
shafts because the power source is located right between the wheels
that are going to drive the car. On these vehicles, the transmission and
the differential are combined into a single unit called the transaxle,
which connects directly to provide power to the drive wheels.

14. The drive wheels turn and push the vehicle forward (or backward), and
off you go.

And you thought you just had to turn on the ignition and step on the gas!
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What Makes It Run?

T
Figure 4-8:
The ignition
system.
|

Now let’s take a look at what some other systems do to keep the car moving
happily down the road. Because these systems work simultaneously and just
keep on doing the same thing over and over, there’s no need to take them
step-by-step.

The ignition system

Once your car has started running, the ignition system (see Figure 4-8) con-
tinues to provide electric current to the spark plugs so that they can provide
the spark that causes the fuel to burn. To do so, the current passes from the
alternator to the coil, where it is amplified. From the coil, the current goes to
the distributor, which directs it to the proper spark plug at the proper time.
Chapter 5 examines the ignition system and the rest of the electrical system
in greater detail, and Chapter 12 shows you how to keep its various parts
working together in harmony. o

Lahd

Spark plugs

Ignition
switch

Ground
{frame of car)

Distributor
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IR
Figure 4-9;
The cooling
system.
I

The cooling system

Because the temperature at which the combustion of fuel and air takes place
is around 4,500 degrees Fahrenheit, the temperature must be quickly lowered
below the boiling point, or your engine would break down rapidly. To keep
your engine cool, water and coolant circulate from your radiator through pipes
in your engine called water jackets. A water pump keeps the water circulating,
and a fan helps keep the engine cool when you're stopped at a light and there’s
no air rushing through the fins in the radiator. (See Figure 4-9.)

Chapter 8 explores this system in greater detail, and Chapter 14 shows you
how to do simple jobs like flushing the system and replacing the coolant. It
also shows you what to do if your car overheats.

The lubrication system

Oil constantly circulates through your engine to keep its moving parts ( pis-
tons, connecting rods, crankshaft, and the like) lubricated to move freely and
to reduce the friction that causes your engine to heat up. An oil pump keeps
the oil circulating, and an oil filter keeps it clean. The rest of the lubrication
system (see Figure 4-10) is devoted to keeping the moving parts outside the
engine from rubbing against one another and wearing each other away. To
find out more about this system and how to change your oil and oil filter, see
Chapter 15. Chapter 16 tells you how to lubricate other parts of your car.

Radiator cap
Radiator Top radiator hose

Fan belt

Bottom radiator hose
Water jackets
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]
Figure 4-10: \
The lubrica- 0il pan 0|l.fllter
tion system. 0il pump
R

The exhaust system

The exhaust system, shown in Figure 4-11, is the waste disposal system of
your car. Exhaust gases from the burnt fuel/air mixture that was ignited in
the cylinders pass through exhaust pipes to the tailpipe at the rear of the
vehicle (these gases contain carbon monoxide, which is poisonous). On the
way, antismog pollution-control devices remove some of the harmful sub-
stances. A muffler controls the noise of the escaping gases; if it fails, you can
get a ticket, probably for disturbing the peace! There is little you can do to
maintain or repair this system except to have the tailpipe or muffler replaced
if it breaks or wears out. You'll hear about its parts again as you wend your
way through the book.

Tailpipe

_
Figure 4-11:
The exhaust
system.
. ]
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What Makes It Stop?

Still with me? Good! Now all you need to know is what goes on when it’s time for
the car to stop. (See Figure 4-12.)

Disc brake
(front)

Brake line

Master cylinder

Brake warning
light switch
[

» Power brake
{optional)

Brake pedal

Drum brake
— (rear) %
Figure 4-12:
The brake
system.

1. To stop your car, you step on the brake pedal.

2. The brake pedal pushes against another piston in a cylinder located under the
hood of your car. This is called the master cylinder, and it is filled with a
liquid called brake fluid.

3. When the piston in the master cylinder is pushed by your brake pedal, it
forces the brake fluid out of the master cylinder into tubes called brake lines,
which run to each wheel of your car.

4. The wheel has either a disc brake or a drum brake. To keep it simple, I'll just
look at disc brakes here. (Drum brakes work on the same general principles;
see Chapter 10.) A disc brake is composed of a flat steel disc (surprise!) sand-
wiched between a pair of calipers, as shown in Figure 4-13. These calipers
contain one or more little pistons that are forced into the disc by the brake
fluid.
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R
Figure 4-13:
Atypical
disc brake.
T

Calipers

5. Brake pads located between the disc and the pistons grab the disc with
their rough asbestos surfaces and force the disc to stop turning. This
forces the wheel to stop turning. When the wheels stop turning, the car
comes to a stop.

6. When you take your foot off the brake pedal, the whole process is
reversed: The brake pads release their hold on the disc, the fluid moves
back up the brake lines to the master cylinder, and the wheels can turn
freely again.

Four-wheel disc brakes are standard on most new vehicles. Other vehicles
have disc brakes on the front wheels and drum brakes on the rear wheels. A
few older cars have drum brakes all around. Chapter 10 tells you all about
both kinds of brakes and how power brakes and parking brakes work, and
Chapter 18 shows you how to check the brake system on your car to see
whether it’s in good shape and how to do simple brake work.

Now that you've got the general picture of how the various systems in your
car work together, the rest of this part goes into detail about each system.
Then Part Ill shows you how to keep each automotive system functioning
smoothly with simple maintenance and easy repairs. If your car is behaving
erratically, check out Chapter 20 for a guide to various symptoms and what
they mean. If you encounter something that you can’t handle, Chapter 22 tells
you how to find a good service facility and become its favorite customer.



Chapter 5

The Electrical System:
“Your Car's Spark of Life
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In This Chapter ,

> How the starting system works

> How the charging system keeps things going
& How the ignition system fires things up
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' he electrical system provides your vehicle with that vital spark that
makes it start and keeps it running. Here are some of the services that
the electrical system performs:

# 1~ It provides the initial power to get your engine started, through the
©  starting system.

v~ 1t fires the spark plugs so that they can cause the fuel and air to “com-
| bust” and drive your engine, through the ignition system.

v~ 1t fires the fuel injectors on fuel-injected engines through a computer-
| ized engine-control system.

1 It generates electrical power for the various systems in your vehicle that
: depend on electric current, through the charging system.

it stores excess current for future needs, in the battery.

| 17 It runs a mixed bag of electrical gadgets, like your car’s horn, headlights,
; and so on, through various circuits.

The following sections break down the electrical system into its basic
functional subsystéms.



90 Part Il: What Makes It Go?

The Starting System

|
Figure 5-1:
The starting
system.
|

The starting system, shown in Figure 5-1, is the portion of the electrical
system that gets your car started. When you turn your key in the ignition
switch to “Start,” the action closes a circuit that lets electrical current flow
from your car’s battery to its starter. On the way, the current passes through
a little device called the starter solenoid, which becomes important only if it
malfunctions. Basically, all the solenoid does is pass the current along; you
don’t adjust or replace it unless it breaks down.

Starter Ignition
solenoid switch
switch

The following sections describe each part of the starting system.

Because actually seeing and touching something is worth a thousand words, it’s
a good idea to take this book out to your vehicle and trace the path of the elec-
tric current to each part in the system. Don’t be shy now! (If you need them,
you can find instructions for opening the hood in Chapter 1.) If, as you try to
trace the wiring through the starting system, you find a couple of parts that I
haven’t mentioned yet (like a little square box called a voltage regulator), just
hang in there. Like the solenoid, you don’t have to fuss with these parts unless
they fail, and if they fail, they have to be replaced by a professional.

The battery

The battery is the big box that sits under the hood. (See Figure 52.) It’s filled
with acid and distilled water and has a set of plates inside it. The battery
stores electric current for starting the car, turning on the lights, and powering
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the ignition system. It also stabilizes the voltage in the electrical system and
provides current whenever the electrical demands exceed the output of the
charging system. Quite a helpful little gadget!

On the battery, attached to either the top or the sides of the box, are two large
metal terminals. One is a positive terminal; the other is a negative terminal.
You can tell which is which because the positive terminal is usually larger and
may have a “+” or the word “Positive” on or near it.

On many vehicles, there’s a red cap on the positive terminal, and the battery
cable leading to it may be red as well. The cable to the negative terminal is
usually black. The clamps on the cables that you use to jump-start a dead
battery are usually colored red and black so that you can tell which one goes
where. You can find instructions for jump-starting a dead battery in Chapter 21.

As you can see in Figure 5-1, most cars are negative ground, which means that
the wire from the negative terminal is attached to the frame of the vehicle to
ground it, and the wire from positive terminal leads to the starter, ignition,
and so on. (Some foreign cars are positive ground — or positive earth, as they
call it in England — and this simply means that the wire from the positive ter-
minal is attached to the frame of the car to ground it.)

(@ Container

@) Cover

(3 Positive plates
(@) Negative plates
(&) Separators

() Cell

@ Cell connectors
Terminal post

(@) Vent cap
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Today, most batteries are sealed and don’t require much maintenance.
However, deposits do form on the terminals, and they can impede the flow
of current. Chapter 3 tells you how to check your battery and remove these
deposits.

The starter

After the battery sends the current to the starter solenoid (refer to Figure 5-1),
the current goes to the starter. The starter is the device that makes your
engine turn over. (Figure 5-3 shows what a starter looks like, and Figure 54
shows how a starter works.) It’s an electrical motor with a gear called a
starter drive at one end. The starter drive engages a ring gear on a flywheel
that’s bolted to the back of the engine crankshaft. When you turn your key in
the ignition switch, the starter drive slides down the shaft and engages the
ring gear. This spins the flywheel, which starts the crankshaft turning so that
the pistons can go up and down, the spark plugs can fire, and the engine can
start running. As soon as the engine is started, the starter has done its job,
and you should let go of the key. As your key returns to the “On” (or “Run”)
position, where it stays until you shut off the engine, the starter drive disen-
gages from the flywheel, and your engine continues running on the fuel and
air that are being pumped into its cylinders.
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SN If you keep the key in the “Start” position after the engine starts running,
by you'll hear a strange noise. That noise is the clutch in the starter drive that
allows the engine to spin faster than the starter. Even though this one-way
clutch prevents starter damage once the engine starts, it's not a good idea to
hold the key in the “Start” position once the engine is under its own power.
Try not to keep the starter engaged this way for longer than ten seconds at a
time. If the vehicle doesn’t start, allow the starter to cool down for one to two
minutes before attempting to start it again. Failure to do so can overheat the
starter and damage it. And don'’t turn the key to the “Start” position when the
engine is running. If you do, you can damage the gear on the starter and the
ring gear on the flywheel.
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The Charging System

]
Figure 5-5:
The charg-
ing system.
|

After you start your engine, it (usually) runs at a nice steady rumble. This is
possible because as soon as the pistons in the cylinders start to go up and
down, your car begins to run on its usual diet of fuel and air (read all about it
in Chapter 6). When you let go of the key and your ignition switch moves from
“Start” to “On,” the electric current stops flowing to the starter but continues
to flow through the charging system and the rest of the electrical system.
(See Figure 5-5.)

lgnition switch

&

Alternator

Starter

The alternator

The running engine drives a belt that enables your alternator (or generator)
to produce electric current for the rest of the trip. Here’s how it does this:

Your alternator (see Figures 5-5 and 5-6) replaces the electricity that was
taken from the battery when you started the car. Then, every time your bat-
tery sends out some of its “juice,” the alternator replaces it.

The basic difference between an alternator and a generator is that alternators
appear on newer cars and produce alternating current (AC), which is internally
converted to the direct current needed to drive various gadgets. Generators
are usually found on cars built before 1964. They simply generate direct cur-
rent (DC) and pass it on. But to keep things simple, I'm just going to call the
gadget an alternator, because no matter which you have on your vehicle, it
does the same thing in the long run.
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When the alternator is generating electric current, it is said to be charging.
Although most cars just have dashboard “idiot lights” that go on if the
alternator isn’t charging, some older cars have gauges with a “D” at one end and
a “C” at the other that show whether the system is charging or discharging.

Many newer cars have a voltmeter, which indicates system voltage. With the
engine running and all accessories off, the system voltage should be 13.5 to
14.5 volts. If not, something may be wrong with the charging system.

The alternator also supplies your electrical system with current to run the
car radio, headlights, and so on. I get to those at the end of this chapter.

The voltage regulator

The voltage regulator (see Figure 5-7) is a device that controls the alternator.
On older cars, it's mounted somewhere under the hood. On newer cars, it may
be mounted inside the alternator or inside the PCM (Powertrain Control
Module). The PCM is a computer that controls the operation of the fuel, igni-
tion, and emission-control systems on newer cars. If the voltage regulator
fails, the alternator is powerless.
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The lgnition System

The purpose of the ignition system is to ignite, or fire, the spark plugs in
order to generate power to run the engine. To do so, the battery sends cur-
rent to the ignition coil. Then that high voltage goes on to the spark plugs —
either through a distributor, if you have an older vehicle, or directly to the
spark plugs, if you have a newer one.

Most vehicles built prior to 1974 use a non-electronic distributor ignition
system, as shown in Figure 5-8. Most vehicles built from the mid-1970s to late
1980s use an electronic distributor ignition system like the one in Figure 5-9.
Today, most vehicles use a distributorless electronic ignition system such as
that shown in Figure 5-10. To make it easier for you to identify the sections in
this chapter that deal with the type of system on your vehicle, I've placed the
following symbols next {o them:

I @ = old-style, non-electronic ignition system
» @ = electronic ignition system
I @ = distributorless ignition system

If you haven’t already done so, consult your owner’s manual, a service
manual, or your dealership to find out which type of system your vehicle has.
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All three types of ignition systems use the following components.

The ignition coil

The ignition coil (see Figure 5-11) transforms the relatively small amount of
electrical voltage (12 to 14 volts) that it receives from the battery into a big
enough jolt of voltage (15,000 to 60,000 volts) to jump the spark plug gap. On
most cars, a set of spark plug wires (sometimes called ignition cables) carries
the high voltage to each spark plug. A distributorless system has an elec-
tronic coil module that does the same thing (refer to Figure 5-10).

The spark plugs

The spark plugs (see Figure 5-12) deliver the spark of voltage to the combus-
tion chamber just when the fuel/air mixture is at the point of greatest com-
pression. The resulting explosion provides the power to propel your vehicle.
Chapter 12 tells you how to “read” your spark plugs for clues as to how your
car is running and provides instructions for removing, gapping, and replacing
spark plugs.
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Here’s where I get into the characteristics of the different types of ignition
systems to be found on various vehicles. You can read about all of them or go
directly to the parts found on your vehicle’s system and skip the others.

The distributor

The distributor gets the voltage from the coil and distributes it to each spark
plug in turn. It also contains the rotor and, on older cars, a set of breaker
points, and a condenser. The following sections give you a closer look at the
parts of a distributor.

The distributor cap

The distributor cap (shown in Figure 5-13) sits atop the distributor to protect
the parts inside from the elements. Current enters and leaves the distributor
via the coil and spark plug wires that run through holes in the cap. Chapter
12 shows you how to remove the distributor cap so that you can get a closer
look at what's inside. It also tells you which types of distributors should not
be tampered with. '

Non-electronic Electronic

The rotor

The rotor (see Figure 5-14) sits atop the distributor shaft inside the distribu-
tor. As the distributor shaft turns, the rotor rotates with it and points toward
the terminal at the base of each spark plug wire so that each plug can fire in
the correct order. For example, when it's pointing at the terminal of the wire
leading to your Number 1 spark plug, it directs the current to that spark plug
at precisely the time when the fuel/air mixture in the Number 1 cylinder is
waiting to be exploded.
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Figure 5-14:
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rotors.

@ The following parts are attached to a breaker plate on the floor of a non-
electronic distributor, as shown in Figure 5-15.

Points

On these distributors, the points (short for “breaker points”) trigger the flow
of electricity so that it arrives at the spark plugs at just the right poinf in time
and at the right intensity. As you can see in Figure 5-16, the points are two
pieces of metal, one stationary and one moveable, that are joined at one end
so that they can touch and then draw apart.
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Figure 5-16:
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The way they do this is simple: Attached to the base of the shaft that the
rotor sits on is a roundish wheel with bumps on it called a cam wheel. The
bumps are called cam lobes, and there is one for each spark plug. As the cam
wheel turns on the shaft, each cam lobe contacts the moveable point and
pushes the points open.

The tiny space created between the open points is called a gap. Each time
the points open, electric current passes to the rotor, which directs the cur-
rent to a particular spark plug wire. This causes that spark plug to “fire,” pro-
ducing a spark that ignites the fuel/air mixture in its cylinder. The points are
then brought back to the closed position by a spring.
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The condenser

The condenser (shown in Figure 5-17) is an electrical “sponge” that keeps the
points from burning up. This small metal cylinder prevents the electricity
from arcing across the gap when the points are open, which would cause the
points to burn. Condensers should be replaced periodically, along with the
points and rotor. Chapter 12 shows you how to do so.

|
Figure 5-17:
A
condenser.
|

Other parts found only on electronic distributors

@ Electronic distributors employ electronic parts. The good news is that they
tend to be relatively trouble-free. The bad news is that if they break down,
you have to pay a professional to replace them. They include the following

parts:

1+~ An ignition module is a transistorized component that triggers the igni-
tion coil to fire high voltage. The module is a “non-wear” component
that replaced the old-style “breaker” points in the early to mid-1970s. It
is usually found in or around the distributor.

»* A triggering mechanism inside the distributor — or on the crankshaft —
controls the timing of the ignition module. On some vehicles, this is a
magnetic pulse generator called a pick-up coil. Other vehicles use a Hall-
Effect switch or a photoelectric sensor inside the distributor to trigger
the module. It probably doesn’t make much difference which type your
vehicle has, because there’s no need for you to develop a personal rela-
tionship with it.
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Other parts found only on distributorless ignition systems

@ Distributorless ignition systems also use a solid-state ignition module, along
with the following additional electronic parts (refer to Figure 5-10):

v A crankshaft sensor is a trigger device that tells the ignition module
] when to fire the spark plugs.

| 1~ A camshaft sensor, found on some distributorless ignition systems, is a
trigger device that synchronizes when the proper ignition coil should be
fired.

Other Electrical Gadgets

The alternator also supplies the electrical current for the sound system,
headlights, taillights, directional signals, defroster, heater, air conditioner,
and other electrical gadgets via electrical wiring under the dashboard.
Although most of these components require professional repair, the following
parts are pretty easy to deal with yourself:

B 1+~ Fuses control the flow of current to electrical components the same way
they do in the home. They are located in a fuse box that is usually found
under or near the dashboard. Your owner’s manual should show you
where the fuse box on your vehicle is, or you can crawl under the dash-
board and trace the wires from your sound system until you reach the
fuse box. See Chapter 12 for instructions on checking fuses and replac-
ing a burnt-out fuse.

+* Windshield wipers need to be checked and replaced periodically.
Chapter 3 provides tips on checking and replacing your windshield
wipers_and windshield washer fluid.

i 1~ Directional signal flashers on your dashboard do more than tell you
| whether the directional signals are flashing. They also are designed to
provide clues to malfunctions elsewhere on your car! Chapter 20 tells
you how to decipher these clues and rectify the problems that they
indicate.

1~ Headlights are not too difficult to adjust and replace on most vehicles.
Chapter 12 provides instructions for doing both jobs.
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The Fuel System: The Heart and
Lungs of Your Car
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In This Chapter
B Getting familiar with basic fuel system parts
» Understanding how carbureted and fuel-injected systems deliver fuel to the engine

p Understanding how the four-stroke power cycle creates the power needed to drive the
engine
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Fle fuel system, shown in Figure 6-1, stores and delivers fuel to the com-
bustion chambers of the engine so that it can be burned efficiently.
Although most fuel systems have some basic components in common, fuel
systems do vary: Some employ fuel injectors to get the fuel to the engine,
and others rely on carburetors. (If your vehicle has a diesel engine, be sure
to read Chapter 7 as well.)

In this chapter, [ introduce you to both carbureted and fuelinjected systems
as | trace the flow of fuel from the fuel tank to the engine block. When you
know what each part does and where to find it, it’s easy to see how all the
parts work together to provide your vehicle with “GO power.”

If a picture is worth a thousand words, actually looking at and maybe even
touching something is worth a thousand pictures. If possible, take this book
out to your car, open the hood, and visit with the parts of the fuel system as
you read about them.

When you encounter terms in special type that are unfamiliar to you, you can
find out all about them in the glossary at the end of this book.




’ 06 Part ll: What Makes It Go?

Fuel injection
system

]
Figure 6-1:

A fuel
system.
I

Basic Fuel System Components

Whether your vehicle is 20 years old or 20 days old, it probably has the
following basic parts in its fuel system. (For additional parts found in carbu-
reted vehicles, see the section called “Following the Fuel through Carbureted
Engines.” To find out about additional fuel system features in fuel-injected
vehicles, see the section called “Following the Fuel through FueHnjected
Systems,” later in this chapter.)

Fuel tank

The fuel tank is a metal or plastic composite container, usually located under
the trunk compartment, although some vehicles have some fairly interesting
alternative locations for it. If you're not sure where your fuel tank is and you
can’t find it just by looking, your owner’s manual or mechanic can show you
where yours is located.

Inside the fuel tank is a little float that bobs up and down on the surface of
the fuel, sending messages to the fuel gauge on your dashboard so that you
can tell when you have to buy more gasoline. (Chapter 13 tells you why you
should always try to keep your fuel tank full.) Although some vehicles run on
diesel oil or other alternative fuels, presently most are gasoline-powered, so |
usually refer to fuel as gasoline.



Chapter 6: The Fuel System: The Heart and Lungs of Your Car

R
Figure 6-2:
The fuel
pump at
home.

Fuel lines and fuel pump

The fuel pump (see Figure 6-2) pumps the gasoline through the fuel lines,
which run under your car from the fuel tank to the carburetor or fuel injec-
tors. Older cars with carburetors use a mechanical fuel pump that’s driven by
the engine. Engines with fuel injection use an electric fuel pump that may be
located in or near the fuel tank.

A number of things can cause fuel system problems. Before you let anyone
talk you into replacing your fuel pump, make sure that it really is the culprit
by following the instructions in the “Testing Your Fuel Pump” section in
Chapter 13.

Fuel filter

The fuel filter does exactly what its name implies — it filters the fuel. As the
fuel passes along the fuel line on its way to the fuel injectors or carburetor, it
passes through the fuel filter. A small screen inside the fuel filter traps the
dirt and rust that would otherwise enter your fuel (especially if you ride
around most of the time with a near-empty tank). Some vehicles have addi-
tional fuel filters between the fuel tank and the fuel pump. It’s important to
change your fuel filter(s) according to the manufacturer’s maintenance
schedule. Chapter 13 can help you locate and replace the fuel filter(s) on
your vehicle.

Air cleaner and air filter

The air cleaner cleans the air before it’s mixed with fuel. In carbureted
engines, the air cleaner is usually large and round with a snorkel sticking out
of the side to facilitate the intake of fresh air. Some fuel-injected engines also
have a round air cleaner; others use a rectangular one.

107
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To find a rectangular air cleaner, follow the large air inlet hose away from
your engine. If you’d like to remove the air cleaner to take a look at the air
filter inside it or the parts underneath it, follow the simple instructions in
Chapter 13.

Inside the air cleaner is an air filter that removes dirt and dust particles
before they can get into the fuel injectors or carburetor. To keep your car
functioning efficiently, be sure to change the air filter at least once a year or
every 20,000 miles, whichever comes first — more often if you've been driving
in a dusty or sandy area. Chapter 13 can help you judge whether an air filter
needs to be changed and shows you how to do this surprisingly easy job.

Following the Fuel through
Carbureted Vehicles

MBER
P2

Most vehicles employ one of two popular — but very different — types of
fuel systems: Many older cars have carburetors, while most newer vehi-
cles have fuel injectors. Some cars — especially foreign cars and sports
cars — have more than one carburetor. Vehicles with fuel injection or
diesel engines have none, but they do have air cleaners. Figure 6-1 shows
both a carbureted and a fuel-injected system.

With both systems, the fuel may start out in the same place (the fuel tank)
and end up in the same place (the engine), but the path it takes varies quite a
bit depending on whether your vehicle has a carburetor or fuel injectors. In
this section, [ explain what happens to the fuel once it passes through the
basic elements of the fuel system (discussed in the preceding section, “Basic
Fuel System Components”) in a carbureted vehicle. If your vehicle has fuel
injectors instead of a carburetor, read “Following the Fuel through Fuel-
Injected Vehicles,” later in this chapter.

The main job of the carburetor, shown in Figure 6-3, is to mix the proper pro-
portions of air and fuel together and pass them along in the proper quantity
to the engine. In the following sections, I explain how the various compo-
nents of the carburetor work together to accomplish this feat.

The float bow!

Air travels down the carburetor barrel, and on its way, it passes a small pipe
that leads to a fuel reservoir called a float bowl. The float bowl is a small
chamber located in the carburetor (see Figure 6-4). It contains a small
amount of raw fuel to ensure a readily available fuel supply when you start or
accelerate the car, which is more efficient than having to pump each new por-
tion of gasoline all the way from the fuel tank at the rear of the vehicle.
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The amount of fuel that stays in the float bowl is controlled by a little float
(surprise!) that bobs up and down on the surface of the fuel in the chamber.
A hose from the fuel pump keeps the float bowl filled. If your car has too little
fuel in its float bowl, it will hesitate or stall when you want that extra surge of
power or when you try to start it in the morning.

The float in the float bowl is adjustable, but adjusting it involves taking apart
at least a portion of the carburetor. Taking it apart isn’t too hard, but putting
the thing back together again can get hairy, so if you think that your carbure-
tor needs overhauling, let a professional do the job. Of course, overhaul kits
with instructions are available. If you're determined to do the job yoursel,
look for a good auto repair course and do it under an instructor’s supervi-
sion. (See the section “Float Level Adjustments” in Chapter 13 for more
information about adjusting the float.)

The venturi

Because the faster the air moves, the more liquid it can pick up, the carbure-
tor was very cleverly designed so that air picks up speed as it passes through
the carburetor barrel. Here’s what happens: Inside the barrel is a chamber
called a venturi (see Figure 6-5), which gets narrower as it nears the opening
that leads to the float bowl. When the air gets to this narrow part of the ven-
turi, it picks up speed, creating a vacuum just at the point where the opening
occurs. This vacuum draws the fuel out of the float bowl and mixes it with
the air, creating what’s called the fuel/air mixture. The air and the fuel travel .
in this form to the cylinders, where combustion occurs.

Butterfly valve

Carburetor barrel

Venturi

Throttle
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The choke

At the top of the carburetor barrel, looking up at you after you remove the air
cleaner, is the choke (see the sidebar “Automatic chokes™). The choke limits
the supply of air entering the venturi in order to enrich the fuel/air mixture.
The choke consists of a little adjustable butterfly valve that can open and
close. When you go out to start your car in the morning, the choke helps you
start and warm up the engine faster. Here’s how: When your car is cold, as
much as one-third of the gasoline can condense on the cold metal parts of
the carburetor, leaving only two-thirds of the fuel/air mixture on its way to
the engine. This amount is not enough for proper combustion, so your car
won't start properly. To enrich the mixture, the butterfly valve on the choke
stays closed, inhibiting the supply of air.

The choke only limits the air supply; it doesn’t prevent all the air from coming
in. The resulting fuel/air mixture is richer than the stuff you usually drive on,
but the choke returns to normal after the car warms up.
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The accelerator pump

Have you ever wondered what makes your car speed up when you step on
the gas pedal? It’s a very simple device called an accelerator pump — so
unsophisticated that you'd think the inventor would have been embarrassed
to suggest such a gadget. When you step on the gas pedal to accelerate, a rod
connecting the pedal to a little lever on the outside of the carburetor pushes
on a little piston inside the carburetor, which squirts a little extra fuel into
the venturi. That extra fuel creates a richer fuel/air mixture, which explodes
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with a bigger bang in your cylinders, giving your car that extra push called
acceleration. If your car hesitates when you step on the gas, your accelerator
pump may not be working properly. Chapter 13 has instructions for checking
and adjusting your accelerator pump.

The throttle

The throttle controls the amounts of fuel and air that come into the carbure-
tor (refer to Figure 6-5). The more air, the higher the vacuum in the venturi.
The greater the vacuum in the venturi, the more fuel is drawn out of the float
bowl and mixed with the air. The richer the fuel/air mixture, the faster the'car
goes At high speeds, the throttle is wide open to allow a lot of air to come into
the carburetor. At low speeds, the throttle closes so that less air can get in.

The big lever on the outside of the carburetor (see Figure 6-6) is the throttle
arm. It’s attached to the gas pedal and controls the throttle, which is a butter-
fly device (very much like the butterfly valve) located at the bottom of the
carburetor, where it joins the intake manifold.

Chapter 6: The Fuel System: The Heart and Lungs of Your Car 1 ’3
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The idle speed screw

The idle speed screw is a little screw located at the bottom of your carbure-
tor, on the outside, right near the throttle. It keeps the throttle from closing
completely when your foot is off the gas pedal and the car is idling. (/dling is
what the car does when it just sits there humming to itself without moving.
Cars idle while they wait for stoplights to turn green.)

The idle speed screw is easy to adjust and can do wonders for your engine
performance and fuel consumption if it's set properly after you tune your igni-
tion system. If you turn it clockwise with a screwdriver, your car idles faster;
turn it counterclockwise, and your car idles more slowly. Chapter 13 has more
detailed instructions. (Don’t get the idle speed screw confused with the idle
mixture screw, however. Figure 6-7 shows you what each of them looks like.)

Idle mixture

screws /
Idle speed Idle mixture
screw screw

The idle mixture screw

The idle mixture screw looks like the idle speed screw, but it controls the
proportion of air and fuel that get to your engine while your car is idling.
By turning this screw, you can determine how rich the fuel/air mixture is. If you
adjust it properly, you can get maximum engine performance and still save fuel.

A carburetor with more than one barrel can have more than one idle mixture

screw. The screw (or screws) may reside in a variety of places, depending on

your vehicle. Figures 6-3 and 6-7 show a couple of possible locations. You can
identify an idle mixture screw by the fact that, if you turn it counterclockwise,
the end of the screw comes out of the carburetor. However, because of state
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and federal smog standards, most car manufacturers place limiter caps on the
idle mixture screws or hide them behind metal plugs to prevent owners from
adjusting them. If the idle mixture screw(s) on your vehicle are adjustable, you
can find instructions for adjusting them in Chapter 13.

The idle air bleed screw

Some cars don’t have an idle speed screw. Instead, they have an idle air bleed
screw (or idle air adjusting screw, as it is sometimes called) that determines
how much extra air is allowed to come in when the throttle is closed. When
the throttle is closed during idling, some air should still come through to pre-
vent the formation of carbon and gum deposits that tend to collect around
the throttle area.

By turning this screw clockwise, you can decrease the amount of air that gets
in and slow down your idle. By turning it counterclockwise, you get more air
and more idle speed. Air bleed screws are usually found on Lincolns,
Cadillacs, and other big cars. Chapter 13 tells you how to adjust the idle air
bleed screw.

The idle stop solenoid

Some newer vehicles not only have an idle speed screw and an idle mixture
screw but have an idle stop solenoid as well. Cars with engines with con-
trolled exhaust emissions tend to idle at faster speeds. Often, if such an
engine is shut off abruptly, the engine simply can't stop fast enough and
keeps going, or dieseling. The idle stop solenoid prevents the car from con-
tinuing to idle after you shut it off.
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Figure 6-8:
The path the
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the engine.
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To see whether your vehicle has an idle stop solenoid, look for a little can-
shaped device attached to the carburetor near the throttle. When it’s time to
tune your carburetor, read the instructions for adjusting the idle stop sole-
noid in Chapter 13.

The intake and exhaust manifolds

The fuel/air mixture travels past the throttle at the bottom of the carburetor
to the intake manifold, a cluster of iron pipes usually found near the top of
the engine, between the carburetor and the engine block. Another set of man-
ifold pipes, called the exhaust manifold, carries carbon monoxide and other
vapor wastes away from the engine for disposal. You usually find the exhaust
manifold either lower down on the same side of the engine as the intake man-
ifold or on the other side of the cylinder head.

Figure 6-8 traces the fuel/air mixture’s progress from the carburetor to the
engine block. To pick up the trail from there, see “The Engine Block: Where
the Fuel System and the Ignition System Meet” at the end of this chapter.

Combustion chamber
Carburetor

Spark plug

\‘“ N/ Venturi

Intake valve
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Following Fuel through
Fuel-Injected Vehicles

3

If your vehicle is less than 20 years old, it probably doesn’t have a carburetor.
Unless it’s run by electricity or another alternative fuel, it probably has a
gasoline or diesel engine with a fuel injection system. (For information
about diesel, electric, and other alternatively fueled engines, see Chapter 7.)

Today, just about every new vehicle is fuel-injected. Although they’re more
expensive to service than carburetors, in recent years fuel injection systems
with computerized electronic sensing devices have shown sufficient sensitiv-
ity, accuracy, and dependability to repay their cost with better performance,
greater fuel economy, cleaner exhaust emissions, and more controllable
power. Some of the newest models are reported to be 95 to 100 percent clean-
burning! Innovations in design are constantly producing cheaper and more
durable systems.

At present, most fuel injection systems are too difficult to adjust or repair your-
self, but if you know a bit about how they work, you can communicate with
your technician more knowledgeably, saving yourself time and money.

Fuel injection systems aren’t as new as you might think. The 1957 Chevrolet
Corvette featured an optional fuel injection system. Those first fuel-injected
engines used mechanical injectors (also called nozzles) that were nothing
more than spring-loaded poppet valves. In such an engine, when fuel in a
mechanical injector reaches a predetermined level, the injector opens and
allows the fuel to mix with air as it travels to the combustion chamber.

Today’s engines use electronic fuel injectors that are controlled by a com-
puter. A transistor-in the computer (often called the injector driver) turns the
injector on by completing a circuit to allow electric current to flow through a
solenoid in the injector. A spring-loaded valve opens, and fuel is injected into
the engine. The amount of time that the computer keeps the current applied
to the injector is known as the injector pulse width. The computer controls
the fuel/air mixture by controlling that pulse width. The computer changes
the pulse width to make the mixture richer or leaner based on information it
gets from various sensors, including the temperature of the engine coolant
and air, the speed and load on the engine, the throttle position, and the
oxygen level in the exhaust gases.

Fuel injectors are located either in a throttle housing (called throttle body fuel
injection) or in the intake port (called multi-port fuel injection) just ahead of
the intake valve. The following sections explore each of these in detail.

Chapter 6: The Fuel System: The Heart and Lungs of Your Car ’ ’ 7
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Throttle body fuel injection

Throttle body fuel injection is a carburetorless system that mixes the fuel
and air together right in the throttle of the car instead of using individual
fuel injectors to pump the fuel into each cylinder. (See Figure 6-9.) These sys-
tems are less complicated than individual fuel injection systems and are
generally cheaper. Some of these systems use solenoids to spray the fuel into
the airstream in the throttle through a fuel injector nozzle. Here’s how a
throttle-body fuel injection system works:

1. An electrical fuel pump pumps fuel to the throttle body assembly. The
throttle body assembly looks similar to a carburetor and houses the fuel
injector(s) and a fuel pressure regulator.

2. The fuel pressure regulator maintains proper fuel pressure and meters
unused fuel back to the fuel tank.

3. A computer controls one or two fuel injectors mounted in the throttle
body assembly. The computer applies electrical current to the injector
solenoid for the proper duration (pulse-width), and fuel under pressure
is then injected and mixed with air as it passes through the throttle on
its way to the engine.

Throttle body fuel injector

Air flow sensor Fuel pressure regulator

—Computer

h

control

Throttle position sensor

——Fusl filter

Fuel tank Fuel pump
Coofant tamperature sensor

Multi-port fuel injection

Multi-port fuel injection is another type of carburetorless system. It mixes
fuel and air together right in the intake port just ahead of the intake valve.
(See Figure 6-10.) Vehicles with multi-port fuel injection have a separate fuel
injector for each cylinder. Here’s how these systems work:



Chapter 6: The Fuel System: The Heart and Lungs of Your Car ’ ’ 9

Fuel pressure reguiator

Air flow sensor

Throttle position sensor

h,.

Fuel injector

- Computer
Intake port: :

I G o

Figure 6-10:

How multi- © {}

port fuel

injection

Fusl filter

Fuel pump Fue! tank

works. Coolant temperature sensor
|

1. An electrical fuel pump pumps fuel to the fuel rail assembly, to which
the fuel injectors are mounted. The fuel rail assembly may also contain
the fuel pressure regulator, which maintains proper fuel pressure and
meters unused fuel back to the fuel tank. Fuel injectors, one for each
cylinder, are attached at one end to the fuel rail and at the other to the
intake port in the engine. :

2. The computer applies electrical current to the injector solenoid for the
proper pulse-width, and fuel under pressure is then injected into the
intake port just ahead of the intake valve.

Some multi-port fuekinjected engines feature fuel injectors that fire in
sequence, which means that each injector opens individually just before its
intake valve opens. This type of system is more efficient than a system whose
injectors fire simultaneously. (For example, if you have a six-cylinder multi-
port fuel-injected engine that’s simultaneously fired, three of the six injectors
are pulsed together, and then the other three injectors are pulsed.) In addi-
tion, emission levels are lower in a sequentially-fired system, but such a
system requires a separate electrical circuit for each injector.

The Engine Block: Where the Fuel
System and lgnition System Meet

Whether accomplished through a carburetor or a fuel injection system, after
the air and fuel unite in the form of a vapor, and the spark plugs are ready to
provide that all-important spark of ignition, all that’s needed is a spot for that
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passionate meeting to take place. The rendezvous occurs in your engine’s
cylinders, and it’s truly a triumph of timing (as all successful rendezvous
must bel). :

In this section, I describe the major parts of the engine and explain how they
create the power that drives the car.

Major engine components

Inside the engine are several fascinating parts (see Figure 6-11).

At the top are the cylinder heads. These contain the mechanisms that allow
the valves to open and close, letting the fuel/air mixture into the cylinders
and allowing the burnt exhaust gases to leave. Below the cylinder heads is
the engine block itself. This piece contains the cylinders, which in turn con-
tain the pistons.
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So what’s a cylinder? A cylinder is a hollow iron pipe (see Figure 6-12) capped
at one end with a spark plug inserted into and through that cap so that the
plug’s electrodes are available for action.

Spark plug

]
Figure 6-12:
Anatomy of

a cylinder.

]

Crankshaft
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The cylinders on vehicles with rear-wheel drive run from the front of the
engine back toward the firewall at the rear of the engine compartment. On
vehicles with front-wheel drive, the engine is usually combined with the
transmission into a single unit called a transaxle. These engines are called
transverse engines because they're set sideways between the wheels of the
car and their cylinders run from side to side (see Figure 6-13).

“Straight” (or “in-line™) engines have a single row of cylinders, V-type engines
have two parallel rows of cylinders. On rotary engines (found on some
Mazdas) the cylinders radiate outward from the center like spokes on a
wheel.

Each cylinder has a number, determined by the particular engine’s cylinder
sequence. You can find descriptions and illustrations of the cylinder
sequence for a variety of engines in Chapter 13.

Inside each cylinder is a metal piston, which fits snugly against the walls of
the cylinder so that nothing can get past it. On the outside of the piston are
piston rings that ensure a snug fit.

The cylinder also has other openings besides the ones for the spark plug and
the piston. These are for the intake valves and the exhaust valves.

At the bottom of the engine is the crankcase, which houses the crankshaft
and the oil pan. Water circulates throughout the engine to keep it cool, and
oil circulates to keep the parts moving freely.

Now that you've met the “players,” you're ready to get on to the main event
they're designed to participate in: the fiery meeting of air, fuel, and fire known
as the four-stroke power cycle.
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The four-stroke power cycle

The piston rides up and down inside the cylinder on a connecting rod that
attaches to the crankshaft, causing the crankshaft to turn. Each movement of
the piston is called a stroke. Four strokes — down, up, down, up — complete
the cycle that creates the power to drive the engine. This process is aptly
called the four-stroke power cycle. The four-stroke power cycle varies
slightly, depending on whether your vehicle’s engine is a conventional inter-
nal combustion engine, a stratified charge engine, or a diesel engine. I cover
the first two here-and the diesel power cycle in Chapter 7.

In a conventional internal combustion engine

Here’s what happens on each stroke of the piston in a conventional internal
combustion engine:

l Intake stroke: (See Figure 6-14.) When the piston moves down, it creates
a vacuum in the top portion of the cylinder (where the piston was at the
end of its last upstroke). Air can’t get in from the bottom of the cylinder
because the rings on the piston seal it off. Then the intake valves, conve-
niently located at the entrance of the intake manifold to the cylinder,
open up and let the fuel/air mixture into the cylinder. This mixture
rushes in to fill the vacuum left by the piston.
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2. Compression stroke: (See Figure 6-15.) The piston moves back up, com-
pressing the fuel/air mixture into a tiny space between the top of the
piston and the top of the cylinder. This space is called the combustion
chamber and also happens to be where the electrode end of the spark
plug enters the cylinder. The difference between the total space inside
the cylinder and the space inside the combustion chamber is called the
compression ratio. It indicates that the pressure has been raised from
normal air pressure of 15 psi (pounds per square inch) to hundreds of
psi, which makes the resulting explosion much more intense.
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At this point, the intake valves have closed, so the compressed mixture
can’t get out. (The intake and exhaust valves create airtight seals to
ensure that nothing can get past them when they are closed.)

3. Power stroke: (See Figure 6-16.) The spark plug produces a spark across
the gap between its electrodes. This spark ignites the compressed
fuel/air mixture. Then the burning fuel/air mixture explodes, creating
intense pressure that forces the piston down again. The power that
pushed the piston down is transmitted, via the connecting rod, to the
crankshaft. It then travels, via the drive train, through the clutch, the
transmission, the driveshaft, the differential, and so on, to the wheels.
(A quick overview of this process appears in Chapter 4.)

4. Exhaust stroke: (See Figure 6-17.) The piston moves up again, pushing
the burned gases up with it. Then the exhaust valve opens and lets the
burned gases out into the exhaust manifold. From there, the burned
gasses travel through the exhaust system (which, on newer cars,
includes anti-pollution devices), through the muffler, and out the
tailpipe into the environment.

The cylinders don't fire all at once. To keep the engine properly balanced
with all that action going on, they fire in a particular order called the firing
order. So while one cylinder is going through Stroke One, another will be at
Stroke Two, and so on. The firing order varies from one engine to another and
Chapter 12 has descriptions and illustrations of the firing orders for a variety
of engine types. '
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Now you can see why an ignition tune-up is so important. If done properly, a
tune-up ensures that a full measure of electricity is transferred from the bat-
tery, amplified by the coil, and directed by the distributor to the proper spark
plug at the proper time. If the spark is insufficient, or if it arrives before or
after the fuel/air mixture is at full compression by the piston, the result is less
power and poorly burned fuel. Increased air pollution and fuel consumption is
a high price to pay for stretching the intervals between tune-ups! Chapters 12
and 13 show you how to keep your electrical system and fuel system in tune.

In a stratified charge engine

In their efforts to design and build cars with a greater degree of fuel effi-
ciency, automakers have had to deal with a frustrating paradox. It takes a
lean fuel/air mixture (one that has relatively little fuel in proportion to air) to
provide maximum fuel economy and cut down on the hydrocarbons and
carbon monoxide that pollute the air, but it takes a rich mixture to attain
greater power and cut down on nitrogen oxides, which also pollute the air.
How could a vehicle enjoy the benefits of both mixtures while avoiding the
pitfalls? One answer came in the form of the stratified charge engine:

Stratified charge engines are basically the same as conventional internal com-
bustion engines, with one major difference: Stratified charge engines provide
both a lean mixture and a rich mixture of fuel and air to the cylinders, and
they keep the two mixtures separated until the vital moment when combus-
tion takes place. Then the spark plug fires the rich mixture, which in turn
ignites the leaner mixture. Because the fuel/air ratio for a conventional
engine is around 15:1, and a stratified charge engine can use a mixture as lean
as 30:1 (some have even worked successfully with mixtures of 200:1!), you
can see why these new engines have stacked up such sensational ratings for
fuel efficiency and clean emissions.
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The basic design of a stratified charge engine varies with the manufacturer.
One of the most outstanding was pioneered by Honda in its CVCC. It used a
pre-chamber (short for precombustion chamber) to keep the rich mixture
from mixing with the lean one. The following steps explain how the four-
stroke power cycle works in a stratified charge engine:

1. Intake stroke: The cylinder head has a little chamber, called a pre-
chamber, which has its own little intake valve. The spark plug is also
located in this chamber. On the intake stroke, the little auxiliary intake
valve opens and allows a very rich mixture of fuel and air to enter the
pre-chamber. On the same stroke, the main intake valve opens up and
brings a very lean mixture of fuel and air into the cylinder itself. Figure
6-18 shows a cylinder in a stratified charge engine during the intake
stroke. Compare it to the conventional cylinder in Figure 6-14.

2 Compression stroke: The lean mixture is compressed at the top of the
cylinder in the combustion chamber, and the two mixtures are brought
into contact with one another.

3. Ignition stroke: The spark plug fires the rich mixture in the pre-
chamber, where it burns fiercely and ignites the leaner mixture in the
combustion chamber. This action forces the piston down and provides
the power that moves the car. Because the lean mixture burns more
slowly, the fuel is burned more thoroughly, which is why stratified
charge engines get better mileage and put out cleaner exhaust fumes.

4. Exhaust stroke: The exhaust valve opens and sends the burned gases
out of the car, via the exhaust system.

Other stratified engines use a depression in the piston’s surface to provide
space for the rich mixture to be ignited, instead of a pre-chamber. This open
chamber design has performed efficiently in a variety of vehicles.

Turbocharging

Turbocharging means to use a blower or a turbine to force greater amounts
of air into an engine’s cylinders. This process produces more power in both
diesel and conventional vehicles because cars run on air more than they run
on fuel. The more air the engine can take in, the bigger the bang is during the
power stroke. At first, cars were turbocharged to perform better on race-
tracks, but when car manufacturers began to use smaller engines on larger
cars to lighten their weight and conserve fuel, turbocharging provided a way
to increase the engine’s power so that these big cars wouldn’t be sluggish on
the road.
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When it came to designing diesel cars, the problem was even more pressing:
how to change a car with a reputation of being noisy, underpowered, and
smoky into a faster, quieter, more efficient vehicle that could meet the EPA
requirements. The results have been heartening indeed. A turbocharger can
increase the power on a diesel car by 50 percent while lowering its fuel con-
sumption by 20 to 25 percent! And, what’s more, because the turbine itself is
powered by the hot gases that normally would go out of the exhaust pipe,
you don’t need to provide anything extra to drive it. What a wonderful exam-

ple of recycling!
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Don’t confuse turbocharging with supercharging. A supercharger is a pump
that compresses the fuel/air mixture and forces it into the cylinders of a gaso-
line-powered car. Because superchargers are usually belt-driven by the
engine instead of by exhaust gases, they use engine power to increase engine
power. Because they're not fuel efficient, they generally are used only to
increase the speed of “high-performance,” low-efficiency vehicles.

Turbocharging kits are available that you can install on conventional vehicles
to increase their power and performance. However, because turbocharging
places considerable stress on engines that weren’t designed with turbocharg-
ing in mind, you run the risk of damaging your engine and voiding all existing
warranties if you decide to boost Old Faithful with a turbo kit. So investigate
the situation carefully before you go this route. Some owners have had mar-
velous success, and their engines have lived to tell the tale; others haven't
been as lucky. Generally speaking, I would never attempt to turbocharge the
original engine of an older car, nor would I tinker with anything but a
ruggedly built engine in top condition. If Old Faithful is beginning to show the
strain of passing years, it would be wiser to recycle the old workhorse and
buy yourself a turbo-powered filly!
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Chapter 7

From Horses to Hybrids: The Dope
on Diesels and Alternatively
Powered Vehicles
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In This Chapter

p Weighing the advantages and disadvantages of diesel-powered vehicles
p Understanding, troubleshooting, and maintaining diesel engines

b Starting a diesel on frosty mornings

p- Finding a good diesel mechanic

p Exploring alternative fuels with advantages over gasoline

p Identifying popular candidates to replace the internal combustion engine
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E/er since mechanically propelled vehicles replaced horses as the pri-
mary mode of transportation, people have been trying to invent engines
that enable vehicles to go faster, cost less, and use fuel more efficiently. After
relatively brief romances with steam and electricity, the internal combustion
engine became the primary source of automotive power. In the United States
and many other parts of the world, gasoline is the preferred fuel for passen-
ger vehicles, while diesel fuel often powers trucks and agricultural and
construction equipment. In many parts of the world where gasoline is in
short supply, most of the passenger vehicles have diesel engines, too.

In recent years, environmental concerns about the impact of automotive
exhaust on air quality — plus the fact that the world’s supply of petroleum is
rapidly diminishing — have created an intense effort to develop vehicles that
run on alternative fuels. Vehicles that run on liquid gases of various kinds,
electric vehicles (EV), and vehicles driven by exotic hybrid engines and fuel
cells are being touted as prime candidates for “Car of the Future.”

The first section of this chapter tells you everything you need to know about
vehicles with diesel engines. The rest of the chapter brings you up-to-date on
the alternatives that are currently considered to have the most potential for
supplanting the internal combustion engine in years to come.
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Diesels For Dummies

This section is structured as a mini-version of Aufo Repair For Dummies
devoted entirely to diesel-powered vehicles. It spells out both the advantages
and disadvantages of owning a diesel-powered vehicle and explains how a
diesel engine works. It also provides instructions for maintaining and trou-
bleshooting diesels and for finding a good diesel mechanic when your best
efforts just aren’t enough.

Although diesel-powered vehicles are almost universal in a large part of the
world where gasoline is almost unavailable, diesel engines are used mainly for
heavy equipment in the United States and Canada. Diesel-powered cars exist,
but — except for a short period in the 1980s, when fuel shortages made them
popular because they got 25 percent more miles per gallon than gasoline
engines — they have acquired a reputation for being noisy, underpowered,
smelly, and cantankerous. This is not always the case, however. Mercedes-
Benz, who pioneered the diesel car as a luxury vehicle decades ago, still
makes diesel-powered vehicles that many consider unsurpassed for beauty,
performance, high resale value, and high price tags. Volkswagen, whose VW
Rabbit was the first peppy, moderately priced diesel cay, still offers diesel-
powered vehicles, and other manufacturers also offer diesel cars and trucks.
If you're considering buying a diesel-powered vehicle, take a good look at the
next section before you decide.

The good and bad about diesels

To accurately compare diesel vehicles with traditional gasoline-powered
vehicles, you need to consider a number of pros and cons.

PRO: Diesels get great mileage.

CON: So do vehicles with fuel-efficient gasoline-powered engines, which often
cost a couple of thousand dollars less than diesels. You can buy a lot of gas
for a couple of thousand dollars!

Diesel fuel is not available at many service stations, and although it used to
be cheaper than gasoline, it now often costs as much — or more — than
gasoline, and it may become even more expensive, depending on availability
and demand.

PRO: Diesel fuel contains more usable energy than gasoline.

CON: Although diesel fuel is considered more efficient because it converts
heat into energy rather than sending the heat out the tailpipe as gas-powered
vehicles do, it doesn’t result in flashy “high performance.” A gasoline-powered
vehicle is like a racehorse — high-strung, fiery, and fast — whereas a diesel
vehicle is more like a workhorse — slow, strong, and (hopefully) enduring.
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PRO: Diesels have no spark plugs or distributors. Therefore, they never need
a tune-up.

CON: Diesels still need regular maintenance to keep them running. You have
to change the oil and the air, oil, and fuel filters, and you may need to bleed
excess water out of the system. This chapter shows you how to do these
things yourself, but if you neglect the maintenance, and the fuel injection
system breaks down, you'll probably have to pay a diesel mechanic big bucks
to get things unsnaggled.

PRO: Diesels are built more ruggedly to withstand the rigors of higher com-
pression. Consequently, they usually go much longer before they require
major repairs than conventional vehicles do. (Mercedes-Benz holds the
longevity record with several vehicles clocking more than 900,000 miles on
their original engines!)

CON: Do you really want to hang on to the same vehicle for 900,000 miles?
Also, there have been cases where automakers have simply plunked diesel
engines into vehicles that were originally designed to be gasoline-powered.
Because these vehicles weren’t constructed to stand up to the stresses
imposed by the high compression that diesel engines require, they suffered
failures that contributed to their swift decline in popularity.

PRO: Turbocharged diesels have better fuel efficiency and are much more
powerful and responsive than traditional diesel vehicles.

CON: Turbocharging will probably get cheaper and even more efficient as
time goes on, but you can buy a turbocharged, gasoline-powered vehicle and
have the advantages of both.

PRO: Diesels have become easier to start in cold weather.

CON: Although they’re better than they used to be, diesel engines are still
more difficult to start on cold days than gasoline engines are.

 PRO: Diesels put out much less carbon monoxide than ordinary vehicles do,
which means less air pollution.

CON: This is a major misconception. Diesels put out 30 to 90 percent more
nitrogen oxides and carbon particles (soot), and recent studies show that
diesel emissions can cause cancer. As a result, recent legislation is aimed at
getting diesel-powered vehicles off the road completely unless they can find a
way to meet increasingly stringent EPA standards.

By the time you read this book, the diesel pros and cons may have changed.
Government pressure to produce low-emission diesel engines for trucks,
buses, and farm and construction equipment by the early 2000s has resulted
in increased efforts to develop low-sulfur diesel fuels, specialized catalytic
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converters, and advanced filters and other devices to cut down or destroy
toxic emissions, as well as dual-fuel engines that run on natural gas but can
switch to diesel if the gas supply runs out.

Ultimately, you're going to have to check out what’s available and make up
your own mind. However, based on the current situation, unless you do a lot
of driving in parts of the world where gasoline is scarce and diesel fuel is
plentiful, I'd stick to gasoline or consider one of the alternatively powered
vehicles described later in this chapter.

If you do decide to buy a diesel vehicle, be sure to choose one that allows
you to do most of the maintenance yourself, without requiring a great deal of
time, money, or skill. Check the owner’s manual and talk to diesel mechanics
to be sure that the oil is easy to change, because you're going to have to
change it quite often. Also make sure that the oil, air, and fuel filters are easy
to reach and change, and that you can bleed and prime the fuel system easily.
Before you buy the vehicle, make the dealer show you where all these items
are located and what you must do to maintain them:.

What makes it go?

The basic difference between a diesel engine and a gasoline engine is that in a
diesel engine, the fuel is not ignited by an outside power source like a spark
plug, nor is it mixed with air in a carburetor. Instead, the fuel is sprayed into
the combustion chamber through a fuel injector nozzle, just when the air in
the chamber has been placed under such great pressure that it’s hot enough
to ignite the fuel spontaneously. (You can find more information about diesel
fuel later in this chapter.)

Most conventional engines have compression ratios of around 8:1, which
means that the volume of each cylinder is eight times larger with the piston
at the bottom of the cylinder than with the piston at the top of the cylinder.
Diesel engines may employ compression ratios of above 20:1. Because of this
fact, and the fact that the compressed air can reach very high temperatures,
diesel engines must be built for greater strength and endurance. (See

Figure 7-1.) ’

Because diesel fuel is less volatile than gasoline and is easier to start if the
combustion chamber is preheated, manufacturers have installed little glow
plugs, which work off the battery, to prewarm the air in the cylinders when
you first start the car. They have also designed a variety of heaters to help
get things going in extremely cold weather. (See “Getting started on a frosty
morning” later in this chapter.)
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Here’s a step-by-step view of what happens when you start up a diesel-
powered vehicle. The details may vary from one car to another, but the
action remains pretty much the same. (It might be fun to compare this
description with the short overview of how conventional engines work in
Chapter 4.)

1. When you first turn the key in the ignition, you're asked to wait until the
engine builds up enough heat in the cylinders for satisfactory starting.
(Most vehicles have a little light that says, “Wait,” but a sultry computer
voice may do the same job on some vehicles.) When you turn the key,
the glow plugs kick in and begin to warm up the air in the cylinders.
(See Figure 7-2.) Usually, you don’t have to wait long — probably no
more than half a minute in moderate weather. Developments in glow
plugs have dramatically reduced starting time.
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2. When everything is warm enough, a “Start” light goes on. When you see
this light, you step on the accelerator and turn the ignition key to “Start.”

3. Fuel pumps deliver the fuel from the fuel tank to the engine. On its way,
the fuel passes through a couple of fuel filters (see Figure 7-3) that clean
it before it can get to — and clog up — the fuel injector nozzles (see
Figure 7-4). Proper maintenance of these filters is especially important in
diesels, because fuel contamination can clog up the tiny holes in the
injector nozzles.

4. The fuel injection pump is truly the heart of the diesel engine. (See
Figure 7-5.) It sends fuel to a series of mini-pumps called fuel transfer
pumps, each of which is responsible for delivering fuel at a pressure of
over 1,000 psi ( pounds per square inch) to one of the fuel injector noz-
zles. (See Figure 7-6.)

L]
Figure 7-3: \,\_,/
° Adiesel \’\_/\/
fuel filter.
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6.

The fuel injection pump’s brain is the governor (refer to Figure 7-5),
which has a very important job: It controls the exact amount of fuel
that’s sent from each mini-pump to the nozzles and makes sure that the
engine doesn’t go so fast that it damages itself with excessive heat and
pressure. Some governors are built right into the injection pump; others
work off the crankshaft or the pump’s timing gear; still others measure
the speed of the air coming into the engine. All governors are affected by
the pressure of your foot on the accelerator, the temperature in the
cylinders, the altitude, the speed of the vehicle, and the load that the
vehicle is carrying.

At this point, the action moves to the cylinders, where the fuel, air, and

“fire” meet. While the preceding steps have been taking place to get the
fuel where it needs to go, another process has been running simultane-
ously to get the air where it needs to be for the final, fiery “power play.”

. On conventional diesels, the air comes in through an air cleaner that’s

quite similar to those in ordinary vehicles. However, turbochargers have
been developed that ram greater volumes of air into the cylinders and
may provide greater power and fuel economy under optimum conditions.
A turbocharger can increase the power on a diesel vehicle by 50 percent
while lowering its fuel consumption by 20 to 25 percent! (See
“Turbocharging” in Chapter 6 for details.)

As you've read, turning the key started the glow plugs warming up the
air in the cylinders. On many engines, the glow plugs are located right in
the combustion chambers of the cylinders. On others, they have been
placed in little precombustion chambers (refer to Figure 7-2), which the
glow plugs can heat more quickly and easily.

. From here, combustion spreads from the smaller amount of fuel that’s

placed under pressure in the precombustion chamber to the fuel and air
in the combustion chamber itself.

Now take a closer look at each step of the power cycle that converts all this
into power to drive the vehicle.

The diesel four-stroke power cycle

Although some diesel engines operate with two-stroke power cycles, chances
are that the vehicles you'll encounter use a four-stroke power cycle, which is
comparable to the power cycle of a gasoline engine (see Chapter 6). The fol-
lowing explains how the diesel's four-stroke power cycle works:

v~ Stroke 1 — Intake stroke (see Figure 7-7): The piston descends, the

intake valve opens, and air is drawn into the cylinder.
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stroke.
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2 1~ Stroke 2 — Compression stroke (see Figure 7-8): The intake and

®  exhaust valves are closed as the piston moves upward and places the air
under extreme pressure. As the pressure increases, the air heats up to
the flash point (the point at which it causes the fuel to undergo sponta-
neous combustion). Just before that point is reached, fuel injectors
spray fuel into the combustion chambers at the precise instant when
ignition is to take place.

Compression

I
Figure 7-8:
Compression
stroke.
L]

B 1” Stroke 3 — Power stroke (see Figure 7-9): With intake and exhaust

| valves closed, the fuel ignites, and combustion forces the piston down.
This driving power is transmitted through the transmission and the rest
of the drive train to the wheels, which causes the vehicle to move.

L]
Figtire 19
Power
stroke.
]
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1 Stroke 4 — Exhaust stroke (see Figure 7-10): The exhaust valve opens
as the piston rises and pushes the burned gases out of the cylinder.

Exhaust

Diesel fuel

Diesel engines run on diesel fuel, which is more efficient than gasoline
because it contains 10 percent more energy per gallon than gasoline does. It
is also safer than gasoline because its vapors don’t explode or ignite as easily
as gasoline does.

Diesel fuel (sometimes called diesel oil) comes in two grades: Diesel #1 and
Diesel #2 (or 1-D and 2-D). Just as gasoline is rated by its octane, diesel fuel is
rated by its cetane, which indicates how easy it is to ignite and how fast it
will burn. (The higher the cetane number, the more volatile the fuel.) Most
diesel vehicles use fuel with a rating of 40 to 55. Most diesel automakers spec-
ify Diesel #2 for normal driving conditions. Truckers use Diesel #2 to carry
heavy loads for long distances at sustained speeds because it’s less volatile
than #1 and provides greater fuel economy.

Diesel fuel is also measured by its viscosity, which has to do with its thickness
and ability to flow. Like any oil, diesel fuel gets thicker and cloudier at lower
temperatures. Under extreme conditions, this fuel can become a gel and
refuse to flow at all. Diesel #1 flows more easily than Diesel #2, so it’s more
efficient at lower temperatures. The two types of oil can be blended, and most
service stations offer diesel fuel blended for local weather conditions.

If you plan to drive in very cold weather, choose diesel fuel rated at least 10
degrees lower than the coldest temperatures you expect to encounter.
Consult your owner’s manual for specifics.

Diesel fuel emissions have been found to be extremely toxic to humans and
other living things. Until safer forms of this fuel are developed, be careful not
to inhale the fumes while you're pumping it into your fuel tank.



Chapter 7: Diesels and Alternatively Powered Vehicles

<\F

The good news is that safer diesel fuels are being developed. The top con-
tender, Fischer-Tropsch, is a liquefied natural gas that contains no sulfur and
can be used in conventional diesel engines. With the proper converter, it has
the potential to be as clean as natural gas. This fuel would be very expensive
to create and market, so if you really love diesel engines, it would be wise to

lobby for government subsidies and incentives to make this fuel (or compara- .

ble diesel fuels) affordable. For more about this topic, see “Designer diesel,”
later in this chapter. '

The diesel fuel sold at truck stops is often cheaper than at service stations,
and the fuel is fresher, too. Freshness is important because diesel fuel can
easily become contaminated by the water vapor that condenses in fuel tanks,
and by fungus and other microbes that can clog filters and fuel injectors.

If you find yourself at a station that arouses your suspicions, look for slimy
stuff on the nozzle of the fuel pump. If, despite these precautions, the fuel in
your tank becomes contaminated, see “Curing a sick diesel” later in this
chapter. ‘

Try to fill up at a truck stop on a Saturday morning, when commercial truck-
ing action is light. Weekday evenings are the worst times to buy. Muscling a
small vehicle into a crowd of big rigs isn’t easy!

The electrical system

Diesels require more stored energy for starting than conventional vehicles do,
especially on cold days. Instead of just using the battery to enable the starter
to crank the engine, as gasoline-powered engines do, a diesel must have suffi-
cient power to enable the glow plugs to warm the combustion chambers and
then must build up enough heat and compression in the cylinders to ignite the
fuel. For this reason, diesels must possess considerably more battery capacity
than conventional vehicles. Some diesels come equipped with two batteries,
while others feature a single oversized battery, which may be more than 50
percent bigger than one found on a conventional car.

It’s useless to try to jump-start a diesel from a conventional gasoline-powered
engine with a battery of lower capacity.

Aside from this, electrical systems on diesels are pretty much the same as
those on conventional vehicles, with alternators, solenoids, and starters per-
forming their usual functions. For information about these components, see
Chapter 5.
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Caring for your diesel

Regular maintenance is absolutely imperative if you want a diesel engine to
last, and every diesel owner will probably need to handle certain pitfalls and
problems. To help you deal with maintenance and repair issues ~— even if
you're not the one doing the work — this section covers the regular mainte-
nance that a diesel engine needs, how to get your engine started when the
weather turns cold, and what you can do to heal a sick diesel.

Although diesel engines require no ignition tune-ups and tend to last longer
without major repairs than gasoline engines, they do require regular low-cost
maintenance, mostly in the form of frequent oil and filter changes.

If you own a conventional vehicle and you get sloppy about maintenance and
don’t change the oil often enough, you’ll probably end up with an engine
that’s aged prematurely. If you own a diesel and do the same thing, you may
end up with an engine that’s prematurely dead. The same goes for changing
filters: A dirty fuel filter can impair a conventional vehicle’s performance,
but dirty fuel can clog a diesel’s fuel injection system, and you may need
expensive proféssional help to get back on the road again.

As a rule, you won't be able to clean or adjust a diesel’s fuel injectors your-
self, but they can last 100,000 miles or more if you take proper care of the
vehicle. If you maintain your vehicle according to the directions in the
owner’s manual, you should have few problems. After all, truckers have
always preferred diesels because they find them to be tough, reliable, and
cheap to run and maintain.
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Most diesels are designed so that the owner can perform regular mainte-
nance chores without an undue investment in time and money. The following
sections cover these tasks in general terms; your owner’s manual should con-
tain the rest of the information you need.

If it doesn'’t, or you have no manual, amble on over to your dealership’s parts
department and ask to see a copy of the service manual. A quick look at the
proper sections in the manual should tell you whether you can do the job
yourself. If you're not sure, ask someone in the service area to show you
where the oil, air, and fuel filters are located and what'’s involved in changing
or servicing them. Most mechanics are pretty nice about that kind of thing.

If the job really is easy, they won’t make enough on it to make lying to you
worthwhile; if the job isn’t so easy, you'll be happy to have them do it for you.

Changing the lubricating oil

Because diesel fuel is sometimes called diesel oil, be aware that the oil you
have to change is not the fuel oil, but the oil that lubricates the engine. This
job requires lubricating oil that’s specially designed for diesel engines, rather
- than the lubricating oil designed for gasoline-powered vehicles. After you
understand that distinction, the actual work involved is the same as it is for
conventional vehicles — except that you have to do the task more often. Be
sure to check your oil dipstick at least once a week (following the instructions
in Chapter 3) and change the oil filter every time you change the oil (see
Chapter 15 for additional instructions).

Don’t be surprised if you change the lubricating oil in your diesel, run the
engine for two minutes, and check the dipstick only to find that the new oil
has turned pitch black; this is normal.

- Your owner's manual tells you what kind of oil to use and the maximum inter-
vals you can wait between changes, but I believe that the more often you
change the oil on any vehicle, the longer the vehicle will live and the health-
ier it will be. That goes double for diesels because extreme heat and pressure
help to contaminate the lubricating oil more quickly.

Because the procedure is the same, all the instructions for changing oil and
oil filters in Chapter 15 are relevant, except for the oil classification codes.

( The classification codes for automotive oils tell you which oil to use under a
specific set of conditions.) These are the codes for diesel lubrication oils:

1~ CA: For use with low-sulfur, high-quality fuels only

1+ CB: For use with high-sulfur, low-quality fuels on vehicles subjected to
low to medium stress

»”* CC: Protects against rust, corrosion, and high temperatures under
medium to severe conditions

v CD: For use under severe conditions
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CC is the lubricating oil currently designated for most popular diesels, but
check your owner’s manual to be sure. The manual also specifies a viscosity
grade in the form of a number preceded by the initials SAE. This grade refers
to the “weight” of the oil and the temperature conditions under which it will
flow. Diesel lubricating oil comes in the same range of weights as oil for con-
ventional vehicles, and you can find all the necessary information in the
section “Knowing Which Kind of Oil to Buy” in Chapter 15.

Changing the air filter

The air filter setup on most diesels is the same as it is for gasoline-powered
vehicles, with the filter located inside the air cieaner under the hood of the
car. You can find directions for reaching the air filter in the “Changing your air
filter” section in Chapter 13.

You have to take one big precaution when you change the air filter on a
diesel: Always shut off the engine of a diesel before you try to change the air
filter. Diesel engines produce exceedingly powerful suction, and the air intake
goes directly to the engine: Because almost anything can fly or drop into it —
from nuts and bolts to your favorite hairpiece — you risk serious damage to
the engine if you open the air cleaner with the engine running.

Changing the fuel filters

Most diesels have two fuel filters — a “primary” filter located between the
fuel tank and the engine — which cleans the fuel before it gets to the fuel
transfer pump — and a “secondary” filter up near the engine — which gives
the fuel a final cleaning before it gets to the fuel injectors. Both are usually
easy to change, and your owner’s manual should show you how to do this
job. On some diesels, the job is much like changing the oil filter on a conven-
tional vehicle: You unscrew the old one, moisten the gasket of the new one
with fuel, and screw it into place. Others have filters with replaceable car-
tridges; you just remove the old one and pop in the new one.

There's one catch to changing the fuel filter, however. The next section has
the details.

Bleeding and priming the fuel system

Whenever you change the fuel filter or run out of fuel in a diesel, you must
bleed the air bubbles out of the fuel system and then prime it to get a new
supply of fuel circulating. Because cranking the engine does the job but also
wears down the battery, most diesels include a manual primer pump and an
air-bleed screw for this purpose. On many vehicles, you simply pump the
primer’s handle to get the fuel moving and then turn the air-bleed screw until
a hissing noise tells you that the air is escaping. Just keep pumping until all
the air leaves and the noise ceases; then tighten the air-bleed screw and
replace the pump handle.
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Because bleeding and priming the fuel system is something that may occur
fairly often, I suggest that you check the equipment and procedure for any
model you're interested in purchasing to be sure that you can do this job
quickly and easily.

Water separators

Because diesel fuel can easily become contaminated by water, many diesel
cars feature a gadget called a water separator, which is usually located on or
near the primary fuel filter. If your vehicle doesn’t have one, | strongly sug-
gest that you have one installed. This part shouldn’t be terribly expensive,
and it can save you a bunch of money on repairs.

You can usually drain both integral and optional water separators by turning
a little drain valve called a pefcock and emptying the water from the collec-
tion chamber of the separator.

It’s a good idea to check the water separator weekly at first to see how fast it
fills up under normal conditions when you’re driving on fuel from your usual
source. If the fuel contains a lot of water, you may want to consider buying it
elsewhere.

Getting started on a frosty morning

Metal cylinder walls become very cold whenever the temperature drops, so
most cars are harder to start in cold weather. Because diesel engines require
much higher temperatures to fire the fuel, they have always been harder to
start in cold weather than gasoline-powered vehicles are. To warm things up
before the engine can run, a variety of heaters have been developed that
keep various parts of the vehicle warm and snuggly even when it isn’t being
driven. Some of these gadgets may be on the vehicle when you buy it; others
you can buy and install later on if the need for them arises.

If you're planning to buy a diesel, be sure to ask which heating devices are
included in the purchase price. If you live in a cold climate or do much travel-
ing, it may be a good idea to have several devices available for extreme
weather conditions. The next sections describe some of your options.

Block heaters

Many diesels come equipped with electrically powered block heaters that are
built right into them to keep the engine block warm overnight. You simply
park the vehicle and plug.the heater cord into a heavy-duty three-pronged
extension cord; then plug the extension cord into a 110-volt electrical socket
that can handle a three-pronged plug. Don’t skimp on the length of the exten-
sion cord — it can be 50 feet to a socket from a motel parking lot! I've been
told that in Alaska, where a heater is vital, electrical outlets have been built
right into some parking meters. I doubt that anyone tries to beat those
meters, especially at -40 degrees.
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If your vehicle doesn’t have a block heater, you can buy one and have it
installed. Various types are available, but immersion-type heaters are the
most popular.

When buying a heater, consult the charts at the dealer to match the wattage
of the heater to the size of your engine and the range of weather you expect
to encounter. A high-wattage heater will run up your electric bills unnecessar-
ily if you have a small engine or don’t expect the temperature to go below
zero very often.

Battery warmers

If your diesel won't start in cold weather and you remembered to plug in the
block heater, your battery may be the culprit. Batteries can lose 35 percent of
their power at 32 degrees Fahrenheit and as much as 60 percent at 0 degrees.
Because the battery has to supply the glow plugs with sufficient juice to get
things warmed up, a frostbitten battery isn’t of much use on an icy morning.

This problem has two remedies: You can buy a battery with greater capacity
(providing that there'’s room for one under the hood), or you can buy a bat-
tery warmer. The two most popular models are the “hot plate” warmer, which
simply slides under the battery like a cookie sheet and warms its little toe-
sies, and the “electric blanket,” which wraps around the battery and uses
more current to deal with really frigid situations. Both simply plug into a
nearby 110-volt socket.

Oil warmers and other gadgets

You can buy a heated dipstick to heat the oil in the engine crankcase (just
trade it for your normal dipstick and plug it into an electrical outlet) and a
host of other gadgets to warm the coolant in the engine and the fuel in the
fuel lines. (Most people don’t need all this stuff, but for my readers in
Alaska, Canada, and other cold climates, I thought I'd cover the subject
thoroughly. . ..)

I recently came across a handy hint that may work in a pinch: On a day when
your block heater isn’t able to combat the cold effectively, try turning on
your electric hair-dryer and putting the nozzle into the car’s air intake. The
warm air should help your engine warm up faster.

What not to do on a frosty morning

Never use engine-starting fluids to start your engine — no matter how eager
you are to get underway. The ether in these fluids can ignite at such low tem-
peratures that you risk a fire or an explosion — either of which can mean
severe damage to both yourself and your precious diesel. Although the con-
tainers do give instructions, measuring the “safe” proportions required is just
too hard. If you feel that you must use this stuff, you can find starting-fluid
injection kits that are safe and effective; you may want to have one of these
installed. Just stay away from those “convenient” spray cans!
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Curing a sick diesel

As | mentioned earlier, diesel vehicles can become contaminated by a fungus.
Yep, that’s right, a fungus! It usually happens when you buy diesel fuel that’s
already “infected” or when the diesel fuel in your tank has been exposed to
moisture.

If you suspect that your vehicle has caught a dose of fungus, check its filler
pipe and cap for yucky-looking matter, or dip a clean stick into the fuel tank
and inspect that. An advanced case of fungus smells like rotten eggs. To cure
it, use a biocide designed to kill fuel fungus. Your dealer probably can suggest
the proper product and the right amount to use. Or you can ask someone at
an auto parts store, a marine chandler, or a home heating or chemical com-
pany for advice.

Add biocide only when you're filling the tank with fuel — never to an empty
or almost empty tank. If your tank’s really been fouled up, your best bet
probably is to drain it and have it steam-cleaned, or clean it yourself with a
commercial cleaner designed for fuel tanks, and then refill the tank and add
the biocide.

If you're planning to store your vehicle for a while, fill the fuel tank com-
pletely so that no space is left for water vapor to condense out of the air.
Then dose the tank with biocide to prevent fungus from forming.

Here’s something that I learned while cruising the South Pacific, where diesel
fuel is often contaminated and there’s usually only one place to fuel up: If
sailors suspect that the diesel fuel they're buying may be dirty, they place a
nylon stocking over the end of the nozzle of the fuel hose to strain out conta-
minants. If the stocking gets fouled up, they dose the tank with biocide
immediately. -

Finding a reliable diesel mechanic

If you need professional help, either with maintenance or for repairs, and
your vehicle is out of warranty, you may want to check around for a good
independent diesel mechanic, if only to compare prices or get a second opin-
ion on major surgery. One way to find a good independent diesel mechanic is
to look in your local Yellow Pages under “Automobiles, Repair” (or something
similar) for a shop whose ad carries the logo of the Association of Diesel
Specialists. The ADS authorization goes to repair facilities that send their
mechanics to factory schools for instruction, maintain standards of cleanli-
ness, and meet requirements for stocking the tools and parts to deal properly
with a variety of diesel systems. (Chapter 22 is devoted to finding and main-
taining a good relationship with a mechanic and shows you how to get
satisfaction in a dispute over labor or services.)
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Cars of the Future: Alternatively
Powered Uehicles

The future is fast approaching! As [ mentioned at the beginning of this chap-
ter, the intense pressure to clean up and preserve the environment is
beginning to pay off. Nuclear-powered cars are still pretty far in the future,
but federal and state clean-air laws, along with growing public and auto-
industry awareness of the need to cut down on pollutants, are bringing about
change. And that change is coming pretty rapidly.

The next edition of Auto Repair For Dummies will probably include chapters
that deal in depth with vehicles that supercede gasoline and diesel engines.
There are many contenders in the field. In this section, I give you a look at the
technology awaiting you just down the road.

ICE isn’t melting away

Carmakers spent the past 70 years perfecting the internal combustion
engine — or ICE, as today’s automotive engineers and product planners call
it. Now companies are spending billions of dollars researching better ways to
use alternate fuels, such as compressed natural gas. They’re also working to
improve electric vehicles (EV) — eerily quiet vehicles that whoosh along the
road with plenty of power and no tailpipe emissions — and to come up with
radically new alternative fuels and alternative power plants.

The gasoline engine isn’t going to disappear, at least not any time soon.
Improvements to the internal combustion engine have made it far cleaner and
more efficient than ever before, and there’s no indication that the industry is
going to abandon it. In fact, Honda recently unveiled a gasoline engine that is
so clean that it almost meets California’s tough zero-emissions standard.

Because such engines are so much less polluting, and because the costs to
business and society of eliminating gasoline-powered engines are so stagger-
ing (where will all those gas station owners, oil refinery workers, and engine

-mechanics go?), weaning the world away from the internal combustion power
plant will take generations.

But the bywords these days are ecology and economy. Waiting in the wings,
like the freshly diapered New Year’s baby waiting to usher out the wrinkled
Old Year, are a number of alternative fuels and alternative means of getting
power to the wheels. Cars may very well end up being called something like
personal transportation modules in New Millennium-speak!
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Alternative fuels

At present, the leading contenders include methanol, propane, designer diesel
fuel bred in the laboratory, and, finally, electric power from hydrogen — a gas
that can be distilled from something as simple as water. (That’s what the H in
H,0 stands for, after all.)

These fuels sound like science fiction, but they're really not exotic. Vehicles
that consume such fuels will still get their power from a mechanical or electro-
mechanical engine. A gear-driven driveshaft will still turn the wheels. But
instead of a powerful V-8 engine with dual exhausts and a four-speed auto-
matic transmission, the next generation’s hot car might just have a whining
electric motor with a direct transmission that has a single forward position:
Drive.

Californians are already getting a taste of the future because of a rule that

4 percent of the new cars sold in the state by 2003 must be emission-free and
6 percent must meet super-ultra-low-emission standards. That’s more than
100,000 zero- and near-zero-emission cars that must be ready for the road in
just a few years! (New York and several other states have adopted similar
rules.)

None of the major auto companies want to invoke the wrath of California. It

is, after all, the most populous state, and its residents buy about 10 percent

of all the vehicles sold each year. To be kicked out of California, which is the
penalty carmakers face if they don’t comply with the state’s stringent clean-
air rules, would have a disastrous impact on the old bottom line.

So the auto industry has launched a major effort to develop so-called ZEVs,
or zero-emission vehicles. Automakers have also developed a number of low-
and ultra-low-emission cars and trucks by replacing gasoline with cleaner-
burning fuels such as propane and natural gas.

Although most alternative fuels require different kinds of fuel tanks and fuel
pumps and modified carburetors and fuel injection systems, everything else
in the engine works pretty much like a standard car. The fuels, no matter how
exotic, still power internal combustion engines. The most common alterna-
tives to gasoline and diesel are compressed natural gas (CNG), propane, and
alcohol fuels such as methanol and ethanol. All are cleaner than gasoline, and
each comes with advantages and disadvantages. One common problem is
availability. Whereas government and private fleet vehicle operators have
refilling stations in their garages for the kinds of alternative fuels they use,
relatively few public filling stations pump compressed natural gas or ethanol.

Adventurous private owners who want to take long trips in their alternatively-
fueled cars have to locate publicly available filling stations along their routes
and call ahead to make sure that they can stop in for a tankful. The best place
to do the checking is on the Internet. The federal government maintains a
helpful site called the Alternate Fuel Data Center at www.afdc.doe.gov.
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Compressed natural gas (CNG)

Compressed natural gas is already in use in more than 75,000 vehicles in the
United States and more than 1 million worldwide, according to the Virginia-
based Natural Gas Vehicle Coalition. CNG is a common fuel for forklifts, airport
shuttles, and transit buses and for pool cars for government and private fleet
operations that are trying to meet state and federal clean-air requirements.

The biggest difference between conventional and CNG vehicles is in the fuel
tank (see Figure 7-11). Because CNG is compressed, it’s stored under pressure
at either 3,000 or 3,600 pounds per square inch, which requires special tanks
that can withstand that pressure. The tanks are usually cylindrical because
the laws of physics dictate that curving surfaces can hold up under pressure
better than flat ones can. The fuel is measured in units called gasoline-gallon
equivalents, or g.g.e.

1. Fuel eylinder (side) 10. Fuel gauge pressure sensor

2. Fuel cylinders (rear) 11. High-pressure fuel shut-off solenoid
3. Fuel fill receptacle 12. Engine coolant hoses {2)

4. Check valve 13. Fuel temperature sensor

5. Manual shut-off valve 14. Fuel pressure sensor

6. Fuel pressure regulator 15. Low-pressure fuel shut-off solenoid
7. Powertrain control module 16. Fuel shut-off solenoid relay

8. Fuel injector driver module 17. Pressure relief device

9. Pressure relief discharge tube 18. Fuel injectors (8)
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Natural gas delivers about six times less energy than the same volume of
gasoline, so the tanks typically have been larger than a standard gas tank to
give the vehicles the same range as their gasoline-powered cousins. One
drawback is that the size and number of CNG tanks that most cars and light
trucks need uses up valuable cargo or passenger space.

Fuel lines also have to be high-pressure lines, and the fuel delivery system,

usually fuel injection, has to be specially made for CNG. But after the gas is
mixed with air and injected into the engine’s combustion chamber, it works
the same as gasoline.

A significant difference occurs at the tailpipe, however. CNG produces far

fewer pollutants than either gasoline or diesel, which means that most CNG

vehicles qualify for low- to ultra-low-emission standards. DaimlerChrysler

even makes a full-size van in California, powered by a CNG-fueled V-8 engine,
.that is classified as super-ultra-low emission vehicle.

Propane

Propane works much the same as CNG except that it typically is added as a
liquid under far less pressure than natural gas. It also is closer to gasoline in
terms of the energy derived from each gallon. Propane-powered vehicles need
special fuel tanks, but they’re not as expensive as the $15,000-plus high-
pressure tanks used on most CNG cars and trucks.

Propane is used primarily for fleet vehicles that make day trips. It also is used
in farm equipment. Its principal drawback is that it’s not as clean-burning as
natural gas. Propane is a more complex hydrocarbon, and when it burns, it
emits more pollutants.

Alcohol fuels

Alcohol fuels have been around for years, typically mixed with gasoline at a
ratio of 15 percent gas, 85 percent methanol or ethanol. The gasoline is added
to help with ignition in cold weather, and so that if the fuel catches fire, it will
burn with a colored flame. In their pure states, methanol and ethanol burn
with a clear flame, which can create a dangerous situation in the event of a
fuel fire.

Ethanol is distilled from corn and wheat and is often used in farm vehicles. In
addition, it can be used in flexible-fuel and dual-fuel vehicles, although it usu-
ally isn’t because ethanol filling stations are hard to find — only about 540 of
them exist in the entire United States. Methanol, which is distilled from
hydrocarbons like coal and natural gas, isn’t much used because it isn’t as
clean as ethanol. As with CNG, use of these fuels requires modification to the
fuel storage and delivery systems on cars and trucks.
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Designer diesel

One perhaps surprising entry into the clean-fuel arena is designer diesel. It is
called that because, unlike traditional diesel fue!l that is refined from sulfur-
laden crude oil, these new diesel fuels have been scientifically designed in the
laboratory to be free of sulfur and many of the other impurities that have
given diesel a reputation as a dirty fuel. One test refinery in Oklahoma is even
producing diesel from natural gas.

Designer diesels are important because the auto industry is looking to a new
generation of environmentally friendly, efficient, small diesel engines — usu-
ally turbocharged — to augment gasoline and electric power in cars and
trucks of the future. One reason is that diesel is more efficient than gasoline.
A diesel engine in good tune usually uses about 24 percent of the energy in
the fuel for propulsion power. Gasoline engines most often run at around 20
percent when in good shape.

So diesel, if it’s cleaned up, has many good points. In fact, the Partnership
for a New Generation of Vehicles (PNGV), a nationwide effort by the major
domestic carmakers and the federal government to produce the New
Millennium’s optimum vehicle, has fixed on these small diesel engines
coupled with electric motors as the best hope for achieving its goal of pro-
ducing a hybrid five-passenger car that can get 70 to 80 miles per gallon with
extremely low emissions.

Alternative power plants

Alternative fuels lead to a whole new arena of alternative power plants: the
innovations that will likely reduce the dependence on the standard internal
combustion engine (ICE).

Hybrids

Actually, the first kind of alternative power system uses a small ICE as a critical
component. The system is called a hybrid power plant because it’s a mix —
neither fish nor fowl. It combines small internal combustion engines and elec-
tric motors to get maximum power with minimum emissions and maximum
fuel economy.

There are two kinds of hybrids (see Figure 7-12 for an illustration):

1 A series hybrid uses a gasoline or diesel engine, coupled with an alter-
nator, to generate the electricity that the electric motor needs to do its
work. The electric motor, though, is what actually propels the vehicle,
using its power to rotate a driveshaft or a set of drive axles that turn the
wheels.
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|
Figure 7-12:
A hybrid
engine.
|

v A parallel hybrid uses both motors for propulsion. They can run in
tandem, or one can be used as the primary power source with the other
kicking in to assist when extra power is needed for starting off, climbing
hills, and accelerating to pass other vehicles.

The ICE in a parallel hybrid also generates enough electricity to charge a
small set of storage batteries mounted in the vehicle’s engine compart-
ment or somewhere on the frame, The batteries then provide power for
the electric motor when it’s called on to do its job. '

Energy management
& system contr

Fuel tank

Energy storage unit

Traction motor

An electronic motor controller sends out the marching orders to the two
motors, basing its judgment calls on information received from sensors that
tell it things like how hard the driver is pressing on the accelerator or how
much strain the internal combustion engine is under.

Having the ICE generator on-board eliminates the need for the costly
recharging systems in use on the current crop of battery-driven electric vehi-
cles. If equipped with the same-size gas tanks as conventional ICE-powered
vehicles, hybrids have much greater range because of their significantly
improved gas mileage.

Honda and Toyota have developed the first commercial hybrid cars. Both are
scheduled to go on sale in the United States as year 2000 models. Honda’s
hybrid — code named the VV — uses a 3cylinder, 1-liter gasoline engine and
an electric motor whose size hadn’t been disclosed at press time. The gas
engine provides the main power, with the electric kicking in as a sort of super-
charger when more power is needed.
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Toyota’s car, the Prius, features a 1.5-liter gas engine and an electric motor
rated at 40 horsepower. It works like the Honda, with the electric motor pro-
viding extra power when needed. Toyota claims that this car will go 800 miles
on a 13.2-gallon tank of gas. The Prius went on sale in Japan in 1998 as the
world’s first commercially available gas-electric hybrid. Both cars have ultra-
clean emissions. And, best of all, both will be priced at under $20,000!

The Toyota and Honda cars are parallel gas-electric hybrids, while Ford,
General Motors, and DaimlerChrysler are concentrating on parallel diesel-
electrics as part of their work with PNGV.

Electric vehicles (EV)

The same companies are also in the forefront of work on development of a
truly usable electric vehicle that accelerates well, has a decent top speed and
the range of a conventional gasoline-powered vehicle, seats at least five, and
refills its energy supply as quickly as we refill gasoline tanks today. It should
also fit as well in the average family’s budget as it does in the garage. The sec-
tion called “Operating an electric vehicle” at the end of this chapter tells you
what driving an electric vehicle is like.

Actually, the battery electrics now on the road have several of those charac-
teristics. They do accelerate well, although the extremely heavy battery
packs keep them from qualifying as anyone’s idea of a hot rod. (However, a
private carmaker in southern California does build a two-seat electric sports
car that goes from 0 to 60 mph in just 4.2 seconds, which is up there in Chevy
Corvette and Dodge Viper territory.) And most of today’s electrics will cruise
on the freeways at speeds of 75 to 85 mph, depending on how heavy and
aerodynamic the vehicle is and how the factory has regulated, or governed,
the motor to limit top speed. Nissan’s Altra EV, for example, has its top speed
limited at 75 mph.

Electric cars and trucks also can haul big loads and climb steep hills with rel-
ative ease. That’s because, unlike an internal combustion engine that needs
to build up revolutions before the maximum pulling power, or torque, kicks
in, an electric motor provides almost all of its torque from the start. Unfortu-
nately, fast acceleration, hill climbing, and cruising at speeds above 50 miles
per hour all consume extra electricity, which cuts down on an electric vehi-
cles’ already limited range.

You don’t see many electrics in use right now. Although retail sales and leasing
started in late 1997, by the middle of 1999 fewer than 2,500 electric vehicles
had been sold or leased throughout the United States, mainly in California,
‘where state mandates required them. In comparison, during the same period,
about 24 million conventional cars and light trucks were sold or leased.
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EVs have been slow to catch on, largely because the industry still considers
them experimental and isn’t mass-producing them. In fact, some automakers
that had begun active sales of EVs have recently stopped making them. That’s
because the idea that electrics can use storage batteries as their power source,
the same way a flashlight draws its power from a battery, hasn’t paid off.

Storage-battery technology hasn’t achieved the breakthrough needed to let
auto-makers store enough energy to give electric cars anywhere near the
range they need to compete with vehicles powered by conventional engines.
As a result, the average electric car in use in 1999 was getting about 70 miles
on a full charge in real-world use, and it took between 4 and 6 hours to
recharge those batteries. That means that a 200-mile family trip from New
York to Boston, a 4-hour excursion in the average gasoline-powered car,
became a 10- to 12-hour journey in an electric. And because storage batteries
don’t hold much of a charge in extreme cold, the range of a battery-electric
vehicle drops way down as the thermometer edges near zero.

So why are some people still excited about EVs? Because tremendous work is
being done on alternatives to the storage battery — alternatives that could
make emission-free private transportation a reality instead of a mere
promise.

Fuel cells

The best answer may well be the fuel cell, a relative old technology that’s
being adapted and improved in the search for a way to make electric cars
more user-friendly. You can see an example of a fuel cell in Figure 7-13.

The fuel cell was invented in the mid-1800s and was put into everyday use by
the military and the aerospace industry more than 40 years ago. Nowadays,
many hospitals and fast-food restaurants have fuel cells that provide them
with electricity so that they are not dependent on a public electrical grid that
can black out with no warning.

Essentially, a fuel cell is a processing plant that creates electrical current
from hydrogen and oxygen, which is passed over a catalyst, usually a micro-
scopically thin sheet of platinum. The electrical current is then fed directly to
the vehicle’s electric motor for propulsion. Cells are linked together into
“stacks” to increase the electrical output. A test car just unveiled by
Mercedes-Benz, the Necar 4 (which stands for New Electric Car 4), uses two
stacks, each with 160 cells.

The beauty of a fuel cell is that it takes the place of a storage battery and pro-
duces electricity directly from a plentiful element: hydrogen. Once perfected,
fuel cell-electric cars will have the range and “refill-ability” of gasoline-
powered cars. Of course, the method of getting hydrogen to the car in the
first place is still up in the air.
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|
Figure 7-13:
Afuel cell.
T

One method would require construction of thousands of hydrogen filling sta-
tions where motorists would pull in to fill their cars’ tanks with either liquid
or gaseous hydrogen. Still to be resolved, of course, is how to finance con-
struction of such a delivery system or infrastructure.

The industry also has not yet settled on what form of hydrogen to use.
Gaseous hydrogen, like CNG, would have to be stored in tanks that could
withstand thousands of pounds of pressure. But liquid hydrogen has to be
stored at unbelievably cold temperatures — 423 degrees below 0 — and then
must be warmed up to function properly in a fuel cell.

A fuel-cell electric car that ran directly on hydrogen would produce virtually
no emissions ~— the only thing dribbling out of the tailpipe would be a trickle
of distilled water formed in the interaction of the hydrogen and oxygen inside
the cell!

But because of the problems inherent in getting hydrogen to cars, some in the

industry are considering another type of system. It appears that the hydrogen
needed for a fuel cell to operate can be produced on-board a car or truck, dis-
tilled, if you will, from a hydrocarbon fuel such as gasoline, methanol, or
ethanol. The process requires the fuel to be turned into a vapor under high
heat. That process produces carbon monoxide and a few other pollutants, so
it isn’t as clean as a system that uses hydrogen directly, but it’s still far cleaner
than an internal combustion engine.
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Those problems aside, the cells that industry uses are far too large for auto-
mobiles, and a good deal of work has gone into figuring out how to shrink
them. Automakers have developed fuel cells that are small enough to put into
test vehicles, although they are still 30 to 50 percent too heavy for commer-
cial use. They still are about 10 times too costly to be considered for
commercial use. But their time is coming. DaimlerChrysler has said that it
will have fuel cell cars in the retail market by 2004. And the other major
automakers won't be far behind.

Operating an electric vehicle

After automakers conquer the problems of how best to produce the electric-
ity that an electric car needs, the rest is pretty easy. The electrics on the
market today handle remarkably well and can hold their own on busy free-
ways. They're not the cars to take on a long trip, but for commuting and most
daily use, they're no different from their gasoline-powered cousins once you
get past the fact that there’s no engine under the hood and that you don’t
have to pull into a gas station unless you have to use the restroom or you get
a nail in one of the special, low-rolling resistance tires.

What is under the hood is a powerful electric motor — all the necessary
wires and plumbing, plus all the equipment for conventional heating and air
conditioning, power brakes, and power steering. You even find a conven-
tional 12-volt battery to provide start-up power and keep the clock, power
locks, and other electrically controlled devices in operation when the power
plant is shut down.

Inside, an electric car looks much the same as any other. (All but the EV-1
started life as conventional ICE vehicles and were modified to become
electrics.) The biggest difference is on the instrument panel. Instead of a fuel
gauge that shows how full the tank is, electric vehicles have digital readouts
that show how much charge is left in the battery and how economically — or
not — you are driving. And those with regenerative braking systems have a
gauge or readout that shows when power is being generated and stored.
(Regenerative braking uses the energy of the braking action to generate elec-
tricity to replace a very small part of what is consumed when accelerating.)
Several electric cars also have a readout that estimates the number of miles
remaining before they run out of juice.

Some, like Nissan’s Altra EV, also have a digital tachometer that tells you how
fast the electric motor is revolving. And it’s much faster than the crankshaft
in a gasoline-fueled car! Driving down the freeway at 74 mph and glancing
down at the tach to see that you're cruising at 16,000 rpm is unsettling!
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The other oddity — and it’s fun to watch the guys at the car wash try to
figure this out — is that an electric vehicle doesn’t do much of anything when
the key is turned on. Sometimes a small cooling fan kicks in, and the “On” or
“Ready” indicator light on the dashboard lights up. But that’s it. No roar, no
sputter. Pump the accelerator all you want; you get no action. An electric
motor doesn’t rev up until you engage the transmission.

When you engage the transmission, you send a signal to the motor controller,
which boosts the voltage to the motor in response to the pressure you place
on the accelerator (which looks and feels just like a gas pedal). As the volt-
age increases, the motor spins faster. The power is transmitted to the drive
axle through a series of gears, just as the power from a conventional vehicle’s
revolving crankshaft is transmitted. (If you've forgotten how it does that,
review Chapter 4.) The difference is that, because an electric vehicle delivers
full torque at all times, the transmission has only a single speed. There’s no
need to shift into higher or lower gears to increase the motor’s efficiency.

So it’s a simple matter of getting in, turning the key, shifting into Forward or
Reverse, and driving away. You may see a cloud of dust — it depends on
where you parked — but you won't see a cloud of fumes or hear a rumble of
exhaust. Just the whine of an electric motor ramping up.

Many problems must be overcome before the gasoline-driven internal com-
bustion engine is relegated to museums and classic car collections. But the
industry and various governments are spending billions of dollars to develop
functional electric and hybrid vehicles for personal use. The Car of the Future
is a matter of when, not whether. It may already be on the road by the time
you read this book!
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Wth all that “air, fuel, and fire” stuiff going on in its engine, your vehicle
needs something to help it keep a cool (cylinder) head! Because water
‘is usually cheap, plentiful, and readily available, auto manufacturers have
found it to be the simplest answer {o the problem. (Except for a few who
found that air is even cheaper and more abundant. They designed the air-
cooled engine. If you have a pre-1975 Volkswagen, you won't find a drop of
water in it.)

Of course, nothing is as simple as it seems. Automakers add a couple of gim-
micks to keep the water from boiling too easily. These include a water pump
to keep it moving; a fan and a radiator to cool it off; a pressure cap to retard
boiling; a thermostat to help the engine quickly reach and maintain the
proper temperature; and antifreeze/coolant to raise the boiling point and
keep the water from rusting the engine and freezing in winter. Put them all
together, and you have your vehicle’s cooling system (see Figure 8-1).

The cooling system is highly efficient. It usually requires almost no work to -
keep it operating — just a watchful eye for leaks and an occasional check or
change of coolant. This chapter explores the system part by part. Chapter 14
shows you what to do if your car overheats and how to maintain and trou-
bleshoot the cooling system and make easy repairs. Chapter 21 helps you get
out of trouble if your car overheats on the road.
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The | Radiator

When the fuel/air mixture is ignited in the cylinders, the temperature inside
the engine can reach thousands of degrees Fahrenheit. It takes only half that
heat to melt iron, and your engine would be a useless lump of metal in about
20 minutes if your vehicle couldn’t keep things cool. Naturally, the liquid
(coolant and water) that circulates around the cylinders in the engine block
gets very hot, and so it’s continually circulated back to the radiator, where it
cools off before heading back to the scene of the action.

The radiator is designed to cool the liquid quickly by passing it over a large
cooling surface. The liquid enters the radiator through the fop radiator hose,
-which is usually connected to (you guessed it) the fop of the radiator (refer
to Figure 8-1). As the liquid descends, it runs through channels in the radia-
tor, which are cooled by air rushing in through cooling fins between the
channels. When the liquid has cooled, it leaves the radiator through the
bottom radiator hose (surprise!l). This hose usually has a spring inside it to
prevent it from collapsing when the water pump draws coolant from the radi-
ator. (If it collapses anyway, Chapter 14 has instructions for replacing it.)

Additional hoses

There are also smaller-diameter hoses also leading from your engine to the
heater core (see the end of this chapter). Some vehicles have a small bypass
hose near the thermostat as well (see “The Thermostat,” later in this chap-
ter). These hoses are an important part of the cooling system, as they are
designed to carry the liquid in it from one component to another.
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Coolant/Antifreeze

To keep the water in the cooling system from boiling or freezing, the water is
mixed with coolant/antifreeze (which, in the interest of brevity, I just call
“coolant™).

Most coolants contain about 95 percent ethylene glycol, a chemical that stops
water from freezing or boiling, even in extreme temperatures. (Ethylene
glycol is toxic; there are nontoxic coolants that contain propylene glycol
instead. See the sidebar “Keeping coolant out of the mouths of babes and
small animals” in Chapter 14.) In addition to the ethylene glycol, coolant also
contains rust, corrosion, and foaming inhibitors, so coolant does more than
just keep the water in the system in a liquid state: It also helps to prevent the
formation of rust on the metal surfaces of the engine and the radiator, lubri-
cates the water pump, and keeps the liquid from foaming as it circulates
through the system. Since the early 1960s, auto manufacturers have designed
the cooling systems of most vehicles for a 50/50 mixture of ethylene glycol
and water, which is still generally considered the proper proportion of
coolant to water for the cooling system of most vehicles. (I usually refer to
the coolant and water mixture as “liquid” in the rest of this chapter.)

Today’s engines require specially formulated coolants that are safe for alu-
minum components. Also, some manufacturers are using a new coolant
called Dex-cool that can last about twice as long as other coolants.

If your cooling system is operating properly, you shouldn’t have to keep
adding liquid to it. Chapter 3 shows you how to check the level and condition
of the liquid in the cooling system, and Chapter 14 shows you how to add
liquid or flush the system and replace the liquid in it.

The coolant recovery system

A coolant recovery system is just a clear plastic container with two little
hoses coming out of the cap (see Figure 8-2). One hose leads to the radiator,
and the other serves as an overflow pipe for the container. The container
holds an extra supply of water and coolant, in case the system loses any.

When your cooling system heats up and starts to overflow, the liquid pours
back into the recovery container instead of pouring out of the radiator over-
flow pipe and onto the ground. When the system cools off, the pressure
drops and the liquid is drawn out of the container and back into the radiator.
This process not only saves you coolant, but it also protects animals and
children from sampling puddles of the toxic stuff.
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Figure 8-2:

A coolant
recovery
system.
T

Some of today’s vehicles have pressurized reservoirs. In these cases, you find
the radiator pressure cap on the reservoir and not on the radiator.

Most recovery systems are considered “sealed” because you can check
whether your coolant needs changing — and add water and coolant — by
opening the cap on the container. You can also check the level of liquid in the
system by seeing whether it reaches the fill level shown on the side of the
container. (For instructions on adding liquid to a sealed system safely, see
“Using a coolant reservoir system” in Chapter 14.)

The radiator pressure cap

To further retard the boiling point of the liquid in the cooling system, the
entire system is placed under pressure. This pressure generally runs between
7 and 16 pounds per square inch (psi). As the pressure increases, the boiling
point rises as well. This combination of pressure plus coolant gives the liquid
in your cooling system the capability to resist boiling at temperatures that
can rise as high as 250 degrees Fahrenheit or more in some new vehicles.

To keep the lid on the pressure in the system, and to provide a convenient
place to add water and coolant, each radiator has a removable radiator pres-
sure cap on either its radiator filler hole or its coolant recovery system.

The pressure cap has two valves: a pressure valve and a vacuum valve. The
pressure valve maintains a precise amount of pressure on the liquid in the
system. The vacuum valve allows the liquid to travel back into the radiator
from the recovery reservoir when the engine cools down.
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Pressure caps are relatively inexpensive, but if you have a cap that isn’t work-
ing properly, or if you have the wrong type of cap, you’'ll be amazed at the
amount of trouble it can cause. For example, if the gasket (rubber ring)
inside the cap isn’t working, the pressure in the system will escape, allowing
the liguid to boil at a lower temperature. A modern cooling system that’s
been designed to operate normally at temperatures over 212 degrees
Fahrenheit, and that is filled with liquid and in perfect condition, will still con-
tinually boil over if the radiator cap isn’t operating efficiently. That boiling
liquid will be forced into the overflow system, and your vehicle’s engine will
overheat. This can cause an inconvenient highway breakdown and possible
danger to your engine.

If your vehicle overheats on the highway, Chapter 21 can get you cooled
down safely. The section “If Your Car Is a Chronic Hothead” in Chapter 14
offers remedies for other overheating problems.

Although most vehicles come equipped with a safefy pressure cap, which fea-
tures a little lever that releases the pressure before you remove the cap,
some older vehicles have a cap that lacks this feature. If you have one of
these caps, replace it with a safety pressure cap immediately. Doing so can
keep you from burning yourself if you have to remove the cap while there’s
still some pressure in the system.
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The Fan

Air rushing through the radiator cools things off when you are driving merrily
down the freeway, but a fresh supply of air won’t be moving through the radia-
tor fins when the vehicle is standing still or crawling its way through heavy
traffic. For this purpose, a fan is located behind the radiator, positioned so
that it can draw air through the radiator (refer to Figure 8-1). Today, most fans
have a plastic shroud that funnels air through the radiator. And some sports
cars have air dams that help force the air up through the radiator from below.

Originally, a fan belt drove the fan as long as the engine was running. Now,
fan clutches on many vehicles automatically limit the fan’s movement at
speeds over 25 mph. Because the air rushing past them allows these fans to
simply “coast” at high speeds, the engine doesn’t have to work as hard or
burn as much fuel to supply the power that the fans would normally con-
sume. Most cars with transverse engines have electric fans, some of which
continue to run for a short while after the engine is shut off. Chapter 14 has
instructions for adjusting and replacing fan belts and other accessory belts.

The Water Pump

|
Figure 8-3:

A water
pump.
L]

The water pump (see Figures 81 and 8-3) draws the liquid from the radiator
through the boftom radiator hose and sends it to the engine, where it circu-
lates through water jackets located around the combustion chambers in the
cylinders and other hot spots. An accessory belt drives some water pumps,
while some overhead cam engines drive the water pump with the timing belt.

If the timing belt drives your water pump, the water pump will be difficult to
see unless you remove the plastic timing belt cover.
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The Thermostat

The thermostat is the only part of the cooling system that does not cool
things off. Instead, it helps the liquid in the cooling system warm up the
engine quickly. Here’s how — and why — it does this:

The thermostat is a small, metal, heat-sensitive valve (see Figure 84) that’s
usually located where the upper radiator hose meets the top of the engine.
(On a few vehicles, you find the thermostat where the bottom hose joins the
engine. Your owner’s manual should tell you where yours is.) When it senses
hot liquid, the thermostat allows the liquid to pass through. But when the
thermostat senses that the liquid is cold (like when you first start your car in
the morning), it shuts and doesn’t allow the liquid to circulate through the
radiator (refer to Figure 8-1). As a result, the liquid stays in the engine, where
it gets hot as the engine warms up, and in turn, the increasing heat of the
liquid helps the engine to warm up more quickly. As a result, the vehicle runs
more efficiently and burns less fuel.

Figure 8-4:

A thermo-
stat.
]

The Heater Core

The heater core is located inside the vehicle between the instrument panel
and the firewall. It looks like a miniature radiator minus the fill neck and cap.
The purpose of the heater core is to provide heat for the passenger compart-
ment. The same liquid that the water pump circulates throughout the engine
also circulates through the heater core when the engine is operating. When
you get chilly, you can direct air across the heater core and heat the interior
of your vehicle by turning on the inside fan. Because the heater core is rela-
tively “passive,” it usually doesn’t need attention (unless it breaks).
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That’s all you need to know about the parts involved in the cooling system
and how they work. Of course, some vehicles have more complicated sys-
tems, or variations on the theme, such as two fans run by electric thermostats
that aren’t connected to the water pump at all. These go on independently
and draw air in to cool the engine when necessary. But in general, if you
understand the way the basic cooling system works, you should have little
trouble handling the one in your vehicle. Chapter 14 provides instructions for
troubleshooting, maintaining, and making simple repairs.

Air Conditioning

Air conditioning is fast becoming standard equipment, rather than an option,
on most vehicles. It uses refrigerant to remove the heat from the air (rather than
cooling it) and a blower to send the cool air into the passenger compartment.

Until 1992, a refrigerant called CFC-12 (commonly called Freon) was standard
on most vehicles. When it was found to contribute to the depletion of the
ozone layer, CFC-12 was phased out and replaced by R-134a. Production of
CFC-12 ceased at the end of 1995, and, although the stuff can be recycled,
supplies may be limited.

If your vehicle was built before 1992, you may have trouble getting Freon if
you need to replace the air conditioner’s refrigerant. Conversions to an alter-
native refrigerant (R-134a) are expensive, so think about this fact before
buying a pre-1992 used vehicle or undertaking expensive repairs on one you
already own.

Chapter 14 has suggestions on extending the life of your air conditioner and
tips on servicing it and finding out what it would cost to convert from CFC-12
Freon to R-134a refrigerant.
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Fe transmission system in your car is probably its most complex system
in terms of automotive mechanics. But take heart; you don’t have to be a
mechanical genius to understand it (or I wouldn’t be writing about it!). For
starters, think of the transmission as a communication system that takes
messages from you about whether you want to go forward or backward —
and at what speed — and passes them on to the wheels.

Transmission systems vary from one vehicle to another. With a manual
transmission (sometimes called a standard transmission), you shift into the
proper gear at the proper time yourself, with an automatic transmission, the
shifting is done for you. But the result is the same: Whether you have an auto-
matic or a manual transmission, the transmission transmits power from the
engine and directs it to the wheels. But it doesn’t do the job alone, it’s part of
a system that has several components, commonly known as the drive train.

This chapter takes you for a ride on the drive train. By the end of the line,
the transmission and its related parts should no longer be a mystery and
Chapter 17, which deals with maintaining and troubleshooting the transmis-
sion, should easily become familiar territory.

All aboooard!
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The Drive Train

When your vehicle changes direction from forward to reverse, the rear
wheels (or the front wheels on cars with front-wheel drive) don’t just have
to be told which way to rotate. They must also know how fast to turn, and
they must be supplied with extra power for starting, climbing hills, and
pulling heavy loads. All these things are accomplished via the drive train. By
knowing what each part does and how it relates to the other parts of the
drive train, you can trace the flow of power from the engine to the wheels.

Here’s an interesting way to look at how the drive train functions: Imagine
that you are the captain of a ship. You have a lovely set of engines down in
the engine room that manufactures power to move your ship. You are up on
the bridge, surveying the blue ocean with your binoculars, when suddenly
you see an iceberg dead ahead. Instead of running down to the engine room
and personally reversing the propellers so that the ship will move backward,
you pick up the intercom and call the engine room, saying, “This is the cap-
tain speaking. Reverse engines!” The person in the engine room hears you
and does what’s necessary. The ship is saved.

In a car, with a crew of one, you're still at the wheel giving orders. But you're
giving them to a vehicle that can’t hear you. You need a piece of machinery to
communicate with other machines. In this case, that piece is your gearshift.
By moving the gearshift with your hand, you can tell the transmission what
to do. Then the transmission tells the wheels via the driveshaft.

With the aid of the drive train, you can not only tell your wheels to go for-
ward or backward, but you can tell them how fast to go as well. When you
step on the accelerator, you compel the engine to produce power, but that
power has to get to the wheels in the proper way for the wheels to respond
most efficiently. There are ways to convey that extra power to the wheels by
controlling how fast they turn in relation to the engine’s speed when you're
going up a hill, pulling a heavy load, or just trying to overcome inertia and get
the car started. So your transmission has more than just forward and reverse
gears; it has low and high gears, too. Some transmissions have as many as six
forward gears to control power and speed efficiently. (I won’t even talk about
those huge semis with 14 and more forward gears!) In all cases, the lower
gears provide more power at lower speeds. The higher gears provide less
power but allow the vehicle to move at higher speeds because the wheels can
turn faster in these gears at any engine speed.
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How Power Flows through the Drive Train

You can more clearly visualize how power flows through the drive train by
following the flow of power through it. Figure 9-1 shows all the components
as they are located on a vehicle with rear-wheel drive. If your vehicle has
front-wheel drive, Figure 9-2 shows you the way the power flows through a
transaxle. The principles and parts are pretty much the same in each type
of drive train:

Gearshift  Drive-
shaft

|
Figure 9-1: ; o -
The | | | b - MCmsags
drive train ’ ! " ——
ina B U-Joints
vehicle with
rear-wheel
drive.
|

Differential

Clutch Input  Throw-out
disk shaft bearing axle

Crankshaft

1. The running engine produces power that causes the crankshaft to turn
at a particular rate of speed. The faster the engine runs, the more power
it produces and the faster the crankshaft turns.

2. At the rear end of the crankshaft is the engine flywheel. This disk-
shaped plate turns at the same rate, and in the same direction, as the
crankshaft.

3. Facing the flywheel is the first part of the clutch. This disk-shaped plate
is called a clutch disk. When you are not stepping on the clutch pedal,
this disk is forced against the flywheel (see Step 4). A coating of friction
material causes the two plates to adhere to each other, which forces
them to turn at the same speed.

4. Next to the clutch disk is the clutch pressure plate. This mechanism
forces the clutch disk against the flywheel or allows it to move away
from the flywheel when it is time to change gears. Here’s how it does
that:

* When you step on the clutch pedal to disengage the clutch and dis-
connect the engine from the transmission, a clutch release arm
forces a throwout bearing into the pressure plate’s release levers.
As aresult, the pressure on the clutch disk is released, and the
disk can turn independently of the flywheel.
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Figure 9-2:
The flow of
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througha §

transaxle.
]

Differential

¢ After you move the gearshift to the proper gear, you release the
clutch pedal. This movement causes springs in the pressure plate
to force the disk against the flywheel again, and both the disk and
the flywheel resume spinning together at a new speed.

In this way, the clutch disk can catch up with an engine that is
turning faster — or more slowly — than before and can transmit its
motion to the transmission.

. On the clutch side of the flywheel, the drive train continues, but its

name ¢hanges. It is not called the crankshaft anymore; it is now called
the transmission input shaft because it carries the power via the turning

shaft into the transmission. It rotates at the same speed and in the same

direction as all the parts I've covered up to now.

. Inside the transmission is a group of gears of varying sizes. These gears

can move together and apart, in various combinations, to determine
how fast and with how much power the car’s wheels will turn, and in
which direction.

. The next part of the drive train emerges from the other side of the trans-

mission, with another new name. This time it is called the transmission
output shaft because it transmits the power that the transmission is
putting out to the driveshaft.

. The driveshaft of a rear-wheel-drive vehicle with a conventional engine

has a Usjoint (short for universal joint) at either end. The U-joints enable
the driveshaft to move freely without affecting the more rigid transmis-
sion shaft at one end, and to absorb the vertical movement of the rear
axie and wheels at its other end.
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On cars with transverse engines, you can find the U-joints where each
axle joins the transaxle and where each connects with the car’s drive
wheels. Called constant velocity (CV) joints, they can, like other U-joints,
turn and move in any direction — up, down, and from side to side.

9. The differential (see Figure 9-3) is another box of gears that takes the
movement of the spinning driveshaft through a 90-degree angle to the
axle that turns the drive wheels. It also allows each side of the axle to
rotate at a different speed. This ability is necessary because, when you
go around a sharp curve, the outside wheel travels farther than the
inside wheel and has to move more quickly than the inside wheel, just
like the ice skater at the end of a snap-the-whip line.

10. The differential also provides the drive wheels with extra power by
using its gears to convert every three revolutions of the driveshaft into
one revolution of the drive wheels, which is called a 3:1 gear ratio. On
front-wheel-drive cars, the differential is located inside the transmission;
that’s why it’s called a transaxle assembly.

Differential

]
Figure 9-3:
The
differential
causes the
axle and the
rear wheels
to move at
right angles
to the
spinning
driveshaft.
]

Driveshaft




’ 72 Part Il: What Makes It Go?

Chapter 17 includes information about drive train repair and maintenance.

Manual Transmissions

Whether your car has an automatic transmission or a manual (sometimes
called standard) transmission, you should understand how a manual trans-
mission works. The principles involved are fairly simple, and an automatic
transmission does basically the same things, just without a manual clutch
and with less manual shifting.

What a manual transmission consists of

This section takes a look at each major part of a manual transmission. |
covered most of them in the drive train section earlier in this chapter. This
section should put them into closer perspective.

The gearshift

The gearshift can be located on the steering column or on the floor in front
of, or between, the front seat(s). Older cars designed for the general market
used to have shifts with three forward speeds located on the steering column
(very old cars had a two-foot gearshift located in front of the driver). Then
sportier models with four forward speeds emerged. The gearshift in these
cars was located on the floor, which gave rise to the term “four on the floor.”
Today, most vehicles with manual transmissions have floor shifts with five
forward speeds. And some sports cars have standard gearboxes with six for-
ward speeds.

The clutch -

You use the clutch when you start, stop, and shift gears. In each case, you
step on the clutch pedal with your left foot to disengage the clutch disk from
the flywheel so that the engine’s crankshaft can turn independently of the
transmission’s input shaft. Otherwise, if you attempted to shift gears without
using the clutch, the gears in the transmission would rotate at different
speeds and would clash and break their teeth.

The clutch consists of several major parts, each of which is listed here (refer
to Figure 9-1 to see where these parts are). The section “Taking Care of Your
Clutch” in Chapter 17 provides instructions for dealing with many of them.

v The clutch pedal is located on the floor of the car to the left of the brake
pedal. The clutch pedal is connected to the clutch release lever via link-
age. Sometimes a cable is used; most newer cars use hydraulic
components.



v The clutch disk, as you saw in the earlier drive train section, moves back
and forth to connect and disconnect the engine from the transmission.

v The clutch pressure plate clamps the clutch disk against the engine’s fly-
wheel when the clutch pedal is not applied. The pressure plate releases
its force and pulls away from the clutch disk when you depress the
clutch pedal.

v The throw-out bearing is linked to the clutch pedal and activates the
release levers that move the pressure plate back and forth.

After you have the engine going at its new speed (or going at all), you release
the clutch pedal to bring the clutch disk into contact with the flywheel again.
The friction material on the clutch disk causes them to grab each other lov-
ingly and turn at the same rate once more.

The gears

The transmission contains the gears and responds to messages from the
gearshift and the clutch. The gears are actually metal wheels with notches on
the rims that allow them to mesh with one another (see Figure 9-4).
Originally, the gears in most manual transmissions were moved into and out
of mesh with each other by the gearshift lever. In modern vehicles, the gears
are always in mesh and only the synchronizers move, causing a change in
power flow.

The number of gear wheels in the transmission depends on the number of
forward speeds the vehicle has. An additional gear reverses the direction of
power so that your car can move backward. This Reverse gear works in.con-
junction with the lowest gear. Because you must bring a vehicle to a stop
before you back up and because you rarely want to hit high speeds in
Reverse, the Low gear provides the power to overcome inertia and get the
car moving again in the “wrong” direction. That's why your car usually moves
backward fairly slowly but with a good deal of power.

How a manual transmission works

Generally speaking, the faster your engine runs, the more power it puts out. If
you need extra power to get your car up a hill — or to overcome inertia and
just get that heavy monster moving in the first place — your engine must run
faster than it runs simply to maintain speed after your vehicle is on the road.
Low gears supply that power by making your wheels turn at a slower rate
than your engine does.
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Figure 9-4:
Cutaway
view of
gearsina
three-speed
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Second gear

High gear

Figure 9-5 shows a large gear placed next to a small gear so that their teeth
mesh. If the large gear has 30 teeth and the small gear has 10, the large gear
turns once to every three turns of the small gear. In other words, the large
gear turns only a third of the way around for every complete revolution of the
small gear. The gears in your transmission work on this principle, which is
called a 3:1 gear ratio. As you can see back in Figures 9-1 and 94, the turning
drive train brings a gear into contact with other gears of different sizes.
That’s why the transmission input shaft that runs between the engine and
the transmission turns at the same rate of speed as the engine, but the
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transmission output shaft that leaves the transmission and carries the power
via the driveshaft and differential to the rear wheels turns at a different rate,
depending on which gears in the transmission are engaged.

(If you're feeling mind-boggled, reread Steps 5 through 10 in “How the power
flows through the drive train” earlier in this chapter.)

Figure 9-5:
3:1 gear
ratio: A gear
with 10
teeth will
have rotated
completely
when a
30-tooth
gear has
traveled
only a third
of the way
around.
|

Now take a closer look at what goes on when you shift into each gear.

In Low gear, the gears in the transmission make the driveshaft (and therefore
the wheels) turn more slowly than the engine. In fact, the driveshaft may turn
only once for every four engine revolutions. All the power of the swiftly run-
ning engine is channeled into those few turns. The wheels turn more slowly,
but they have more power to put into each turn, so your car can start, climb
a hill, or pull a trailer. Not only does the engine run faster, but you also have
the mechanical advantage of the big gear providing more leverage by turning
slowly but with more force.

In Second gear, the engine turns more slowly than it did in Low, putting out
less power but more speed because the wheels can turn more quickly. In this
gear, the driveshaft may turn once for every two engine revolutions, or twice
as fast as in Low gear.-

In High gear, the gear ratio can drop to around 1:1, which means that the
engine and the driveshaft turn at relatively the same rate of speed. The
wheels can go very fast; yet the engine doesn’t put out additional power to
produce that speed. Because you've overcome inertia by the time you shift
into high gear and generally have nothing more to contend with than wind
resistance and the surface of the highway, you don’t need much power to
keep moving at a good clip after you get there.
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In Fifth gear, the ratio is usually an overdrive of around 0.75:1, which means
that the engine can turn more slowly than the output shaft’s speed. You want
to be at that ratio on the highway for good fuel economy. However, you do
need to downshift if you want to pass someone, because you don’t have
much engine power with this ratio.

Automatic Transmissions

Did you know that today’s automatic transmissions are computer-controlled
hydraulic systems? Previous automatic transmissions were mechanically con-
trolled. This section covers the basic features of both.

An automatic transmission works on the same basis as a manual transmis-
sion does, with a gear selector on the steering column or floor to allow you
to tell the car to park, idle, go in reverse, go forward at varying speeds, or
move into lower gears in certain circumstances. But instead of a manual
clutch, an automatic transmission uses a torque converter and hydraulic
pressure to change gears automatically.

The torque converter replaces the standard transmission’s clutch. The
torque converter is a fluid coupling that transfers power from the engine to
the transmission input shaft. It allows for smooth transfer of power and at
highway speeds can be locked up to reduce slippage and improve fuel
economy.

Shifting in an automatic transmission is controlled by either a hydraulic
system or an electronic system. Hydraulically controlled transmissions con-
sist of an intricate network of valves and other components along with
hydraulic pressure to control the operation of planetary gearsets (see Figure
9-6). These gearsets can be fashioned to generate three, four, or five forward
speeds.

A very thin oil called transmission fluid fills the transmission system and gen-
erates hydraulic pressure. As the engine speed changes, the pump that
pumps the transmission fluid to develop hydraulic pressure also changes
speed. The transmission fluid responds to the changes in pressure by flowing
through the transmission at different rates. When the car is moving slowly,
the pressure is low, and only the low gears respond. In Drive, as the car’s
speed increases, so does the pressure, and higher gears are brought into

play.

The hydraulic pressure drives the transmission gears by means of friction
bands and plates. These bands and plates do the same thing that the clutch
on a manual transmission does — they pull various gears into and out of
action. When mechanics tell you that your bands need adjusting, these are
the bands they're talking about. They can usually make this adjustment with-
out taking the transmission apart.
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Newer transmissions use electronically controlled solenoids to control shift-
ing because electronic shifting is more precise than hydraulic systems.

Friction band
Planetary gearset
Friction plates

L]
Figure 9-6:

A cutaway
viewof a
modern
automatic
transmission. Input shaft
]

Output shaft
{to driveshaft)

The Transfer Case

If you own a sport-utility vehicle (SUV) that features four-wheel-drive, your
drive train includes a transfer case. The transfer case mounts between the
transmission and the driveshafts to control the power to the front and rear
drive axles. When you switch from two- to four-wheel drive with either a
dash-mounted switch or a floor-mounted shifter, a gear in the transfer case
engages the front driveshaft along with the rear driveshaft so that all four
wheels get power from the engine. In two-wheel drive, only the driveshaft
connected to the rear wheels gets power from the engine, and the front
wheels are disengaged. In four-wheel drive, the engine powers all the wheels.

Four-wheel-drive (4WD) vehicles are different from all-wheel-drive (AWD)
vehicles in that AWD vehicles send power to all four wheels all the time. AWD
vehicles usually employ a center differential to split power from the engine
to the front and rear wheels.

Well, you've survived the ride on the drive train. If you're ready to deal with
troubleshooting and repairing it, head for Chapter 17!
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Chapter 10
|t's the Brakes!
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In This Chapter

p» Understanding how a basic brake system is set up

p- Knowing the difference between drum brakes and disc brakes
» Looking at the parking brake

p Discussing anti-lock brakes
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Before you relegate this book to the “guess-I'll-finish-it-later” pile and go
on to learn macramé or fly-tying, take the time to educate yourself
about an automotive system that most people take for granted, even though
it may be the only system in your car that can kill you if you don’t keep it in’
good repair. As you've probably guessed — especially if you read chapter
titles — I'm talking about your brakes.

Brake System Basics

One reason that today’s vehicles are the safest in history is that they're
equipped with hydraulic brake systems designed to operate on very simple
principles with a minimum of parts and maintenance. Since 1968, all vehicles
are also equipped with dual brake systems to ensure that if one set of brakes
fails, the other set will still be able to stop your car; and with a dashboard
light to warn you if your front or rear brakes fail.

Figure 10-1 shows a basic brake system with a power booster, disc brakes on
the front wheels, and drum brakes on the rear wheels. Your vehicle may not
have power brakes or may have disc or drum brakes all around, but the prin-
ciple is the same in any case.

The following sections take a look at each of the components of a brake
system, starting with the first point of contact between you and your brakes
and working down the line to the brakes themselves.
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The brake pedal

The brake pedal in your car is attached to a shaft that leads to the brake
master cylinder. When you step on the brake pedal, small pistons in the

master cylinder force brake fluid out of the master cylinder and into the
brake lines. I tell you how to buy the proper brake fluid and work with it
safely in “Flushing and Changing Brake Fluid” in Chapter 18.

If your brakes are working properly, the pedal should stop a couple of inches

from the floor. It should push down easily, stop firmly at its lowest point with-
out feeling spongy, and stay put instead of sinking down slowly when you put
normal pressure on it. To check the brakes on your vehicle, see Chapter 18.
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The power-brake booster

Today, most vehicles have power brakes. If your car has power brakes, a
brake booster is located between the brake pedal and the master cylinder to
increase the force applied to the pistons in the master cylinder so that your
car can stop with less effort on your part (see Figure 10-2). The two most
common types are vacuum-assisted boosters, which use engine vacuum and
atmospheric pressure to do the job, and hydraulic-assisted boosters (com-
monly referred to as “hydro-boost units™), which use hydraulic pressure from
the car’s power steering to accomplish the same thing. Some vehicles with
anti-lock brake systems (ABS) have a hydraulic pump to generate pressure
for booster operation. (There’s a section on ABS at the end of this chapter.)

Power brake booster

Master cylinder

The brake master cylinder

Look under the hood of your car, up near the firewall on the driver’s side.
You should see either a metal box or a plastic bottle. Have you found it? This
piece is the brake master cylinder (see Figures 10-3 and 10-4). It’s filled with
brake fluid and is connected to your brake pedal, with brake lines leading
from it to the four wheels of your car. When you step on the brake pedal, fluid
goes out of the master cylinder into the brake lines. When you release the
pedal, the fluid flows back into the master cylinder. In Chapter 18, I show you
how to open and check the master cylinder safely. This task is also part of
the monthly under-the-hood check in Chapter 3.
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Brake lines

The brake lines run from the master cylinder, along your car’s frame, to each
wheel. The lines are made of steel, except for the portions that lie right near
your front wheels and your rear axie. These portions of the brake line are
made of rubber that is flexible enough to contend with the greater amount of
movement that takes place in these areas when you steer your car.

The parts discussed thus far are common to most hydraulic brake systems.
Now let’s get to some of the major differences: When you press the brake
pedal and force the brake fluid from the master cylinder into the brake lines,
what happens next depends on the type of brakes you have. For many years,
cars had drum brakes (shown in Figures 10-1 and 10-5) on all four wheels.
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Later models had drum brakes on the rear wheels and disc brakes (refer to
Figures 10-1 and 10-8) on the front wheels. Today, many vehicles have four-
wheel disc brakes, and most have power-assisted drum or disc brakes.
Anti-lock brake systems (ABS) have also become popular.

To confuse you completely, since 1963, most brakes are selfadjusting, but a
couple of real oldies with manually adjusted brakes are still around. (Chapter
18 shows you diehards who still have manually adjusted brakes how to deal
with them. You're lucky I'm a classic-car nut!)

Your owner’s manual can tell you what kind(s) of brakes you have on your
vehicle, in case you don’t already know, but seeing for yourself is more fun.
The following sections cover each type of brakes in detail.

Drum Brakes

Drum brakes, shown in Figure 10-5, are the oldest type of brakes still on the
road. Their main advantage is that they require less hydraulic pressure to
stop your car, because the brake shoes tend to screw themselves into the
brake drums after the pistons in the wheel cylinders push them there.
Chapter 18 shows you how to open a drum brake and check its condition.
The following sections get you acquainted with what’s inside drum brakes
and how they work.
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Brake drums

Brake drums are hollow steel cylinders located in back of each wheel (refer
to Figure 10-5). Because the lug bolts that go through them are the same as
the ones that go through the wheels of your car, they turn when the wheels
turn. If you keep your brakes in good condition and replace your brake lin-
ings before they become too worn, your brake drums should last for the life
of your vehicle. If drums become worn, they can be “reground” or “turned” to
a smooth surface — unless they are worn more than .060 of an inch. In that
case, the drums must be replaced. Chapter 18 shows you how to inspect your
brake drums and get a fair deal if they need work.

Wheel cylinders

As you can see in Figure 10-6, wheel cylinders are small but powerful
mechanisms located inside each brake drum on the brake backing plate.
Figure 10-7 shows how the wheel cylinders work.
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The brake fluid that’s forced through the brake lines by the piston in the
master cylinder goes into the wheel cylinders. The fluid then activates the
two small pistons located inside each wheel cylinder by forcing them farther
apart (see Figure 10-7). The pistons emerge from either end of the wheel

cylinder and push against the brake shoes.

Wheel cylinder

1. Before braking. 2. Fluid in the wheel cylinder

pushes the piston outward.

3. As the brake shoes are
forced against the drum,
the car stops.

Seals inside the wheel cylinder, called cups, keep the brake fluid from leaking
out. Dust boots on each end of the wheel cylinder prevent dirt and dust from

entering and fouling the cylinder.
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Brake shoes

As you can see in Figures 10-5 and 10-6, brake shoes are curved pieces of
metal that stop the car when the pistons in the wheel cylinders push them
against the inside of the brake drum. The brake shoes are attached to a set of
springs that draw them back into place when you take your foot off the brake
pedal. Chapter 18 provides tips on getting the best deal if your brake shoes
have to be replaced.

Brake linings

Either bonded or riveted to the brake shoes are curved brake linings of
tough, very heat-resistant material. As you can see in Figure 10-6, when the
brake shoes are forced against the insides of the brake drum, the linings
create friction, which causes the brake drum to stop turning. This in turn
forces the wheels to stop turning, which stops the car.

The brake linings on the front wheel brakes have a larger surface than those
on the rear wheels because the front wheels bear most of the pressure of
stopping — the weight shifts from the rear to the front when you brake.
However, on each set of brake linings, on any given wheel, the lining toward
the rear of the car is larger and often is a different color.

You should check your brake linings for wear every 10,000 to 20,000 miles.
Chapter 18 shows you how.

Adjusting devices

At the bottom of the brake backing plate is either a manual adjusting wheel or
a self-adjusting device. These are used to adjust the distance between the sur-
face of the brake lining and the inside of the brake drum when you step on
the brake pedal. As your brake linings become worn, the distance increases,
and this adjustment compensates for that. If you didn’t have this gadget and
your linings became very worn, eventually the brake shoes wouldn’t reach
the inside of the drum and your car wouldn’t stop. You can get a close look at
various types of adjusting devices in Chapter 18.
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Disc Brakes

Figure 10-8:
A typical
disc brake.

Disc brakes are composed of a flat steel disc — you knew that, right? — sand-
wiched between a pair of calipers (see Figure 10-8). These calipers contain
one or more pistons that force the brake fluid in the brake lines into the disc.
Between the disc (sometimes called a rotor) and the pistons are brake pads,
which operate in the same way that brake shoes do: They grab the disc with
their rough friction linings and force the disc to stop turning, which in turn
forces the wheel to stop turning and the car to stop moving. The effect is the
same as on a bicycle when the brakes grab the wheel directly to stop it from
turning. Chapter 18 tells you how to inspect and troubleshoot disc brakes.

Calipers

Disc brakes have advantages and disadvantages. Because they operate in the
open air (instead of inside brake drums), they’re less prone to overheating.
They're also affected less by water because the leading edge of each brake
pad scrapes the water away before it can get between the pads and the disc.
(When drum brakes get wet, the brake linings may not grab the brake drum
satisfactorily, and sometimes the car won’t stop.) Disadvantages include the
difficulty of attaching a parking brake to the rear disc brakes and the fact
that disc brakes usually need to be power-assisted. In the past, some manu-
facturers compromise by producing vehicles with disc brakes on the front
wheels and drum brakes on the rear wheels, as shown earlier in Figure 10-1.
Today, nearly all vehicles have four-wheel disc brakes, with the parking brake
integrated into the rear discs.
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The Parking Brake
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The parking brake, or emergency brake, is usually attached to a car’s

rear wheels. On vehicles with drum brakes, the parking brake is usually
attached with cables to the rear brakes. These are called integral parking
brakes (see Figure 10-9). You can easily adjust the cables, which run under-
neath the car, by turning a screw that controls the tension on the cable.
Chapter 18 provides instructions on how to do so.

Rear cables

Front cable

On other vehicles with drum brakes, different devices do the same job. Some
parking brakes are linked to the transmission, and rather than activating the
rear brakes, they stop the driveshaft from turning the rear wheels. On these
brakes, shown in Figure 10-10, the band and lining are attached to a drum on
the transmission. When you pull the lever, the band squeezes the lining
against the drum, and the driveshaft stops turning. When a transmission-type
parking brake doesn’t seem to be performing properly, have a professional
check it.

Parking brake lever

Adjusting screw
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If you can't find a typical parking brake linkage under your vehicle, you may
have transmission-type parking brakes, or you may have rear disc brakes on
your car. Rear-wheel disc brakes incorporate a parking brake that works like -
a mini-drum brake (see Figure 10-11).

Parking-brake shoes

]
Figure 10-11:
A parking
brake
systemon a 7
rear-wheel Rotor:
disc brake.
I
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Shield support ¥

Anti-Lock Braking Systems (ABS)

Anti-lock braking systems (ABS) are designed to prevent skidding and enable
you to keep steering control of your vehicle until you can stop safely. This
system also often shortens the distance your car takes to stop and can pre-
vent the tire damage that would result if you had to bring the car to a stop
with the wheels locked.

ABS comes in two types. Some light trucks and vans have a two-wheel anti-
lock braking system on the rear wheels that maintains directional stability.
Although the front wheels can still lock up, the vehicle will continue to move
in a straight line. With just enough pressure applied to the brake pedal, the
driver can control the steering.

You find four-wheel anti-lock braking systems on other light trucks and cars.
These prevent all four wheels from locking up, which enables you to maintain
steerability in emergency stopping situations. If no impending lockup occurs,
the ABS stays in standby mode.:

How ABS works

Here’s how an anti-lock brake system operates: A microprocessor, called an
anti-lock brake computer, monitors the speed of each wheel with an electronic
component called a speed sensor. When you apply firm pressure to the brake
pedal, the system triggers electronic solenoids to trap or release hydraulic
pressure to each wheel independently, thousands of times faster than if you
pumped the brake pedal as you would with ordinary brakes. You can usually
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hear this happening and feel the brake pedal pulsing when the system ener-
gizes. While the system is working, it’s important to keep your foot pressed
firmly on the pedal until the car stops.

If the antilock system has a problem, an amber light on the dashboard goes
on, and normal braking without anti-lock takes over. So if your amber anti-
lock light illuminates, remember that you still have normal brakes. Just pump
them and steer in the proper direction as though you'd never head of ABS.
And be sure to get the ABS fixed as soon as possible!

What ABS doesn’t do

ABS cannot prevent all skids, nor does it always stop your car in a shorter
distance. Although ABS does help you maintain steering, your vehicle may
not turn as quickly on a slippery road as it would on dry pavement. A combi-
nation of excessive speed, sharp turns, and slamming on the brakes can still
throw an ABS-equipped vehicle into a skid. On roads covered with loose
gravel or freshly fallen snow, the locked wheels of a vehicle without ABS can
build up a wedge of gravel or snow and stop faster that an ABS-equipped
vehicle. Therefore, it's important to keep a safe distance between your vehi-
cle and the one in front of you, and to try to maintain a constant speed rather
than jamming on the brakes at the last minute.

Driving with ABS

Do not pump your brake pedal if your vehicle has anti-lock brakes. Instead,
use firm pressure on the brake pedal, keep steering, and let the microproces-
sor do the work for you.

If your car has antidlock brakes, it’s a good idea to know what they feel like
when they are operating normally. Find an empty parking lot on a rainy or
snowy day and slam on the brakes, noticing how your vehicle responds. Keep
your foot firmly on the pedal and get a feel for steering while they are operat-
ing. Then you’ll know what to expect in a panicky situation. Chapter 18 shows
you how to check your anti-lock braking system; a professional must do
adjustments and repairs.
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Steering and Suspension
Systems Smooth the Way

PV OBO OB VRO IOOOOOVEEEDOODOLLERENIDOHOOEECOORESER

In This Chapter
p Understanding how the steering system works
» Looking at the various types of suspension systems
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E(cept for the steering wheel, you probably consider the steering and sus-
pension systems located under your vehicle to be unknown territory,
and, up until now, you’ve probably been content to leave it that way. But
these systems are the unsung heroes that smooth out the driving process and
keep you headed exactly where you want to go. This chapter can help you get
a good idea of what type of steering and suspension your vehicle possesses
so that you can deal intelligently with a technician if something goes wrong.
And you can lengthen your vehicle’s life significantly by using the instruc-
tions in Chapter 16 to lubricate the parts of those systems that require it.

The Steering System

The steering system consists of a series of linkages and gears that link the
driver to the wheels. Two types of steering systems are in use today: rack-
and-pinion and parallelogram. '

The older parallelogram linkage system is still found on some cars and
trucks. The parallelogram includes a frame-mounted steering gearbox,
pitman arm, relay rod, idler arm, and inner and outer tie rod-ends. The paral-
lelogram system has the most grease fittings. The rack-and-pinion system
eliminates the pitman arm, relay rod, and idler arm.
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L
Figure 11-1:
The steering
linkage.
L]

The steeving linkage

The steering linkage is the part of the steering system that connects the
steering wheel to the front wheels (see Figure 11-1). When you turn your
steering wheel, the steering linkage causes your front wheels to respond by
moving in the proper direction.

Springs
absorbers
ldler arms .
Wheel Bushings Tie-rod ends
bearings
Tie-rod ends

Along the steering linkage, wherever two parts meet, is a type of ball socket
assembly called a tie-rod end that’s sometimes filled with grease. On some
vehicles, the grease can be replenished; others have sealed ends; and some
have an internal rubber bushing that requires no grease at all. As the two
parts of the linkage move against each other, the grease in these tie-rod ends
cushions them. This keeps them moving freely and prevents friction that
would wear them away.

Ball joints

Ball joints are important parts of the steering systems on all vehicles. A ball
joint is a ball socket assembly that attaches the steering knuckle to the sus-
pension system. The ball joint allows for pivotal and rotational movement of
the wheel as it moves up and down and is steered left to right (see Figure 11-2).
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Upper controf arm

A Ball joint

Figure 11-2:
Ball joints
can be
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the upper
and lower
control
arms.
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The steering linkage actually connects to the wheels, which are held in place
by a spindle that goes through the wheel and is attached to upper and lower
control arms (refer to Figure 11-2). The control arms allow the wheels to turn
in any direction. To keep things moving freely, ball joints are located at the
points on the control arms where the movement takes place.

Most ball joints and tie-rod ends are filled with grease to cut down on friction
and keep the parts they protect from wearing away prematurely. Some vehi-
cles have lifetime lubrication systems that are designed to operate for the life
of the vehicle without the need for additional lubrication. Others need to be
replenished with grease periodically.

Chapter 16 shows you how to lubricate the ball joints and tie rod ends on
vehicles that require it. It also helps you determine whether you should lubri-
cate the tierod ends and ball joints on your particular vehicle.

The Suspension System

Underneath your vehicle are the main elements of the suspension system,
which supports the vehicle and keeps the passenger compartment relatively
stable on bumpy roads. This section gives you a general overview of the
basic parts of the suspension system; you can find instructions for lubricat-
ing the parts that require lubrication in Chapter 16.
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|
Figure 11-3:
Adouble-
wishbone
suspension
system.
]

Types of suspension systems

Most cars have independent front suspension systems. In that type of
system, each wheel is attached separately and can move independent of the
others. Two common arrangements are double-wishbone suspensions and
MacPherson strut suspensions:

1 Double-wishbone suspension: Also known as short-long arm suspensions,

these systems use a short upper control arm and a longer lower control
arm that hold the wheel to the frame. The control arms allow the wheel
to move up and down, kind of like a hinge allows a door to swing open
and closed. There are rubber bushings at the inboard end of the control
arms, and a ball joint at the outboard end of the control arm allows the
wheel to rotate and pivot. (See Figure 11-3.)

Upper control arm

Lower control arm

1 MacPherson strut suspension: There are two types of strut suspensions:

conventional and modified (see Figures 11-4 and 11-5). Conventional struts
have the coil spring wrapped around the strut cartridge, and modified
strut suspensions have a remotely mounted spring. Strut suspensions
use no upper control arm. The upper strut mount is what holds the
wheel in place.

Some cars also have independent rear suspensions, hence the term four-
wheel independent suspension. Older rear-wheel-drive cars and most of
today's trucks use a dependent-type rear suspension that incorporates the
rear drive-axle assembly.
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Figure 11-4:
Conventional
strut
suspension.
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Figure 11-5:
Modified
strut
suspension.
L]
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cartridge

Control arms

Control arms are sometimes referred to as A arms, A frames, I arms, or links
(refer to Figure 11-3). Ever hear the term multi-link suspension? That means
that more than one link is holding the wheel to the frame or body.
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]
Figure 11-6:
Typical
stabilizer
bar and
linkage.
]

Stabilizer bars

Most vehicles have a front stabilizer bar with associated linkage that is
designed to prevent the car from leaning when it corners (see Figure 11-6).
These stabilizers (or anfi-sway bars) also improve high-speed stability. Some
cars also include a rear stabilizer bar. The stabilizer connects one side of the
suspension to the other through the frame. As your car begins to dip on one
side, the stabilizer bar restricts that side’s movement, depending on the diam-
eter of the bar. Larger-diameter stabilizers restrict more than smaller ones do.

Stabilizer bar

Frame member

Springs

Springs are the core of the suspension system. Various types of springs are
used to absorb the bumps and keep your car at its proper trim height. These
can be coil springs, leaf springs, torsion bars, or air springs (see Figure 11-7).
Most cars use either coil or leaf springs; sport-utility vehicles use coil
springs, torsion bars, or leaf springs. You'll find computer-controlled air
springs on select luxury cars, such as Chrysler New Yorkers, Lincoln
Continentals, and some Cadillacs.



Figure 11-7:
Coil springs,
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Air spring Torsion bar

v~ Leaf springs are usually made up of several relatively thin metal plates,

called leaves, piled one on top of the other. The reason for using these
layers instead of one thick metal bar is that, as a bar bends, the top of
the bar has to stretch a little. Unlike a single, thick bar, which, if bent too
far, would split from the top down, leaf springs are more flexible — each
leaf bends independently, and the leaves can slide on one another
instead of breaking (see Figure 11-8).

Each end of a set of leaf springs is attached to the frame at the rear of
the car with fittings that allow the springs to bend and move freely.
These fittings usually have rubber bushings that allow the fittings to
bend and twist freely; they also absorb some of the vibration and pre-
vent it from reaching the passenger compartment. See Chapter 16 for
details on leaf springs and how to care for them.

Some vehicles, such as the Chevrolet Corvette, utilize fiber-composite
(fiberglass) leaf springs.
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v~ Coil springs look like old-fashioned bed springs. They're usually found
at the front of the car, although they can be at both the front and the
rear. Coil springs are typically used with strut-type suspensions, too.
Figure 11-7 shows one type of coil spring; Figure 16-7 shows front and
rear springs. You can find instructions for lubricating them in Chapter
16. At the front end, coil springs help cushion the bumps, vibrations,
and steering movements. At the rear, they’re suspended between control
arms that have rubber bushings.

1~ Torsion bars (refer to Figures 11-7 and 16-9) are used mainly in sport-
utility vehicles and pre-1980 Chrysler products. They are located at the
front of the vehicle, connected to the lower control arms. They twist to
accommodate differences in the load that the car may be carrying,
allowing the front wheels to move up and down freely. Think of torsion
bars as coil springs that didn’t get wound into a spiral.

v~ Air springs are usually found on luxury vehicles. A rubber air spring can
be filled with the right amount of compressed air to control the ride and
maintain the proper height. With this type of system, a computer moni-
tors the ride height and signals an onboard air compressor to pump
more air into the air springs whenever weight is added to the vehicle.
When the weight is removed, the computer turns on an exhaust solenoid
to let air out of the air springs (refer to Figures 11-7 and 16-10).

Usually, there’s nothing to lubricate with air springs. But check with the
dealer to find out whether it’s okay to apply a rubber conditioner to the
air bags to prevent them from wearing out prematurely.



Chapter 11: Steering and Suspension Systems Smooth the Way ’ 99

Shocks and struts

Shock absorbers (see Figure 11-9) and MacPherson struts (see Figure 11-10) do
most of the work of protecting the passenger compartment from bumps. One
or the other is located near each wheel. The way they cut down on vertical
movement is interesting. When a wheel hits a bump, it tends to keep bounc-
ing up and down long after the bump has been left behind unless the
movement is controlled. The bouncing effect is due to the inflated rubber tire
on the wheel, and also to the fact that a coil spring that is either pulled or
compressed doesn’t just snap back into its former shape but keeps moving
up and down for some time afterward. Shock absorbers and struts allow the
springs to compress freely and to return or rebound slowly — like the door
check on a storm door that opens quickly and easily but closes gently.

|
Figure 11-9:
Standard
shock
absorbers.
L]

E |
Figure 11-10:
MacPherson

strut.

Many vehicles feature MacPherson strut suspension. A MacPherson strut
does a little more than shock absorbers do: Both shocks and struts control
© the ride, but a strut is also a structural member of the suspension system.
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In this part . . .

Erery vehicle needs regular maintenance to keep it
running smoothly. And at some point, your vehicle
will need to be repaired. After all, cars and trucks are

machines, and machines don't last forever. This part helps
you fix the minor (and most common) stuff and helps you
recognize the problems you need to take to a professional
service facility. Like Part I, it’s organized by system so
that you can find what you're looking for easily.
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Keeping Your Electrical
System in Tune
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In This Chapter

p Determining when your vehicle requires a tune-up

» Knowing whether you can tune your car yourself

p Gathering the tools you need

p» Obtaining and deciphering the specifications for your vehicle
P Reading, gapping, and reinstalling spark plugs

p Servicing a non-electronic distributor

p Checking and adjusting dwell and timing

P Replacing fuses

p Adjusting, aligning, and replacing headlights
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M ost vehicles on the road today have electronic ignition systems that
are built to go for years between tune-ups. These systems need no
major servicing until something goes wrong, and then they usually require a
technician’s expertise and electronic equipment. The good news for you lucky
people who own one of these modern marvels is that — except the final sec-
tion, “Fixing Electrical Gadgets That Are on the Blink” — the only sections of
" this chapter that need concern you are those that deal with checking, read-
ing, and reinstalling spark plugs. The symbols @ and () will alert you to
sections that pertain to you. The bad news is that when the time comes to
tune or repair your vehicle’s sophisticated electronic system, the bills will
probably be expensive.

For those of you who have older vehicles with non-electronic ignition sys-
tems that need regular tune-ups, the good news is that this may be the last
book that still provides easy instructions for tuning your car yourself. This
chapter tells you how frequently you should do it, what parts you need, how
to make sure that you get the right ones, and how to do the main tasks asso-
ciated with servicing your distributor and adjusting dwell and timing. You'll
find this little symbol () in the margin next to sections that apply only to
these older vehicles.
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If you have an old-style non-electronic distributor that needs to be serviced
on a regular basis, you can do it yourself for a fraction of what it would cost
to have a service facility do it for you. (Don’t worry; most of the parts
involved are easy to adjust and replace.) And there are several additional
good reasons to tune your car yourself: First, you can afford to tune your
vehicle more often. This saves you even more money because a well-tuned
car lasts longer than one that isn’t. Second, a well-tuned car is a gas saver.
You not only spend less money for fuel, but your vehicle produces less air
pollution, too. Finally, if you tune your car yourself, you know whether it’s
been done properly, and you can adjust it yourself for peak performance.

Before you read this chapter or attempt any of the work in it, be sure to read
Chapter 5, which describes the different types of electrical systems on your
car: the starting, charging, and ignition systems. It introduces you to their
principal parts, tells you what each one does, and shows you what they look
like and where to find them on your vehicle. If you try to work without that
data, you’ll be flying blind in dangerous territory! ‘

Also, be sure to read the sections in Chapter 1 called “Safety Rules” and “How
to Take Anything Apart — and Get It Back Together Again” before you under-
take any electrical work.

All set? Great! Tackle ignition tune-ups first, and then get on to easy stuff like
replacing fuses and adjusting, replacing, and aligning headlights.

How Often You Should Tune Your Car

Tune-up intervals vary from one vehicle to another. Most older cars should
be tuned every 10,000 to 12,000 miles or every year, whichever comes first.
Newer cars with electronic ignition and fuel injection systems are scheduled
to go from 25,000 miles to as many as 100,000 miles without needing a major
tune-up. :

See your owner’s manual for recommended tune-up intervals, but be aware
that even if it says that the vehicle doesn’t require scheduled tune-ups very
often, it’s in your best interest to check periodically that it’s working at peak
efficiency. If you do a lot of stop-and-go driving or pull heavy loads (like a
camper or boat), your ignition system may need to be tuned more often, no
matter what type of system it is.

Here are some of the symptoms that tell you that your ignition system proba-
bly needs to be tuned or adjusted:
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# 1~ The car stalls a lot. The spark plugs may be fouled or worn, the gap

| may need adjusting, or the idle speed or an electronic sensor may need
to be adjusted. Stalling can also be caused by problems with the fuel
system (see Chapter 13). If you're having trouble pinpointing the cause,
you can help your automotive technician diagnose the problem if you're
aware of whether the engine stalls when it’s hot, cold, or when the air
conditioner is on.

| 1~ The car gets harder to start. The problem can be in the starting system
| or can be due to an electronic component, such as the starting sensor or
the ignition system’s computer. It could also lie in the fuel system, so
check that out, too.

What You Need to Do the
Work in This Chapter

A\

- When it’s time to change your spark plugs and/or tune your car, have the

items you need for each task assembled and handy before you begin. You
probably already have some of these items. If you're buying tools, Chapter 2
describes them and provides tips on buying good ones. Everything should be
easy to find at reputable hardware and auto supply stores.

Before you go shopping, see the sections of this chapter called “Buying the
right parts for your car” and “Understanding tune-up specifications.” They
can help you avoid what is probably the most annoying part of any automo-
tive job: disabling your car to work on it only to find that you have to drive
back to the store to exchange the stuff they sold you in error!

It’s a good idea to stick with parts from the same manufacturer as those that
your vehicle originally came with. That brand may be listed in a service
manual for your vehicle. If you don’t have a service manual, tell the sales
clerk at the auto parts store that you want OEM (Original Equipment
Manufacturer) parts.

When you go to buy parts, keep in mind that most professional mechanics
get discounts at auto parts stores. See if you can get a discount by telling
them that you're installing the parts yourself. It can’t hurt to try. Even if you
don’t get a price break, you're still ahead of the game because you don’t have
to pay labor charges.

If you have an electronic or distributorless ignition system, almost the only
work you’ll need to do is to check and reinstall your spark plugs. Ignore the
items on the following list that have just this symbol @) in the margin next to
them. They apply only to tuning up non-electronic ignition systems.
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Here’s a list of the things you may need:

§ 1~ An old blanket or matiress pad or a padded car protector to place

l over the fender where you’ll be working to protect it from scratches:
Commercial car protectors often come with handy pockets that hold
tools and little parts while you work. You can make such a pocket your-
self by pinning up the bottom edge of your folded blanket or pad — or
you can forget about it completely if you don’t mind rummaging in your
tool kit a lot.

| .~ Work clothes: Wear something that you won’t mind getting stained with
' grease, oil, and other stuff.

1~ Hand cleaner: Chapter 2 has suggestions for the best type to buy.
Il L~ A work light (or flashlight, at least).

1| 1” A new set of spark plugs: Buy one for each cylinder in your engine.

| Never change just a few plugs; it's all or nothing for even engine perfor-
mance. If you're feeling especially wealthy, buy an extra plug in case you
get home and find that one of them is defective, or in case you acciden-
tally ruin one by dropping and cracking it or by cross-threading it when
you install it. If you don’t use it, keep it in your trunk compartment tool
kit for emergencies. Spark plugs don’t get stale. And don’t be shocked if
you're told that you need eight spark plugs for your 4-cylinder engine.
Some engines require two spark plugs per cylinder.

| 1~ Anti-seize compound and silicone lubricant: The threads of the spark

" plugs should be lightly coated with anti-seize lubricant before you install
them in the engine. Also apply silicone lubricant to the spark plug wire
boots to prevent them from sticking to the porcelain part of the spark
plug.

| 1+~ Spark plug starter: Some spark plugs are difficult to reach by hand,

. which-can make installation tough. Special spark plug starters are avail-
able, or you can use an old spark plug wire boot or a piece of vacuum
hose to make your own. ‘

1~ A wire or taper feeler gauge: For gapping spark plugs (see Chapter 2).
1~ A flat feeler gauge: For gapping points (see Chapter 2).

! 1~ Spark plug wires (if equipped): If you have an older vehicle, check to

’ see whether the spark plug wires (also known as ignition cables) are brit-
tle, cracked, or frayed. If so, it's easy to replace them by following the
instructions later in this chapter. Some newer vehicles have no spark
plug wires, though. So don’t be surprised if you ask for them at the parts
store and they say that none are available for your vehicle.

| .~ Distributor cap (if equipped): Distributor caps usually last about 50,000
L miles on vehicles with electronic ignition systems. If your cap needs
replacing, stick with a name brand like AC Delco (for GM), Mopar or
Champion (for Chrysler), Motorcraft (for Ford), and so on. The cheap
ones usually don’t last very long.
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@ @ v~ Distributor rotor (if equipped): Distributor rotors should be replaced
whenever the distributor cap is replaced. Again, stick with a good name
brand.

v+ Points and condenser (if equipped) and distributor cam lubricant:
Vehicles from the 1970s and earlier usually have contact points and a
condenser inside the distributor, which need to be replaced periodically.
They may be sold separately or as a kit designed for your vehicle’s
make, model, and year. Check to see whether a little capsule of cam
lubricant is in the package with the points. If it isn’t, buy a small tube —
it's cheap. Without the lubricant, the new points won’t last very long.

v~ Standard and Phillips screwdrivers: In assorted sizes. You can find
pictures of both types in Chapter 2.

v A screwholder: This tool is optional, but excellent for working in a small
space like a distributor. Because it holds onto the screw until you
release it, a screwholder cuts down on the chances of your dropping the
screw into the works. It makes it easier to operate in the relatively tight
distributor area because you don't have to cram your fingers in to hold
onto the screw. (See Chapter 2 for a picture of a screwholder.)

v A small set of basic socket wrenches that includes a ratchet handle
and a spark plug socket: Chapter 2 tells you what these look like and
how to buy them.

v+ Combination wrenches: You can buy only the sizes you need to work on
your distributor, but a small set of basic sizes is useful for a variety of
home and automotive tasks. You can see how to buy and use combina-
tion wrenches in (you guessed it) Chapter 2.

1 A tach/dwell meter: This dual-purpose gadget (refer to Figures 1242
through 12-44) not only has a dwell meter for measuring your point
gap, but it also has a tachometer for measuring the revolutions per
minute (rpm) of your engine, a function that’s extremely valuable if
you need to adjust your carburetor so that it idles properly. If you're
going to buy a tach/dwell meter, look for one that has both high and low
ranges on the tachometer, which can give you a more precise reading.
(Because you won't need this very often, you may want to borrow one.)

Don't let the lack of a dwell meter keep you from tuning your car! This
chapter tells you how to do the job quite well with feeler gauges. I rec-
ommend a dwell meter because it's more accurate and can also help you
adjust your carburetor (if your vehicle has one), but you can definitely
live without one.~

@ +»~ A timing light: A timing light is a specialized piece of equipment that
you use to check ignition timing on vehicles with non-electronic igni-
tions (refer to Figure 12-45). Because you won’t need this tool very often,
think about borrowing one from someone in your neighborhood who
works on an older vehicle or has an old timing light.
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If you decide to buy a timing light, keep in mind that, generally, the more
you pay, the brighter the light is. Neon lights are the cheapest, but
because they operate off the spark plug circuit and use minimal voltage,
they may not produce enough light for you to see clearly unless you
work in almost total darkness. Xenon lights cost more but provide more
light. I suggest that you buy a cheap light, try it out, return it, and buy
the next more expensive one until you get what you need.

When you look for a timing light, be sure that the cord is long enough
and that the clamps are properly insulated so that you can grab them
easily without getting shocked. The light should go on and off with a
strobe effect when the clamps are properly affixed. When you shine the
light at the timing marks on the moving crankshaft pulley of your
engine, this strobe effect makes the marks appear to stand still so that
you can see whether you have tuned your car properly. I go into the
proper way to use this gadget and explain what timing really means later
in this chapter.

Buying the right parts for your car

To buy the proper spark plugs and parts for a basic tune-up, you must know
your vehicle's specifications (or “specs,” as they're often called). To obtain
the specs for your particular vehicle, you need the following information.

All this information should be in your owner’s manual, and most of it is also
printed on metal tags or decals located inside your hood. You can usually find
these in front of the radiator, inside the fenders, on the inside of the hood —
anywhere the auto manufacturer thinks you’ll find them. [ know of one car
that has its decal inside the lid of the glove compartment. These ID tags also
give a lot of other information about where the vehicle was made, what kind
of paint it has, and so on, but don’t worry about that information right now.

v~ The make of the vehicle (for example, Ford or Honda).
1+ The model ( Taurus, Accord, and so on).
v The model year (for example, 1988 or 1999).

v The number and type of cylinders in the engine (4, 6, 8, V4, V-6,
or V-8).

1 Whether the vehicle has an automatic or a manual (standard)
transmission.

+ The engine displacement: How much room there is in each cylinder
when the piston is at its lowest point. (For example, a 300-cubic inch
6-cylinder engine has a displacement of 50 cubic inches in each cylin-
der) The bigger the displacement, the more fuel and air the cylinders in
the engine hold.
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Engines on older cars may be listed in cubic inches, such as 302, 350,
454, and so on. Newer cars may be listed in liters (1.8, 2.3, 5.9) or cubic
centimeters (2200, 3400, 3800).

v The kind of fuel system: If your engine has a carburetor, you need to
know how many carburetor barrels it has. It may be a 1-barrel, 2-barrel,
or 4-barrel carburetor. (“Barrel” may be abbreviated as “bbl” on some
specifications.) If your engine is fuel-injected, you may need to know
whether your car has throttle body injection or multi-port injection.
(Chapter 6 makes sense of this stuff.)

+# Whether the vehicle has air conditioning. It’s necessary to take this
into account when buying certain parts, but not usually spark plugs or
distributor tune-up parts.

Understanding tune-up specifications

Your owner’s manual may have specifications for everything you need for a
basic tune-up. If you don’t have an owner’s manual, or if yours lacks the nec-
essary data, you can go to an auto supply store and use a general “Tune-Up
Specification Guide” (called a “spec sheet” for short). These guides are either
in pamphlet form or printed on large sheets that are displayed near the parts
section of the store (see Figure 12-1). If you can’t find a spec sheet at the
store, ask a salesperson to show it to you.

Don’t ask what part you should buy because you have a very good chance of
getting the wrong one. First look up the specifications yourself, and then ask
for the part by number. If you're unsure, have the salesperson double-check
it for you.

I include a Specifications Record at the end of this book to provide a place for
keeping the part numbers and specifications of the parts you should replace
at regular intervals on three vehicles. Photocopy it, enter the information
listed in the preceding section, and take it with you to the auto parts store. |
also include a Maintenance Record at the end of the book to help you keep
track of what you check and change during your tune-ups and monthly
checks. While you're at it, make copies of this one, too, so that you have one
for each vehicle and each new year.
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Chryster (Neg. Grd.) {INCLUDES IMPERIAL)
383 Cu. In. V8 Eng. {2 bbl.) CC 30 .016 .035 3A 12°@550
383 Cu. In. V8 Eng. (2 bbl.) CC 30 .016 .035 3A 5°@600%
383 Cu. In. V8 Eng. {4 bbL.) CC 30 .016 .035 3A 12°@500
#383 Cu. In. V8 Eng. {4 bbl.) CC 30 .016 .035 3A 5°@500%
440 Cu. In. V8 Eng. CC 30 016 .035 3A 12°@650
« 440 Cu. In. V8 Eng. CC 30 .016 .035 3A 5°@650%
Dodge (Neg. Grd.) (INCLUDES CHARGER, CORONET, DART)
170 Cu. In. 6 Cyl. Eng. C 42 020 .035 5 5°@550
«170 Cu. In. 6 Cyl. Eng. C 42 020 .035 5 5°ATDC@650
225 Cu. In. 6 Cyl. Eng. C 42 020 .035 5 5°@550
#225 Cu. In. 6 Cyl. Eng. C 42 020 035 5 TDC@GK0
273 Cu. In. V8 Eng. {2 bbl.) C 30 .016 .035 3A 5°@500%
273 Cu. In. V8 Eng. (2 bbl.) C 30 016 .035 3A 5°ATDC@B650

Lincoln (Neg. Grd.)

462 Cu. In. V8 Eng. CC 30 .017 034 8C 10°@475
462 Cu. in. V8 Eng. €C 30 .017 .034 .8C 10°@500

Ford (Neg. Grd.) (INCLUDES BRONCO, FAIRLANE,
FALCOLN, MUSTANG, THUNDERBIRD)

170 Cu. In. 6 Cyl. Eng. C 40 05 035 5 6°@550

+170 Cu. In. 6 Cyl. Eng. C 40 05 035 5 50@550

200 Cu. In. 6 Cyl. Eng. C 40 05 035 5 6@55

200 Cu. In. 6 Cyl. Eng. C 40 05 035 5 4°@50%

240 Cu. In. 6 Cyl. Eng. C 40 025 035 5 6°@550°

«240 Cu. In. 6 Cyl. Eng. C 40 05 0% 5 5@550

S | 89 Cu. In. V8 Eng. (2 bbl.) CC 29 017 035 8C 6°@475

: 4. | =289 Cu. In. V8 Eng. (2 bbi) CC 29 017 035 8C TDC@S550

Figure 12-1: 1 0 Cur . V8 Eng (4 bbl) CC 29 017 035 BC 6°@52%

Asample 59 Cy. In. V8 Eng. {4 bb.) CC 29 017 035 8C TDC@550
specifica- Oldsmobile (Neg. Grd.} {INCLUDES F85, TORONADO)

tions guide | 950 ¢y 1n, 6 Cyl. Eng. C 32 019 035 5 4°@500

(or spec | +250 Cu. In.6 Cyl. Eng. C 32 019 835 5 4°@500

sheet). | 330Cu.In.V8Eng. CC 30 016 030 3A 8°@E50

+330 Cu. In. V8 Eng. CC 30 016 030 3A 7°@850

The following steps explain the proper way to use a specification sheet to
obtain the right parts for your vehicle:

1. Armed with your Specifications Record containing the information
about your vehicle, look up your vehicle by make and model under
the proper year on the spec sheet at the store.

For my first car, Tweety Bird, I looked under 1967, then under Ford, then
under Mustang, then under “200 cu. in. 6 Cyl. Eng. (1 bbl.)” — which
means that Tweety had an engine displacement of 200 cubic inches, a
6-cylinder engine, and a single-barrel carburetor.
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2. Write down the following information from the spec sheet at the store
in the appropriate columns on your Specifications Record:

If you're just changing spark plugs, here’s all you need:

» Spark plug gap: The proper space there should be between the
center and side electrodes of each spark plug.

* The part number for the spark plugs designed for your vehicle.

@ If you’re tuning a non-electronic distributor, you need the following
specs as well:

* Dwell: This number refers to the place on the dwell meter that the
needle should point to if your points are correctly gapped. It’s
given in Adegrees.

¢ Point gap: The proper gap for your points. (Surprise!)

¢ Firing order: You need to know the firing order to help you locate
your #1 plug, which you must know to check your timing.

¢ Ignition timing: This number, given in degrees, refers to the proper
timing mark on your crankshaft pulley (I'll help you find it), and
the number after “@” indicates at how many rpm to check your
timing on your dwell meter/tachometer. (It’s not as complicated
as it sounds.)

3. Jot down the proper part numbers given for your vehicle’s points,
condenser, distributor cap, and rotor on your Specifications Record.

The points and condenser are sometimes packaged together as a tune-
up kit. You may not need to replace the cap and rotor now, but the data
will be handy when you do.

Changing Your Spark Plugs

How often you replace spark plugs depends on the type of plugs you have.
You may have 30,000-mile plugs, or — if the plugs have platinum tips — they
may be good for up to 100,000 miles. (For detailed information about what
spark plugs do, see Chapter 5.)

Finding your spark plugs

Of course, before you can change your spark plugs, you have to find them.
Look for a set of thick wires (or thin cables) that enter your engine block in
neat rows — on both sides if you have a V-6 or V-8 engine, or on one side if you
have a straight 4- or 6cylinder engine (also called an in-line engine). These
spark-plug wires run from the distributor (or ignition coil) to the spark plugs.
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Some engines, like General Motors’ 2.3-liter Quad-four, have no spark plug
wires, and you can’t see the spark plugs until you remove the aluminum
cover that’s bolted to the top of that engine.

Before you take care of your spark plugs, you must understand what the
terms cylinder sequence and firing order mean.

Cylinder sequence

The cylinder sequence of an engine is the order in which the cylinders of the
engine are numbered. This sequence varies from one type of vehicle to
another, depending on whether it has front-wheel drive or rear-wheel drive
and whether the vehicle has a “straight” (sometimes called “in-line”) engine,
a V-type engine, or a transverse engine. Here are cylinder sequences for all
of these:

1+~ In all U.S.-made straight 4- and 6-cylinder vehicles with rear-wheel
drive, the cylinder nearest the front of the car is called the #1 cylin-
der. The numbering for the rest of the cylinders (#2, #3, #4, and so on)
runs in sequence back toward the firewall at the rear of the engine com-
partment (see Figures 12-2 and 12-3).

Some foreign-built cars reverse the cylinder sequence. The #1 cylinder is
at the rear, near the firewall. If you have a foreign car and no owner’s
manual, ask your local dealer where your #1 cylinder is.

Figure 12-2: Cylinder sequence

The cylinder
sequence
and firing
order of a
straight
4-cylinder -
engine. Firing order
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Cylinder sequence

]
Figure 12-3:
The cylinder
sequence
and firing
order of a
straight
6-cylinder
engine. Firing order

v~ Vehicles with front-wheel drive have transverse engines, usually com-
bined with the transmission into a single unit called a transaxle. On
these engines, the cylinders run from one side of the car toward the
other, with the #1 cylinder on the passenger side of the vehicle. (See
Figure 124.)

Crankshaft balancer
Distributor
cap numbers

]
Figure 12-4:
The cylinder
sequence
and firing
order of a
straight
4-cylinder
transverse
engine.
|

1 “>— Timing marks

1 V-8 engines are not as easy. Most Ford V-8s with rear-wheel drive have
the #1 cylinder in the front on the passenger side of the car. Then, #2,
#3, and #4 follow it toward the rear firewall. The #5 cylinder is up front
on the driver’s side, with #6, #7, and #8 in sequence going toward the
rear (see Figure 12-5).
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Cylinder sequence

|
Figure 12-5: . - N
The cylinder ‘ Firing order
sequence ‘
and firing
orderof a
Ford V-8
engine.
L]

Cylinder sequence

Figure 12-6:
The cylinder
sequence
and firing
order of
many other
V-8 engines.
]

Firing order

+* On most other vehicles with rear-wheel drive and V-8 engines, the #1
cylinder is up front on the driver’s side, with #3, #5, and #7 proceed-
ing toward the rear of the vehicle. Then #2 is up front on the passenger
side, with #4, #6, and #8 following. (See Figure 12-6.)

1 V-6 engines are similar to V-8s. The three odd-numbered plugs are on
one side, and the three even-numbered plugs are on the other side, with
the lowest-numbered plugs usually up near the radiator.

v+ Front-wheel drive vehicles with transverse V-type engines have the #1
cylinder up front on the driver’s side, with the odd-numbered cylin-
ders proceeding toward the rear, and #2 up front on the passenger
side, with the even-numbered cylinders following (see Figures 12-7

and 12-8).

No matter what the engine configuration, the #1 spark plug is always the
spark plug in your #1 cylinder.




N
Figure 12-7:
The cylinder
sequence
and firing
order of a
transverse
V-6 engine.
E ]

]
Figure 12-8:
The cylinder
sequence
and firing
order ofa
transverse
V-8 engine.
|
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Firing order

Don’t confuse cylinder sequence with firing order. Although your engine may
have its cylinders in simple numerical sequence, if the cylinders were fired in
that order, the engine would rock violently as first the cylinders on one side
(or toward the front) fired in rapid succession, and then the other cylinders
did likewise. To avoid this, the firing order is carefully arranged to distribute
the shock of combustion evenly throughout the engine.

The cylinders fire in very swift sequence, and the result is a fairly stable
engine. A typical firing order for a Ford V-8 engine (with cylinders #1 to #4 on
one side and cylinders #5 to #8 on the other) would be #1, #5, #4, #2, #6, #3, #7,
#8. The firing order is printed inside each of the engines shown in Figures 12-2
through 12-8. Trace the path of combustion back and forth throughout each of
these engines so you can see how the shock of combustion is distributed to
avoid rocking the engine. Remember, the whole thing happens very rapidly.
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Removing the spark plugs

To maintain the proper firing order, each spark-plug wire must go from the
proper terminal on your distributor cap to the proper spark plug, so before
you remove anything, label each wire with its proper number in the cylinder
sequence.

To label your wires, place a piece of masking tape or a clothespin on the
spark plug wire near the boot that covers the tip of each plug. Put the proper
cylinder number on each one. If you also label the boot where each wire
enters the distributor cap terminal, you'll never be unsure about hooking
things up properly. (Of course, if you make it a habit to remove the wire from
only one plug at a time and to put it back before you remove another, you
won’t ever get into trouble — unless another wire comes off accidentally.)

One way to royally confuse yourself and make the relatively simple task of
changing spark plugs into a nightmare is to pull all your spark plugs out at one
time. To keep your sanity and to avoid turning this job into an all-weekend
project, work on one spark plug at a time: Remove it, inspect it, clean it, and, if
it's salvageable, gap it. Then replace it — before you move on to the next spark

plug.

After you label the wires, follow these steps to remove each spark plug:

1. Gently grasp a spark plug wire by the boot, where it connects to the
spark plug.

Never yank on the wire itself (you can damage the wiring); just grasp
the boot, twist it, and pull it straight out so that you can pull it off the
plug. The shiny thing sticking out of the engine block is the terminal of
the spark plug. Figure 12-10, later in this chapter, shows you all the parts
of a spark plug, including the terminal.

2. Use a nice soft rag or a small paint brush to clean around the area
where the spark plug enters the block — or you can blow the dirt
away with a soda straw.

Doing so keeps loose junk from falling down the hole into the cylinder
when the plug is removed.

3. Find your spark plug socket (the big one with the rubber lining) and
place it down over the spark plug; exert some pressure while turning
it slightly to be sure that it’s all the way down.

Like everything else in auto repair, don’t be afraid to use some strength.
But do it in an even, controlled manner. If you bang or jerk things, you
can damage them, but you'll never get anywhere if you tippy-toe around.
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Figure 12-9:
Using a
socket
wrench.
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4. Pick up your ratchet handle and stick the square end into the square

hole in the spark-plug socket.

If you can work more comfortably by adding a couple of extensions be-
tween the handle and the socket so that you can move the handle freely
from side to side without hitting anything, go ahead. You add them in the
same way you added the socket to the handle. (If you have trouble with
getting the plug loose, see the “Dealing with difficult plugs” section,
which follows, for encouragement.) ’

The little knob on the back of the ratchet handle makes the ratchet turn
the socket either clockwise or counterclockwise) You can tell which way
the handle will turn the plug by listening to the clicks that the handle
makes when you move it in one direction. If it clicks when you move it to
the right, it will turn the socket counterclockwise when you move it,
silently, to the left. If the clicks are audible on the leftward swing, it will
move the socket clockwise on the rightward swing. Every screw, nut,
bolt, and so on that you encounter should loosen counterclockwise and
tighten clockwise. If your ratchet clicks in the wrong direction, just move
that little knob to reverse the direction. Figure 12-9 shows you the
proper way to use a socket wrench, and the sidebar “Breaking loose old
plugs and misconceptions” tells you how to handle difficult plugs.

5. Loosen the spark plug by turning it counterclockwise. When the

ratchet turns freely, finish the job by removing the ratchet handle and
turning the socket by hand until the plug is free from the engine.

After you've removed the spark plug from the engine, remove the plug
from the socket. But don’t go on to the next plug until you've read the
plug (see the section “Reading your spark plugs” and Table 12-1) and
gapped and replaced it, following the instructions later in this chapter.
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Dealing with difficult plugs

With all the stuff crammed under the hoods of vehicles, it can be hard to get
at some spark plugs and, even when you can reach them easily, they may be
difficult to remove. This section provides tips on extracting your spark plugs
with a minimum of hassle.

Almost every vehicle has at least one plug that’s a miserable thing to reach.
If you have one, save it for last. Then you can work on it with the satisfaction
of knowing that, when you get the darn thing finished, you will have finished
the job.

If you find that one or more plugs are blocked by an air conditioner or some
other part, try using various ratchet handle extensions to get around the
problem. There are universal extensions that allow the ratchet handle to be
held at odd angles; T-bar handles for better leverage; and offsef handles for
hard-to-reach places. (See Chapter 2 for examples.)

On some vehicles, you can't get at the plugs until you remove other parts
that are in the way. On some transverse engines, you have to remove the top
engine mount bolts by the radiator so that you can tilt the engine forward to
replace the rear spark plugs. And on other engines, it may be easier to get to
some spark plugs from underneath or through the wheel well area.
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On some small cars equipped with optional big engines, you have to hoist the
entire engine out of the car to reach at least one plug. If you have one of these
beasts, I bet that when you finally get that plug out, you'll find that it’s never
been replaced during all the professional tune-ups you've paid for. And you've
paid even more because that one funky plug probably not only increased your
fuel consumption but also added to air pollution. Both you and your car should
be glad to get rid of it!

If you absolutely cannot reach the offending plug, you can always drive to
your service station and humbly ask them to change just that one plug. They
won't like it, but it is a last resort. If you get to that point, you'll probably be
glad to pay to have it done. But do try very hard first. If you can’t get to the
plug in the ordinary way, go under, over, around, or through gaps in the thing
that’s blocking it. Or get someone to help you move what’s in the way (but be
sure that you can get it back in place correctly). Use your imagination; it’s the
only hard part of the job. And you won't have to do it again for a long time.

If you're lucky enough to own a car without air conditioning, power steering,
power brakes, and so on, chances are much greater that all your plugs will be
easy to get at. Think it over next time you're tempted to buy a vehicle with all
the “extras.” Those “extras” tend to block the things you want to work on, and
they often go wrong themselves. Some, like air conditioning if you live in a hot
climate, are worth it. Others, like power brakes on a small car, are not.

Reading your spark plugs

You can actually read your spark plugs for valuable “clues” about how your
engine is operating. To read your spark plugs, follow these steps:

1. When the first spark plug is out of the engine, remove the plug from
the spark plug socket and take a look at it.

Compare the deposits on the plug to the conditions shown in Table 12-1.
Figure 12-10 can help you to identify the various parts of a plug men-
tioned in the table.

2. Check the plug’s shell, insulator, and gaskets for signs of cracking or
chipping.

3. Look at the plug’s firing end (the end of your plug that was inside the
cylinder).

The hook at the top is the side electrode (refer to Figure 12-10). The
bump right under its tip is called the center electrode. The spark comes
up the center of the plug and jumps the gap between these two elec-
trodes. This gap must be a particular distance across for your engine to
run efficiently.
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4. Take your wire or taper feeler gauge and locate the proper wire Gf
your spark-plug gap specifications say .035, look for this number near
- . one of the wires on the gauge). Then slip that gauge wire between the
two electrodes on your old plug.
- Figure 12-11 shows why you should never use a flat feeler gauge for this
purpose. The reading will be inaccurate.
L]
Figure 12-11;
Why you Round gauge Flat gauge
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flat feeler
gauge on = =
an old :
Right Wi
spark plug. 9 rong
L]

The gauge wire probably has a lot of room to wiggle around in. This may
be because your old plug has worn down its center electrode, causing a
gap that is too large. If the gauge goes in and out with a lot of room on
either side, the gap is too large. If the gauge can't fit between the center
and side electrodes, the gap is too small, which means that the spark
plug is not burning the fuel/air mixture efficiently.
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5. Look at the little center electrode bump again and use Table 12-1 to
judge its condition.

Is it nice and cylindrical, like the center electrodes on your new spark
plugs? Has the electrode’s flat top worn down to a rounded lump? Or has it
worn down on only one side? Chances are it’s pretty worn because it’s old.
When the center electrode wears down, the gap becomes too large. When
you do your tune-ups yourself, you’ll probably check your plugs more
often and replace them before they get too worn to operate efficiently.

6. Clean the plug. Then either gap it or replace it with a new one, follow-
ing the instructions in the next two sections.

To clean a plug, gently scrub the gunk and goo away with a wire brush.

Keep in mind that although you don’t need to clean new spark plugs,
you do need to gap them. Some plugs are sold “pregapped,” but I'd
check them with a feeler gauge anyway.

7. Repeat the entire process for each additional plug, working on only
one at a time.

A good way to keep track of which plug belongs in which cylinder is to
use an egg carton as a container and put the plugs into the carton’s
depressions in numerical order as you remove them from the engine.

Either replace all the plugs with new ones or clean and reinstall all the old
ones. Don’t mix plugs in varying states of wear. If you do, your engine won't
operate efficiently. If you find that a few of your old plugs aren’t too worn and
are in fairly good shape, but you need to replace the others, clean and regap
the salvageable plugs and store them in your trunk compartment tool kit for
emergencies.

Sometimes-you can cure a problem — such as carbon-fouled plugs — by
going to a hotter- or cooler-burning plug. You can identify these by the plug
number. The higher the number, the hotter the plug. Never go more than one
step hotter or cooler at a time.

If your plugs indicate that something is seriously wrong with the way your
engine is running, ask a professional mechanic for an opinion. If you're told
that it requires extensive or expensive work, get a second opinion at another
service facility without telling the technicians that you went to the first place.
This is a good policy to follow whenever major repair work is suggested. We
wisely get second opinions when doctors tell us we need major surgery; why
not give your vehicle the same thorough attention before incurring a major
expense?
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Gapping your spark plugs

As I mentioned in the preceding section, the space, or gap, between the
center and side electrodes needs to be a particular distance across; other-
wise, your plugs don't fire efficiently. Adjusting the distance between the two
electrodes is called gapping your spark plugs.

Gap new as well as old spark plugs, even if the package says that the new
plugs are “pre-gapped.” To avoid problems, work on only one plug at a time,
in cylinder sequence order.

The following steps explain how to gap your spark plugs:

1. If you're regapping a used plug, make sure that it’s clean. If you're
using a new plug, it should be clean and new-looking, with the tip of
the side electrode centered over the center electrode.

There should be no cracks or bubbles in the porcelain insulator, and the
threads should be unbroken.

2. Take your feeler gauge, select the proper wire, and run it between the
electrodes (see Figure 12-12).

If the wire doesn’t go through or if it goes through too easily, without
touching the electrodes, you need to adjust the distance between the
electrodes.

|
Figure 12-12:
Gapping a
plug with a
wire gauge.
R

3. Adjust the gap as necessary.

If the wire didn’t go through, the gap is too narrow. Hook the part of the
feeler gauge that is used for bending electrodes under the side electrode
and tug very gently to widen the gap. .

If the wire goes through too easily, without touching the electrodes, the
gap is wide. Press the side electrode against a clean, mar-proof surface,
very gently, until it’s slightly bent down toward the center electrode.
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4. Run the gauge through the gap again.

5. Repeat Steps 3 and 4 until the gap is just right.

You want the gauge wire to go through fairly easily, just catching the
electrodes as it passes. The wire should just “hang” in the gap but go
through with a little guidance.

If you keep getting the gap too narrow or too wide, don’t feel bad. Everyone I
know goes through the “too large-too small-too large” bit a couple of times for
each plug, especially the perfectionists.

After you're done gapping your spark plug, it’s time to insert it in the engine.
The next section has the details.

Installing a spark plug

To insert a spark plug into the engine, follow these steps:

1.

Clean the spark plug hole in the cylinder block with a clean, lint-free
cloth.

Wipe away from the hole; don’t shove any dirt into it.

. Lightly coat the threads of the spark plug with anti-seize compound,

being careful not to get any on the center or side electrodes.

. Carefully begin threading the spark plug into the engine by hand,

turning it clockwise.

This is called “seating the plug.” You have to do it by hand, or you run
the risk of starting the plug crooked and ruining the threads on the plug
or threads in the engine.

If you have trouble holding onto the plug, you can buy a spark plug
starter and fit it over the plug, or you can use an old spark plug wire boot
or a piece of vacuum hose to make your own.

. After you engage the plug by hand, turn it at least two full turns

before utilizing the spark plug socket and ratchet.

. Slip the spark plug socket over the spark plug, attach the ratchet

handle, and continue turning the plug clockwise until you meet
resistance.

Don't overtighten the plug (you can crack the porcelain); just get it in
nice and tight with no wiggle. The plug should stick a little when you try
to loosen it, but you should be able to loosen it again without straining
yourself. Tighten and loosen the first plug once or twice to get the
proper feel of the thing.
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If you have a torque wrench, you can look in the manual for the proper
setting and use it after you seat the plug by hand. Then try to loosen the
plug by hand. This gives you the proper feel for how tight it should be.
Most do-it-yourselfers tend to replace plugs without torque wrenches
because torque wrenches are difficult to work with in the small space
between the block and the other parts of the vehicle.

6. Inspect the entire length of the spark plug wire before attaching its
boot to the plug. If the wire is cracked, brittle, or frayed or is satu-
rated with oil, replace it. '

7. Before you attach the boot to the spark plug, apply some silicone
lubricant to the inside of the boot; then push the boot over the
exposed terminal of the new plug and press it firmly into place.

You've just cleaned, gapped, and installed your first spark plug. Don’t
you feel terrific? Now you have only three, five, or seven more to do,
depending on your engine.

8. Repeat the steps to remove, read, gap, and install each spark plug.

It's at times like these that owners of 4-cylinder cars have the edge on
those who drive those big, expensive 8-cylinder monsters.

When you’re done, start your engine to prove to yourself that everything still
works. Then wash your hands with hand cleaner. If you've had a hard time
with a hard-to-reach plug, get some rest before taking on additional work.
Next time, the job should be a breeze.

Servicing Your Distributor

@ @ Most cars built after 1975 have electronic ignition systems that require no
regular servicing. Some have no distributors at all. All testing and servicing of
these systems should be left to trained professionals because they are easily
damaged if hooked up improperly, and they employ high voltage that can
also damage you.

If your car has an electronic ignition system, the only work you can do is to
replace the distributor cap and rotor if they become damaged. However, even
if you have a distributorless system, don’t forget to read and change your
spark plugs and check that your cables and connections haven’t become cor-
roded or detached. I'd do so at least twice a year, or whenever your vehicle
stops running smoothly or your fuel consumption suddenly increases.

@ @ If you aren’t sure whether your vehicle has one of the older non-electronic dis-
tributors that must be manually serviced, note that older distributors have one
thin wire on the side, whereas the electronic ones have two wires or more. If
you're still not certain, check your owner’s manual or service manual, or call
the service department at a dealership that represents your car’s manufacturer.
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If you have a distributor that does need servicing, check the items in the sec-
tion called “What You Need to Do the Work in This Chaptey,” paying special
attention to the parts and tools preceded by the @ symbol.

Get to the scene of the action

The distributor gets voltage from the ignition coil and distributes it to each
spark plug in turn. To accomplish this, the distributor contains a set of
points, a rotor, and a condenser. Servicing your distributor involves cleaning
and checking these parts and replacing them if necessary. Of course, to get to
the scene of the action, you have to remove some stuff that’s in the way. But
don’t panic: The following sections take you step by step through the entire

- process.

Although you can jump to any of the following sections to get specific infor-
mation, I recommend that you read Chapter 6 before going any further. It will
help you find your distributor and familiarize you with what each part looks
like and does. Then return here and work your way through the rest of the
sections in succession, using the @ and O symbols to identify work that
you can do on your particular system.

If you go step by step, you can do everything you need to in the most effi-
cient order, thereby increasing the chances of your vehicle starting the first

/ . time you try it after the work is done.

Remove your distributor cap
The distributor cap is the first thing to go. To remove it, follow these steps:

1. Find your distributor.

If you're still not sure where to find it, Chapter 6 provides a description
of the distributor — where it is, what it does, and what it contains.

2. Use a long-handled screwdriver to loosen the distributor cap.

Most caps are held in place by either screws (see Figure 12-13) or clips
(see Figure 12-14).

3. Now that your distributor cap is free, remove it without removing any
of the wires that are attached to the cap. Place it to one side and
take a look inside your distributor (see Figure 12-15).

Does the stuff in there look like the replacement parts you bought? Look
at the structure of the rotor (and the points and condenser, when you
get to them). They should be similar, although some parts may be made
of plastic instead of metal. If they look different, you've got the wrong
parts. Go back to the auto parts store and start over. ( You may not col-
lect $200, but at least you won't go to jail.)



|
Figure 12-13:
Removing a
distributor
cap with
screw
clamps.
|

|
Figure 12-14:
Removing a
distributor
cap with
clips.
L |

Figure 12-15:
The anatomy
of a non-
electronic
distributor.
IEEE———
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Vacuum advance




2 2 g Part lli: Keeping Your Car in Good Condition, System by System

)

P
Figure 12-16:
Various

types of
rotors.

If, when you look inside your distributor cap, you do not find the parts in the
illustrations in the following sections, you probably have an electronic igni-
tion system and can consider yourself pretty lucky. As I mentioned earlier,
you don’t have to deal with adjusting or replacing traditional points and con-
densers. All you have to do is check and change your spark plugs now and
then and check for a defective distributor cap or rotor if your engine starts
running roughly or stops running completely.

Because there are many types of electronic ignition systems, and adjust-
ments usually require expensive tools and specialized expertise compared to
conventional ignitions, I strongly advise you to rely on a good automotive
technician if neither the cap nor the rotor appears damaged.

Remove the rotor

Sitting on top of everything else inside the distributor is the rotor. Rotors
vary in size from small plastic gizmos that simply lift off the distributor shaft,
to big round plastic plates that have two screws to remove (Figure 12-16
shows different kinds of rotors). ’

To remove your rotor, follow these steps:

1. Before you remove your rotor, move it on its shaft.

Does it move easily? If not, you really need this tune-up badly!
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2. Remove the rotor from the shaft.

To remove a small rotor, just lift it straight up off the distributor shaft
(see Figure 12-17). To remove a large rotor, you need to unscrew the two
screws and lift the rotor off the distributor shaft (see Figure 12-18).

|
Figure 12-17:
Removing a
small rotor.
|

Figure 12-18:
You release
this type of
rotor by
removing
the screws.
|

3. Take a close look at the old rotor to see how it fits onto the shaft so
that you can put the new one in properly later on.
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Figure 12-19:
A
centrifugal
advance.
I

All rotors go on in only one way: They either have a square-pin-in-
square-hole/round-pin-in-round-hole arrangement, or they’re notched or
shaped so that they fit on the shaft pointing in only one direction. Still,
it’s a good habit to take a long look at anything you remove before you
remove it, because you tend to forget how it’s situated, and sometimes
you have to make a choice. Don't be afraid to draw pictures if you aren’t
sure you'll remember how something fit together.

4. Look at the metal contacts that conduct current to the spark plug
terminals.

If the rotor contacts are corroded, broken, or cracked, you really need a
new one! In any case, plan to use the new one after you're through work-
ing on the rest of the distributor.

5. Set the old rotor aside.

Under the rotor on some vehicles, you may find something called the cen-
trifugal advance (see Figure 12-19). Its function is rather complicated, it has
nothing to do with this minor tune-up, and it hardly ever breaks. Just leave it
where it is and forget it.

Remove the static shield

On some vehicles, you may find a static shield, shown in Figure 12-20, which
you have to remove before you can change your points and condenser. The
static shield’s purpose is to prevent radio interference. Sometimes the work-
ing of the electrical system in your car produces strange noises on the car
radio. This gizmo prevents that.



Figure 12-20:
The static
shield.
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Static shield

The static shield isn’t hard to remove, but when you finish working on your
distributor, be careful to put the shield back exactly the way it was. If you
can’t get it back properly, don’t worry — your car will run perfectly without it,
so just put the pieces in a paper bag and drive to your friendly service station.
They’ll put it back for you (although you may have to take a little kidding).

Remove and veplace the condenser

Under the rotor (and possibly the static shield) are the points and condenser.
Before you remove the condenser, look at the two little wires, one leading to
the points and the other to the condenser, that join together — usually with
some sort of little screw and washer arrangement (refer to Figure 12-13).

Take a good look at how the wires (sometimes called leads) fit together in the
gadget that holds them (called the primary terminal). The main purpose of
the primary terminal is to prevent the clips at the ends of these wires from
touching the floor of the distributor, which is called the breaker plate. If they
touch the breaker plate, they short out and the car doesn’t start.

Now follow these steps:

1. Take a closer look at how the wires connect.

Are the little clips at the ends of the wires touching each other? Or are
they separated with something? Does the screw that holds them in place
touch them? Or is there something in between? Figures 12-21, 12-22,
12-23, and 12-24 show how to disconnect several types of primary termi-
nal arrangements.
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Figure 12-21:
On some
distributors,
the wires
must be
loosened
from the
primary ter-
minal, as
shown,
before you
can remove
them.
]

]
Figure 12-22:
On another
type of dis-
tributor, you
must use a
special tool
to remove
the primary
terminal nut
and release
the contact
spring and
lead wires.
.|
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Figure 12-23:
On other dis-
tributors, the
nut on the
primary ter-
minal must
be loosened
to release
the contact
spring and
lead wires.
L]

Figure 12-24:
Still another
distributor
has its wires
attached as
shown. You
remove
these by
loosening
the nut at
the primary
terminal.
]
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Even if you think that you can remember exactly how the wires are con-
nected, draw a picture of them before you remove them!

2. When you have a picture of how they are attached, disconnect the
wires.

Put the screws or other parts that came off on a clean surface so that
you'll know where they are when you need them later.

3. Push the condenser (that little cylinder in there) throﬁgh the ring that
holds it, and then put it near the screws that you removed in Step 2.

Some condensers are attached to the clips that hold them, and you have
to remove them, clip and all. Figures 12-25, 12-26, and 12-27 show a few
of the most common setups.

Figure 12-25:
This type of
condenser
has one
screw to
remove and
two locating
bumps to
help you
position the
new one
securely.
]

.|
Figure 12-26:
Other con-
densers
have a
locating

hole in the
mounting
bracket.
|
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Figure 12-27:
Some
condensers
are con-
nected to
the primary
terminal by
a copper
strap that
must be
released
before they
can be
removed.
|

4. Use a clean, lint-free rag to wipe around the breaker plate where the
condenser was resting. Then take the new condenser and slide it in
where the old one was.

If there’s a new clip in the tune-up kit but you were able to slide your old
condenser out without removing the old clip, forget the new clip as long
as the old one seems to be in good condition and doesn’t wiggle around.

Congratulations! You just replaced your condenser. On to the points!

Remove and replace the points

@ The points on your vehicle may look a bit different from the ones in Figure
12-28, but they work the same way. Here’s a rundown of some basic types of
points that you may encounter:

v Some points are made in a single unit; others consist of two halves that
fit together. Some Chrysler products have dual sets of points, but these
are no more difficult to install or change.

| v~ Some foreign cars have little springs that come out separately from the
points. If you have points like these, be sure to hold your free hand over
the distributor when you loosen the points, or it will spring out and get
lost. )

v Some points have two screws that fit into slots in the points — these can
be loosened, and the points will slide out. Others have a screw to hold
the points down and another screw to adjust them.
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Figure 12-28:
A set of
points.
|
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Before you remove your old set of points, compare them to the new set of
points you just bought. If they don’t look exactly alike, return them for the
proper kind.

Once you know which kind of points you have, do the following:

1. Take your screwdriver and open up the points in your distributor so
that you can see between them.

Are the contacts rough where they meet? This is usually the result of
normal wear and tear. If they’re badly burned or pitted, the points
should be replaced.

If the points are relatively new, excessive wear can be a sign that some-
thing is improperly adjusted or malfunctioning. Excessively worn points
or burned points usually result from either poor adjustment when they
were installed (this means that they were incorrectly gapped) or a bad
condenser, or the accidental introduction of oil or cam lubricant
between the point contacts.

Because used points are impossible to read accurately with a feeler
gauge (Figure 12-29 shows you why), you won’t be able to tell if this is a
case of poor adjustment. But if your olds points look badly burned or
worn, be sure to check your new points after about 1,000 miles of dri-
ving, and if these look bad, too, ask your mechanic for an opinion.



|
Figure 12-29:
Why you
can‘tgetan
accurate
gap reading
on old
points.
T

|
Figure 12-30:
Remove the
screws that
hold the
points in
place.
L]
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2. Remove the old points by removing the screw or screws that hold
them in place (see Figure 12-30).

If you have slotted points, simply loosen the screw and slide the
points out.

This is a good time to use a screwholder. It holds the screw until you
release it, so you don’t have to cram your fingers into the distributor to
hold onto the screw. ’

—>| |<— Actual point opening .025

.020 Feeler gauge
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Figure 12-31:
Place only

a small
amount of
lubricant on
the cam
wheel, or it
will fly
around and
burn the
points.
|

3. Put your old points aside, and use the clean rag that you used to clean
around under the condenser to wipe the rest of the breaker plate (the
floor of your distributor).

Before installing the new points, you need to do another little job.

Lubricate your distributor

Lubricating your distributor is something that seems mconsequentlal but is
really very important because it can increase the life of your points. In the
package with your new points, there may be a little capsule of cam lubricant.
If there isn’t any, you can buy a tube of it very cheaply. Then follow these
steps:

1. Take a little bit of cam lubricant on your index finger and wipe' it
around the sides of the cam wheel (see Figure 12-31).

Use the lubricant very sparingly. You don’t want lumps, just a nice
greasy finish on the cam wheel only. If you don’t lubricate this wheel,
your points could burn out very quickly. If you use too much, the stuff
flies around inside the distributor when the wheel spins and fouls things
up or causes your points to burn. Because your points open and close
very fast (at around 12,000 times a minute when you drive a V-8 engine
at 60 mph), you can see why the lubricant is necessary and why it tends
to fly around if you're too generous. You want just enough to make your
cam wheel lobes slide easily past the points.
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2. Look at the top of the distributor shaft, where the rotor was sitting. If
there’s a wick inside it, place a few drops of light engine oil on the
wick in the shaft, as shown in Figure 12-32.

If you don’t have the proper kind of oil, forget it this time and pick some
up in time for the next tune-up.

L]
Figure 12-32:
If a wick is
present,
lubricate the
distributor
shaft with
justa few
drops of oil.

lustall the new points

After the distributor is properly lubricated (see the preceding section),
you're ready to install your new points. Follow these simple steps:

1. Pick up the new points and gently rub the two contact tips together.

Points usually come from the factory with some kind of coating on them,
and this coating can keep the spark from going across the gap. Gently
rubbing the tips together removes this coating.

Don’t use cloth, paper, or a file to remove this coating — the lint or tiny
filings will foul the points. A little rub is all they need.

2. Install the new points where the old ones were (see Figures 12-33 and
12-34), but don’t tighten down the screws that hold them in place
until you have adjusted the gap.

Sometimes it’s easier to connect the lead wires that come from the
points and the ¢ondenser before you replace the points in the distributor.

3. Be sure that the clips on both wires touch each other but do not touch
any other metal. They're designed to go back to back so they fit snugly
into the clip on the primary terminal. Refer to Figures 12-21 through
12-24 to see the different types of configurations and the way to
reassemble yours.
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If you don’t see your configuration in these illustrations — and you
neglected to make a drawing of the way yours was — use your imagina-
tion. If you get it wrong, your car simply won’t start until you get it right.
Nothing else will happen, so don’t worry. Just fit the wire clips together
and put them in the clip so that they’re not touching anything metal
(this includes the side of the clip, if it’s made of metal, and the distribu-
tor base). As I said earlier, this can be done either before or after you get
the points in place, whichever is easier.

]
Figure 12-33:
Some points
have a knob
that fits into
a locating
hole on the
floor of the
distributor.
_

Figure 12-34:
Other points
fitover a
locating
post on the
floor of the
distributor.
L
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Adjust your points

Now it’s time to adjust your point gap (also called “gapping your points”).
Before you can adjust the point gap, the little rubbing block that protrudes
from the side of the points nearest the cam wheel must rest on the highest
point of one of the cam lobes. This forces the points open to their widest
gap — and that’s the gap you’re going to adjust:

1. If the rubbing block isn’t resting on the point of the cam lobe, use
your ignition key to “bump” your starter until the cam wheel turns to
the correct position (see Figures 12-35 and 12-36).

|
Figure 12-35:
The rubbing
biack
causes the
points to
open when
it is pushed
up by the
highest
point on the
cam lobe.
|

|
Figure 12-36:
Crank the
engine with
the starting
motor until
the point
rubbing
block is on
the peak of
the cam
lobe. This
brings the
pointsto
their widest
gap.
]
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If you have difficulty doing this, run a chalk mark down the side of the
distributor and onto the base, or whatever it’s sitting on. (This line will
help you later to get it back the way it was.) Then turn to the section
called “Adjust your timing,” later in this chapter, to see how to locate the
distributor hold-down clamp. Loosen it and turn the distributor until
the rubbing block is resting on the point of the cam lobe and the points
are wide open.

2. Look at your specifications for the proper point gap; then take your
flat feeler gauge and select the correct blade.

3. Slide the blade of the feeler gauge between the points and note how
narrow or wide the opening is.

Is the gap too small to let the blade in? If you left it like that, your car
would be hard — or impossible — to start, and your points would get
burnt and pitted. Is the gap so wide that the gauge doesn’t touch both
surfaces as it goes in and out? This results in a weak spark and poor
engine performance at high speeds. So if your gap is either too wide or
too small, it needs adjusting.

There are three basic kinds of point-adjusting set-ups. Some cars have an
adjusting screw (in addition to the screw or screws that hold the points in
place). Other cars have an adjusting slot. Still others have a little window in
the distributor cap that allows you to adjust the points without removing the
distributor cap. Look at Figures 12-37, 12-38, and 12-39 to determine which
one your vehicle has and then follow the appropriate set of steps:

If you have an adjusting screw, see Figure 12-37 and follow these steps:

1. Loosen the screw or screws that hold the points in place.
2. Turn the off-center adjusting screw.
3. Place the correct feeler gauge blade between the point contacts.

The contacts should still be at their widest gap. If they aren’t, follow
Step 1 at the beginning of the “Adjust the points” section to turn the dis-
tributor until they are.

4. Turn the adjusting screw (see Figure 12-37) until the feeler gauge
blade can slip in and out between the contacts, just touching them as
it slides.

There should be a minuscule grab as the blade goes through, but it
should go through easily. If you aren’t sure, try the next thicker and thin-
ner blades. If the gap is correct, neither should work properly.
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5. When you get the gap just right, tighten the screws that hold your
points in place (not the adjusting screw) and recheck with the gap
with the gauge.

6. If you’ve moved the distributor, put it back where it was, with the
chalk marks lined up.

IR
Figure 12-37:
Adjusting
screw-type
points.
L

If you have an adjusting slot, see Figure 12-38 and follow these steps:

1. Loosen the locking screw or screws that hold the points in place.
2. Make sure that the points are at their widest gap.

If they aren't, follow Step 1 at the beginning of the “Adjust the points”
section to move the distributor until they are. Then insert the tip of your
screwdriver into the adjusting slot and, by moving it one way or the
other, open the gap so that the correct feeler gauge blade can slip in.

" 3. Insert the correct feeler gauge blade and, using your screwdriver in
the adjusting slot, adjust the contacts to allow the blade to slide in and
out between the contacts, just touching them as it slides.

The blade should just touch both contacts as it moves, but it should
move easily, with just a little bit of grab as it goes by. If you aren’t sure,
try the next thicker and thinner feeler gauge blades. If the gap is correct,
neither should work properly.

4. Tighten the screws that hold the points in place and then recheck the
gap with the gauge.

5. If you moved the distributor, put it back the way it was, with the chalk
marks lined up.
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Figure 12-38:
Adjusting
slot-type
points.
]

If you have an external adjustment window, see Figure 12-39 and follow these
steps:

1. Reassemble your distributor and put the distributor cap back on.

You can find instructions for doing so in the next section under “Replace
the static shield” and “Replace the rotor.”

Your points probably won’t need adjusting because they come preset
from the factory. They should need adjusting only if your car won't start.

* If your car won't start, first make sure that you've hooked the
wires from the points and the condenser together so that they
don’t touch any metal parts except each other. (See Step 3 of the
section called “Install new points” for details.)

» If your points do need adjusting, follow the rest of these steps.

. Use a hex wrench (an Allen wrench shaped to fit into hexagonal

holes) to turn the adjusting nut behind the sliding window in the dis-
tributor cap, as shown Figure 12-39.

If a little hex wrench came with the points, use it. if not, you'll have to
get your own.

. Start your car and leave the engine running with the emergency

brake on and the car in either Park or Neutral. Turn the nut clockwise
until the engine starts to falter. Then turn the screw half a turn coun-
terclockwise, remove the wrench, and close the window.
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Figure 12-39:
Adjusting
points with
an external
adjustment
window.
L]

Get it all together again

@ @ Once you've replaced the condenser, replaced and adjusted your points, and
put those pesky little lead wires safely back in their clip, it’s just a matter of
putting everything back the way it was before you started servicing the dis-
tributor. Relax; you're in the home stretch. The next sections will see you
safely to the winner's circle.

Replace the static shield

If you have a static shield, put it back now, before you replace the rotor. For
“details, refer to “Remove the static shield” and Figure 12-20 in the earlier sec-
tion called “Getting to the scene of the action.”

Replace the votor
‘Now it’s time to install the new rotor you purchased.

Be sure to put the new rotor back exactly the way the old one went (the pre-
vious section called “Remove the rotor” may refresh your memory). All
rotors fit properly one way only, and it’s easy to check the position of yours.
Once it’s back on the shaft, just turn the rotor to see whether it settles back
into place easily. If you can turn it in more than one direction, you haven’t
replaced it properly.

Check the distributor cap

Take the time to clean and check your distributor cap thoroughly. If it’s defec-
tive, replace it:
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1. Pick up the distributor cap (don't let any wires come off) and take a
look inside it. Wipe the inside clean with a lint-free rag.

Do you see any cracks in the cap when you hold it up and shine a light
through it? If you do, you can buy another cap very cheaply. Follow the
instructions in the sidebar called “Replacing a distributor cap is easy.”

2. Look at the inside of your cap where the wires enter it. Push gently on
each wire where it enters its “tower,” and make sure that it’s in
tightly.
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Are the insides of the towers clean? Each little metal thing you see inside
the cap is an electrode that transfers electricity to the rotor; you don’t
want these electrodes to be too fouled to conduct the electricity.

3. If the electrodes look dirty, scrape them with a small screwdriver to
remove the carbon.

If the electrodes are burnt or very dirty, you may need to replace your
wires. If you feel that you can do the job accurately, connecting each
wire to the proper tower on the cap and the proper spark plug, one-at a
time, fine. If not, you're probably better off having someone with more
experience replace the wires for you.

4. When you're satisfied that all is well, replace your distributor cap.

Figures 1240 and 12-41 show you the two steps necessary to replace
different types of caps.

5. Start your engine to see whether you’ve got everything right.

If your car starts right up, great! You're ready to move on to the section
called, “Checking and adjusting your work.” If the car won’t start, don't
panic; the instructions in the next section will soon set things right.

Figure 12-40:
Some
distributor
caps have
either a
locating lug
that fits into
aslotinthe
cap spring
hanger
(left), or a
groove or
slotinthe
cap that fits
over a boss
onthe
distributor
housing
{right).
]
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Figure 12-41:
Fasten the
cap to the

housing
either by
pressing on
the center
of the cap
spring,
forcing the
spring over
the mount-
ing lugs on
the cap
{left), or by
pressing
down on the
screw and
turning it
until the
clampis
under the
slot on the
bottom of
the housing
(right).
|

Restart your car

If your car doesn't start (this isn’t unusual), the answer to one of these
troubleshooting questions will soive your problem:

+~ Is your vehicle still in Park or Neutral? It won't start in any other gear.

v~ Is your distributor cap on correctly? If it isn’t, put it on properly. If it is,
remove it so that you can look inside and answer the other questions in
this list.

1 Are the lead wires from the condenser and the points correctly
replaced and tightened down? (Refer to Figure 12-13.) If they’re touch-
ing anything metal except each other, the spark is grounding out instead
of passing through the points while they're closed.

v Are your points properly gapped? Check them again with the proper
feeler gauge blade. Sometimes they move back together when you
tighten them down after adjusting them.
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Run a bit of very clean, lint-free cloth between them -~ maybe something
got in there and is preventing the spark from going across. Do the points
close completely? They must open and close to work.

+ Did you accidentally disconnect any other wires while you were
working? Reattach them.

After you correct the problem, put your distributor cap back again and start
the engine. It should start this time. Don’t panic if you still have trouble —
almost everyone does the first time. But you ran the engine after you
changed the spark plugs, so if there is a problem, it has to be in the distribu-
tor, right?

If you still can’t get the car started, remove the new condenser and put the
old one back in. Maybe the new one is defective. This could also be true of
the points or rotor. If you keep trying and still have no luck, the worst that
can happen is that your friendly mechanic will have to get you out of the
hole. So how bad can it be?

Check your distributor with a dwell meter

@ After you start your car following a tune-up, it’s time to check the dwell —
assuming that you bought or borrowed a dwell meter. (You'll also want to
check your vehicle’s timing, following the instructions at the end of this
chapter.)

The difference between the cost of doing this tune-up once yourself and
paying to have it done for you is probably more than the cost of a dwell
meter plus a timing light.

A dwell meter (sée “What You Need to Do the Work in This Chapter” for a
description of this and other tools) is a handy gadget for determining
whether your points are properly gapped and whether your distributor is
operating properly.

A dwell meter checks the distance that your distributor shaft rotates when

your points are closed — which is the same as saying that it measures how
long the points stay closed (or “dwell together”). This distance is called the
cam angle, and, like all angles, it's measured in degrees.

Hooking up a dwell meter

The first thing you have to do when you check the dwell is to hook up the
dwell meter to the distributor. The following shows how to hook up two of
the most popular types of dwell meters.
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To hook up a dwell meter with fwo clips (see Figure 1242):

Engine
= ground

Ignition
switch

|
Figure 12-42:
How to hook -
up a two-
clip dwell
meter.

+ Distributor

1. With the engine shut off, find the little wire on the side of the coil that
connects at its other end to the distributor and hook the red clip to
the clamp that holds that wire in place.

2. Hook the black clip to “ground.”

“Ground” can be anything on the vehicle that’s made of metal, through
which electricity can pass back to the battery. In this case, ground can
be any part of the metal frame of the car, but the best ground is an
unpainted pipe or bolt bolted directly to the engine. (Not too near the
carburetor, please! You don’t want a stray spark setting off the fuel in the
carburetor.)

To hook up a dwell meter with three clips (see Figure 12-43):
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|
Figure 12-43:
How to s

hook up a Ignition key
three-clip
dwell meter. Distributor

1. Connect the red clip to the positive terminal of the battery.
2. Connect the black clip to the negative terminal of the battery.

3. Connect the green clip to the clamp that holds the little wire on the
side of the coil that connects at its other end to the distributor.

Some Ford cars have an insulated slip-on terminal on the wire leading from
the distributor to the ignition coil. If you have a Ford with this configuration,
lift the slip-on terminal and slide the Ford adapter clip in place (see Figure
12-44); then push the terminal down. Attach the Green clip to the adapter
clip, as shown in Figure 12-44.

Don't allow the Ford adapter clip to touch any other metallic part of the coil
case or the engine.
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|
Figure 12-44:
How to hook
up a dwell
meter to
some Ford
cars.
]

To ignition

switch

adapter

Green dwell meter clip

Checking dwell

After your dwell meter is hooked up, follow these steps to check the dwell:

1. If your dwell meter has one, turn the calibrated knob to set it.
. Turn the proper knob to the number of cylinders that your vehicle has.
3. Start the engine and let it idle, with the emergency brake on and the

gearshift in Park or Neutral.

. Look at the line on the dwell meter that has the same number of cylin-

ders as your vehicle has, and see where the needle is pointing.

Is the needle pointing to the correct figure listed under “Dwell” on your
specifications sheet? It can be plus or minus 2 degrees. For example, if
your spec sheet shows a dwell of 38 degrees, a dwell anywhere between
36 and 40 degrees is fine. If the dwell is further off than that, you have to
readjust your points, as explained in the next step.

. Depending on whether you have a distributor with an external adjust-

ing window (refer to Figure 12-39) or the kind of points that adjust
with an adjusting screw or slot (Figures 12-37 and 12-38, respectively),
do the following:

« If you have a distributor with an external adjusting window: Let
the engine idle and keep the dwell meter in place. Then open the
little window in the side of the distributor cap (it slides up) and
turn the adjustment screw with the hex wrench until the needle on
the dwell meter points to the correct number.
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¢ If you have the kind of points that adjust with an adjusting screw
or slot: Shut off the engine, remove the distributor cap again, and
readjust your points to the correct gap with your flat feeler gauge
by following the instructions in the section “Adjust your points.”
When you've got it right, put everything back and check the dwell
again. Sorry, but that’s life. . . .

If the dwell is too low, the gap is too large, and vice versa.

When the dwell is correct, it’s time to check your timing, which is the topic
of the next section. If you have a tach/dwell meter (a dwell meter with a
tachometer built in), there’s one additional thing that you can do.

If you have a tach/dwell meter, turn the knob to set it to the tachometer read-
ings. Some tach/dwell meters have both Hi and Lo readings; if yours does,
you can choose either line. Start your engine and let the car idle. After it
warms up a bit, check the tachometer to see at how many rpm (revolutions
per minute) the car is idling. Try to keep the tach/dwell hooked up while you
check your timing, but if it’s too difficult to clip both the tach/dwell and the
timing light to the battery terminals, disconnect the tach/dwell and keep it
handy.

Check your timing with a timing light

@ Did you get a timing light? If you plan to check your timing, I hope you did.
I've heard of a variety of ways to check your timing without one, but none of
them has proven very accurate, and many turned out to be impossible. So
beg or borrow one if you don’t want to buy one. The section “What You Need
to Do the Work in This Chapter” tells you all about them.

As a last resort, if you have no timing light, you can drive down to your local
service facility after you've done your tune-up and ask them to check your
timing for you, but be prepared to deal with the consequences. Instead of
using a timing light, the technicians will probably hook your car to an elec-
tronic diagnostic machine in order to give you an answer, so be sure to ask
beforehand if there’s a charge for this service. If there is, ask whether the
charge covers adjusting the timing for you, if it’s necessary. If they're willing
to check your timing for nothing and your timing is off, they’ll probably
charge to adjust it for you. And if you tell them that you want to fix it your-
self, you'd better plan to go somewhere else for a timing check when you're
through. Once you've exhausted all the garages in the neighborhood, you’ll
probably have to go out and borrow or buy a timing light anyway!

To check your timing, follow these steps:

1. Read the instructions that came with the light.
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|
Figure 12-45:
Hooking up
a three-clip
timing light.
L]

Reading the instructions is a good idea with any piece of new
equipment.

. Hook up your timing light as suggested in those instructions.

Most lights have three clips on them. If you have no instructions, the
ones in this book will work for most timing lights with three clips (see
Figure 12-45).

3. If you haven't already turned your engine off, do so.

4. Clamp the big red clip to the positive terminal of your car battery, as

shown in Figure 1245.

To distributor

% Connector

. Clamp the big black clip on the negative terminal of the battery.

Make sure that the battery terminals are clean enough to allow current
to pass through them. If they look very funky, scrape the clip around on
them a little, or wash off the junk with a clean rag dipped in water and
baking soda.

Try not to get the stuff from the battery terminals on your hands — it
has acid in it. If you do get it on your hands, just wash them off with

“water; it won’t burn holes in you right away.
. Attach the third clip (the one with the thickest insulation) to your #1

spark plug.

To find out where the #1 plug is on your vehicle, refer to Figures 12-2
through 12-8.



Figure 12-46:
Using a
spring con-
nector to
attach the
third clip to
the #1 spark
plug.
|
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To distributor

There are three ways to place the clip:

* You can remove the boot from the spark plug, put the clip on the
terminal end of the plug that sticks out of the engine, and replace
the boot so that it fits snugly and allows the current to pass
through from the wire to the plug (refer to Figure 12-45).

* You can use a small metal spring or clip that fits over the terminal
end of the plug, leaving a gap between the boot and the plug on
which to clip the third clip from the timing light (refer to Figure
12-46).

¢ If your #1 spark plug is hard to get at, you can attach the third clip
to the distributor terminal tower where the wire from the #1 plug
enters the distributor cap. Just trace the wire from the plug to
the distributor, remove the boot from the distributor cap terminal,
add a metal extension (usually supplied with the light), replace
the boot, and clamp the clip to the extension (see Figure 12-47).

7. With your engine still shut off, try to pull up on your fan belt with one
hand to tighten it, and turn the fan with the other hand to rotate the
wheel that has the fan belt hooked around it (the lower wheel).

This wheel, called the crankshaft pulley (or the harmonic balance
wheel), probably has your timing marks on it (see Figures 12-48 and
12-49). On some vehicles, the timing marks are located elsewhere, so if
you can'’t find yours on the crankshaft pulley, consult your owner’s
manual or service manual for their location, or call the service depart-
ment at your dealership.
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Negative

]
Figure 12-47:
Attaching
the third clip
to the #1
spark plug
or the #1
distributor
terminal.

Adapter

|
Figure 12-48:
Timing
marks

on the
crankshaft
pulley of a
vehicle.
|

[—Pulley or balance wheel
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|
Figure 12-49:
Timing mark
locations
on other
vehicles.
L

3

If you can’t move the fan by hand, remove the big wire from the center of
your distributor cap and lay it on an unpainted metal part (not the car-
buretor!) to ground it. Then turn the key in the ignition to “bump” the
starter without starting the engine. Doing so turns the crankshaft pulley,
and as the pulley turns, a set of lines should come into view. These are
your timing marks. A pointer attached to the engine block usually
points to these marks. To set your timing, you have to get the pointer to
point to the correct timing mark while the engine is running. Figures
1248 and 1249 show where the timing marks may be on your vehicle.

. Look at your spec sheet to see what your timing degree should be.

The spec sheet (refer to Figure 12-1) will say something like “10°@550,”
which means that you want to line the pointer up with the 10° timing
mark when the engine is idling at 550 rpm.

The spec sheet may say something about BTDC or ATDC. This simply
means that your timing marks will have a line labeled 0, with marks
above and below it. The 0 is top dead center (TDC). Depending on the
direction that the wheel rotates, the lines that come into view before the
0 (or TDC mark) are “before top dead center” (BTDC), and the ones that
appear after TDC are “after top dead center” (ATDC). In case you're curi-
ous, “top dead center” is the point at which the piston reaches its
highest point in the cylinder and compression is greatest. (How’s that
for cocktail party chatter?)
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9.

10.

Once you find the timing marks and know which mark to set your
timing at, use a piece.of chalk to make that mark stand out.

You can also chalk the tip of the pointér to make it more visible.

Attached to the side of your distributor is a round gizmo called a
vacuum advance. Disconnect the little rubber hose that comes from
it, and put a piece of tape on the end of the hose — or stick a screw
in it — to seal it off (see Figure 12-50).

Some vehicles have distributors without vacuum advance mechanisms. If
you have one of those vehicles, you may need to disconnect a special
electrical connector. Consult a service manual or call your dealership if
your vehicle has no vacuum advance.

. Start your engine, making sure that your emergency brake is on and

that you're in Park or Neutral. Let the car warm up.

. If your tach/dwell meter is still hooked up, look at the “rpm” line to

see whether the car is idling at the proper speed. If you have no
tach/dwell, check the idle speed on the dashboard tachometer.

If your car isn’t idling at the proper speed, you have to adjust your idle.
Adjusting the idle is a simple matter of turning one screw, so don’t be
dismayed. You can find instructions for doing this in the section called
“Adjusting idle speed screws” in Chapter 13.

]
Figure 12-50:
Dis-
connecting
the vacuum
advance.
]

Plug end of vacuum line -
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13. Aim the timing light at the timing marks and press the button on the
light.

The fact that the light is hooked to your #1 cylinder spark plug means
that current passes through the light every time your #1 plug “fires.”
This makes the light go on and off with a strobe effect. As a result, the
timing marks appear to be standing still, although the crankshaft pulley
is actually turning rapidly. Fascinating, isn’t it?

14. Note to which timing mark the pointer is pointing.

Is it pointing to the correct mark? If it isn’t, you must adjust your timing —
the focus of the next section. ‘

Adjusting your timing
@ If you need to adjust your timing, follow these steps:
1. On the base of the distributor shaft, below the distributor, is a nut
called the distributor hold-down clamp.

Use a combination wrench to loosen this nut so that the distributor can
turn a bit on the shaft when you grasp the vacuum advance and move it
back and forth.

If you have trouble reaching the hold-down clamp, a distributor wrench
can make it easier (refer to Figure 2-5 in Chapter 2).

2. Move the distributor a little bit on the shaft; then shine your timing
light at the timing marks again to see whether you got it right.

Is the pointer closer to the right mark? Is it farther away? If it’s farther
away, you have moved the distributor in the wrong direction. Go back
and move it the other way. Every time you move the distributor, go back
and check again with the timing light.

3. Repeat Step 2 until the pointer is pointing to the correct timing mark.

If your idle speed changes, adjust your idle to specifications and recheck
your timing. Then tighten the distributor hold-down clamp again, making
sure that you don’t move the distributor when you do so. Check again with
the light. Are the timing marks dead on? Good! ( You can be off a little bit
without causing trouble, but be as accurate as you can without driving
yourself crazy.) You now have your car timed perfectly, which leads to
much better engine performance and fuel consumption — and cuts down
on air pollution.

4. Shut off your engine and disconnect the timing light and the
tach/dwell meter.

If you've used a metal extension on your #1 plug, be sure to remove and
put the boot back on the plug.
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Well, you've changed your spark plugs, serviced your distributor, and
checked your dwell, idle, and timing. You just completed a basic tune-up!

If you had a little trouble, would it have been worth big bucks to avoid it?
Probably not. (As I write this book, the cost of tune-ups seems to be going up
daily.) Plus, by doing the job yourself, you know that all the work has been
done and done properly. Congratulations!

Fixing Electrical Gadgets
That Ave on the Blink

Periodically, you need to fix electrical doodads and gizmos that are on the
blink. Maybe your stereo quits working, your turn signals don’t blink, a head-
light burns out, or something else goes wrong. When these small but
inconvenient problems arise, you can usually fix them yourself, easily and
with very little expense. This section shows you how.

Your battery should be checked and maintained regularly. You can find
instructions in Chapter 3 for dealing with it as part of your monthly under-
the-hood check.

Changing fuses

A fuse box is easy to recognize (see Figure 12-51), and replacing burnt-out
fuses is a fairly simple matter. If your stereo, clock, map light, turn signal, or
other electrical appliances stop working, chances are that a fuse has blown.
Changing a fuse is much cheaper than paying for a new clock or for repairs
that you don’t need, even if you chicken out and have an automotive techni-
cian do it, so take a few minutes to find your fuse box. It’s usually located
under the dashboard — often behind a panel — or in the engine compart-
ment. Your owner’s manual can help you locate it.

Before you open or work on your fuse box, be sure the key in the ignition is
turned to “Off.”

To fix a blown fuse, look for a fuse that’s black inside or no longer has its fila-
ments intact (see Figure 12-52). Unless you have a blade-type fuse with
prongs, take a bobby pin or paper clip, bend it, and use it to pull out the bad
fuse. Then press a new fuse into place. When you've replaced all the burnt-
out fuses, try your stereo or clock again. If it still doesn’t work, then worry
about having it repaired or replaced.
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Figure 12-51:
Automotive
fuse box
and fuses.
|

|
Figure 12-52:
A good fuse
(top)and a
burnt-out
fuse.
R

Replacing and adjusting headliqhts

Today’s vehicles feature many kinds of illumination: headlights, taillights,
directional signals, and fog lights make it easier for you to see and be seen;
overhead lights, map lights, lit glove compartments, and illuminated mirrors
on sun visors all require attention periodically. In this section, I deal primarily
with headlights. If you experience problems with other lights, it’s usually just a
matter of removing the face plate and changing the bulb, or changing the fuse
associated with the light. If that doesn’t do the trick, seek professional help.

There's one exception: If any of your directional signals stop flashing, or you
can no longer hear clicking inside the car when they’re supposed to be on,
the signals themselves may not be malfunctioning. Directional signals also
serve as troubleshooting tools to alert you to other lights that may not be
working properly. For this reason, you can find information about directional
signals in Chapter 20.
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It doesn’t hurt to wash the outside of your headlights and taillights occasion-
ally; clean lights provide better visibility at night. If you still have trouble
seeing at night (and you’ve been getting enough vitamin A), check to make
sure that both of your headlights are shining straight ahead rather than at
the side of the road or into the eyes of other drivers. If they appear to be out
of alignment, check out the section called “Checking headlight alignment,”
later in this chapter.

Here are some other headlight problems and how to deal wifh them:

v~ If one of your headlights won’t work on low but does work on high,
you have to replace the bulb.

1~ If a light doesn’t work on either high or low beam, you probably have
a bad connection in the wiring.

Before attempting to replace or adjust your headlights, you need to know
whether you have the old-style sealed-beam units or the newer halogen
headlights.

Replacing halogen headlights

Since around 1980, most vehicles have come with halogen headlights.
Although they are twice as powerful as sealed-beam units and enable a driver
to see 20 percent farther, they require less power to operate.

To replace a bulb on a halogen headlight, use Figure 12-53 as a guide while
you take the following steps:

1. Open the hood and unplug the electrical connector that plugs into the
lock ring.

2. Unscrew the bulb-retaining ring (if your unit has one) or the bulb
assembly to expose the socket.

‘3. Remove the old bulb and install the replacement.

Do not touch the glass bulb! Natural oils from the skin on your fingers will
create a hotspot that will cause the bulb to burn out prematurely.
‘Instead, handle the bulb by its plastic base, or the metallic tip if it

has one.

4. Replace the unit and the retaining ring or bulb assembly and replug
the connector.

If you need to adjust the alignment of a halogen headlight, it has two adjust-
ing screws, as shown in Figure 12-54.



|
Figure 12-53:
Replacinvg a
halogen
bulb.

|
Figure 12-54:
Halogen
headlight
adjustment
screws.
|
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Replacing sealed-beam headlights

Older vehicles have sealed-beam units, which are relatively easy to deal with.
If one of your headlights ceases to shine, first consult your owner’s manual to
see whether it contains instructions for replacing the bulb. If it doesn't, the
following should get you through the job with a minimum of hassle:

1. Make sure that the key in the ignition is turned to “Off” before you
open the unit.

2. Carefully turn the correct screws to loosen the plate that holds the
unit in place.

The plate has six screws; three loosen the plate, and the other three
align the headlights by adjusting the angle of the bulb. If you turn the
wrong screws, your headlights go out of alignment, so check your
owner’s manual for details.
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3. Remove the bulb and insert the new one in its place.

Be sure to put the new bulb into its locking slots with the unit number at
the fop.

Checking headlight alignment

If you managed to goof up your headlight adjusting screws, or if you just
aren’t sure whether your headlights are properly adjusted, there’s an easy
check that you can do. When you’re driving on a fairly straight road at night,
check to see whether your headlights appear to be shining straight ahead
and are low enough to illuminate enough of the road in front of you to enable
you to stop safely if an obstruction appears. Be sure to check your headlights
on both high and low beams.

You can also have headlights checked out and adjusted professionally. Auto
repair facilities often have headlight-aiming equipment to check and set your
headlights in accordance with state laws. Some are certified Motor Vehicle
Bureau inspection stations. Note, though, that if you go to a repair facility
that does MVB inspections just to see whether your headlights are aimed
properly, you’ll have to pay them for checking the lights and for an inspection
certificate whether or not they have to adjust your lights.

A cheaper way to check out headlight adjustment is to look for a highway
patrol station near your home. They either have the equipment to check your
headlights for you, or they can tell you where their current highway check-
points are, so you can check them yourself. Of course, if the highway patrol
finds that your headlights aren’t in focus or find anything wrong with your
car’s emissions, you have to get the trouble fixed within a stipulated period
or face a fine. (Be positive about this; it's to your benefit to correct a situa-
tion that can cause an accident or pollute the environment.)

If you can fix the problem yourself by turning the adjustment screws shown
back in Figure 12-54, go back to the checkpoint afterward for an okay.

Be sure to get a certificate saying that the lights have been adjusted and meet
the proper standards. This certificate is usually part of the price.

Checking other electronic devices

If you have trouble with your defroster, heater, anti-theft devices, or stereo
system, get professional help. Later, if you turn into a confirmed do-it-yourselfer,
you can find books that deal with these repairs.

Do not attempt to work on your air conditioner under any circumstances. It
confains refrigerant under pressure that can blind you if it escapes. For ser-
vice or repairs, head to the dealership or to an air-conditioning specialist.
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Keeping Your Fuel System in Tune
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In This Chapter

p Checking and replacing your fuel and air filters

p Checking your fuel pump, PCV valve, and accelerator pump
p Adjusting your idle speed, idle mixture, and choke

p Installing a new or rebuilt carburetor

p Knowing what jobs to pass off to professionals and protecting yourself from overzealous
mechanics
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Fuel system problems may occur for a variety of reasons. Some remedies,
such as replacing a fuel filter, are relatively inexpensive. Others, such as
replacing a fuel pump, are costly. Mechanics often try the more expensive
solutions first and work backwards to the cheaper ones. You end up paying
for all the time, labor, and parts involved. You can avoid this by using the
easy instructions in this chapter to check things out before heading for pro-
fessional help. If you can do the job yourself, great! If you can’t, you may save
time and money anyway by being able to communicate better with your tech-
nician and by suggesting that the less-expensive possible solutions be
pursued first. At the very least, fry to do the simple adjustments and mainte-
nance tasks (such as changing the air filter) yourself. Doing so will cost you
little in time and money and may prevent major repair bills.

If your vehicle has fuel injection, you can skip the entire “Tuning Your
Carburetor” section of this chapter. Just be sure to have your car checked
periodically to ensure that it’s performing well.

If your vehicle has a carburetor, it requires periodic tune-ups to keep it
operating at peak efficiency. The “Tuning Your Carburetor” section of this
chapter provides instructions for making most of these adjustments.

If you're not sure whether your vehicle is fuel-injected or carbureted, refer
to your owner’s manual or call the dealership and tell them the make, model,
and year.



; 266 Part lll: Keeping Your Car in Good Condition, System by System

Regardless of what kind of fuel system your car has, it probably still requires
the other basic maintenance (such as changing air and fuel filters) mentioned
in this chapter. All the work is under-the-hood stuff, so you won'’t need to jack
up your vehicle, and you probably won’t have to indulge in any acrobatics to
reach the scene of the action.

Before you undertake any work in this chapter, be sure to read (or reread)
Chapter 6. If you understand where the part you're dealing with fits into the
system and what it does, you'll have a clearer idea of why the work you're
doing is necessary and how it needs to be accomplished. This not only makes
the job easier and more pleasant, but it also helps you locate each part and
understand how it functions. Also check out “Safety Rules” and “How to Take
Anything Apart — and Get It Back Together Again” in Chapter 1. Believe me,
the aggravation you can prevent is well worth the time!

Filters on all vehicles should be replaced on a regular basis according to your
owner’s manual or the intervals suggested in this book. However, if your vehi-
cle isn’t starting right up in the morning, idling without conking out at stop-
lights, or producing readings within the acceptable range on a tach/dwell
meter or on the electronic analyzer at your service station, it probably needs
the work outlined in this chapter.

Replacing Your Air Filter

If you unscrew the wing nut on the lid of your air cleaner and undo any other
devices that hold it down, you'll find the air filter inside. Figure 13-1 shows a
round air cleaner and filter; some vehicles have square ones instead. Most
vehicles come with pleated-paper filters that can be replaced for a few dol-
lars. Replacing these filters is easy: You simply buy a new one for your
vehicle’s make, model, and year, lift out the old one, and drop in the new one.
A few older vehicles have permanent air filters, which you need to clean
according to the instructions in your owner’s manual.

Checking your air filter

To see whether your air filter needs to be replaced, just lift it out (it isn’t fas-
tened down) and hold it up to the sun or to a strong light. Can you see the
light streaming through it? If not, try dropping it lightly, bottom side down, on
a hard surface. Doing so should jar some dirt loose. (Don’t blow through the
filter — you can foul it up that way.) If the filter is still too dirty to see
through after you've dropped it a few times, you need a new one.
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|
Figure 13-1:
The air filter
is inside the
air cleaner.

GMBER Because the air filter extracts dirt and dust particles from the air, you should
,,,‘? change it at least once a year or every 20,000 miles, whichever comes first —
unless yours gets very dirty before then. If you do most of your driving in a
dusty or sandy area, you may need to replace your air filter every 5,000 miles,
or less. If a road trip takes you to such an area, it’s a good idea to check the
air filter after you return.

Buying an air filter
When buying an air filter, keep the following points in mind:

1 Look for well-known, quality-brand filters; you can often get them
quite cheaply at discount stores. Unknown brands sell for very little,
but they aren’t always of good quality, and if your air filter lets a lot of
junk get into your carburetor, you may find that a cheap filter is very
costly in the long run.

»” If you need help determining which air filter is the one you need, go
to your local auto supply store or to the parts department at your
dealership. Give them your vehicle’s make, model, and year.

»” Make sure that the filter you get matches your old filter in size and
shape. If it doesn’t, you've been sold the wrong filter for your car. To
save yourself atrip back to the auto supply store, check the filter you
purchase against your current filter while you're still in the parking lot.
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Removing Your Air Cleaner

To change the air filter, you need only to detach and lift the lid on your air
cleaner. But you have to remove the air cleaner to view and access a carbure-
tor or other stuff under the cleaner. To do so, just unscrew the wing nut and
other hold-down devices as though you were going to replace the air filter,
and then lift the entire air cleaner up and off. If it refuses to budge, look for
additional clamps or screws that may be holding it in place. If you have to
disconnect any hoses in order to free the air cleaner, just disconnect the ends
that connect to the air cleaner, and make sure that you remember exactly
where they were attached. (If more than one hose is involved, draw a sketch
before you detach anything.)

You can run your engine with the air cleaner off, but never drive around like
that. The amount of dirt that gets into your engine determines the life of your
vehicle. This dirt creates the kind of wear that causes engines to break down.

‘Replacing Your Fuel Filter

It’s important to get in the habit of changing your fuel filter every time you
tune your vehicle, especially if you tend to ride around with an almost-empty
fuel tank. (See the sidebar “Why you should keep your fuel tank full” to find
out why.) If your vehicle starts to run roughly right after you fill it up with
gas, contaminants in the fuel may have plugged up the filter. In any case, a
fuel filter is usually inexpensive and easy to replace. The first thing you have
to do is find it.
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Locating your fuel filter

Your owner’s manual should show you where your fuel filter is. If it doesn’t,
consult a service manual for your vehicle’s make, model, and year (you can
usually find these manuals at your local library) or ask someone in the ser-

vice department at your dealership.

| .~ If your engine is fuel-injected, your fuel filter is located somewhere in
| the high-pressure line, either by the fuel tank or near the engine.

| 1~ If your engine is carbureted, your fuel filter is located in the fuel line

. between the fuel pump and the carburetor. Most fuel filters on carbu-
reted engines are close to the carburetor. And some (like those in
General Motors vehicles) have a fuel filter inside the carburetor inlet. To
get to these fuel filters, you have to remove the air cleaner that sits on
top of the carburetor. Doing so is easy if you follow the instructions in
“Removing Your Air Cleaner,” earlier in this chapter.

Externally mounted fuel filters consist of a little metal or plastic cylinder with
an internal pleated paper filter element like the one shown in Figure 13-2.

Filter

]
Figure 13-2:
A fuel filter
neara
carburetor.
]

On some vehicles, the fuel filter is held in place by metal clamps on either
side of it, either in the fuel line or in the carburetor inlet fitting. This is called
an in-line filter. Some vehicles have the fuel filter inside the carburetor or fuel
pump, but getting at these infegral filters is no more difficult. (In-line and inte-
gral filters are illustrated in Figure 13-3.) Some fuel filters on fuel-injected -
engines require special tools to disconnect the fuel lines.

\\J

Don’t use a drop light with an incandescent bulb when changing a fuel filter.
Fuel that drips on the bulb can cause it to break and start a fire. Use a flash-
light if you need to shed some light on the subject.




2 70 Part IlI: Keeping Your Car in Good Condition, System by System

E ]
Figure 13-3:
Anin-line
filter (left)
and an inte-
gral filter
{right).

|
Figure 13-4:
Various

types of
hose
clamps.
NU—

Replacing fuel filters on
carbureted engines

To replace your fuel filter, buy a new one at the auto supply store (on the
basis of your vehicle’s make, model, and year — plus type of carburetor, in
some cases). Again, go for well-known brands at discount prices. Take a look
at Figure 13-4, and buy new gear-type clamps, too, if yours look old, rusty,
brittle, or are the wire-ring type. The filter and the new clamps should cost
only a few dollars.

Gear-type clamp Wire hose clamp

Here's how to replace the fuel filter on a vehicle with a carbureted engine:

1. Unfasten the clamps that hold the filter in place.
2. Slip the old filter out and the new one in.
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There’s usually an arrow on the filter to show you which way it goes, but
take a good look at the way the old one is pointing before you remove it.

3. Replace the clamps.

If you get the clamps on nice and tight (without cutting or shutting off
circulation in the hose), you won't have any leaks or trouble.

Changing fuel filters on
fuel-injected engines

This job is more complicated than replacing the fuel filter on a carbureted
car. You need to disable the fuel pump to relieve the pressure on the lines
and the fuel lines may be secured to the filter with clamps, threaded fittings,
or special quick-connect fittings. If the lines have threaded fittings, you need
a special flare-nut line wrench. If the lines have special quick-connect fittings,
you may need to purchase special tools to disconnect them. Ask the clerk at
an auto parts store or the service department at your dealership which type
of filter your vehicle has. If doing this infrequent job requires purchasing spe-
cial tools, it’s probably cheaper to have it done by a technician. If not, the
following instructions will guide you through the job:

1. Relieve the pressure in the fuel line before disconnecting the line.

To do so, you have to disable the electric fuel pump before you start the
engine. To disable the fuel pump, do the following:

1. With the engine off, remove the fuel pump fuse from the fuse box
(your owner’s manual should show you where it is), following the
instructions in Chapter 12.

2. Make sure that the emergency brake is on and that the car is in
Park or Neutral, and then start the engine. It won’t run very long
after you start it up, but the pressure in the lines will be reduced.

3. Turn off the engine.

With the fuel pump disabled, you're ready to disconnect the fuel lines
from the filter.

2. Look at the new filter before installing it.

You should see an arrow stamped on the filter that shows in which
direction the fuel flows through it.

3. Put the new filter on with the arrow facing toward the engine.
4. Replace the fuse for the fuel pump in the fuse box.

5. Make sure that the emergency brake is on and that the vehicle is in
Park or Neutral, and then start the engine and check for leaks around
the filter.
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Checking Your Fuel Pump

If your engine doesn’t seem to be getting enough (or any) fuel, the problem
can be caused by many reasons — a blocked fuel line or fuel filter or a faulty
fuel pump, fuel injector, or carburetor. Before you allow anyone to talk you
into replacing your fuel pump, check it yourself to see whether it really is the
culprit. An easy way to do so is to unhook the hose that carries the fuel from
the fuel pump to the fuel injectors or carburetor at the end farthest from the
pump, and stick it in a clean can. Then, with the emergency brake on and the
car in Park or Neutral, have someone use the ignition key to crank the engine
while you see whether fuel comes out of the hose. If it does, your fuel pump
is doing its job, and the trouble is farther up the line.

Be sure to shut off the engine before the fuel overflows the can, and be care-
ful not to spill the gasoline — it can ignite easily.

If your fuel pump does need replacing, a rebuilt one is often as good as a new
one, and a lot less expensive. If you're feeling adventurous, some manufactur-
ers supply rebuild kits. You can take your pump apart with a screwdriver and
rebuild it yourself, following the directions on the kit. If that idea doesn’t
enchant you, ask your service facility to locate and install a rebuilt fuel pump.
It should be guaranteed for at least three months.

Checking and Servicing Your PCU Valve

|
_Figure 13-5:
A PCVvalve.
T

If your engine has been idling roughly, you may want to check the PCV valve
(shown in Figure 13-5) before you make other adjustments.




Figure 13-6:
PCV valves
located in
the intake
manifold
and inside
the valve
cover.
I
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When your vehicle is running, a certain amount of fuel and exhaust gases find

‘their way past the piston rings and into the crankcase. Originally, these fumes

were simply dispelled into the air through a tube, because if they were left to
accumulate, they would foul the oil in the crankcase. Since the early 1960s, a
method called positive crankcase ventilation (PCV) has been in general use.
This is much more efficient and desirable: Instead of allowing exhaust fumes
to pollute the air, the method reroutes them back to the intake manifold so
that they can be reburned in the cylinders along with the rest of the fuel/air
mixture. PCV also increases fuel economy, because the engine can run on the
fuel in the exhaust fumes as well as on the regular fuel/air mixture.

Not every vehicle has a PCV valve, but most do. If yours has one, check the
PCV valve every time you do a tune-up to make sure that it isn’t clogged with
sludge from the contaminants in the exhaust fumes. If it ceases to function,
the fuel/air mixture that has been adjusted to take these fumes into consider-
ation will go out of balance, and your vehicle won’t operate as efficiently.
Most car manufacturers suggest that you clean and replace PCV valves after
about 12,000 miles of driving.

Locating your PCV valve

To locate your PCV valve, use these tips:

+» On fuel-injected engines, the PCV valve may be located in the intake
manifold or inside the valve cover (see Figure 13-6).

- \ ~
— - @)

PCV valve

PCV vaive hose connections

v~ If your engine is carbureted, look for a %-inch diameter hose that leads
from the bottom area of the carburetor to the top of the valve cover or
to the oil filler hole (see Figure 13-7). If your engine has both, you want
the hose that does not lead to the oil filler hole.
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]
Figure 13-7:
A PCV valve
located on
the valve
cover, with
the hose
that leads to
it removed.
|

Some PCV valves screw into the base of the carburetor; some push into
a rubber grommet in the valve cover at the end of the hose that leads
from there to the carburetor; and still others screw or push into the oil
filler cap or tube. If you can’t find yours, consult your owner’s manual or

dealership.

Checking your PCU valve

There are several ways to check whether your PCV valve is functioning prdp-
erly. Pick the one that seems easiest for you:

1+~ Method 1: With the engine idling, pinch the hose hard to shut off any air
that may be going through it, but don't puncture the hose. If the PCV valve
is operating, the idle speed should drop perceptibly; you'll be able to
hear the change.

1 Method 2: Remove the PCV valve from the valve cover, with the hose
still attached, and place your finger over the open end of it (see Figure
13-8). If it’s working well, you will feel strong suction.

1 Method 3: Remove the oil filler cap from the valve cover and place a stiff
piece of paper over the opening. If your PCV valve is working properly,
the paper should be sucked against the hole within seconds.
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|
Figure 13-8:
One way to
check your
PCV valve.

Checking the PCU valve hose

While you have the PCV valve off, check the hose by removing it and blowing
through it. If the hose is dry, brittle, soft and spongy, or full of sludge or hard
deposits, replace it. When everything is shipshape once more, reassemble
the hose and valve and put them back on.

Cleaning your PCU valve

If your PCV valve isn’t working and you have the kind that comes apart, you
can clean it yourself by taking it apart and immersing it in carburetor cleaner
or PCV solvent, if you can get some cheaply. Lacquer thinner and fuel oil can
also do the job. There should be no gummy deposits or discoloration on a
clean valve. If your PCV valve must be replaced, buy a new one, remove the
old valve, and insert the new one in its place.

Tuning Your Carburetor

Carburetors on 1970s and later vehicles require very few adjustments
because of tighter emissions regulations. If you have a carburetor that’s older
than that (see Figure 13-9), you can do several things to keep it in tune:

v Adjust the idle speed screw to keep the vehicle idling at the proper
number of revolutions per minute (rpm).

1 Readjust the automatic choke if your vehicle doesn’t start properly in
the morning.
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|
Figure 13-9:
Atypical
carburetor.
|
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1 Adjust the idle stop solenoid to prevent dieseling when you shut the
engine off.

v Check and clean your PCV valve oy, if necessary, replace it. (See the
instructions earlier in this chapter.)

1 Determine whether more radical surgery is in order.

Carburetor barrel
(Venturi)

Fuel filter Choke butterfly

Throttle arm and
accelerator pump
arm linkage

You can find out how to do all these things in the following pages.

If your carburetor doesn’t respond to any of the adjustments in this chapter
and is still causing your vehicle to stall, accelerate improperly, burn enor-
mous quantities of gasoline, and so on; and if the inside of your carburetor
looks foul and gunky, you may want o have it rebuilt. I'd leave the job to a
professional because the darn things have so many nuts, screws, washers,
and gizmos that remembering where everything goes when it’s time to
reassemble the carburetor can be very difficult.

An easier — and probably cheaper — way to deal with the problem yourself
is to replace the carburetor with a new or rebuilt model, following the instruc-
tions later in this chapter.

Checking your accelerator pump

If your vehicle hesitates when you step on the gas pedal, your accelerator
pump may not be working properly. Here’s how the accelerator pump causes
your car to speed up when you step on the gas pedal: When you step on the
pedal, a rod connecting the pedal to a little lever, called the accelerator pump
arm, which is located on the outside of the carburetor, pushes on a little piston
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Figure 13-10:
Accelerator

pump
system.
N

\J

inside the carburetor, which squirts a little extra fuel into the carburetor ven-
turi. (See Figure 13-10.) That extra fuel creates a richer fuel/air mixture, which
provides the extra power for acceleration. If your accelerator pump isn’t
working properly, your carburetor probably needs to be rebuilt or replaced.

Accelerator pump linkage Pump discharge nozzle

piston

Accelerator pump arm

To check your accelerator pump, with the engine off, remove the air cleaner
(following the instructions earlier in this chapter) so that you can see the car-
buretor. Then have someone step on the gas pedal while you watch the
accelerator pump arm to see how freely it moves. (The arm is the liffle lever,
not the big one; that’s the throttle.) If the lever doesn’t move, try pushing it
with your finger. If it still doesn’t move, it may be caught on something. Try
bending it a liftle to clear the obstruction.

If the accelerator pump arm moves freely when someone steps on the gas
pedal, take a look down the carburetor barrel to see whether fuel is squirting
in when the accelerator pump arm moves. If there’s no fuel action, the carbu-
retor probably needs to be rebuilt (which involves taking it apart, cleaning it,
and replacing various parts) or replaced. If you need a new carburetor, you
may be just as well off getting a cheaper, rebuilt one. The sections “Installing
a New or Rebuilt Carburetor” and “What to Do When All Else Fails,” later in
this chapter, provide your alternatives.

Adjusting your accelerator pump arm

Some accelerator pumps have more than one hole where the arm hooks up,
to enable you to adjust the arm. Adjusting for a shorter stroke (so that the
arm moves a shorter distance) gives you a leaner mixture of fuel and air; a
longer stroke gives you a richer one. If your accelerator pump arm is moving

277
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when the gas pedal is stepped on, and fuel is squirting into the venturi when
the arm is pushed, but you're still having acceleration problems, try adjust-
ing the arm for a longer stroke.

Checking your idle speed

Follow these steps to check the speed at which your engine idles. If it’s idling
too fast or too slow, the next section has instructions for adjusting the mech-
anisms that control it:

1. Hook a tach/dwell meter to the distributor.

See the section “Checking your distributor with a dwell meter” in
Chapter 12 for details. (A plain tachometer will do, but a dwell meter
without a tachometer is useless here.)

2. Remove the air cleaner, following