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PREFACE

hile the auromotive electrical field has always

fascinated me, it has taken me about 25 years 1o get
o the posinon of writing this book. | have spent years
working in my garage on all makes of vehicles. Tt has
oftentimes been a long and arduous process of trial and
error, discovering what works and what doesnt, how o
fashion “short-cuts,” and most imporantly, how 1o break it
all down into simple, easy-to-understand “sound bites” of
information that a reader or beginning mechanic can
quickly understand and digest. Fortunarely, what has made
this process somewhar easier is thar | have been taught by
some of the best people in the fields of automotive repair
and training. Many of the instructional methods used 1o
convey technical information in this book have been
borrowed from colleagues, friends, and fellow mechanics
and then elaborated upon. However, throughout my
experiences | have often been struck by the notion that the
related arcas of automonve elecincity, electronics, and
diagnostic testing are needlessly complicated and presented
in a confused manner. | have endeavored 1o correct this
imbalance in this book.

Inn the early 1980s | worked as a lab technician art a large
turbocharger manufacrurer in Southern California. This
company was one of the few pioneering innovators in
design and construction of turbochargers for the diesel and
awtomotive markets. It also had the largest engine
dynamometer facility on the West Coast. Many auro
manufacturers introduced the advantages of murbocharging
an engine in the early 1980s, and as a technician in the right
place at the right time, [ was fortunare enough to see new
and developing automotive technology years prior to its
incorporation into production vehicles. This environment
was the setting in which 1 received an introduction to some
of the earliest electronic engine management systems, their
modes of operation, and their inherent “teething” problems.

Along with fellow technicians, I had the opportunity 1o
install test engines into various dyno test cells (soundproof
rooms), mounting all the electronics on a plywood board
next to the engine. As engine testing progressed, the
cumput:r—umlmllﬂd carburetor or fuel injection system
would inevitably “crash and burn” and have to be repaired.
Since there were no service manuals available (they arent
written preproduction), automotive enginecrs were the

only source of information for how the systems were
supposed to work. And more often than not, the response
from engineers 1o queries for more information abour why
something didn't werk our as expected went something like
this: “The system couldn’t possibly have malfuncrioned; it's
made using state-of-the-art clectromics, designed by a
qualified electrical engineer. You must have installed it
incorrectly.” Although this was not the most ideal
environment in which o learn awomotive clectronics,
some technical knowledge rubbed off on me with the help
of fellow technicians,

Some years later, the widespread introduction into the
automotive industry of carburetors with wires coming out
of them and electronic fuel injection systems gave me the
opportunity te teach fellow mechanics (now called
technicians) what | had learned about how to diagnoesis and
repair these systems. | taught classes for many nationwide
corporations, including Sun, Allen, Nissan, and Snap-On,



Typically, these instructions occurred in the evenings, after
everyone had already put in a full day working on cars. Too
often, | was faced with a group of ill-fated students all
wishing they were home eating dinner instead of sitting in
class. Keeping these students awake, interested, and open
to learning was a challenge, to say the least. Consequenly,
over the years | gained invaluable experience and learned,
out of necessity, innovative ways of imparting informarion
and keeping things moving during class. As a result, | have
Ix‘ﬂ'l. ah!t o in-l;urpm::lt: many D.F t]:l.ﬂ.“: tﬂd'miquﬁ- a.l'ld
ideas into rhis book.

In addition to reaching, 1 had the grear fortune 1o
spend quite a few years working and consulting ar a
unique and interesting business called Automotive Dara
Systems (ADS) in California. ADS is a curnting-edge
company that provides a telephone automotive diagnostic
“hotline” that technicians can call in 1o receive
immediate, real-person, real-world advice on how 1o
diagnose and repair a specific problem on a car as it's
being worked on. The auromotive database compiled,
referenced, and stored ar this facility is cruly amazing,
having (at last count) over 30,000 records, or “tech-
notes,” pertaining to specific years, makes, and models of
vehicles and their drivability-related problems. As a
result, ADS rechnicians have been consistently able ro
give correct advice to customers over 95 percent of the
time. With this much confidence in that darabase and
the daily hands-on training [ received in diagnostics
and rroubleshooting, 1 was able o synchesize a grear deal
of information abour electrical automotive systems and
their diagnosis and repair. I am forever indebted 1o the
great bunch of guys | mer ar this company who have
always generously shared (and continue to) their
knowledge and experience with me. Unfortunarely, the
company, although still in business, has been swallowed
up by a large automotive aftermarket “solutions” provider;
many of the employees now work for a large Korean car
manufaciurer somewhere in Southern California.
Hopefully, they've all found diagnastic nirvana there.

Finally, for the last 25 years of my life there has been my
wife. On our first date, she showed up at my door only o
find me working in my garage on my recently acquired

1964 Corverte. It should have been a portent for her of
things to come. However, she was not dissuaded. For this,
[ am forever indebred to her, especially for her continuing
cfforts to pump some life into me and make me funny and
accessible to humans. | don't know where 1'd be without
her—probably somewhere else sucking engine juice for life
support and wishing I had a wife just like her.

If all these experiences have taught me anything, it's thar
the more I think I know, the more 1 realize I don’t know
much at all. So I'd like ro thank some of the people who
have helped me over the years, especially with the writing
of this book.

Chief and foremost, I'd like 1o thank “Teck.” He was my
master teacher during my short tenure as a high school
auto-shop teacher and also the founder of ADS. His
technical and personal advice over the years has been an
invaluable source of inspiration, development, and practical
growth, and without him [ am sure | would be something
less of the person | am today. I'd also like to thank both
Curt Moore and Dave Bellaver, who allowed me aceess,
through their contacts, to much of the wechnical infor-
mation contained in this book. I'd alse like wo thank
especially Mike McElfresh, a former coworker, technical
scribe, and overall automotive scholar at ADS, Withour his
technical i:di:ing, and invaluable in put, some of the stupid
things I originally wrote would have wound up printed in
these pages for you to laugh ar. Fortunarely, his generous
gift of time and his always-willing-to-help artitude has
{hopefully!) saved me from professional embarrassment.
Thanks, Mike, for all your help. Lastly and again, there is
my wife, whose incredible patience, astute editing skills,
and sharp-edged advice (OUCH!) made this a better book.
She helped me avoid writing about voltmeters or alter-
nators that “speak” or ground path returns that go
nowhere. I'd like to thank her from the bottom of my heart
and promise her that she doesn't have to read this book
“just one more rime,”

In closing, I'd just like o say that [ hope you, the reader,
are able to gain some practical skills and knowledge, which
will help increase your confidence when faced with
automaotive electrical challenges.

— Tracy Martin
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SECTION |
THEORY

his first section is intended ro provide a bare-bones

explanation of general electrical theory and how basic
direct current ([DC) electricity operates in an automobile,
It's not imporant w understand cleciricity inside and
out—a subject many books cover in excruciating detail—
but it is important to have a basic understanding of how to
apply a practical wrkjng knowledge of clectricity in order
1o diagnose and repair electrical malfunctions thar show up
in your car or truck.

An in-depth examination of electrical theory is far more
complex and cumbersome than the practical "hands-on™
prcmi.i: ﬂﬁ-tl'ﬂd iﬂ t]'.l.i! huﬂl[. F.r!'h:“:[l.'ll':. .']F:I'Iﬂgiﬁ are
offered in advance to readers with more than a working

CHAPTER 1
OHM’S LAW

ecause billions of clectrons flowing through a wire at

the speed of light are difficult 10 see and—for most
people—hard 1o cven imagine, electronics and decirical
repair are areas of vehicle maintenance most people shy
away from. Unlike disassembling and cleaning a carburetor,
changing a flar tire, or bolting accessories onto your vehicle,
repairing electrical systems is a wruly cerebral endeavor;
howewver, it is not impmsihl: or even difficule, Electrical
systems may seem perplexing while warching a seasoned
automotive technician with electronics savvy diagnose an
electrical problem in a vehicle, especially when you think
you may have to repear the process when faced with an
electrical nightmare ar a later point. However, a little secret
allows you ro easily repear skills needed 1o diagnose a starter
motor that goes "click,” a dim headlight, an engine that
starts and dies, or o find and fix any number of other
mysterious problems. The secret is practice.

Most people understand the need for practice, especially
when it comes o sponts; playing baseball, riding motor-
cycles, shooting pool, bowling—anything requiring a
specific skill set goes a lot smoother with experience. For
example, suppose you haven't picked up a bascball bat in a

knowledge of electricity or electronics since this book rakes
certain liberties and shorteuts with electrical science. For all

electronically EIIiHﬂ'rE‘Fd mortals, Chaprer 1 on Ohm’s Law
is a hot-rod version of how 12-volt automotive elecerical
systems operate. Then, Chapter 2 on voltage drop testing
cuts to the chase by s]'l.m'ins how to apply the information
learned in the context nfs.ulving real automotive problems.
In fact, all subjects covered in this book relate in some way
to basic theories discussed in chaprers 1 and 2. So, if brain-
fade starts 1o set in while reading more detailed sections on
wiring diagrams or electronic fuel injection diagnosis, a
revisit to these chapters for an clecurical theory “tunc-up”
may prove helpful.

year and it's your turn at bat in 2 game, there’s a good
chance you'll strike out. As everyone knows, a lintle practice
b:rm 2 Famc Eoes a4 HDHE way I'IJW.II'IJ I".'l!lﬁ'l.ll.'i.l:l!,’| SUCCCES.
Likewise, the day your vehicle fails to start also should not
be the first time you switch on your new digital volimerer.
Simply having basic electrical knowledge is nor enough;
you must practice applying that knowledge by using a
multimeter on an operating circuit. This will provide
a2 berter-than-average chance of hitting the ball the firse
!im: tdmriﬂ“r qr.lf']h;:nﬂ Whm \[In".'tl'li.l!g EORCS WO
with your car. And its casier than you think.

Applying elecrrical theory 1o the real world is simply a
matter of knowing what reading to expect from
a voltamplohmmeter display connected o a working
circuit before connecting it 1w a problem circuin. Antici-
pating what the reading should be and understanding whar
the numbers mean allows visualization of an otherwise
invisible problem. By practicing on operating circuits with
known values, vou'll gain the necessary confidence o figure
out what to look for in a circuit thar isnt doing whar ir's
supposed 1o, Let's start by lii.ﬁﬂﬂi.n_g a common 1 2-volt DC
circuit—it doesn’t get much ampler.
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“THREE THINGS” ABOUT
12-VOLT DC CIRCUITS
Everything electrical in a vehicle is part of a circuit. Circuirs
are simply layouts, or designs, of how electrical components
are powered and controlled. Electrical components found
in automaobiles are usually divided into categories of circuits
(though not always). For example, a lighting circuir is
composed of headlights, tillights, running lights, and
interior lights; a charging circuit includes an alternator (or
generator), voltage regulator (if used), and bartery; rypical

fuel injection circuits have an electronic control module
(ECM) and various sensors and actuators.

Within each system arc individual circuits that control
specific electrical components. Headlights and caillights are
part of the lighting system, but each operares via a separate
circuit within that system, This system within a system, or
subsystem, creates a big stumbling block for many “shade
tree” mechanics and professional rechnicians alike who are
faced with problems in automotive electrical systems. In
order to diagnose an elecrrical problem, a nonoperational

MY SJNHO
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e ight budh, and (3) the black wire is e ground retam.

circuit must be separated and isolated from the overall
larger system of which it is a part, as well as from other
operating circuits within thar same system.

When faced with an autemotive elecrrical repair, most
people typically turn to manuficturers’ wiring diagrams for
hel p- They wrongly assume that since the diagrams provide
a blueprint of the electrical system, they will thus help with
the identification of specific inoperable circuirs. However,
this approach is like looking for a needle in a haystack.
Manufacturers' wiring diagrams don't isolate or identify
innp:r:lh]t circuits; in fact, since they can show the entire
lighting system with all its circuits, or worse, the complere
electrical system for the whole vehicle, this approach can
Pl'm'l: I:.LII,I.I'I'[i]'lF' l,.II"IJﬁ.’S you Icnnw WI'I:I o ].ml!: I-IJI'_

The abiliry to identify and isolate a circuir allows you 10
simply connect a voltmeter properly and anticipate the
respective readings. Thas is not hard or intimidating if you
understand the “Three Things” that make up all 12-volt
DC circuits. When any one of the “Three Things™ goes
missing in action, the circuit stops working. While this may
scem obvious, it is far less so when looking ar a complex
wiring diagram or actual wiring harness under the hood.
H[l'ﬂ'f‘l’:!’. WI‘I:TI. you kl'll!“" “‘+I:|,| o |n-nk E-I]T, Ehﬂl: I.'!.-'I'.II.'I:'C

Th'mgs" are casily identified as the primary componenis of
every 12-volt DC electrical circuir.

The “Three Things™ listed—power source, load device,
and ground return—are all necossary and must be present
in a circuit in order for it 1o operare.

Power Source
Every electrical component must have a power jource in
arder to operate. All electrical energy needed for the circunt
to do its job is provided by a power source. In order for
electricity to move along a wire, subatomic parricles called
clectrons (invisible to the naked cye) interact to transfer
energy from one point to another; they provide power for
a circuit. Starting at a battery’s positive terminal, electrons
are pushed rhmugh the circuit. Any problems with connec-
tions on the power side of a circuit will affect the entire
l'.‘it'rl.l.lll'. T|'|'I!i SEEIMs iil-u;' a no ]II'.IIrH.':I'. !l||I: 1||'l:|.'rl.1|:'r||.|."i. rechmi-
cians and home mechanics spend countless hours trying o
discover why something won't work only 1o find out later
thar a simple blown fuse is the cause

The battery andfor alicmator/gencrator are the chicef
power sources for all electrical and electronic circuits in a
vehicle. In addition, wires connecied 1o either a battery’s
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positive terminal or an alternator’s outpur terminal are
considered a power source, Consequently, relays, fuses,
junction blocks, and fusible links also provide power to
E]C‘ﬂnﬂj mm[mn:n [ b'E'EJ.'LI‘.IIE IJ.'IE}" CONNECT [k I.']'IE h:ll.'ﬂ.'!'}"ti
positive terminal. Additional rerminology used o refer 1o
POWCT sOUMoCs iTlE'.Udﬂ: FI'IJ_'i Eid.l.'l. power SHE. ].'I.Dt or J.'IDt
side, positive (+), and bartery.

Load Device

A lpad device is any component that uses up volage or has
resistance to elecorons flowing through a wire. Most load
devices simply amount to nothing more than electrical
conductors of various lengths, sizes, and shapes. For
example, motors, relays, lights, solenoids, coils, spark plugs,
and computers (black boxes) are all load devices with some
resistance. The hundreds of load devices appearing in
wiring :!iagnm all perform some type of useful work and

are included as part of the design of the circuir in which
they funcrion,

However, there is one type of load device we can all live
withour: unwanted load devices. These run the gamut from
corroded or loose connections 1o frayed sections of wire 1o
dlﬂ.}' conaces Jl.l'liid.l.' !“"Jl.tl.']'ll.'! or n‘.ia}r!. Uﬂw:.l.'tl.ﬂ'] I.UE';I
dﬂ-ifﬁ "Lﬂ"!'f lﬂ‘lﬂlﬂnff 48] flml’ﬂn ﬂnw. LISC II]T '\"I.'IIHI.RF
unnecessarily, and have an undesirable effect on electrical
circuits, Worst of all, they dont show up on winng

diaﬁram!. S0 yOU have to find them yuun:lﬂ [{:luplcr 2on

Voltage Drop Testing will show you how: )

Ground Return

A ground return provides a route for electrons (electricity)
1o return to the bartery after use by a load device. These can
be wires, metal body panels, the engine block, the trans-
mission, or a vehicle frame. Other terminology often used

=TT
. n‘i“"l‘l'ihi

Tovp pover Sources found i & veiicies—ihe Siorape Balery and allemalor for peneraior in olier wefices],
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to refer to a ground return includes: ground, cold, earth, or
negative (-). This sequence of electron low—power, load
device, and ground return—is known as a complete circuit.
If any of the “Three Things™ is disconnected, the circuit is
broken and rendered incomplete.

Because electrons are invisible when flowing through a
circuir, its hard to get an idea of what’s going on inside the
systern. Consider a basic 12-volr circuit consisting of a banery,
light bulb, and wires. The only visual confirmation thar the
circuit is operating is that the bulb is on. If everything is
connected and the light bulb is off, one of the “Three Things”
is missing and the only confirmation a rechnician receives thar
something is wrong is that the bulb will not tum on.

Let’s think of this concept another way. Warer flowing
through a hose is a user-friendly way 1o conceprualize whar's
happening inside an operating electrical circuit. Visualize a
tank full of water with an internal pump. There is an inlet
and outlet on the tank connected via hoses to a load device.
When water is pumped out of the tank under pressure, it's
sent to a load device that does some form of work. After the

energy from the pressurized water is extracted via the load
device, a recurn hose [gmund return) sends the water from
the load device back to the tank whese the sequence starts
aver again.

For this process o WDI!'LI', -:-:ll'll:|ﬂ||.|||:.. water must be
returned to the tank at the same rate it’s pumped out. The
flow of electrons through an elecrrical circulr works in a
similar manner. Searting from the circuits power side,
elecrrons flow to a load device where they provide encrgy
for some type of work to be accomplished. From the load
device they flow through the ground-return wire back o
the battery.

S“THREE MORE THINGS" ABOUT
12-VOLT BC CIRCUITS
You knew it couldnt be thar simple! Only three electrical
concepts o keep track of Dont worry; there’s nor wo
much more.

The power source, load device, and ground return are
physical objects that can actually be seen and touched. In

L
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addition to these three physical objects, there are three
basic, yet less tangible, concepts or principles for a standard
12-volt DC electrical system. Understanding their signifi-
cance and interaction is just as important as understanding
how the three things form a circuit. Fortunarely, to help out
s0 you're not operating totally in the dark, the net effect of
the interaction of the three more things can be observed.

The “Three More Things" are: volwage, amperage,
and resistance.

Think of voltage as electrical pressure, amperage as the
amount of electricity used in the dreuit, and resistance as
restriction on the flow of clectrons through the circuir.
These three concepts represent the electrical values of what's
actually occurring inside an operating circuit. Having a
clear idea of how they interrelate provides a concrete image
of what's right or wrong with a DC electrical circuir.

Voltage
Hﬂfﬁdgf can be [||.::|.:|1;hl of as pressure needed to push
electrons from a battery's positive post, through a load

device, and back tw the negative terminal. Volrage, or
electrical pressure, is similar to pressurized air produced by
an air compressor. The compressor forces air into a rank
W]l{“ i|. i.!- E“J]Td A3 A CNErEY souroe. I"I..I-tﬂl' EUI'll'ICL'IiI'.I!.'; an
air-powered tool to the tank and squeezing the trigger, the
tank’s high-pressure air is pushed from the tank through
the air hose into the tool so the tool can perform work. The
higher the air pressure, the more work the air wol can
accomplish. The same is true of voltage. The more voltage,
or electrical pressure present, the harder and more forcefully
the electrons are pushed along a wire and through the load
device. There are only 12.6 volis worth of push in an
automobile bawery. With the engine running, the alter-
nator raises this volrage to around 14.5 vols. With only
these small amounts of push present, it's important not 1o
lose any voltage across a connector or along a wire.
However, there is another elecrrical system in vehicles
that develops considerably more electrical pressure than the
12,6 volis found ac the barrery, Ignition systems require
I'.Iif,_l] c]i:::trical PTEESUTC IJCC:]I.IS.E '[]'H: |.'|.1.1I'J dl:'\"il:: Fnr l:l'IC
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ignition system circuit is a set of spark plugs. A spark p[ug
has resistance to electron flow via the small gap of air
berween two of its parts—the center and ground electrodes.
Ignition voltage needs o be high enough to overcome the
high resistance created by the air gap. The high volage
creates a spark as it jumps from the spark plugs center
electrode to the ground retum electirode. On older ignition
systens, 25,000 volts were required to creare a spark thar
would overcome the air gap’s resistance. The outpur on
newer ignition systems is considerably more, with many
producing well over 100,000 voles, If you've ever worked on
an ignitinn system with the rngi.m: running and been zapped

by a spark-plug wire, you know whart that push feels like.

Amperage

Amperage, or current, is the amount (or volume) of
electnaty {:lmpi} Huw-ins thruu[;h a circuit. A starter motor
with a high amperage draw has lots of clectrons thar must
travel from the battery, through the starter, and back ro the
battery in a complete circuit for the starter to get enough
encrgy to turn the engine over. As much as 250 amps are
required to crank a large V-8 engine. In a swmarter circuir,
both positive and negative battery cables have to be large

N[V

enough to allow for the unrestricred flow of elecirons:. In
other words, the diameter of a cable in a starter system has
to be large enough to offer low resistance o the magnitude
of current flow traveling through the system,

Conversely, the process of illuminating a raillighe
requires considerably less energy. Because the bulb used in
a taillight circuir is a low amperage load device, the wines
from the power source to the bulb and returning back w
the negative battery terminal are significantly smaller in
diameter than the cables in a starter circuit. The minimal
resistance found in the smaller wires will not slow the
electrons substantially enough o prevent the transfer of
energy necessary to light up a willighe—which is only 2
amps. The amount of amperage flow in a circuir is
independent of the size of the wires used. Using a wire the
size of a bartery cable to construct a willight circuit would
have no effect on its operation. However, using a small
taillight-sized wire as a bamtery cable for a starter circun
would not work. The small wire would not transfer enough
clectrons (high amperage) into the starter motor, and it
would overhear and melt in half.

Resistance
Resistance is the restriction of clection flow in a drouie
Resistance anywhere in a circuit slows the flow of electrons.
By definition, all load devices have resistance 1o clectron
flow. The relationship berween voliage, amperage, and
resistance was discovered about 170 years ago by Georg
Simon Ohm. The theory explaining the interaction of these
principles is known as Ohms law. The primary
measurement of resistance is cxpressed as ohms.
Automobiles have both high and low resistive circuirs.
For example, a dome light bulb may have high resistance
(12 ohms) to electron flow and therefore may use only a
small amount of current or amperage. By contrast, a starter
motor has a low resistance value (.00 ohm) and allows a
grearer number of electrons (high amperage) 1o low from
the bartery to the starer. Because resistance restricts the
flow of electrons in a cireuit, it affects the path (the wire)
the clectrons ravel down. Like most of us, electricity is
lazy—ir takes the path of least resistance from one point to
another in a circuit, For example, if one of wo wires
connected o two light bulbs has high resistance, the
electrons will flow down the other lower resistive wire
{lighting that bulb only).

RESISTANCE/AMPS RELATIONSHIP
Many electrical [;rcmiiru found in auwtomobiles are
arcriburable ro unwanted, high resistance within a drouir.
The presence of too much resistance in a circuit slows the
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Fig 1-8, ¥ you remember nothing slse frov B chapler, remambaning the relabonship between resisiance and amps and how they operale within @ cociat is wordh
its weighl in poid jor money?), since it will halp you diagnoss many commen elecirical probiems. ¥ amps are down, then fhe cause fas fo be wrevaniad, high

resstance: o high amperage is present, then fhe circurt resistsnce i low

flow of electrons, causing
nonoperation of load devices,

There is a direct relationship berween circuit amperage
and circuit resistance. It's critical 1o understand this simple
cause-and-effect relationship because knowing how to
apply this knowledge is key roward providing solurions 1o
many automotive electrical problems.

Both a slow turning starrer and a dim headlight arc the
result of an insufficient number of electrons passing
through the circuit back to the bartery (forming a complere
circuit). Somewhere along the circuir, high resistance has
blocked the Alow of current. Thus, an increase in resistance
causes a decrease in amperage.

However, the opposite occurs whenever resistance in a
circuir is oo low; a decrease in resistance causes an increase
in amperage. For example, if a power source wire comes
into contact with a ground return (because of a loose
connection, frayed wire, or another reason), thus bypassing
the intended load device, the low resistance present in the
ground return allows high amperage 1o flow through the
circuit. If the wires are wo small to carry the increased
amperage, they could overhear and melr, which can

possibly cause a fire. Fuses are used to protect circuits when

low performance or

resistance to electron flow becomes wo low, The fuse heats
up when amperage increases; at some poing, AMperage gets
high enough to melt the fuse in hall, causing an incomplete
circuit. Fuses provide a margin of safery in circuits since a
burned wire could cause an electrical fire. And a melted fuse
is easier to replace than burned wires.

It's important to remember the inverse relationship
between resistance and amperage. When resistance in a
circuit is decreased, amperage always increases propor-
tionally. Conversely, if a circuit has high resistance, the
available amperage is decreased.

DC AND AC CIRCUITS
In a direct current (DC) circuit, the fow of amps always runs
in only one direction. For ease of explanation (and in confor-
mance with automotive publications), all dizgrams used in this
boﬂkni}ﬁndmﬂcir}r {electrons) flowing through DC drcuits
in one direction only—from a point of higher (positive)
voltage to a lower (negative) voltage. Electron flow from
positive to negative is called conventional electron theory. (In
reality, electron movement at the subatomic level travels only
from negative to positive in a DC arauit. See l:lﬂprﬂ i for
the explanation why) However, since you canlt see the
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VOLTS " AMPS TIMES OHMS
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OHMS = VOLTS DIVIDED BY AMPS

AMPS =" VOLTS DIVIDED BY OHMS

WATTS " AMPS TIMES VOLTS

AMPS * WATTS DIVIDED BY VOLTS

Fig 1-8, These are the basic formules Aeediad o figure out the “mumbers™ in &y 12-valt DG circuil To sofve for & One Lknown Wile, Jou onily Read [ know b
of ihe Bwres walves—volls, amps, or ohms,. The unknown vanable can be defernimed by the simple mathematical squations above.

electrons while working on a circuit, the direction in which
they wravel is irrelevant. The imporant thing o remember for
practical purposes is that in DC circuits electricity always Hows
in only one direction. For purposes of illustration, the “hands-
on” subject maner of this book uses the conventional view,
based on the simple assumprion (even if not correct) that
electrons in a DC circuit always flow from positive to negative.

By contrast, alernate current (AC) circuirs (the rype
typically used in American homes) reverse the direction of
voltage G0 times per second. These alvernaring cycles of
forward and backward electron flow are called hertz (Haz).
This voltage reversal, which also reverses current flow, gives
this type of electrical power its name—alternating current.
AC drcuits operate on higher voltages than DC circuits—
either 120, 240, or 440 volts for an AC circuit versus only
12 or 24 valis for 2 DC circuit.

Be aware that some electrical components in automobiles
produce only AC voltage, like the alternator and some
computer sensors. However, when an alternator produces
AC mlugu.-. diedes (which are electrical one-way valves that
allow current to pass in only one direction) within the alver-
nator convert it to DC voltage before it reaches the bartery.
No electrical systems used in vehicles operate on AC voluage.

Furthermore, wiring configurations and components for AC
current are generally not compartible with DC circuits.

OH NO, MATH?
Books on electronics are always packed full of mathemarical
formulas. If you ger thar glazed, far-away look when faced
with cryptic equations like E = I/R, don't worry, this book
keeps it simple,

When diagnosing an electrical problem on a car or truck,
understanding the dynamic relationship  berween
resistance, amperage, and voltage is critically more
important than any math skills you may (or may not!) have.
However, some basic calculations will come in handy if you
intend o add electrical accessories to your car. For example,
do you have any idea how big the wires need to be to power
up that 2,000-watt stereo you bought? Should you install a
larger alternator 1o accommodate the stereo’s power so you
get the sound you want? Do you know the size of the fuse
needed to protect the circuit from melidawn?

The formulas listed in Figure 1-6 are designed 1o provide
the basic math necessary to find voltage, resistance,
amperage, and wares (power) in any circuit, In general,
these should cover most common circuitry design needs.

MV SINHO
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To determine the amount of any unknown veltage,
amperage, or resistance present within a particular circuir, the
vilues of two of the three potentials must be known—the
third unknewn value can be determined based on the values
of the other two. Performing a few simple mathemarical
computations allows simple calculation of electrical loads.

To find the voltage used in a circuit, just multiply existing
amps by ohms. Similady, ohms can be caladated by dividing
amps into voltage. Likewise, amps can be determined by
dividing ohms into voltage. If an accessory you intend to install
w rated in watts and you want to find out how many amps will
be used in the circuit, just divide wats by vols. Conversely, if
you want to find watts, multiply amps by voles.

RULES OF OPERATION FOR

THREE TYPES OF CIRCUITS
Three types of electrical circuits are used in cars and trucks:
series, parallel, and series/parallel. Series and parallel circuits
are by far the most common and can be found on both new
and older vehicles. Each type of circuit follows a set of
operational rules thar govern how the circuit works. Some
rules apply to more than one type of circuit; others apply
to only one type. Knowing these rules and understanding
how each circuit operates gives you the advantage you need
to diagnose most electrical problems.

Series Circuits
Marurally, there are “three rules” regarding how a series
CIFCUIL Operates.

The first rule of series circuirs is: All available voltage in
a series circuit will be used up by the load device.

It’s important to remember this rule. By keeping it in
mind, you'll be able to determine whar the voltage should
be at any point in a series circuit. If 4 voltmeter gives an
uncxpected result, you'll know where w look for the
problem. Here's why:

E.gu.n.- 1-7 shows a circuit'’s power source as the pasitive
battery terminal as well as the wire connecting it to the light
bulb, which is the load device. A full 12 volis from the
power source are present at every point along the wire
between the battery and load device (measured using a
voltmeter). When 12 volts reach the light bulb, it uses up
all the voltage in the circuit. Since the greedy light bulb uses
all available voltage by turning on, none is present on the
ground return wire or at the negartive battery terminal, (Not
quite true! The ground return wire also has a small amount
of resistance 1o current flow, which causes some voltage 1o
be present). Consequently, the ground wire will measure
close to O volts, Cha.];lrc: 2an "."n]ugn: llmp'lbsr:ng prm'id.:i
in-depth explanations of what w expect from voltage
I'E:II:I.iII.E‘E on [;mund return wires. For now, consider the
ground wire essentially ar 0 volrs.

The second rule of series circuits is: When maore than
one load device is present in a series circuir, the individual
resistance of each load device divides the available volrage,
thus adding to the total resistance of the entire circuit.

Think of load devices in a series circuit as a strand of
Christmas tree lights along a wire connected in series. Because
each bulb has resistance to current flow, each adds o the roral
resistance of the entire circuit. This cumulative increase in the
overall crcuir resistance corespondingly decreases  the
amperage available for all the bulbs, thus keeping the strand
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of Christmas tree lights at a nice fire-safe, low-level wartage.
In addition, each of the bulbs must share the available voltage
because all need some voleage to light up.

Voltage in a series circuit is not a constant. It is divided
berween all the load devices in the circuir, based upon the
individual resistance of each specific load device. It’s important
to remember thar each load device in a series cincuit requires both
a power source and a ground retum to operate. Because the load
devices are linked rogether, the power source for one load device
simulaneously acts as the ground retum for another.

For example, consider three light bulbs connected in a
series circuit as in Figure 1-8. The first bulb {bulb 1) is
powered by the originating power source—a 12-volt battery.
The ground return for bulb 1 becomes the power source for
the second bulb (bull 2). Bulb 1 uses 4 voles of power from
the 12-volt power source (to light up) and then passes the
remaining 8 volts to its ground return. Similarly, bulb 2 uses
up 4 volts of available voltage from the ground retum of bulb
1 (bulb 2 uses the same voltage as bulb 1 ro operate}. The
remaining 4 volts of power pass into its ground return, Bulb
3 takes the last 4 volts and uses up all the voltage left in the
entire circuit; consequently, its ground return has 0 voles,

Figure 1-8 illustrates the division of voltage along a series
circuit. It also proves the first rule of series circuits still holds

BUI_.B 1/

true; the load device uses up all available voltage since all
the individual liﬂi‘l; bulbs combined cumulatively use up all
the available voltage in the circuit (equivalent to a single
combined load device). Thus, the ground return wire ar the
last load device will measure dose 1o 0 volus. Figure 1-8 also
introduces the ground symbol—three horizontal lines ar
the end of the ground return wire. Anywhere this symbol
is placed indicates the wire is returning to the negative
bartery terminal and/or when a ground strap, body, or
vehicle frame is used as a ground.

The third rule of series circuits is: amperage is the same
at all points throughour a series circuit.

This rule is true for both negative and positive sides of
a crcuir, Figure 1-9 (on page 22} shows three ammeters
mcasuring current in a series circuit and how the amperage
remains constant on both the power and ground return
sides of the circuit. Rule three illustrares the simple concept
(but unwanted result!) thar a bad wire or poor connection
{unwanted resistance) will affect circuit amperage no marter
which side of the circuir its located on.

Parallel Circuits
Nearly all elecerical circuits designed for cars or trucks are
|'.|:|r:||||:| circunts. Fur[u:urcl].r.. the ruless for p:ﬁ]]d CIrcuits

BULB2/ = BULB3

BULBS ARE NOT AS BRIGHT

Fig 1-8. Each 12-volf bulb (load device) has & given, identical, indvickal resistance, resulting in equal sharing of the overall svallabie voltage. The difference in
voitage behween e power sowee and ground refurn for each buld is 4 valfs. Consaguend’y, each bl has only 4 volts of alacincal pressure willy wiveh fo operale.
Since aff e bolhs are designed | opacafe on 1.2 valls and nof 4 volls, thus shorfall in woltage for sach bulb cluses all of Mem fo be dim.
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are basically the same as for series circuies, bue with a couple
of notable exceptions.

The first exceprion is: voltage will be equal (the same)
everywhere on the positive side of the circuir and will not
be divided between load devices, like in a series circuit. This
is because each load device has its own wire, or conductor,
connecting it to the power source. The same is also truc on
the ground return side; each load device has its own ground
return. As a resule, the ground return side of cach load
device registers 0 volts because each individual load device
uses up all original source voltage.

Figure 1-10 displays 0 volts present on the ground return
side of each individual bulb (load device) because each bulb
uscs up all of the original power source voltage. The ground
rerurn side of each bulb operates just like the Emum:[ reTurn
side at the end of a series circuit. However, with a parallel
circuit, it 1s helpful to think of cach load device as a simple
serics circuit itself—with a separate power source, load
device, and ground return, Consequentdy, as more
load devices are added ro a parallel circuir, the greater the
amperage from the power source to the load devices needs

ta be (because total resistance of the entire circuit decreases
as overall amperage increases, as in Figure 1-5).

The second exception is: each additional load device in
a parallel circuit lowers the total overall resistance of the
circuir and increases amperage.

Figure 1-11 {on page 24) illustrates how the addition of
more load devices to a parallel circuit causes the resistance
of the enrire circuit to decrease and the amperage to increase
{a recter-torter effect)—unlike whar occurs in a series
circuit where the resistance of each load device adds w the
toral resistance of the circuir.

To understand this concept better, consider the following
analogy. Imagine there are 20 people in a room with only one
exit door, and everyone has to exic through the door, therehy
creating lots of resistance. The peoplerepresent amperage, the
room is the circuit, and their effort to get out is the resistance.
Because there is only one door from which to leave, people
slowly get our because of the effect of their combined
resistance. Mow assume the same 20 people arein aroom with
20 doors. Everyone is able to exit the room quickly because
cach leaves through a separate door. Because there are
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maore doors, there is less resistance in the flow of people. The
extra doors in the room represent additional load devicesina
parallel circuir. Resistance to electron How is reduced because
a parallel circuit has more doors (load devices) from which the
electrons can exit. As stated before, when resistance decreases
in a circuit, amperage increases; so, adding more load devices
(doors) lowers toral resistance and increases circuit amperage.
Figure 1-11 (on page 24) illustrates how each individual
circuit within a parallel circuit operates like a series circuir.
Each has a power source, load device, and ground return,
The third exception is: a parallel circuit requires all the
power for the entire circuit to come from the same power
source (the battery). This means the total amperage used by
all the load devices must pass through the 20-amp fuse.
Since each of the 12-volt bulbs in the individual circuits
uses 6 amps, the total combined amperage for all the bulbs

SOURCE
12 VOLTS

|I|
|

(3 bulbs x 6 amps = 18 amps) must pass through the 20-
amp fuse. This isn't 2 problem because the fuse won't mele
unless amperage exceeds 20 amps.

However, at the end of the circuit is an electric motor
(another load device); it requires 12 amps to operate. As
long as the motor switch is open, the circuit uses only 18
amps to light the bulbs and the fuse is adequare for this
application. But if the motor switch is closed (the motor
now connects to the parallel circuir), the amperage
requirement for the entire circuit increases to 30 amps (18
amps from the bulbs + 12 amps from the motor = 30 amps).
This amount exceeds the rating of the 20-amp fuse, so the
fuse overheats and meles (in order to protect the circuit),
thereby cutting off power to the entire circuit. For this
circuit to work, the 20-amp fuse has to be replaced with a
fuse with a ranng of more than 30 amps.

Fig 1-10. Uiike series circuits, whars the gt buibs (ad devices) dhide the folal vollage befvesn D, e buls in 8 parmiel circist ane indhadually brighter

because gach buth operafes on 12 volls and uses all of the power sowrce wollage.
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Fig 1-11. In & paratiel cirruat, each acaiiona! load device lowers the circwf’s Indal number of ohms fresiziance), thereby inversaly raizing e overal amperage
Howing Farough the circuit, A higher-raded fuse and larger wires ane requined for ihis circd fo operaie withou! melling wires or blowing he 20-amp fuss,

Series/Parallel Circuits

Series/parallel circuits are rarely designed for automobiles,
but they can be created whenever a poor connection is
present in a parallel circuic. Remember, any form of
resistance is considered a load device, Loose or corroded
connections have resistance; therefore, whenever they are
present, a series or series/ parallel circuit is formed. The load
devices in circuirs with unwanted, high resistance operate
with less voltage and amperage than intended; conse-

quently, all load devices connected 1o the circuit can be
affected by the resulting reduced voliage and amperage.
Figure 1-12 displays a seriesf/parallel circuir designed
1o operate a headlight and willight. The addition of a
light bulb between the battery and the other load devices
represents a bad connecrion that is in series with the other
load devices. The presence of the bad connection (bulls)
adds resistance, [mvr.ring the available vntl::lg: and
amperage necessary for the intended load devices
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Fig 1-12. The presance of ipese oF comodad COMScions (rapresanted by the sma Bgit buily feve fumed this paraliel circal imte 8 senes/paraisl circolt, The bad
connpchion bl & N Senes with M Basiight and tadlpht and divces D viviage belwier Mem. This, v onginally imianted ioad Jeices wan'T R anough

voltage or amperage o aperale properdy.

{headlight and tajlli!;htj to operate. Because the bulb uses
some voltage from the power source, less than 12 volrs
are present in the wires going to the two lights. Since the
headlights and raillights are designed 1o operate on 12
volts and not less, they won't work as intended and are
consequently dim.

Replacing a headlighs, raillight. or battery won't solve this
problem ecither—but youd be surprised how often this

incorrect solution isattempted. The only way to repair whart's
really wrong is to find the bad connection; in this case, simply
replacing the small bulb with a section of wire will eliminate
the unwanted, high resistance so both the headlights and
taillights will shine brightly again. The trick is vo find the bad
connections without unraveling wiring harnesses or
removing pars, and that is what Chaprer 2, Voltage Drop
Testing, is all abour.

)
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CHAPTER
VOLTAGE DROP TESTING

WHAT VOLTAGE DROP TESTING DOES
Consider the following scenario: The owner (let's call him
Bob) of a six-year-old car tries to start the engine on a cold
morning. The starter cranks slowly a few times and then
makes a clicking sound. A tow truck is called and after a
jump, ir stares right up. Bob takes the car o a local
mechanic who claims he can fix the problem by replacing

the bartery. He does so, and the engine starts righe up.
Problem fixed? Maybe. Lucky for Bob, the car starts and

runs okay every morning for a few weeks. Bob is happy the
problem has been fixed. Several wecks later, though, the
same thing happens again; the engine cranks roo slowly.
Bob, now angry, takes the car back 1w the mechanic and
demands an explanation. He gets one. This ume the
mechanic says it has to be a faulty starter. Bob relucrandy
replaces the starter, having lost confidence in the mechanic.
The car works fine unril several days lazer, Bob gets the same
result again. Sound all oo familiar? After spending $100 on

Wodage drop testing {5 the only refiable way fo delerming i @ connection, or wirg, ca0 pass enoligh amparage fa nan & crcwt. Wih Ine sianer operating, Ihe sfaner
soilgnoid o I Ford lruck 5 being tested for tomantad high resislance wsing e voitage drop method, Courlesy Fluke Corparation



a new bawery, $150 on a new starter and 5175 for labor,
not to mention all his wasted time and aggravation, the
original problem is still there,

As it urns out, the cause of the slow-turning starter is a
loose bolt thar artaches the barmery ground cable o the
engine block. Poor electrical connections are the mosnt
common cause of many electrical problems. While this
statement may seem obwious, in reality, few mechanics think
10 look first to the electrical connections as the source of an
electrical-related problem with the car. In fact, this scenario
can happen with almost any electrical component—alter-
nators, heater-blower motors, headlights, windshield
wipers, and others. Home mechanics, as well as many
professional technicians, have the difficuley
diagnosing this type of problem.

Fortunately, there is a simple way to test for bad connec-
tions, switches, or wires as the likely cause of a problem with
an electrical circuit—a method called voltage drop westing, It
measures resistance within a circuit using a volimeter (not an

same

Evan a good ohmaels B i
Fluke 175, is only able o
indicale faaf o batfery cable is,
essentialy, not cuf in fall. Wive
coninudy can be shown on an
ahmmeter, the baffery cable
could s havve Lmwanted, R
mesistance thai can only be
magsured by 8 vollage drop fest.
Courtesy Fluke Corporetion

ohmmeter). Voltage drop testing is the easiest method 1o rule
out the wires, connections, bartery cables and rerminals,
relays, and switches as the causes of an operating problem
with an electrical circuit. The major advantage of performing
this rest is thar nothing needs to be disconnected in order 1o
perform it—no unraveling of the wiring harness and no
removing starters, alternators, or any other components.

Simply because a wire or electrical connection looks
good doesn’t mean it is good. The only way to determine if
unwanted resistance is slowing down the flow of electrons
passing through a connection, or along a wire, is to measure
the drop in voltage within the circuir as it operates,

DON'T USE AN OHMMETER
Many shade tree mechanics, and even some professional
technicians, insist that finding a bad wire, switch, or
connection can be accomplished using an chmmeter. While
this is partly true, it is cerrainly not the best method (or
even a good one!) for diagnosing loose connections and
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FAg 2-1. High resistance aguals
low amperage fow in s battery
cabie. The ohmmeler regislins
SO BEMEET e nds of
the cabls, but this battery cable
ST W't SIRT an enging
becase of high resistance.

other similar electrical resistance problems. Attempting to
test a wire using an ohmmeter can reveal only one limited
fact—whether the wire has continuity (2 connection exists)
berween the two points being measured. However, it's the
{luﬂlil‘j" of the connection andfor wire that will determine if
the circuit can carry enough amperage to operate.

When checking continuity using an ohmmeter, the
meter's internal bawery sends out only a few milliamps
{thousandths of an amp) of current through the wire or
connection, ﬂTrrcl:]r mahfing the meter to read in ohms.
Bartery and aleernator cables and wires are capable of carrying
I'!l,.l.ﬂd!'nii D'F :I'I'I.PS- El":ﬂ hl:‘:l.tl:f—blﬂ'll":r or \\-'.iIII:I.II'IiEI-I:l.—WiFE‘I’
maotor circuits may require 15 to 30 amps o operate. The
few milliamps from an ohmmeter cannot simulate the
operating conditions that the wire or connection being tested
is subjected to by high amperage load devices.

Figure 2-1 illustrates the problem of using an chmmeter
o check a bad battery cable. While the ohmmeter registers
continuity, the cable obviously does not have enough
capacity to carry the current required 1o start an engine.
Unwanted, high resistance in the bawery cable will not
show up when using an ohmmeter for testing,

Another problem with attempting to use an chmmeter 1o
measure 2 wire's resistance is its inherent inability to measure
low resistance. Using an automotive chmmeter to check the
resistance of any wire or load device (such as a starter motor)
will not work because resistance could be aslow as 0.05 ohm.
To accurately measure resistance Jess than (.1 chm requires
a L:bﬂﬁtﬂl}'—wl{lt DI'II'I'IITIEI:I.'].'. 'H"I'IIH:].'I COS0s thﬂuﬂlld! DF
daollars. Since resistance measurements in this low range are

i.lﬂﬂ ::I:I'-Cfttd h}f r:mpcr:.tun: I.'I'I.d |111mi1.{i|:..'. an aurcmaonye
ohmmeter simply does not have the required sensitiviry.

The only reliable method for locating a poorly
conducting wire or connector is 1o use a volimeter 1o
measure the 'mlmgr r_rmp across the section of circuit being
tested. Voltage drop testing works because even inexpensive
digital voltmeters can accurately measure small amounts of
voltage—as low as 1/1000 voles (1 millivelt). Voltage drop
testing provides a comparison of volage berween two
points in an operating circuit by displaying the difference
or loss in voltage berween them. The greater the unwanted,
high resistance, the greater the voltage drop.

HOW A VOLTMETER MEASURES VOLTAGE
Because voltage drop testing requires the use of a volrmeter,
understanding how a meter actually measures and displays
voleage will help explain the results of a voltage drop test.
A volemeter displays a reading of 12 volts when connected
to 2 12-volt battery. This may scem obvious, but this
reading acrually represents the difference in electrical
pressure  between the positive and negative  banery
terminals. The red meter lead senses 12 voles; the black
meter lead senses 0 volts. The computer chip inside the
voltmeter :'Ll'npl]r subtracts the value of the black lead from
the voltage level present on the red lead and displays the
difference. Figure 2-2 (on page 219) exhibits the math
occurring inside the voltmerer. An analog voltmeter (with
a needle) uses the volrage difference berween the red and
black leads to power a small internal motor, which SWINgs
the needle across a numerical scale.



RED LEAD = 12VOLTS

BLACK LEAD = -0 VOLTS
12 VOLTS
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Fig 2-2 A voltmesisr measursy e
differance in sleckical presswe
befwesn ity leads. The value of
i nagatve ead {0 volis) &
subfracted frowm the posine lead
(12 volts) fo chspiay ihe beriferys
intsl volage— 12 valts.
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V

Fig 2-1. This sharfer circes! has low resisiance; 83 shown indirecily on the ammeler, & camies anough curment (200 amps) from the baltery Io start the engine. The

volimetars indicale no woRage & los! on &t e positie or negalive side of the starter cicwt
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11 VOLTS
CRANKING

STARTER

TURNING SLOW

HIGH RESISTANCE
BAD CABLE

Fig 2-4. A bl bartary cable can prevent sufficient amperape from reachng e staner As & resull, e engine fums oo slowly 10 =T because the posifive cabie

looses 2 volls befween Me conaection ai the batiery and Me inter molor

TESTING CIRCUITS DYNAMICALLY
Dynamic testing occurs when the circuit being tested is
actually operating. This type of testing stresses all the
components within a circuit and is mare indicative of real-
world operating conditions than other forms of testing.
Current must be flowing through the circuit 1o measure
voltage drop. Figure 2-3 illustrates the voltage present at
various points in an operating starter circuit. With the
starter cranking the engine, an ammeter reads 200 amps
Rowing throughout the swarter circuit. Bartery voltage
normally drops to around 11 volts because of the amperage
load from the starter. Voltage measured at the starver is also
11 vols, This demonstrates thar the positive bartery cable
has low resistance and no voltage is lost berween the
positive battery terminal and the starter. The voltmeter
reading for voltage drop on the ground return side of the
starter circuit is 0 volss—this indicates the ground cable
and all connecrions back to the battery have low resistance
and no voltage is lost. The reason the ground side of the

circuir reads 0 is because the load device (the starrer) uses
up all available voliage.

Fi[.';u.n: 2-4 shows what h.'l.pp:ns when |1'l5|1 resistance (in
this case, a bad bartery cable) is present in a starter circuit.
The starter cranks the engine wo slowly for it 1o start. The
positive battery terminal has 11 volis, but only 9 volts reach
the starter motor—not enough clecerical pressure to crank
it fast enough ro starr the engine. The starter motor is
designed to operate on a minimum of 11 volts, not 9 vales.
High resistance in the positive bartery cable causes a loss of
2 volts between the battery and starter. Because resistance
is high in the circuit, amperage decreases and only 110
amps fow through the circuir (indicated by the ammeter)
instead of the 200 amps the starter requires.

As mentioned above, an ohmmeter simply cannot
accurately measure the high resistance present in the barery
cable shown in Figure 2-4. Figure 2-5 illustrates why. To
find the actual resistance present in the battery cable, both
voltage and amperage must be measured. The math is



110A X .08Q2

Fig 2-5. With oniy 9 vir'ts and 710 amyps measured & tes starter choolt, resistance 5 caloudsind as (.08 ofrm, far fno low ior a0 autamofive fpe of ofmmeler i
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RED LEADP =_11VOLTS
BLACK LEAD = 9 VOLTS
2 VOLT DROP——»

11 YOLTS
CRANKING

STARTER
TURNING SLOW

HIGH RESISTANCE
BAD CABLE

Fig 2-B. When performing a voltage arop 195! on the posithe Side of & cirull, connect the POSIVe lead o ihe source of Aighes! vORage—the Dattery's pasitive
terminal. Connect the nagative kead I the pownl where the woltage is frying 1o gel fo—in this Gase, e starter hattary tarminal
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RED LEAD

= OVOLTS
BLACK LEAD = O VOLTS

O VOLT DROP—>

11 VOLTS
CRANKING

0.0

® o

STARTER
TURNING SLOW

HIGH RESISTANCE
BAD CABLE

Fig 2-7. The starter should use all the availabie voliage when /s aperating. The starfer's metal case is part of ifs ground path back 1o e battery’s negative fermina!
The voitage drop befwesn Ihe case and nagative baflsry termingl should be 0 wolts, incicaling no voltage loss.

simF]c: 110 aImps divided o 9 volis cqunl; a resistance of
0,08 ohm, or 8100 ohm—Ffar wo low a value for an
automotive olmmeter to measure.

VOLTAGE DROP—POSITIVE SIDE
In the examples of voltage drop testing presented so far, it
would be necessary 1o use several voltmeters 1o determine
voltage drop in a starter circuit. However, only one volimeter
is needed when this test is performed. Figure 2-6 (on page
31) shows how the test is accomplished using only one
voltmeter to measure the voltage drop on the positive side of
the starter circuit. The red meter lead is connected to the
power source, or the highest point of potential voltage (in this
case the positive battery post), and the black meter lead is
connected to the point where the voltage is trying o get 1o,
which is the load device (starter’s positive terminal).

The potential difference in voltage between the battery's
positive terminal and the cable’s connection at the starter is
2 volis, which is di.';pliytd on the meter. Remember, the
voltmeter reads the value on the black lead, subtraces it from

the value of the red lead, and dis FF[J]-“'G the difference. If, by
mistake, the meter leads are connected backwards (red o the
load device and black to the positive battery post), a digial
voltmeter will display a negative number—this isnt a
problem if you simply ignore the minus symbol when you
read the display. However, if an analog meter is connecred
backwards, the needle will go to the far left, past zero, and
no reading is possible. A simple rule 1o remember in order
to connect voltmeter leads properly when performing a
voltage drop test is: the red lead gets connected o the point
where voltage is highest. This will always be the power source
for the load device—usually the battery's positive terminal,
The black lead gets connected to the lowest poine of voltage,
or where the source mlt:lgc is going tn—the load device.

VOLTAGE DROP—GROUND SIDE
It's important to understand that once a volage drop est
has been performed on the positive side of a circunt, you're
only half finished. Don't ﬁ:ll'El:I to voltage dmp test the
ground return side of the circuit! Checking for resistance



14 VOLTS
RUNNING

Fig 2-8 Because of high alfivmalor amporage output, voltage dhog in dele moded altermator circuits & greater than on oider models (which only procuce about 60

ampst. The grousd side vollage drop of 04 s accaplable for iz circuil.

on the ground return is of equal importance as testing for
it on the positive side. Remember the three rules of DC
circuits? One of them states thae: All available voltage in a
Cin:uil: i.! 'I.L'ird IJP' IJ}" t]'l.‘l: 11}.11:{ dﬂ'ic:. ﬁlt‘huugh our mII'IFJC'
tests a starter circuit, this rule holds wrue for volage drop
testing of any circuit. [Fthe gmu.ru:l return side of the starter
circuit has low resistance, there should be no voltage lost on
its ground return path. This path consises of the starers
metal case, negative bartery cable, and the negative barrery
terminal. There should be a O-volt difference berween the
starters metal case and the negative battery terminal, thus
indicating low resistance to current flow. The bad positive
battery cable present in Figure 2-7 will have no effect on
the gruund side \-'L‘III‘.:IEI: dmp [EsST,

To measure voltage drop on the ground side of the starter
circuit, connect the red lead o the point with the l'IJ.BI'lﬁI.'
potential source of voltage—in this case, the metal housing of
the starter motor. (When performing this test on other rypes
of load devices, the red lead would be connected to the ground
return wire.) The black lead is connected 1o the negative

battery post—the lowest point of voltage. Once the starter
is cranked, the voltmeter will display the difference berween
the volage potential on the red and black leads. In this
EI;LI.TIF]I:‘.. ﬂ'l.f \'ﬂIIII‘.EE I:tI'DP an dlt Emumi !idl:' l,'IF I;l'H;' SCArcer
circuir is 0 volis. In other words, the ground return side has
low resistance because no voltage is lost, In the real world,
some loss of volaage will always occur berween connectors
amd along wires or cables within a circuit because there is
always some resistance to current flow, even in circuits that
are operating properly. How much voltage drop is too much
is always a martter of opinion,

HOW MUCH IS TOO MUCH?
There are two reasons volrage drop numbers vary, The first
is thar the greater the amperage in a circuit, the greater the
voltage drop. For example, an alternator producing 40
amps will only have a voltage drop of 0.2 volr, assuming
there is no unwanted resistance. Alternators found in lace-
model vehicles can produce over 100 amps and can have
voltage drop numbers around 0.7 volts or higher. Other
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factors affecting circuit voltage drop are wire length and/or
size, For example, the positive wire between a vehicle’s brake
switch and the brake |ig]'|rs on a 30-foot trailer the vehicle
is towing has a greater voltage drop than the same wire
going only wo the vehicle’s brake lights. The longer length
of wire connected from the vehicle to the trailer increases
its resistance, thereby lowering the voltage present ar the
trailer’s brake lights.

In general, voltage loss on the ground side of a circuit is
.llrnm.l: JIWJ.:I-'!- IE!! I].'I.'II'I. on []'EE Fﬂiit]'ﬂ'ﬂ Si.dl:.. 'LI‘"JL'I.I'IL{ return
circuits often comprise the frame of a vehicle, engine
block, or other large metal objects. These large vehicle
components can be more simply thought of as really big
wires, and as such, they will have low resistance o current

flow, causing a smaller voltage drop. The positive power
side of a circuit will always be a wire or cable of some length
and size and, therefore, will have greater resistance o
current flow than the ground side of a circuit, thus creating
a greater voltage drop.

The ﬁ:ullnwing 5 4 h:"p.irk guide 1o refer o when
performing voltage drop testing on various types of
automotive electrical circuats,

Starter Circuit, Maximum Voltage Drop

Positive Side, Small Starter/four-cylinder engine, 0.3 volis
Positive Side, Large Starter/V-8 engine, 0.5 voles
Negative Side, 0.4 voles

Starter Solenoids, 0.2 volis



Even (f & Devlfery cable conasciion looks okdy, o st may have Rhigh resisiance. Performing & voitage drp fest winle fhe startsr modar (& cranking (e Snging can
Expose 8 poor comection withou! Hhe need for remoing ihe halfery cabile,

Batrery Terminals, 0.2 voles

Charging Circuits, Maximum Voltage Drop

Positive Side, 0.3 volts (alternator charging at 40 amps)
Positive Side, 0.7 vols (alternator charging at 100 amps)
Hcg;ui'w Side, 0.4 vols

Accessory Circuits (Headlights, Brake Lights, and
Taillights), Maximum Voltage Drop

Positive Side, 0.2 volts

Megartive Side. 0.2 voleos

Computer Circuits (Ignition Modules and Fuel
Injection Sensors), Maximum Voltage Drop

Positive Side, 0.1 volts (computer circuits are low amperage)
Negative Side, .06 volts (computer grounds are very
sensitive to loss of voliage)

LOCATING THE BAD SPOT
In Figure 2-9 {on page 36) is an example of how a voltage
drop west can be used 1o locate a bad switch in a drcuit. “To
isolate a point of high resistance in this light circuit, a
voltmeter is connected to the positive bartery post and the
light bulb. The voltage drop (resistance to current flow) of
0.5 volts is too high and causes the light to be dim. To
determine if the switch or connector is at faulr, a voltage drop
test is performed ascross the switch and connector, The
minimal drop in volrage of 0.1 vols ar the connector
indicates there is no excessive resistance o current flow—
thus, the connecror is good. However, the voltage measured
across the switch is 0.4 vols—way oo high. The switch is
causing the lighe bulb to be dim. Simply deaning the switch

DONILS3L d0HA JOVLIOA
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CONNECTOR

D

Fig 2-9. By moving fhe wiimelsr along the circul. fe polnt of Migh resistance can be locaied. The swiich i his circud has an voacceptidle voliage deop of (14 ol

Time for @ mew swilch!

will lower its resistance and increase the voltage going into
the bulb, thereby making it shine brightly again. This
method of moving the voltmeter test leads ainns the circuit
1o locare the point of high resistance will work on any cincuit.

Voltage drop testing is a good way to save a great deal of
time and money in the quest to solve many elecrrical
problems. The entire length of both positive and negative
sides of a circuit can be checked withour disconnecting any
wires or connectors, For example, if the brake lights on a
car are dim when the brakes are applied, it may only ke
two or three measurements to find the point of high
resistance. To measure the voltage drop for the entire
Emund side circuir, connect the voltmeter’s red lead to the
ground wire for the brake light and the black lead to
the negative bartery post. (Don't forget to step on the brake
pedal—the circuit must be operating during a voltage drop
test!) If the volage drop on the ground side is acceprable,
high resistance will likely be found on the positive side of
the circuit. Since a brake circuit uses a switch o control
power 1o the brake light. performing a volaage drop rest

across the switch is the most likely place 1o find high
resistance. After connecting the red lead ro the power source
for the switch and the black lead 1o the other side of the
switch, the resulting voltage drop will tell you if the swirch
needs to be replaced.

TEST, DON'T GUESS

Here are a few simple things 1o keep in mind when
performing voltage drop testing: (1) Make sure the circuir
being testing is operating—if no current is fowing in the
circuit, there is no voltage drop to measure. (2) Test both the
positive and negative sides of the circuit. 1f the voltage drop
Is oo hish on one side of the circuit, start iﬂ;ﬂ;ﬁnsﬂw point
of high resistance by moving the test points along the circuir.
(3) Most importantdy, practice voltage drop testing on
circuits that are working properly. That way, when you have
o actually test a problem circuit, vou'll know what's normal
and whar's not. (4) Finally, volrage drop testing is far casier
than removing a starter or alternator, or replacing a bartery.
S0, rest, don't guess, before wasting time or money.



SECTION |l
TOOLS
CHAPTER 3

sing a car’s factory jack and lug wrench is okay for
changing a flat tire, but the job is much easier using a
hydraulic floor jack and 1/2-inch impact gun connected 1o
an air COIMIP TSSO, Bﬂ"[l'.l L1 £ CI'E- “J'ﬂ'l.'i ECL I.hﬂ Eﬂh dl:"“:'.. I]:LI.I
the latter is less work {(and wha likes extra work?). The same

concept applies to automotive electricity. Using only a test
light only gets limited results when trying 1o solve an
electrical problem. Add a $10 volimerer and diagnostic
potential dramatically increases. Although friends or loved
ones may complain abour you owning every ool known 1o

An anlog meder (iphf) wses 3 needie o dsplay resdings. The meter’s dig! must be saf o the nght scale fo read comectly Moden diuts! meters (i) provide rdings:
with plectronically sisplyed numbers. Some, e fus Fluke 175, have an anaiog bar graph that acts ke an slectronic needie—the best af hath old and new

Courtesy Fluke Corporation
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mankind (or w'u.hin!; vou did!), you can tell them vou've
only scratched the surface since you only have just enough
toals necessary for the job ar hand. When the next rask
comes along, vou just may have to buy more. Like
wrenches, sockets, and screwdrivers, you may never actually
finish purchasing electronic test wols.

You may wonder if a $500 -I:ti[:i.l‘ﬂ.l multimeter is rl:-;ﬂ]}‘
required 1o work on automotive electrical systems. The
dAnNswWwer Iifpfl'ld.'i- upon  your Iii.a.m'l.ﬂﬂi.l: gﬂﬂj.‘h " :l"ﬂ'l.'l..r:
working on becoming a professional technician (or already
are!) time is money . . . 50 an expensive digital multimeter
{DVOM), with all its bells and whistles, will save you hours
when diagnosing a problem. Home technicians usually
don have the same time constraints professionals deo and
can make do with less elaborate test equipment, so the
purchase of an expensive multimeter may not be warranted.
Even so, you should always buy quality tools. After working
around cars for any length of time, people learn that the
!’il'.li.'!:l:" st hﬂugl‘lt ata leﬂ.l TTass r:l:l.ltlfr 15 gl.'ﬂhj cl‘mugll FIJI
the wolbox in the wrunk of a car or under the sear of a
pickup truck, but for anything other than emergency
repairs it's problemaric,

Buying a quality digital multimeter and rest light is
a good starting point. Adding a logic probe 1o your elecironic
wolbox  will also  increase  your ability 1o solve
electronic ignition and onboard computer dilemmas. Let's
start with the most basic rool—a 1 2-valr rest light.

TEST LIGHTS

An automotive test light is a bulb mounted inside a plastic
I'.IDLHiI'Ig W'it]'l. o Fﬂ:intfd Fmbl: 4L one :I'.Id: :II'.Id a ||:ngt|'l ﬂf
wire exiting the other end with an atached alligator dip.
When the alligator dip is attached to ground, the pointy
end of the rest |js|1t can be used to thc wires or fuses o
check for the presence of voliage. Once the probe of a
grounded test light (alligator clip attached to ground
return) touches a power wire, the internal bulb lights up.

Auromative test lights have been around a long time and
are pgreat tools for testing for the presence of voltage.
However, test lights will not indicate levels of voleage. In fact,
;In}-'thlng below 8 volts may not even make them |ighl.‘ up.
They are also useful for activating relays and solenoids. The
probe of a grounded test light can be touched 1o the tmgger
of the terminal/wire of a relay 1o energize it. A grounded
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jumper wire will do the same thing, but a test light is safer.
If you wouch the probe to the wrong wire/terminal ar the
relay, the tl:rrlight will just ].ight up instead ud":::m:in.ga spark
that could possibly damage the circuir.

Test lights can also be used in place of an AT pick-up coil,
hall-effect switch, or optical distributor trigger ro send a
signal to an ignitien module, In essence, the test light fools

i geiditon to reading voltage and
hms, the Floke 175 is 3 bue
RMS={ype muntimeler Sl can
accuraiely read freguency
procuced by amtamative-fype AC
pickup codls. Courtesy of Fuke
Corporation

the ignition module into reacting as if it is receiving a signal
from an engine speed sensor. If the module is working, it
will produce a spark from the coil—this is known as a "tap
test.” A vest light can also be used on an ignition coil ro check
whether an ignition system's primary circuit is switching on
and off properly, or for an injector pulse from the vehicle’s
computer. { These tests are covered in larer chapters.)
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However, not all test lights work in all of these tests
because some have bulbs with oo much resistance—not
enough current can pass through them to provide a trigger
for ignition modules or relays. Test light bulbs should have
less than 10 ohms of resistance 1o trigger relays and perform
ignition tap tests, IF the vest light being used has more
resistance, simply replace the bulb with one of higher
warttage (lower resistance). lronically, many of the more
expensive test lights by Snap-On, Mac, and Marco use high
resistance bulbs.

Test lights range in price from as lirde as $5 o over §25.
S0, what's the real difference berween them? The more
expensive ones use a quality wire for the lead and a better
alligator clip. In addition, a meral spring or rubber strain
relief guard is provided where the wire exits the plastic body
of the test light, preventing it from breaking, even after hard
use, Most importantly, quality vest lights use hardened steel
probes thar don't require frequent sharpening and strong,
durable plastic housings. Cheap vest lights may break if
dropped or banged about under the hood—so by the time
you have bought several replacements, the cost of a good
one would have been far exceeded. While both inexpensive
and qualiry test lights do the same job with the same degree
of accuracy, you'll get more life out of a quality tester; so,
save up and spring for the better quality. It's worth it in the
long run {or handle your cheaper test lights carefully!).

Always test your test light before using it to check a
circuit. Connect the test light 1o a good ground and rouch
the pointy end 1o something you know is hot—such as a
positive battery rerminal or fuse, Remember, test bulbs do
eventually burn out. If you don't check your test light once
in a while, you'll go crazy wondering why everything you
test doesn’t seem 1o have any power.

MULTIMETERS

The term volimerer is practically a misnomer today since ic's
almost impossible to find a meter that reads only voltage,
unless you're looking in an antique shop, The correct term
for volemeter is digital multimeter, or digital volometer, If
you're serious about diagnosing and/or repairing electrical
problems in vour car or truck, a good digital volimeter is as
basic and necessary a ool as a 3/8-inch drive ratcher and
socket set. Many amateurs, and even some professional
technicians, oy to find their way around a problem circuit
using only a test light. Depending upon the type of infor-
mation being sought, this method has its place; bur more
often than not, knowing only thar voltage is present, but
not how much, is simply not enough information w figure
out what's wrong with a problem circuir. A good multimeter
is essential if you don't want to wasie a lot of time.

Over the last 20 years voltmeters have followed the
pocket calculator, and most other electronic technology, by
continually dropping in price and increasing the number of
extra fearures available, Multimeters come in two basic
flavors: analog and digital,

Old analog meters use a needle and fixed numbered scale
to display readings. Analog meters are difficult 1o read
accurately because it’s hard to line up the needle with the
numbers on the meter's face. In addition, if an analog meter
iS- lil'ﬂFFH.'L{,. E}I: m.i:ch:n;i:al MOYCIMETIE i'lt-thl: fmd.k ean 1'"‘.'
damaged, producing inaccurate readings of which the user
may be unaware. Nowadays, you have to look hard 1o find
a new analog multimeter (again, try the antique shop) since
maost have been replaced by digital elecironics,

A DVOM offers several advantages over analog meters.
It displays electronic numbers via a liquid crystal display
(LCD). Even if the meter gets banged abour a bit, as long
as the display is working, the merer's most likely seill okay.
Another major difference between the rwo types of meters
is their internal resistance—an analog meter has low
internal resistance {usually only around 100,000 ohms),
while a digital meter typically has 10 megohlms
(10,000,000 chms). Cun.irqm:ntlj’. an :u'm]uE meter will

| give false readings if used to measure high resistance

computer circuits and can even cause damage to some
automotive electrical components.

Voltmeters, multimeters, and DVOMs are all capable of
measuring a variety of electrical inputs, All read volis (both
AC and DC) and ohms. Orther test funcrions performed
include amperage, frequency, continuity, diode, capaci-
tance, and temperature. Additional features indude auto
shur-off, digital smoothing, internal fuse provecion,
display backlighting, and analog bar graph display.

You can spend as little as $10 or as much as §500 for an
automotive-type DVOM. Just as a $50 car stereo plays the
same music as a $2,000 stereo, all digital volimerers read
electrical values, but all are not the same. The one that's best
for you depends on the level of auromotive diagnostics you
want t© pursuc. Spending more money on a quality
DVOM buys you durability, ease-of-use, extra features
(oftentimes the only way ro figure our a problem), quality
meter leads, availability of accessories and product support.

AUTO-RANGE FEATURE
The majority of DVOMs sold today have an auto-ranging
feature that senses volt or ohm inpur levels and automati-
cally displays correct readings, including the rounding of
numbers and correct placement of a decimal peint. Using a
meter without this feature requires a user to choose the

| correct scale before a meter reading can be interpreted. For



The Fluke 175 digital mulfimeter (et has a bar graph feature nol foend on less expansive digifal mefers. Radio Shack's pocke! digial mulimeler [lovwer right) has
more functons and ghves more bang for your buck than eifer mefers coshng seversl hundred dollars & few jrars ago. Courtesy of Fluke Comporation

example, 1o read voltage from a 1 2-volt bartery on a DVOM
without auto-range, the 0-20-volt scale must be selecred,
thus allowing the meter to read berween 0 and 20 vols.

Measuring resistance can be more difficule than reading
voltage when using either an auto- or nonauto-ranging meter,
since resistance values can cover a wide range of 1 to more than
1 million ohms. There are a few simple rules 1o help interprer
ohm readings on both meter types. We'll use the resistance of
an ignition coil to demonstrate how to do this.

An ignirion coil’s secondary windings have a resistance
of 11,800 chms, Using a DVOM with an auto-ranging
feature, connect the meter leads to the coils secondary
terminals and set the funcrion switch to ohms; a reading

should display. The meter’s auto-ranging feature senses the
coil's resistance and displays the correct reading—11.80k
ohms, The “k” {thousand) symbol means you should add
three zeros o the right of the decimal, making the reading
11,800 ohms—not 1,180 ohms; if the "k™ symbol is not
die.phy:d, the reading would be complete—1,180 ohms. If
the coil's secondary windings are open, the reading would
be 11.80m ohms. The *m” (million) symbol replacing the
“k" symbol means you move the decimal point six places to
the right (the display does nor have enough room 1o show
this). The n‘:.a-iing is now 11 million ohms, or 11,800,000
ohms, These same rules apply 1o nonaute-ranging meters,
When using the 2k scale to measure ohms, the readings are
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between 0 and 2,000 ohms. By selecting the 20k scale, the
meier will read between O and 20,000 ohms; sirnil:lr]}'.
the 200k scale reads berween 0 and 200,000 ohms.

FLUKE MULTIMETER FEATURES
The Fluke corporation has been manufacturing digial
meters for the automorive marker for years, lts Series 170
is 3 gm:nd t::.imph: of an automotive digital muliimeter
available in a mid-range price (around $190).

There are two basic designs of volimeters—averaging
and true RMS (root mean square). Both meters measure
voluge and ohms, bur the RMS model more accurately
asscases distorted sine waves, AC pickup coils and other AC

"UI‘.“E‘.“'FTU&“E;“E !-pﬂ:d ST I'lﬂ\"f |u|:r!-i.1]::1;l “'H\Tt-urmﬁ
(sine waves). An averaging type of meter may not be able
to read the output from a distorted sine wave. The Fluke
175 is a true RMS type of meter that can accurately read
the frequency produced by AC automotive pickup coils.

Another difference between DVOMs is an analog bar
graph. Meters with this fearure provide both digital and
analog displays. The bar graph acts the same as an electronic
needle, only much faster. On a Fluke 173, the bar graph
updates about 40 times per second—10 times faster than a
digital display—allowing a user o detect changes in
readings that occur oo quickly for meters not equipped
with bar graph features to display. This feature is also useful
when checking for a bad throttde paosition sensor (TT5)
signal or when watching the performance of a speed sensor
with an intermittent problem—Dbath tests are only possible
using a meter with an analog bar graph display.

A Fluke Model 175 Digital Multimeter is a good example
of a merer loaded with various features and Functions, which
can be accessed via a rotary switch and numerous buttons
found on the meter face, Other manufacturers offer similar
bells and whistles. To show the range of funcrions a modern
digital multimeter is capable of performing, what follows is
a deseription of the vanous features found on a Fluke 175
Diigital Multimeter.

Rotary Dial Positions

The rotary dial on the meter face is rotared o select various
tests and functions. Rotary switch selections are identified
by yellow and white letters or symbols. All yellow functions
are accessed via the yellow function button located on the
top-right of the meter face just under the display. Pressing
this function button twice returns the meter 1o the tesis
and functions indicated by whire symbols or lerters—these
are accessed by simply turning the rotary swirch, Here are
the common rotary switch positions and their corme-
sponding funcrions:

1. Off: Switches the meter off. If no inpur readings
change for 20 minutes, the meter automarically enters into
sleep mode, thereby saving its bartery. This feature can be
disabled for rﬂ:nn]ing ‘c-"{III‘:IEL‘ over time.

2. AC Volts/Hertz: Measures AC voliage between 0.1
millivolt (mV) and 1,000 wvolts, Pressing the yellow
function button switches the meter w AC capabilities,
enabling it to read AC volage frequency or herrz. AC
voltage frequency testing is useful when checking AC
pickup coil types of sensors.

3. DC Volts/Hertz: Measures DU volmage berween 1
millivolt and 1,000 volts, Pressing the yellow function
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button switches the meter 1o DC mode, enabling it to read
DC voliage frequency or herre. DT voliage readings are
the most commonly used hanction on any meter. DC
voltage frequency testing is useful when checking sensors
with digital outpurs, like Ford manifold absolure pressure
(MADP sensors or General Motors (GM) mass airflow

{MAF) sensors.

4, DC Millivolts: Measures [ }'nluﬁr between 0.1
and 600 millivolts. Performs essentially all of the same
funcrions as the one mentioned Prn'iuu.ﬂ}'. except this
function is useful for measuring valuages on a smaller scale
(usually measurements less than 0.6 volts).

5. Ohms/Farads: Measures resistance in ohms berween
i1 and 50 million ohms, The ohms function s uscful for
MEasuring resistance of sensors, n:']::.'s.. switches, plug wires,
and other componenis, Pressing the yellow funcrion button

AvtoHOLD

"
HOLD

MINMAX

switches the meter 1o farad mode. enabling it 1o read in
farads. This funcrion is used to measure capacitance or
capacitors; however, capacitance function is seldom used in
automotive applications.

O, Beeper/Diode: Beeps whenever the mever leads touch
each other, this being the west for cominune. Continuiry
testing is uschul for determining if a wire is broken. Pressing
the yellow funcrion button switches the meter 1o 1est diodes
like those used in alternators, or spike diodes used in other
AUTOMIOIVE CIFCUILs.

7. ACIDC Milliamps: Measures AC/DC milliamps
from 0.01 to 600, Used to measure small current draw and
for chrcking parasitic amperage draw from onboard
computers, radios, clocks, and other devices. Pressing the
vellow function button switches the meter to read AC
frequency from 2 hermz to 99k her.

RANGE | }

i dcigttion o reading volls. amps, afvns. and frequency, i Auke Seves 170 muitimedar fas “Hold ™ and “Minklay " features. The pellow bution swifches the meler s
reading modes befween whife and yeviow leffered dial Anctions. Courtesy of Fluke Corporaton
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8. AC/DC Amps/Hertz: Measures AC/DC amps from
0.01 to 10. The amp function is protected by an internal
fuse; it's useful for checking circuits up to 10 amps.

Pressing the yellow function button switches the meter
to read AC frequency up 1o 99k herez.

9. Hold Button: Holds or freezes the display when
pressed. Pressing the hold button twice switches the display
to auto hold. In this mode, the meter holds the reading
until it detects a new stable reading; then the meter beeps
and displays the new reading. This feature is uschul when
you can't see the meter (like when you are working under
the dash) but wane to know if you've probed a wire with
power or other sig:ul on Ii.

10. MinMax Button: Pressing the MinMax button lets
the meter record minimum, maximum, and average values
over time, By pressing the burton once, the meter rakes
three stepped readings over time. Holding the button for
one second ends the MinMax recording. The meter's sleep

The Ruke 410 ALDC cument
clamp can be used wif any
dligital muttimeror capatie of
reading i milivolts, This cument
clamp will meaasure wp o 400 OC
ATps and i idead for starting
and chanpng Systems Magnoss.,
Courtesy of Fluke Corporation

maode is disabled in MinMax record mode, This function is
I.I."lEﬁ]I ful‘ n::nlir:g LI'I.J.I];:,L'! v CE 'Ii]'l'l.l' '-\'h':l'l- ¥ L-I.I:I.Il ii.l:'l._Fl
an eyt on the d.isph]', and works ]'L".l“!" well when rying to
figure out intermirtent electrical problems.

11. n.l.ug: Button: Powers up N aulo:range mode.
Pressing the range buwon changes the meter 1o manual
ﬁ.l'.l.s:.. llil.l."i- .EI"U'H'iI"LgI }"IJI.‘I. o Ll'IJI'IH_L' 'I\'I'IEI'L' '[]'IL' dl'..'LJI'Iut i.'l
located. Pressing the button moves the decimal point one
place in the display. This feature is wseful when vou only
Hffd. [ {x] lm.uw III'F d’lll.'lgﬂ- il'.l. \'UIT]EE' o I'ﬂ.'h'i\t.l'l'li.-['.

12, Yellow Button: Swiiches the meter between
different modes. This button also disables sleep mode if
p:rus:d 'PI'I'IEI'I. tI'IE meter ﬁl’!—t Pl'fl'l'n-'l."l."l- 1|P.

Terminal Jacks

The Fluke 179 meter has four terminal jacks. The common
or ground (COM) jack serves as the ground rerumn for all
measurements. The volt/ohm/diode jack (upper right) is for




This Radio Shack lpgic proba can detect sipnais from AC pickug colls and hai-effect swilches, I o also sense 8 e injector pulse from Be veicle’s elecironic

contral modide (ECM),

testing \'ﬂ-l‘tﬂsf. continuity, resistance diodes, capacitance,
and frequency measuremenes, Both jacks on the left are for
measuring amps; each is protected by an internal fuse thar
can be tested by using the meter leads. By touching the leads
together, the fuses can be checked withour raking off the
meter cover, Also, the merer has a built-in safery mechanism
thar warns the user against inadvertently connecting the
leads incorrectly. For example, if the leads are plugged into
the jack for voltage westing bur the meter is accidentally
switched to read in amps {or vice versa), the word “lead” is
displayed. This warns the user 1o move the meter leads 1o
one of the amp jacks 1o prevent mcl[ing the fuse.

MEASURING AMPERAGE
T]'n:rc ATe Wik I.'||_."FH:‘S ﬂl’lﬂmmﬂﬂﬂ HEL‘d [0 MEASLHIT CUrmeni—
series and inductive. Some digital voltmerers are designed
with built-in series ammeters that can measure as much as
20 amps (a 10-amp capacity is more common). A series
ammeter is useful when wrying to find a parasitic amp draw,
as it can be connected in series with a circuit that is causing

a drain on the bartery. The Fluke 175 has rwo ranges for its
series. ammeter—400 milliamp and 10 amps. The 400-
milliamp range can be used to monitor small amounts of
current commaonly used by onboard compurers, clocks, and
radio memory; the 10-amp range can help locate a stuck
relav or imerior trunk light, Both ranges are protected by
internal fuses.

For measuring starter motor or alernaror ourput
amperage, an inductive current probe should be used.
Current probes are self-powered (usually by a 9-valt
battery) and produce a millivelt cutput. As current flows
through the starter cable or alternaror outpur wire, a
magnetic ficld forms around the wire, The inductive amp
probe measures this field and converts it 1o a millivolt
signal, which can be read directly on a volimeter (1 millivole
equals 1 amp). The Fluke i410 AC/DC clamp can measure
AC or DC amps from | 1o 400. The clamp will plug into
any voltmeter that accepts a banana-plug jack siyle. Be
carcful when considering a purchase of an inductive amp
clamp; most only measure AC amperage, which is not
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wschul for aueomaotive use. The Fluke i4 10 costs about 5155
and is really worth the money if vou anticipare diagnosing
starter or alternator problems.

LOGIC PROBES

One of the most useful and inexpensive clectronic test wools
for automeotive use is a logc probe. Exclusively used for
electronic board testing. the logic probe has finally made its
way into automotive use over the last several years. These
handy little 1ools are sometimes referred to as “red and
green” test lights, A logic probe can only sense two things—
high or low voltage. However, its real value is its ability 1o
detect electronic pulses. The outpurs from the following
components can all be detecred (though not measured)
using a logic probe: AC pickup coil speed sensors, digiral
square wave sensors (like Ford MAP or GM MAF sensors),
optical distributor outputs, and fuel injector pulses from a
'\-'fl'li':lchs i:nl::lrlFllltl:r. Hﬂ:.l.u::: ':J"- 133 hl‘gh 'il'“fl'n]l mﬁiilﬂm‘f.
a logic probe is a safe toal to use on any sensor or compurer-
generated output.

A logic probe is powered by connecting the probe’s red
lead 1o any 12-volt power source and the black lead to any
ground return on the circuit being rested in a vehicle. The
I'H'Ill'“"_l" I.'I'III l]‘Ftl'H.' I'I‘I'l'l]'ﬂ.' T3 ll'if:l (1] dﬂﬂl ru |.'|||.' l]:]t].'l-u.lﬂh. fr{lm

various sensors. A green light emitting diode (LED)
indicates whether inpur voltage levels are below the
threshold level of 0.8 voles—a red LED lights up if voltage
is above the high threshold of 2.2 volus. If a pulse is present
at the probe tip, the LED will flash or flicker.

Radio Shack's logic probe (part number 22-303) costs
abour 320 and has an orange LED thar flashes if a pulse is
detected. In addition, it has a beeper that changes tone
depending on voluage level, Searching under “logic probe”
or “red and green test light”™ on the Internet will yield other
brands that suit your needs as well. They all do abour the
same thing, and all are invaluable when working on
electronic ignition and fuel injection systems.

NOID LIGHTS
A noid 1jﬁht 154 sprci.'l.lr_'.' tool, sprciﬁr_:“_'r d:siFncd to check

for the presence of a fuel injector pulse at the injecror wiring
harness. A noid light plugs inte the wiring harness in place
of a fuel injector. When the engine is cranked over, the light
flashes or flickers if a pulse is received. A set of noid lights
can be purchased on the Internet or ar most car parrs stores
for abour $20. Most scts typically come with a number of
different lights and connectors o accommodate various
sizes of major manufacturers’ fuel injector connectors.



However, as mentioned earlier, a test light can also perform
this same funetion and is equally safe 1o use on all electronic
fuel injection (EFl) systems. However, some EFI systems
use a series resistor with the injecror, and these systems may
not pass enough current to light the test light, Noid lights
usually require less voltage/current to light up and may
work better in this respect.

SHORT FINDERS
If the same fuse keeps blowing. it's easy enough to look at
a wiring diagram to determine the accessories powered by
that circuit, However, it's altogether another matter 1o
actually find the section of wire or connector thar has
shorted o ground. Service manuals rarely provide wiring
harness routing locations, so oftentimes, the only way o
find a bad section of wire is by taking lots of things apart—
dashboands, engine wiring harnesses, head liners, and so on,

The rask of finding a short in a circuit is much easier
when you use a simple “short finder,” which can be made
at home using a rescttable circuit breaker and compass,
(Self-setting circuit breakers can be purchased at most auto
parts stores, while sporting poods’ dealers can supply a
compass.) The eircuir breaker connects directly 1o the fuse
box and takes the place of the blown fuse. The bimetallic
strip inside the circuit breaker heats and cools as curremt
passes through i, causing the circuit to turn on and off.
Each time the circuit receives power, a magnetic pulse is
generared in the wire, Placing the compass needle near the
wire causes it to deflect each time the breaker resers. By
moving the compass along a wiring harness, the location of
the short can be determined by watching the needle
movement in the compass. It is always about the same
strength unril it is placed just beyond the shorted wire. As
the compass needle moves less and less, you are moving

Each of these Nowd Bgirts ff different fuel-iyechion winng famesses. When conecieg, frey fizsh whenever an injector pulse fom the ECM s present

Caurtesy of SPLIOTEC
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A personal can never have too many mper wires, They come i al different sines. a5 shown bare, The dpe set of fompars wid homeicd using 14 -gauge lamp
cord, It comes in mighly handy for gefting power from Me Fonf o fhe Dack of 3 vehick or raier.

farther away from the shorted wire, With a litdle pracrice,
vou should be able to narrow down the location of the
shorved wire to within 6 inches. Also, the compass can sense
a magnetic pulse through sheer metal, upholstery, and just
abour everything else. You cam either make your own shor
finder (as described above) or purchase one online by
searching the Interner under “automotive shorr finder:” the
cost should be around $20.

JUMPER WIRES AND ACCESSORIES
Jumper wires are basically nothing more than vanous
lengths of wire with alligator clips connected to their ends.
Jumper wires have numerous uses and a serious technician
always has at least two (red and black) dipped to the ourside
of a wolbox. The best jumper wires can be easily made from

silicone wire and good quality alligator clips. Heavy lamp
cord (14 gauge) with larger clips also works well when you
want the convenience of having both power and ground
sources at the rear of a vehicle in order to test fuel pumps
or when working on trailer lights. If you don’t want to make
your own, packages of jumper wires in most sizes can be
purchased ar Radio Shack or via the Interner.

Measuring voltage or other owtpurs on wires that
dizappear into a connector or sensor can prove problemaric.
Picking up a knife or wirc suripper o scrape off wire
insulation is not a good way to @ap into a wire since it could
cause damage ro the wire. A better method for testing
CONMECIOF OF SCASOr Wires is to use 1 seamstress dress pin
{available ar most fabric stores). The dress pin can be
inserted between a wire and connector until contact with
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the terminal inside the connector is made. The T-shaped
end also provides a place o arach merer leads.
Furthermore, when the pin is removed, there's no damage
to the wire or connector.

The best ol around for rapping into a wire with no
connector is a ]S Popper alligator clip by Mueller Electric
(:nmpnn_-r_ This c:}mp:ln}"x JI-8783 :|||:'51Inr L'li]:i 15
cquipped with a bed-of-nails (sharp spikes clustered dose
together). These clips are designed to reach the conductor
inside a wire by piercing the insulation withour causing
damage to the wire. They can artach directly to meter leads
or jumper wires. Search for this ip:i:i:llt}" tool on the
Internet under “J5 Popper” or “Mucller Elecuric,”

COIL TESTERS
Testing an ignition coil is oftentimes problemaric. When
using an ochmmeter 1o measure the resistance of the coil’s
primary and secondary windings, does it mean the coil is
okay if the resistance of the windings is within specification?
Mot necessarily. Sometimes an ignition coil with internal
resistance that meets specifications won't produce a spark
when connected 0 the vehicle's ignition system, even
thﬂLl.E]'l. th: “"jndingﬁ- Ehr:k out ﬂ‘.’flﬂ? “'itl'.l an clhnﬁml:t:r. .Ial
better way 1o test a coil is to use a universal ignition coil
tester, which can be made simply with a condenser and
some jumper wires. A coil tester basically functions like a
set of ignition points and can be used to fire any type of



An ol test hgh body, condensay, wire, and same aliigator clips can be combined fo cremts & bomemade coil tester. @ coll &= good, then thes toof wall make if
produce 3 spark.

ignition coil. When connected to an ignition coil with
bartery power, the coil tester will cause the coil to produce
a spark if it's good. This dynamic test is cruly effective for
discm’:ringa bad coil windi ng that could break down under
an electrical load. A more complete description of how a coil
tester works can be found in Chaprer 6 on ignition systems,

SPARK TESTERS
Using a jumper wire held close to ground as a method of
testing for ignition coil spark outpur will work, but it can
zap you if you're not carcful, A high energy ignition (HEI)
tester is a safer device to use. It is basically a spark plug with
no ground clectrode and with an alligator clip welded to it

Abour 25,000 volts are needed from the ignition coil to
produce a spark at the tester, indicating a good coil thar
should be capable of producing enough energy for che
Ignition system. (:un.'s:qucml}: this tester may not work on
some poins-type ignition systems because their secondary
voltage output is too low.

An adjustable sp:ll: tester will also work and will prmlidr
an approximation of spark output in thousands of voles,
This tester has an electrode thar can be adjusted to increase
the air gap the spark has to jump. A printed scale on the
tester indicares how much voltage is required 10 jump
the resulting air gap. Both testers work equally well, sell for
less than $8, and can be found at most auto parts stores.
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IGNITION TIMING LIGHTS
In addition ro adjusting distributer ignition timing, an
inductive timing light can also be useful for detecting
ignition misfires. By installing the inductive clamp on the
coil wire and then pointing it at your face, you can actually
see misfires because the light skips a flash whenever a misfire
occurs. Thus, the human eye and tming light serve 1o
create 4 poor mans ignition scope, This rechnique also
works on distriburor-less ignition systems (DIS) as well. A
timing light can also be used to detect an ECM thar is not
firing a fucl injecror. By clamping the inductive probe
around one of the wires going ro a fuel injector, injector
misfires can be observed in a similar manner, By connecting
a timing light to a throttle body injector wire and pointing
it at the injector, you can actually see the injector spray
pattern when the light flashes in time with the injector
pulse, Any inductive-type timing light will work for these
tests. Timing lights are available ar most auto pares stores

and online

BATTERY TESTERS

Using only an ammeter and starter motor to test a battery
is a rime-consuming task. There are a number of hand-held
automotive battery resters on the marker thar make this job
d 'ﬂ'l'l]ll]f Iﬂ‘l casicr JJ'I.IJ !-H."o-tﬂl'. 11|:i|: ﬂwatunna Tﬂﬂ] CJJI.'I'IFJ.I'I.F
[OTC) makes several fypes of battery testers. Its Model
3180 battery tester can load a battery to 100 amps. The
tester EDI'.L"'AiLT_"f D‘t-:l \'u]tmr:rcr.. I'CIJ:I-".. E.I.'Ed ]'Ln::l.‘-"_r—dul::r TE!;SIDT.
After connecting rthe tester cables ro a bartery, urn the load
switch on for 10 seconds. Before releasing the switch, read
the voltage display to derermine if the bamery is good or
bad. The bartery has to be at least 75 percent charged in
ﬂ-l.'d'l.'l.' ﬁJr 1" lD:I.II‘t"}'Pf tE‘StIIIfIi."_ (4] PIIJ‘C'.UEI: l'C]i-:I.b!E |.'t5-'|.|.|.|5.
OTCs Model 3181 battery tester draws 130 amps and has
clamps thar work on side-post battery terminals. Both OTC
testers can test G-volt or 1 2-vole batteries and have starter
and charging tests as well. Hand-held batery load testers
Lan I:H.' E-Cll.'l.l'ld af moOst auto P:II"-t! stores :I]'Id. L'I!'lIiII'ICJ

If you want something a litdde more high-tech, OTC also
makes a digiral bactery vester (part number 3191), which uses
conductance rechnology to determine a barrery’s condition.
These testers indirectly measure the available plate surface
area of a battery needed to produce the chemical reaction
that creates current. Thus, conductance testing provides a
reliable indicarion of the overall barery state-of-health (how
much life is left) and has a direct correlation 1o a batery’s
capacity to start an engine. Conducrance cesting can also be
used to detect bad cells, shorted plates, and open circuits
within a battery. Furthermore, unlike load-type battery
testers, digital resters can also test a discharged bartery.

Ar OTG 3080 Stivper baitevy tasher puis & TO0-3mp koo gunng Banery festing.
Hang-held batlery leslers arg mone comamient i psing the engine's starer
motor Gifier @ G-volf or 12410 battery can be fested Courtesy of SFUTE

Testing takes only a few seconds and the digial display
includes actual cold cranking amps (CCA), open circuit
voltage, and battery health. Unfortunately, these testers don’t
come cheap! Because of their price (8350 and up), these
testers are mostly used only by professional technicians,
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An OTC 3181 battery tester is
mare hestvy-duty than an 070
3180, )f eetas 3 1.30-amp load fo
fest 2 hattery. The clamas work
&n1 bah standacd- and side-pest
bafiary termingls. Courlesy of
SFROTC

LAB SCOPES

Oscilloscopes are commonly used in laboratory settings,
but have also been used widely in the automotive industry
since the 19505, In the automotive repair industry, they
were almost exclusively used for diagnesing ignition system
problems until the late 1980s, At thar time, newer digital
lab scopes were introduced as tools thar could “see” various
inputs and outputs from electronic fuel injection systems.
Computer sensors, including MAPR barometric pressure
(BARQ), AC pickup coils, hall-effeet switches, optical
{I;str.i.hl.lturs, H.rl.d }!l{hF EJ.I. F[de “'EVEE]TIT“- A wa\'l:ﬁ:r:m
is a shape derived from displaying voltage-over-time for a
signal output. A lab scope can view and display sensor
wavelorms and, additionally, ean measure and record
waveforms from actuators, including those from  fuel
injectors, idle controllers, solenoids, and relays.

Wh]ﬂ, FOM ey “"ﬂ-l'ld:r.. Shﬂl,.lld VOu UsE a Iﬂb !EﬂF‘E‘ “"h.cl.'l
most (but not all) of the signals from the previously
mentioned sensors and components can be measured with
a multimeter? There are a few good reasons. For example,

a Ford MAP sensor produces a square wave that a
multimeter displays in hertz frequency. As a2 MAP sensors
signal changes, the number of herz increases or decreases;
however, if the sensor has an intermitent problem, a
multimeter will not be able to detect it. In some instances,
use of a lab scope is the only way to actually see the square
wave break down. This is most useful in those instances
when the quality of the signal is of greater importance than
the presence of the signal.

Another good example of a lab scope as the preferred rool
is when measuring fuel-injector pulses from the ECM. A
flashing noid light, test ligh, or logic probe connected 1o an
injector harness will only confirm a signal exists; but again,
the quality of the signal cannot be determined by these test
methods, By contrast, a lab scope not only verifies an injector
signal is present, but by analyzing the scope’s digital display,
you can determine if there is a problem wich the vehicle’s fuel
injection computer. A lab scope can even detect a bad fuel
pump motor or cooling fan motor before they quit working,
By observing the waveform either motor produces, a bad



A Fluke 88 Scope Meter can record and play back bodh anaiog and aigita/
elecironic fusl-ffachion signals. If can Al measre seconddy igniion volfage
and display spark plug firlng pattems. Counesy of Fuke Corporation

motor brush or armarure winding can be diagnosed.

About 70 percent of the time, the use of a logic probe
or multimeter is good enough to determine if a computer
sensor or other electronic component is working. It’s the
exceptions thar really cause diagnostic headaches. Most
home mechanics won't have the need, or can jusiify the
expense, of owning a lab scope. Professional rechnicians
work on a wider variety of vehicles with more computer-
related issues; a lab scope can save them hours of time when
trying to solve stubborn elecrrical problems. The price of
digital lab scopes has come down in recent years, but they're
still expensive—ranging from $800 o well over 53,000,
Search the Internet under “automotive lab scope™ and you'll
get an idea of what's available.

There is a new, interesting alternative to a digiral lab

The abifity to play back this racording of @ fal-affect switch & somaelimes the
paly way I "see” an slactrical piich that couky cause an igniian mafine.
Courtesy of Fluke Corporation

scope if you already own a personal compurer (PC), laprop,
or personal digital assistant (PDA)—a scope interface (a
box with leads coming out of it and a universal serial bus,
or USB, port). It plugs into a I'"C or PDA and its included
ﬁﬂﬁ'“'.ﬂm ]m [I'It USEer 'i"i.l:"l'n'. II:I:'DI'CL HIIEI. S000C waw:ﬁ:lrm:.
OTC makes a Palm Scope interface (part number 3961} for
use with a Handspring Visor PDA. Other software and
interface devices rﬂ:icﬂ]]}r run about $300 and can be found
on the Internet.

Aﬂﬂ[htr a[lcrﬂﬂ[i'l."l:' 15 LD LiSC an i.'l'lﬂ.l.DE IJI} SCOpE. U!'I.FCI]."
tunately, these twols are nor designed for automotive use
and do have limitations. Analog scopes operate in real time
so they cannot record waveforms, consequently making it
difficult 1o find intermitent electrical glicches. Analog
scopes can be purchased new for as little as $350, and even
less, if used.

SOLDERING TOOLS
Having the right tools to repair clectrical problems is as
important as having the right electronic testing tools ro find
problems in the fiest place. Basic soldering tools are essential
tor repainng and splicing wires, adding connecrors, and
overall general electrical repair. The elecrric soldering gun
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Angiog scopes are ngd desioned for sulomotive (Se and have Amitsbons. They can only aporate i read fime and can't record wavelorms, They can be purciiased mew
for as itie a5 $350.

Wesdiar's Haawy-Dufy Soldening
dron K (rearT b SPGEOL
procuces 80 wals of power and
Comies Wil o MaE A salely
incicator Bgfl lets o hnow [he
irpt i3 an. Courtesy of Wellar
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Wiallar's Porfasnl—a completely porfable, briane-powered soidenng irpn. This fool I8 comveniamt amd invaiuehle whan working on traler wanng, under the dash, &f the
racetrack, or on those dreaded roadside repairs, Heat s adustable and ignition i via 3 pleroslecinic system—just fick the ON switch. The fool can be charped with
Bufana pxing the same canisfers that Y ciganetts fghlers. One it up lasts several hours—mame fhan enough Sime o solder anfine winng harmesses. Courtesy of Weller

has been around for vears—owning a quality one will make
all elecrrical work go smoothly, Weller, a division of Cooper
Tools, has manufacrured a vanety of mH:ring tools for
many years and is considered the standard in both
autemaotive and electronics industries.

The Weller 8200PK multipurpose soldering gun ki
features a dual heat range (100/140 watts) element. By
pulling the wigger 1o the first position, 100 watts of power
and hear are produced at the gun tip. This setting works well
tor smaller wires (up to 14 gauge). When working with larger
wires (10 and 12 gauge), the second rrigger position is

capnh|¢ of Fmdu:ing 140 wares, This range works best for
most autometive electrical work. IF you need 10 work with
heavier wire or terminals, Weller D550PK develops 2000260
watts of power. Both models have buile-in lights—great
when working in dark spaces under a dash or hood. However,
since maost available spaces on a vehicle are not large enough
to accommodate a soldering gun, a pencil size soldering iron
is also available to get into those cramped quarters much
easier. In addition to standard electric soldering guns, Weller
also makes butane-powered soldering irons for the ultimare
in portabilicy.

S700.1 DNLLSAL JINOHLDTT
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TON I

SEC
ELECTRICAL SYSTEMS

CHAPTER 4

STORAGE BATTERY

iJ!LE ITHOSE FH:EPJ.‘E, you pmbabl}' d.D.l'I't E-FH."J.'IE! a ]ﬂ-‘t ufﬁm.t:

WOrTying about the battery in your vehicle, uniil the
engine won't start; then the batery gets 100 percent of your
attention. Fortunately, an engine can usually be jump-
started by another vehicle, but the bigger problem is
‘ll'l'lttl'.ltf ]Il' “".i” start ]E-llln onoe }-'nu'\-t I'ﬂ.l.']'lrd your d.f-Fti-
nation, Charging the batwtery may be only a temporary fix.
In addition to not starting an engine, a weak or old bawery
can also cause drivability issues with EF1 vehicles, as well as
problems with the charging system. In fact, Chapter 5,
Charging and Swarting Systems, stresses that the battery
should always be fully charged and tested before diagnosing
Pﬂll:l'ltiilj d'l:ll'gllﬂs-fdﬂ.“:d FII.'CIIJ]I.']'I'IJ i].'l. a \"I.'hiEIE.. UI'.II:I:I.'I-
standing how a battery works and how o test it will help
when you awempt 1o solve electrical-related issues in your
car or truck.

This Opitima Rad Top battery has Q00 ooud crankng amas (CRA) and 110
iinutes of resenee capacily, The hattery is leak-proof and can ba mounted
atpwhere inside & vaficle and in aimast any positon. Courtesy of Optima
BaBerias and Summil Racing Equipment

Batteries have three basic functions: (1) o provide
electrical power to start the engine, (2] to supply additional
current when the charging svstem can't keep up with
electrical demand, and (3) to act as a volage stabilizer for
the vehicle’s charging system,

A battery’s primary job is to start the engine, and in this
case, 5;1: d[lﬁ martter. Erlgi.l'lr: 'il.i.‘w-i'lll..h EMENT 1§ TI'I'E kl'."\ 1-.H.|.1 L
in determining amperage requirements, which varies
according to the type of engine installed for engine starting
and related battery capacity: four-cylinder engines use
berween 50 and 150 amps, sis-cylinders and small V-85
need between 75 and 175 amps, while large V-8 engines can
use as much as 275 amps for starter cranking. A battery's
cold-cranking amperage rating is direatly proportional o
the vehicle’s engine size since every engine requires a
minimum level of amperage to start, which must be mer or
exceeded by the batterys capacity. Bauteries with less
capacity are capable of starting a large displacement engine,
but not reliably, especially in colder climares, How banenies
are rated is covered later in this chaprer. Other factors
contributing to starter current demand (and related batrery
size) include: engine/starter cranking ratio, invernal starter
gear reduction, oil viscosity, ambient temperature, and
overall starter circuit resistance,

A bauery’s second job is o supply current when a
charging system is overworked. This usually eceurs (though
not always) when the engine is idle. If a vehicle's electrical
system is creating a high demand (headlighes on, hearer
blowers on high, windshicld wipers operating). and engine
speed is too low for the alternaror/generator 1o supply
enough current, the barery will make up the difference.
This can also occur whenever afrermarker elecerical acces-
sories have been imstalled, since high-wartage sound
systems, driving lights, camper or trailer hookups, or other
accessories can all exceed the charging system’s current-
Frud.ucin.g Elpirjt}". I"cl:'l.ll'll'_l:l. t!'l.lE J]tl.']'l'l.L[l'-r-IRCJ'I‘L'I.'.J[I” ii at
maximum capacity, the barery supplies any additional
current [E’EII]][CI.L El.lt DI'II}" rﬂf of :'-i'H'-r[ trmel |ft|1|.' 'EI'I]TE_ILI'IE

—




LEAD

PIOXIDE

SINGLE CELL BATTERY

SPONGE
LEAD

SULFURIC ACID + WATER =
ELECTROLYTE

Fig 4-1, Thiz single ceff hatfery hag one positive and ong negative plate. The plafes swim iv an elactrofe selution of suiftms sod ang distilag water

system is already unable 10 keep up with the vehicle's
electrical loads, it can't also supply battery charging current
for long.

The last function of a battery is to act as a voluage stabi-
lizer for the charging system. The alternator needs
something 1o “push” against 1o keep from producing
l'_'[EﬁEi'FC Wlt:l.g:. AE ] ]'ﬂ'l.'lit.. | h-lttﬂl'ﬂl" !hl;l-'l..l.ld NEYer b’:
disconnected on a vehicle equipped with an alternator
since the charging output voltage can increase 1o over 20
volts—enough electrical pressure to take out many (if not
all) solid state components like ignition modules,
computers, and stereos.

In addition ro acring as a volrage stabilizer, 3 batery
provides various electrical system protections. High voltage
spikes may be produced when tirning on or off certain
electrical circuirs; these fluctuations in volage are pantially
absorbed by the battery, thus protecting solid stare compo-
nents from damage.

CHEMICAL REACTIONS
A battery is basically nothing more than a simple chemistry
set that stores elecirical energy. It’s important to understand
a battery does not store electricity; rather, it stores chemical
energy necessary to produce electricity. When a barery
produces current (1o start an engine, for instance), it converts
its chemical energy into electricity by a simple change in the
form of energy stored. While the process may seem myste-
rious {since it occurs inside a battery), the following expla-
nation should help take the mystery out of it.

Batteries are made up of a series of separate compart-
mecnits Eﬂ]'.l.!il[i.llg ui-p:urs l:li- l'l:Eﬂ[;"."C :Iﬂd. F'CIG i.l.']l.‘f"E Iﬂd Flﬂ.tﬂ
called cells. Each cell has rwo sets of lead plates—one made
fl:um IE-JI! IIJIIJI.i.EIE "ﬁ-'itil 4 Pﬂ!ili"l: LI'II.[H"E i.l.'l."il lh'.'. 'Llll'l.:l rI'I.HTI
ITI'Eti.”i.'I: SI'.I‘CI-TLEC lfi.d. “"it!'l. i FIEEP.IZ;TH.' Eh][!;:.. ‘rl'll:' E!I.:tﬂ are
stacked aliernately (negative, positive) and immersed in an
electrolytic solution of sulfuric acid and distilled warer. The
active material (lead dioxide in the positive plate and
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- STORAGE BATTERY

SIX CELL
12 VOLT BATTERY

POSITIVE
GRID

NEGATIVE
GRID

EACH CELL HAS 2.1 VOLTS

Fig 4-2. Six cefts, producing 2 1 volls each, are connected in series [0 creale 8 12-v0if bafery. Sir-voff Bafienes hove oaly thee celis

merallic sponge lead in the negative pl:ltl:] prnducﬂ
electricity when immersed in electrolytic solution.

Each cell in a battery produces 2.1 vols DC, and a 6-
"u"DIF hﬂ.l’tf‘]}' hﬂ."i. tl'l.l."lﬂ.' ’:I:‘“E- Th: m"l:r:l.“ 5‘1[{5‘.‘: aAred Df ﬂ'l.f
lead plates in the cells is supported by a cast lead framework
called a grid, which not only holds the plates rogether, bur
also facilitates the flow of electrons between negative and
positive plates during charging and discharging, The
amount of electrical energy a bamery is capable of
Prﬂduﬂ“g i."i d.ﬂpl:nd.:nt l.].Pﬂﬂ :]'I.IE lul'F:EE 4Ica ﬂ':-thf Plﬂtﬂ
in the cells. However, while size does matter to some extent,
pla.u: Llcﬁign and specific chemistry are more determinative
of the amount of electrical energy a bartery can produce.
This is why a physically small bartery can have an amperage
rating higher than that of a battery of larger dimensions.

DISCHARGING

One of two chemical processes Is always DECUTINE inside
a battery at any pgiven time—either charging or

'El.i_'l-d'l.ﬂlgiﬂ.g. T‘I’Il_‘ cJﬂ:rm[}'t: .'|¢'IILI.I.H:II'I. cunt:.'ms l.'I'I.il.lg'L“'lJ.
ALIMIC ‘Fl:ll'[il'.;]ﬂ called ions, which are made up of sulfare
and hydrogen. The sulfate ions arc negatively charged,
while the hydrogen ions have a positive charge, When you
place a load across a battery (starter motor, headlight, or
horn) the sulfate ions ravel to the negarive plares and give
up their negative charge, causing the battery to discharge.
This excess electron flow out of the negative side of the
bartery, through the electrical device, and back 1o the
pmjtiw: side of the h:tt:r:,' is what creates DC current.
Onece the electrons arrive back at the positive battery
ll.'l'mil!ﬂ].. ||'I:]." tm"f:l l'.l:“JI J.!“[! thC u{'”‘-. .II'HI r|:.||:I.|4.|| 44 ] [l:l:'
positive p!:m.m This process of continuous discharpe
continues until the bawery is dead and there is no chemical
energy lett. This How of electrons from negative 1o positive
battery posts contradicts popular nations abour elecericity
moving from the positive post of a battery through an
clectrical device and back to the negatve post (conven-
tional electron theory—see Chaprer 1),




DISCHARGING

CHARGING

Fig 4-3. The batiery on ihe ieff i discharging as iz posttive ions fravel from [he positive plate o ihe negative piale. The process is reversed (on ihe righll when the

battery 3 being charged|

When a battery discharges, the ratio of sulfuric acid to0
water in the electrolytic solution changes to mostly warer.
At the same time, bamery acid produces a chemical
byproduct called lead sulfate thar coats the plates, therchby
rrducing the surface area over which chemical reactions can
occur. As the surface area of the battery plate shrinks,
current-producing capacity lessens as well. This is why a
bawery goes dead after a load device is left on for prolonged
periods of time.

Speaking of discharging, a common misconceprion
about battery storage is that if it is left on a concrete floor,
it will evenrually discharge. This was wrue when batery
cases were made of hard rubber (abour 35 years ago); the
moisture from concrete caused the battery to discharge
through the case. However, modern bartery cases are made
of acrylonirrile-butadiene-styrene (ABS) plastic, which can
be stored on concrete indefinitely without any concern for
discharge potential.

ELECTROLYTE SOLUTION

As previously mentioned, a battery’s negative and positive
plates swim in an electrolytic solution of sulfuric acid and
water, an ingredient necessary for electrochemical processes
to occur inside a battery. Whenever the ratio of sulfuric acid
to water is measured, the resulting value is expressed as
specific gravity (5G). The specific gravity for pure water is
1.000, while sulfuric acid has a specific gravity of 1.835.
Combined, their specific graviry is 1.265 (indicating a fully
charged bamery ar 80 degrees Fahrenheit). However, as a
batery discharges, the ratio of acid o water changes; there
is less sulfuric acid and more water, so the specific gravity
of the electrolyte solution lowers. The process is reversed
when the bawtery is charged. The specific gravity gets higher
as the ratio of acid to water changes back ro mostly acid.

Temperature also has an effect on a bawery’s ability 10
produce current—the lower the temperature, the lower the
specific gravity, and the lower the current-producing
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This batfary changing pude uses

# baltery's resevve capacily io

defprmime how kg 8 fdly

dscharged baffery shoukd be

charged. Both high and low Rated Battery Reserve
charge rafes are ksted, Courtesy (in minutes)

of Battery Council Intsmnationsl B0 minutes or less

B0 to 125 minutes
125 o 170 minutes
170 to 250 minures

Gireater than 250 minutes

potential, There are specialty batteries that use different
specific gravity specifications based upon the range of
temperatures in which the batery is designed o operate.
Batteries used in tropical climates (where ambient temper-
atures never freeze water) have lower specific gravity values,
usually of 1.210. Batteries used in extremely cold climates
(L higl‘lrr specific gravity values of up to 1304, Hig_l'n:r
specific gravity values are ypically not found in barteries
intended for use in North America or most of Europe
because battery life is significanty decreased by a higher
specific gravity rating. A bawery with a specific gravity of
1.265% rypically will not freeze within the continental
United States because the clectrolyie solution can be
subjected 10 =75 degrees Fahrenheir before it will solidify.
However, barteries should always be kept charged in cold
climates w0 prevent damage. As a bacery becomes
discharged, its specific gravity is lowered, and so is the
freczing point of its dectrolytic solution is raised. A dead
bartery with an specific gravity of 1.155 has a freezing point
of about 5 degrees Fahrenheit, at which point it could freeze
solid and damage the bartery.

CHARGING
Charging a battery reverses the chemical reactions thar
occurred  during  discharge. Basically, the sulfate and
hydrogen ions switch places. The electrical energy used ro
charge a battery is converted back into chemical energy and
stored inside the battery. Battery chargers, including alter-
nators and generators, produce a higher voleage (higher
electrical pressure) than the open circuit volage of the
battery they are charging. This electrical pressure is required
to push the current back into the batery {overcoming its

Battery Charging Guide

Charge rates and times are for fully discharged conditions

Slow Charge Fast Charge
15 hours @ 3 amps 2.5 hours @ 20 amps
1.5 hours & 30 amps
21 hours @ 4 amps 3.75 hours & 20 amps
1.5 hours @ 50 amps
22 hours @ 5 amps 5 hours @ 20 amps
2 hours @ 50 amps
23 hours @ 6 amps 7.5 hours @ 20 amps
3 hours @ 50 amps
24 hours @ 10 amps 6 hours @ 40 amps
4 hours @ 60 amps '

open circuit voltage) in order to charge it. The charging
deviee {alternator, generator, or barttery charger) produces
excess electrons at the negative battery plates, where positive
hydrogen ions are then attracted to them. The hydrogen
ions combine ro form sulfuric acid and lead, which
ultimately reduces the amount of water in the electrolytic
solution and increases the bartery's specific graviry,

Applying a charging current o a batery without
overheating it is called the natural absorption rate. When
charging amperage exceeds the level of the narural
absorption rate, the battery may overhear, causing the
elecrrolyre solution to bubble and create flammable
hydrogen gas. When combined with oxygen from the air,
hydrogen gas is extremely explosive and can easily be
ignited by a spark. Therefore, you must always remember
to turn the power off before connecting or disconnecting a
battery charger in order to prevent a spark ar the battery
terminals! Some newer battery chargers have a no-spark
feature, even when disconnected under power. A barery
that has been rapidly discharging (due to cranking an
engine over until the barrery died) may also produce
excessive hydrogen gas.

J‘L:P:.rl\:mn abso resule when connecting, ju mper cables to a
dead bartery, which can also cause an explosion. Figure d-4 illus-
trates the correct method for connecting jumper cables 1o adead
battery when attempting to jump-start your vehicle with
another vehicle, Always follow these four sieps when jump-
starting a vehicle: (1) connect the red jumper cable o the dead
battery's positive ierminal, (2) attach the other end of this same
cable to the charged battery’s positive terminal, (3) connece the
black cble to the Enud batterys negative terminal, and (4)
connect the other end of the negative black jumper cable 1o the




dead vehidle’s engine block or frame. The last connection is the
one that sparks, This method will keep all porennial sparks away
from both batteres.

Automotive batteries can be charged at a high rate (over
60 amps) as long as the bawery case temperature does not
exceed 125 degrees Fahrenheit. To determine if this temper-
ature is being exceeded, place your hand against the barery
Case; Ef}-ﬂu can't leave it there for more than a few seconds,
the temperature is too high and the charging rate should be
lowered. Also, if the battery’s cells are producing excessive
gas (evidenced by vigorous bubbling of the electrolyte
solution}, the charging rate should be reduced. For these
reasons, high-rate or boost-fast battery chargers should not
be left unartended for long periods of time. Automaric,
smart bartery chargers are able to sense batery voltage and
shut themselves oft when the bawery reaches full charge.
Many of these smart chargers also change o trickle charge
maode in order to maintain a battery’s state-of-charge over
long periods of time. A dedicated trickle charger will not
charge a dead auromotive battery since most of these
chargers only have a charging rate of 1 amp; however, they
are ideal for use on batteries stored duning winter or used
in boats, lawn equipment, and motorcycles.

BATTERY RATINGS

Since a battery’s basic job is to power the starter motor while
maintaining sufficient volrage ro also run the ignition and

TO STARTER

GOOD

fuel systems, it is rated in cold cranking amps (CCA). CCA
represents the discharge load in amps that a new, fully
charged battery at 0 degrees Fahrenheit can continuously
deliver for 30 seconds while maintaining 7.2 volts. CCA
barcery ratings for cars and light trucks are generally in the
range of 300 to 800. More expensive batteries have greater
CCA capacity; some are as high as 1,000,

Another type of battery rating measures reserve capaciry
(RC)—a battery’s ability to power a minimum electrical
load if the wvehicles charging systems quit working,
Generally, this load is defined as enough current 1o operate
the vehicle with the headlights on low beam and che
windshield wipers fum:linning. RC is raved in the numbers
of minutes a fully charged battery can discharge 25 amps
and maintain 10,5 or greater voltage ar B0 degrees
Fahrenheit. Battery RCs range from 45 to over 250 minutes
and correspond with CCA ratings. The old adage, “you ger
what you pay for,” applies to the purchase of automotive
batteries, as higl'u:r CCA-rated batteries are warranted for
more years than those with less CCA and have grearer RC
as well. RC may also be used as a guide for charging rates
(see page 62).

TYPES OF BATTERIES
There are three types of batteries available for cars and lighe
trucks—conventional, absorbent glass mar (AGM]), and
Eﬂ]. B{"LTIJS'E a i:r.att::r_\-' oan Fﬂt:nl’iﬂ.lt}" I.fﬂ"ﬁ"l: you srr.'mﬂtd.
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This Moroso powar charger will chage 12- and 16-wor! bafteres & up fo 30
amps. [ can be set for AGM, comventional, and deep-cyole fypes of battenies.
The charger wilf aviomatically shuf down i connecied o a batlery hackward
Caurtesy of Moross and Summitt Racing

you should always buy only high-quality brands. Rebuilr or
bargain basement batteries may start your vehicle for a
while, but they are sure 1o leave you stranded sooner rather
than larer.

Conventional Batteries

Sometimes referred to as flooded barteries, these are the
miost basic dﬁiﬂll. Barreries made in earlier times used lead-
antimony as a material for the plares. Today, convenrional
batteries are made with lead calcium, adding much
improved self-discharge properties. When the barery
discharges and charges, some of the water in the clectrolyte
solution evaporates, causing the level of cells ro become low.
l-[JI'I‘I:'i.l: ll.!'[":l'il'_"i hJ\'C ﬁ]lfl.' CAps o0 tDFI.. :IHII]'“']]'IE you [{4]
check each cell's electrolyte level. The individual cells
pericdically need to be wopped off with distilled warer due
o inevitable warer loss during the charging/discharging
process. When charging a conventional barery, always
remove the caps to let the hydrogen gas escape.

Absorbent Glass Mat (AGM) Batteries

Unlike conventional batteries, AGM bareries are designed
sa there is no free, unabsorbed elecrrolyte solution o spill
ar E\'E.'FIDIELE,. nar Ilﬂ I'J.'IE:F !'I.'L'l'."l] o havc' water :Id.l.[ﬂ.l.
Hence, these batteries are commonly described as
maintenance-free. The clectrolytic soup is fully absorbed
and permanently held in capillary arraction by either
glass-fiber or wool-mart scparators between the lead plates
or grids. This design gives antivibrational support to the
battery plates, keeping them from short circuiting between
negative and positive grids. In addition, AGM barteries can

Thi LA ratig ont [ws Toyola battery &5 Bsted o5 582, Resarr cagacty & 125
minttes. This battery &5 avaguale for 8 smak, foor-cyfinder enging
Courtesy of Younger Toyata

be physically smaller, yer provide the same or more
cranking power than conventional designes.

Gel Batteries

Gel batteries contain electrolyte solution in gel form but
have conventional construction, with paper or polyechylene
insulators separating the plates. The electrolytic solution is
a mixrure of sulfunic acid, water, and silica and the resulr
is a roothpaste-like comnsistency.  Liniil
electrolyte construction was limited o whar was known as
deep-cycle bartteries. Deep-cycle barreries can be used uniil
dead and rcn:!urgtd with little loss in overall capacity.
Conventional and AGM barreries have shorrer life spans if
allowed to completely discharge. Gel batteries are primanly
used in mobility equipment (wheelchairs), golt carts, recre-
ational vehicles (RVs), marine applications, and automotive
racing. The bottom line on gel batteries is thar they have
higher internal electrical resistance than AGM barteries and
don’t offer as high a rate of performance. In other words,
what works well on your golf eart or race car wonT neces
sarily start a medium- to large-displacement engine in your

reCeniy; '|:|,'| -

vehicle over the !urtg haul, -:aru-.:ully' in cold wearher.

BATTERY TESTING—STATE OF CHARGE
There are several methods available for resting a barteny,
ranging from expensive, professional-grade rest equipment
to a multimeter and the engine’s starter motor. All of the
tests, with one exception, require the batery to be fully
charged. IF the battery is a2 conventional type, the filler caps
can be removed and a hydrometer est can be used 10
determine state-of-charpe by measuring specifie gravity.



Some auto parts stores still carry hydrometers, bur since
they are gradually being phased our, they can be hard to
find. Mast batteries used today are maintenance-free types,
which have no filler caps for hydmrnrn:r vesting, However,
instead of measuring specific gravity, an open circuit volrage
test can determine state-of-charge on both convenrional
and maintenance-lree barteries,

A bamtery has vo “rest” for ar least 10 minutes with no
load before performing an open circuit voltage test. Make
sure all elecirical loads are wmed off before testing.
Connect a digital multimerer directly 1o the barery and
measure voltage. (See the charr on page 66 10 determine
state of charge.) If the state of charge is less than 75 percent,
the battery must be chargcd before further testing, After
charging, if voltage does not increase to 12.6 or higher, you
need o rrpl:lr.:: the bartery. If the stare of charge is more
than 75 percent, the surface charge must be removed before

-

further testing. (All of the stared bawery-testing voliage
values are for 12-vole batteries; when resting 6G-vole
I:Ia.ll.:li:i. di'l':il.{l: 'I"ﬂ]t]gf spt:iﬁc.llium in hall!-.'b

DYNAMIC BATTERY TESTING
If the state of charge is more than 75 percent, operating the
starter motor will remove the surface charge. Disable the
ignition and fuel injection systems (if equipped); this can
be done on late model vehicles by finding the ignition or
EFI fuses and removing them. On carbureted vehicles,
disconnect the coil wire ar the distriburor cap, and ground
the coil wire by using a jumper wire, Don't just unplug the
coil wire and let it dangle on an clectronic ignition system;
the ignition miadule can et fried if the sp-ark has no Emund.
return. Crank the engine for 15 seconds, and then let the
bawery rest for 15 seconds. This will remove the surface
charge. With a volimeter connected to the battery, crank

E el
o

e

Ly

Affer cranking the engloe for 10 seconds and with the starfer SOl cranking. this batlery & showing 10,45 voits, which indicales Ihal if i i good condifion,
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MesEsariviy open circiad witage is
an accurate method for deler- Open Circuit Voltage and 5State of Charge

mining a batiery’s sixin of

orarge Miake sure afl elacincal Etﬂiﬂ nl mﬂ muu Illm mnu tﬁ.l

loads are off when perianming

1009 12,65 + 6.32
75% 12,45 6.21
0% 12.24 612
25% 1206 6.02
Discharged 11.89 5.93

ihe fest Courtesy of Betiary
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Harwd-held balfery tesiers are aasy fools [0 wse io parform 3 barery load On the faff is OTCs Shnger bafery tesier fparf namber J180) capahls of creating 2
100-amp foad. The heawier-uly tester (pari momber 3181} on the nght will load test at' 130 amps wilh clamps that work on bolfy fop- and side-post baftery fypes
Lourtesy of SFUOTE Semice Solulions
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the engine for an additional 15
seconds. Warch  the  volometer
fﬂl.l'j.l‘ﬂ.g j‘LISt !:H.'fl:l“: you “‘DP
cmnlcing lh: stamer: a Eﬂ'ﬂll:l
bartery should have a minimum
loaded voltage ot 9.6 volts ac 70
degrees Fahrenheir. If the testing is
done in a cold climate (an ambient
temperarure of abour 40 degrees
Fahrenheit),  the
voltage should read 9.3 volis. If
the loaded voltage is less than

minimum, the bartery is weak or

(Wi I RRRARFLRNNY |

BATTERY CAPACITY
IN COLD CRANKING AMPS(CCA)

rired and on its way 1o becoming
a starting problem. If the bareery is
bad, loaded voltage will drop way
off (less than 7 volis) in the first
few seconds of engine cranking.

HAND-HELD BATTERY
TESTERS
H:.l'ld.'hl:tl:l I]ﬂl.'[fr}r TCSICrS  ane
becoming more widely available
and can now be found in most
auta  parts stores. An OTC
bawery tester  (part
number 3180) is an example of a
quality hand-held tester. Instead
of using the starter motor, a
hand-held rester is used 10 load
the bawery. After connecting the
tester to the barery terminals, a
spring-loaded switch on the vester
I:liE;gl::r! an 'll.'lt:maj R]:}r.. II.]'I.‘E
relay conmects the heavy rester cables 1o the bamery and
places a 100-amp load across the rerminals. The tester

meter gives a reading of the bawery condition.

When using a Stinger battery tester, connect the red and
black cable clamps 1o the positive and negative barrery
termimals, The tester's meter will indicare state of charge
(see page 66). The bartery'’s CCA can usually be determined
by reading the information label on the bartery. If the rating
is not printed on the batery, use the following as a guide
to estimate CCA: small four-cylinder engine—300 CCA;
medium V-6—400 CCA: and large V-8—600 CCA. While
warching the meter, depress the load switch on the tester
for 10 seconds. Ar the end of 10 scconds, read the meter
with the switch still -Ell:l']]‘:!!’itd. Use the scale mrrl:jpunding
with the CCA of the batery being tested. If the needle is

Stingcr

102 104 106 108 110 112 114
37 91 102 106
TEST a

N e reeie il
ST O g S T e

11 82 81

| -

Depending on CCA, lnaded voltage in ihe range of 8.4 o 10.2 indicales a good 12-valt batlery The OTC Stinger
battery tester can aiso 183t 5-voll batisries using @ diferens scale on e meter’s face.
Courtesy of SPIOTC Service Solufions

in the green area, the bamery is good. A steady needle
reading in the yellow area means the battery may need to
be charged or it could cause starting problems in the furure,
especially in cold weather. If the needle moves noticeably
down the scale, the battery is bad and needs to be replaced.
To compensate for resting in cold ambient emperatures,
I'J'II: C[:.;’L Smll.'. EDI'I!I.IJtEd. !i'I.DLde b‘!.' II]WEE FEJ-T EI'..J.I.'I'IFJ.T.', at
50 degrees Fahrenheit, the CCA scale used should be 100
CCA less than the bawery’s rating,

The previous battery testing methods required a fully
charged battery before testing. However, a professional-
grade bartery tester is capable of testing a bartery even if it's
dead. These digital resters measure a banery’s internal
resistance regardless of state-of-charge. Internal resistance is
an indication of a battery’s ability o deliver current. The

AHILLVE JOVHOLS

67




STORAGE BATTERY

This cigital balfery tesier can
gvert test a dead battery. The
fester uses haffery capacitance
fo daterming if & balfery ks pood.
These urits are axpensve and
used mosdly by professional
lechwiciang,

more capacity a battery has to produce amperage, the lower
its internal resistance. A digital capacitance battery rester
uses single-load dynamic resistance technology to calculate
bartery performance. These resters use a modified DC load
test to apply a small, momentary load to the bartery while
measuring instantancous voltage drop across all cells. The
load is then removed and volrage across the cells is measured
again after a recovery period. These analog measurements
are converted into digital information; the tester calculates

the dynamic internal resistance in order to evaluate overall
condition. The entire process takes abour two seconds and
current drain on the batery is minimized, These testers
provide information on open circuit voltage, state of
charge, and battery health and condition. They can also rest
a partially charged or fully discharged battery whether on
or off the vehicle, The anly drawback is the price—rthese
[ESEErs are mot l:hl::a.pI Thus, the cost is usually only just-
fiable for professional rechnicians.



CHAPTER 5

CHARGING AND
STARTING SYSTEMS

CHARGING SYSTEMS

The previous chapter focused on automotive storage
batteries and battery chargers in general. In this chaprer, the
focus shifts 1 an onboard bawery charger, commonly known
as an alternator (or a DC generaror in older cars). The charging
system is the heart and soul of the automotive electrical system.
Without a reliable charging system, anything in a vehide
requiring electricity will not work for long.

In the early part of the 19005, before batteries were
installed in cars or motorcycles, only ignition systems
required electricity to operate. They used a magnito—a
operate only an ignition coil. Once elecric lights and
starters were introduced, so were storage batteries; however,
there had to be some way to keep them charged. DC gener-
ators were used o charge batteries until the carly 1960s
when Chrysler produced an AC generator (better known as
an alternator). By the mid-1960s, most generators had been
phased out of production. The last automobile manufac-
turer to use a generator was Vu]]mw.gcn in 1973,

Alternators represented new technology in the 1960s—
only pussib]c because of d.:w:'luping salid stare electronics
such as transistors and diodes. Since an alternator must
convert AC voliage output into DC volts, the diode proved
to be an economical means of execuring this process. Early
alternators used mechanical voltage regulators 1o conerol
outputs, bur these were soon replaced with solid-state
devices. In the early 19805, Chrysler incorporated a mhag:
regulator for the charging system into its onboard
computer. Charging system malfunctions were then
identified via onboard compurer self-diagnostics, which set
trouble codes to assist technicians. Today, most auromobile
manufacturers use an engine management COMpULEr (o
control, monitor, and di:snuﬂ.- the charging system,

The charging system has only two purposes: 1o charge
nents in the vehicle once the engine starts. The charging
system must have enough capacity to meet all the electrical
demands of the vehicle. Both DC generators and aleer-
nators are rated for the amount of current they can
produce. If a car’s total electrical power requirement is 35
amps (including charging the battery), the charging sysrem

This powder-coated Magnum affermaror is avalkabiz i an 0-amp, shgls-wie
version specifically designed for 18721579 GM vehicles; thare is a similar
&5-amp version for 1967-1985 Fornd vehiclog. This affermator axceeds oniginal
quipment manutacturet (OEM) spacificalions and comes in vanus colrs,
Courtesy of Magnum and Summi facing Equipment

must produce at least thar much current o keep the
battery from going dead. Manufacturers don’t want
charging systems operating at maximum power output for
long periods of time, so they install larger capacity alter-
nators or generators. For a wehicle with total clecerical
power requirement of 55 amps, an alternator capable of
producing 60 amps would be used. If 2 vehicle’s electrical
system requires more current than the charging system is
capable of producing, the storage battery will make up the
difference until it goes dead. Naturally, this process is accel-
erated if the charging system has a problem. Not anly will
clecrrical components steal power from the battery to keep
operating, butr a malfunctioning charging system won't
recharge the battery either.

DC GENERATORS
Generators produce electricity by means of a magnet and
coil of wire, All magnets have north and south poles, which
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DC generators are fmited i current-producing capactty because all smpemge must pass Hrough e genevaior brushes. Most ponerators @ only capabis of
oroducing abowd 25 o 40 amps—nol enough far mockanm vehickes. Courtesy of Auto Electric, inc.

create an invisible field around the magner. When a coil of
wire is rotated between two magnets. voltage is induced
into the wire; similarly, the magnets can be moved and the
coil of wire kept stationary with the same results. This
process of rotating either wire coils or magnets is called
magnetic induction. In a simple generator, the magnets are
inverted and separated by an air gap, so the north pole of
one faces the south pole of the other, The magnetic forces
from one magnet bridge the air gap and extend to the other
magnet. When a coil of wire is placed berween the two
stationary magnets and rotated, the magneric lines of force
are intermirtently cut. Fach time the magnetic lines of
force are intermapred, volage and current are induced into
the coil of wire. When the coil of wire is rorated 180
degrees, the lines of force are cut in the opposite direction,
causing induced voltage and current to reverse direction.
This back and forth reversal of current and volage is known
as alwernating current (AC). Both DC generators and AC
generators (alternators) produce AC voltage and current.
However, automotive electrical systems only use DC
output and velrage. AC ourpur from either a generator or

an alternator must be converted into DO, bur alternators
and generators accomplish the conversion of AC o DC in
different ways.

A DC generator produces clectrical eurrent when coils
of wire romaie past cleciromagnetic  s@atonary field
coils. Multiple coils of wire are wrapped around a laminated
iron core called an armarare, which rotates via a belt
powered by the engine’s crankshaft. The circular ends, or
loops, of each coil of wire are isolated and connected to
copper commutator bars located at the end of the armarure
and positioned in a circle around the armarure shaft, The
stationary field coils, which acr like magnets inside a
gcncr:l.tl:l:. arc .:H:l:u:l"}' 1.'|1.'{[rvi|n‘1.3:._',n|.'ﬂ mn L—h: fﬂ-rl‘l‘l D!: Cﬂili
of wire wrapped around iron-pole shoes artached o the
inside of the gencrator’s case. The field coils are energized
by the bartery when the ignition key is rurned on; once the
engine is running, the generator sclf-powers the field coils.
As the armature turns, AC volrage is produced and then
converted into DC voltage via two carbon-based generator
brushes that act like mechanical switches as they connect
with the rotating commurator bars. The generator brushes




are mounted 180 degrees apart, allowing contact with only
one armarture wire loop at a time. As each wire loop rotates
past the brushes, a small voltage passes into the brush and
then into the car’s electrical system. Because the commu-
tator bars rotate rapidly across the brushes, voltage ourpur
is constant. Since the commutaror bars have to carry the
generator’s output, the amount of current thar both 12- and
G-volt DC generators can produce is limited. Heavy-dury
generators can only produce abour 50 amps, while a rypical
DC generator produces berween 25 o 45 amps.

DC GENERATOR VOLTAGE REGULATORS
As a2 DC genecrator rotates, vulmg: output and current
increase. If left unchecked, it would do so until the
generator self-destructs. Consequently, DC generators are
equipped with an external mechanical veleage regulator that
controls both current and voltage. When outpur voltage
becomes oo high, the voltage regulator switches off the
field coils in the generator. Inside the voltage regularor is a
calibrated electromagner that moves a set of contact points
(similar ro those used in older ignition systems) open and
closed: these turn the field coils on and off ar a rate of abour
200 times per second. With no current going to the field
coils, no magnetic lines of force are cut inside the generator,
and it stops producing current. As voltage in the clectrical
system drops, the regulator switches the field coils back on.
By turning the ficld coils inside the generator on and off, a

AC CURRENT

\'ﬂ]t:gﬂ rcgula,tﬂr can sct '\"Dl.u.gﬂ ar 4 Consant rate, even
though the vehicle's electrical loads may vary.

If the battery is discharged or there are excessive
|:||:|:L|"l|:.'l]. I.I:l:ldﬁ F‘!J.L'Cd. an 'J.'l: Eh:.:sing Sysicm, Il'lt 'lrﬂlﬂagl:
regulator will keep the generator’s field coils energized all
the time in an effort 1o keep up with the loads. In addition
w comtrolling voltage, the voltage regulator limits the
amount of current the generator produces. The current
regulator circuit inside the voltage regulator works in a
manner similar to the voltage regulator—as amperage flow
increases from the generator, an electromagnetic coil pulls
open a second set of contact points and turns off che field
coils, limiting the generator current output.

A voleage regulator has an additional component known
as a cu-out relay, which prevents the bautery from
discharging back into the generator’s field coils when the
key is murned 10 OFF or the engine is idling. Withoue
the cut-out relay, the generator would always be on and the
barrery would go dead, even with the engine not running,
Older voltage regulators could be adjusted by bending the
metal tabs that held the springs for the contact points.
The rabs were eliminated and later replaced with nonad-
justable regulators, meaning that when the voltage was too
high or low, the only option was replacement. While
modern solid state electronic voltage regulators use diodes
and transistors instead of springs, coils, and contact points,
they are still also nonadjustable.

- 1 Fig 5-1. Bath ganeratars aog
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This dinde frip i wsed i an
afiermaioe fo reciy AC fnfo DG,
Because the tiodes get fof
clering operation, an extamal fn
i used fo create aidiow inside
e akernator Courtesy of Auto
Electnic, Ine.

ALTERNATORS
The development of a solid state device called a diode led
to the wide use of alternators in the early 1960s. A diode is
an electrical one-way valve that allows current to pass in one
direction, but not the other. The diodes inside an alternator
convert AC and voltage inte DC by means of a process
called rectification.

An alternator produces AC in the same manner as a DC
generator by the use of electromagnets and coils of wire.
However, a major difference berween DC generators and
altermators is the relative positions of the magnets and coils
of wire. An alternator has a rotating magnert and stationary
coils, while a DC generator uses rotating coils with
stationary magnets or ficld coils. Also, the rotor inside an
alrernator takes the place of an armature. The rotor consists
of an iron core mounted onto a shaft with a coil of wire
wrapped around it, with the coil enclosed berween two pole
pieces that are also made of iron. The two ends of the coil
connect EEPF:T EIiF J.-.I-.HE! A0 onc Cﬂd ﬂrﬂ'.l.l: rotor !I'.I.E.Ft..
These slip rings are in contact with two carbon brushes, one
of which is grounded while the other is connecred through the
alrernaror’s field rerminal o the w:rlt:Ec r:gul:mr. Unlike the
segmented commutator bars in a DO generator, slip rings on

This: Suiradl altermahor fraguces 140 amps A ey -ouly afsmal voltige
reguialor and ovevaired, Amencan-made beadings are phillzed to sccommaciels
e high curmant oufput. Courlesy of Summi Hacing Equipment

an alternator are continuous. The amount of current passing
through the ship nngs is far lower than that which passes
through the brushes in a DC generaor. Unlike generator
brushes, alternavor brushes usually List the life of the alternator;
in fact, other internal components—Ilike bearings and
diodes—rypically fail before the brushes or slip rings.

An alternator uses three coils of wire thar are incorpo-
rated into the windings on a stator. The stator coils are fitted
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i 5-2. The graph at the fop repressnts the voltage ouiput from the three stator cods. Valtage for each coil (2 phase) alternates between positive and nagative. The
dpwer diagram shows the effiact of the presance of negative vollage biacking diodes in he stalor chcul, Oy the negative part of the stalor coffs vollage ovlpul is
biocked and the resulling voltage is changed infa DT voltage.
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Fig 5-4, This carly aternator uses @ mechanical voitage reguiator fo comtrol the rolfor codl. By turning the coil on and off, the alternator's voltage and current oulpul

are reguiated at a pre-sel hevel

inside the alternator and surround the rotor. As the rotwr
turns, its magneric field induces voltage into the staror coils.
Three coils make up the staror, each producing its own
voltage. The stator outpur is AC voltage that swings up and
down berween negartive and positive in repeating cycles,

Diiodes are solid state devices containing no moving
parts. They are used 1o block negative voltage produced in
the stator coils. One end of each stator coil is connected to
bﬂth a Pﬂiitiw ﬂ.l.'ld a ﬂ:F.tlan d.i.ﬂ:l: :l.l'.ld [l.'l: HFFJIitE ‘El'.ld.i
of the coils are connected together 1w form a Y
arrangement. Mot all alternators are designed this way, but
most are. No marter the design, though, they all function
in the same manner by using a diode’s one-way current-
flow attributes to block the negarive volrage ourput from
cach coil so only positive voltage reaches the vehicle’s
Elﬂctrl‘ﬂ] l}Tttm-

Alternators have a three-phase output because three coils
are used in the stator. These three phases overlip each other,
producing (more or less) even DC current and voltage output.
This process is also known as AC volwage reciification.

Six diodes are used in an aliernator—wo for each
output phase, or stator coil. Each diode is mounred ar the
slip ring end of the alternator housing. The three negarive
diodes are artached 1o the alwernator’s frame while the
positive diodes are mounted in a heat sink and insulared
from ground. Because diodes get hot, an external fan is used
1o cool things off by creating airflow inside the alternator.
{Some alternators use internal fans as well.)

MECHANICAL VOLTAGE REGULATORS
FOR ALTERNATORS
Just like I} generarors, alternators need voltage regulators
to contrel voltage and current output. Early alternators
used external, mechanical voltage regularors to accomplish
this, In order for a volage regulator o control an aler-
nator’s output, it must add resistance berween the bartery
and rotor circuit. As the regulator increases resistance 1o
d“.' .l'ﬂtﬂl'15 Cil.'ﬂlitq it!- m:lgnl:tic ﬁ:ld ]IS fﬂd“ﬂd. Asa rﬁult.
less voltage is induced into the stator coils, and by limiting
the voltage reaching the stator windings, current is
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Bacause it as no moving paris, this sold-siate voitage requiaior is capable of
Switehing on ang anf abaut 7,000 times per secand, (i machaneal witage
regulafors wene onfy able i do s for about 200 fmes per second and
TEqUINed peniocic adusiments and sveniraly wove oot Courtasy of CARDUEST
Aurto: Parts

controlled. Figure 5-4 displays how a vibrating conract-
point regulator controls an alternator’s field coil strength.

1"1. "i"Dl.l;ﬂ.gc It'Fl,ll:itﬂf cont mls I:I'Iﬂ AITHFLIME DF ELI.'I'IE 4mn ﬂ]t:r-
nators rotor winding is powered by full bamery voluage.
When the ignition swich is ON, the rotor is directdy
connected to the vehicle's bartery through a stationary upper
contact poing (see Figure 3-4, page 73). As alternator volrage
output increases, the windings inside the voltage regulator
produce a magnetic field. At a pre-set voliage level, the
regulator pulls a moveable contact down unul it ouches a
lower stationary point. This grounds the rotor coil through
the field wirc and shuis off power 1o the rotor. With no
power, the rotor’s magnetic field also shurs off and alternaror
output is interrupted or reduced until system volage drops
ﬂ.l.'H:I Tj'.lf r@.ll:lmr wind.i:ng rdt:l:-r_'i d': mmﬁH: contact.
Then, the moveable contact point is sprung toward the upper
contact, where it receives battery voltage to power the alter-
nators motor coil. The contact points inside the regulator
"f'.hhlﬂ“: o ﬂﬂ.'.lt |J-|:!_1'|.'|;:rn apen J.I'I.d -lﬂm::d at a rate H’FJFFI’DI"
imarely 200 times per second, resulting in steady volage and
current regulation. Figure 5-4 shows a simple regulator
through which field current comes directly from the ignition

Systerns incorpovating mitemators equipped wifh inome’ vollage reguisiors
8 Sometimes fefermed 10 &5 infegral changing systens, The afermator and
voffage regulator ool &5 a combined singhe wnif, bl can offentines be

serviced sapararely

switch. Other regularor designs use o ficld relay to connect
the rotor to the battery, When this type of alternator starts to
furm, a Emﬂll. '\-'Dit:lgt ]IS- iJ'hl:lun:d mnto !l'l.l'.' Srator wi.nd.i.ngs,
which then close the field relay contact points. The field relay
pru‘l'idrj FJ“’ET“:I t]'l.l: rotor EI:I'L_LIi.l. !]]I[i] [III: :"Ei.l.'l: i.E-.\hllt Uﬁ
and the alternator stops turning. With no current coming
from the alternator, the field relay opens, thereby breaking
contact berween the bartery and rotor windings.

Voltage regulators used in alternators do not require cut-
out relays like those found on DC generators because the
diodes inside the alternators serve this function by only
allowing current to flow in one dircction—from alvernator
to battery. Some alternators come cquipped with a diode
trio instead, which serves the same funciion.

TRANSISTORIZED ELECTRONIC
VOLTAGE REGULATORS
A wansistorized  electronic voltage  regulator  basically
performs all the same functions as 2 mechanical regulator
except thar a ransistor takes the place of coils of wire and
moveable contact points. Nearly all exeernal electronic
regulators control an alternator’s field current by switching




An internal voltage reguiator (upper rghl) i on this GM allermator Diodes anp
located on e kel sip ring brushes are al e boffoar.

ALTERNATOR

POWER
MODULE

‘1

@ @ —I.___ LOGIC
I BATTERY MODULE

Fig 5-5. Chrysior's gany, computer-controfiod changing Systams used o
compulars—lagic and power modules. The logic module sonsed Batieny wolage
Al combrolied the powear modle, The power modlle served as § voltage
reguiator, Thesa sysfems were abla o compensals for ambiend femperalures by
CTEASTYT chanping voRage in oo wedther and reducing it wnder hot congitions.

CHARGING DUTY CYCLE e L
series af an and off pulses. This
HIGH RATE cotssenes ofsgrls
OF CHARGE o it A
“"ON" I—I LI U ﬂ ﬂ H controis the atemator’s oulput
S "OFF"
LOW RATE
OF CHARGE

the circuit on and off. Because solid-stare electronics
(transistors) are used, the swirching rate is around 7,000
times per second, compared to a mechanical volrage
regulator’s contact-points swirch-rate of 200 times per
second. Obviously, an electronic regulator provides much
better control, and all without any moving parts. (Although
this is not entirely true, as some carly electronic regulators
use field relays mounted next to circuit boards,  Also some
Chrysler voltage regulators sense ambient temperature and
adjust the charging system voltage accordingly—higher

voltage for cold weather, lower for hort,)

INTERNAL AND COMPUTER-CONTROLLED
VOLTAGE REGULATORS
Some durging SYSICMS are dﬂiETll:f.‘l to allow the incorpo-
ration of alternators fitted with internal voltage regulators.
These systems are oftentimes referred o as integral charging
systems. Auromotive manufacrurers started using these
designs as carly as 1973 in order to cut costs and save space.
Internal volage regulators work in basically the same
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manner as transistorized electronic regulators.

Many late moded GM alternators equipped with internal
regulators have only a single wire leading from the bartery to
the alternator, making them ideal for use in project vehicles.
Chrysler has always been an innovaror in charging system
d:sign and m;]mulnm'. and it was the first manufacturer to use
a vehicle onboard computer to control a charging system, By
the mid-1980s, Chryslers computer-controlled charging
systemn used a logic module and a power module to regulate an
alternator field circuit. The logic module senses bartery volrage,
engine speed, and battery temperature, and then sends a digial
signal to the power module, which controls the alternator's field
circuit via a large transistor. The power modules wransistor
sends a digital signal in a continuous series of on and off ground
pulses to one side of the alternaror’s field coil, while the other
side receives battery voltage when the key is tumed 10 ON.
When engine speed is high, and the electrical load on the
charging system is low, the off pulses arc longer. However, when
electrical accessories are in use (heater blower, windshield
wipers), the on pulses are longer, providing more of 2 ground
for the alternarors field coil and increasing changing output.
The longer the on cycle, the higher the aliernator’s output,

CHARGE INDICATORS
Ammeters, volumeters, and charge indicator lights (idiot
lights) are all different instruments that can alert an owner
if there is a problem with the charging system. Ammeters,

found in older vehicles, use internal shunts through which
all charging system current passes. Since the shunt inside
the ammeter has low resistance, it allows mos of the
current to pass. However, a small amount also passes
through the ammerers windings, producing a magnetic
ficld. The strength of this field moves or deflects a pointer
that reads in amps; the greater the amount of current
passing through the shunt and ammeter windings, the
turther the needle or pointer deflects.

Some voltage regularors and altemarors are specifically
designed for use with an ammeter; however, they are generally
not interchangeable with other components in the charging
circuit that are not compatible with an ammeter. On some
vehicles, the ammeter and aliernator are connected in series—
if the ammeter stops working, the battery doesn’t pet charged.
Vehicle ammeters usually have a positive and negative scale.
When an ammeter’s pointer indicares a positive charge, current
is flowing from the alternator (or generator) o the batsery: but
when the needle points woward the negative scale, the charging
system isnt producing enough current 1o charge the battery.
Wewer cars are almaost never equipped with amuneters, since
they've typically been replaced by voltmeters or idiot lighs.

Unlike ammeters, volemeters in vehicles have very high
resistance; consequently. almost no current passes through
them. Voltmeters are connected in parallel o the charging
system and measure charging system voltage. A voltmerer
uses a small amount of current, which passes through a coil



SHUNT

Fig 5-7. Some older vehicles use ammeders fo monfior charging sysfems. The meter’s infemaf shunf passes charging correnal fram e afermatospensrtior i He
bafiery. An ammeler uses 3 poinfer fo indieate f the system [ charging and sveryiiing s working, or discharging becauss fhe Balfery is pong cesd.

of wire located between two permanent magnets. As the
current increases, the coil of wire moves, causing a pointer
to move across a scale indicating voltage,

Unfortunately, both in-vehicle voltmeters and ammeters
are notoriously inaccurare. Inconsistencies in readings have
caused many a headache at automobile dealeships, since
customers too often ger overly concerned abour charging
systems not charging ar specific levels. Original equipment
manufacrurers (QEM) solved chis pmhl:m h}r swi:c.hing o
idiot lights (charge light indicarors) and voltmerers without
numerical displays (enly HI/LOW instead).

Charge light indicators are usually connected between
the ignition switch and voltage regulator (or alternator).
Oftentimes, 2 500-ohm resistor is connected in parallel with
the light as part of the circuit. When an ignition key is first
turned to ON, battery voltage is supplied to one side of the
charge indicator light, while the other side is connected 1o
the voltage regulator 1o provide a ground for the charge
light when the engine is not running, As soon as the engine
starts and the aleernator wurns, voltage increases on the
ground side of the charge light. As veltage builds, the charge
light has less and less of a ground, eventually goes dim, and
finally turmns off. If :.nyﬂ'ting gDes wrong in the du.rs,lng
system that causes system voltage to drop. the charge
indicator light receives a ground from the voltage regulator
and trns on. Unformunately, in some cars its common far

the charge light to be dim ar idle and then shut off when

_coIL

ALTERNATOR

VOLTMETER

COIL
i

©

BATTERY

Fig 5-8. Many modem cavs use voltmeters on fnstrument panels to indicats if
changing sysierns are working. Uniike insirument panel ammeters, a volimeter
&5 nof connectad in series, and almost no curent passes troogh I
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from the battery and the F wire is the field wire from the
voltage regulator. The regulator has three wires, labeled F,
2, and 3. The F terminal is the field control wire for the
alternaror; the 2 wire is key's on power; and the 3 wire goes
to the batery (see Figure 5-11 on page 85).

If this charging system ism't charging, the fist step in
testing is to check the wires at the voltage regulator. To do
this, remove the regulator connector and e the ignition
key 1o ON, Terminals 2 and 3 (in Figure 5-11) should light
up a grounded test light, Using an ohmmeter, test the F
rerminal for continuity to ground. I this wire is open, a
wire on the field coil inside the alternator is open. IF all
wires at the voltage regulator connector don't have proper
electrical values, the charging system won't work. Consult
a wiring diagram to determine the originating power source
for each wire, Il all the regulator wires are okay, a full field
test of the alernator is next,

To full field test this alternator, run the engine at 2,000
rpm and connect one end of a jumper wire 1o the big wire
at the back of the alternator. Touch the other end to the
field terminal on the back of the alternaror. The alternaror

This Delco Remy atemanr [Saires @ fest hoke af 1e fack of B allermalo,
Jusf sfick a pocket scrmwdimver o Allen wrench fnfe B hole and e affermator
Al full field. Courtesy of CAROUEST Auto Parts

Fig 6-12. The BATT and F2 wires
depicied here should have
beftery voltage. FT comes from
e clirge indicalor fght AN af
thase wires mus have cormect
slecirical values beforg an
afternafor vall work. The back of
e allimialin s case has a Smal
hole [abeled “test hode, " A smaif
SerewaTver msanad o this
e il ol Gl e allernanion,

S

®
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G produces heo CF sllerrioes Mt can be aeatifed by the Rrons on e
pastic phegs &f the backs of the cases. Each pivg will read either PLIS or FLFS.
These atemators are mol inferchangealie, 80 make sure e cormoct ane for the
valuche 5 nstaled. Courtiesy CARDUEST Auto Parts

should full field and produce maximum current, If aleer-
nator output is less than expecred, get a new alternator.

GM DELCOTRON ALTERNATOR WITH
INTERNAL REGULATOR
GM vehicles are also commonly equipped with a Delcotron
alternator (also known as a Delco-Remy 10-51), This
charging system uses an internal volrage regulator and is
easily identified by the presence of three wires connected w
the back of its case. The two smaller wires, BATT and F2,
go direetly to the batiery. The F1 wire goes wo the charge
indicator J.EE]‘I.I on the dash {See Figun’: 5-120.

The first step in testing chis charging system is 1o verify that
the charge indicator dash light works. If the indicator light
doesnt come on when the ignition key is in the ON position,
the alternator wont charge. If this is the case, the charging
light circuir needs to be repaired before further westing,

To test terminals F1 and F2, unplug the connector from
the back of the alternator. Using a grounded rest light,
touch each of the three wires, one at a time. The big wire
should light up the test light brightly. One of the smaller
wires (labeled F2 on the diagram depicted in Figure 5-12)
should also brightly light the tese lighe. F1 should light the
test light, oo, bur only dimly. If any of the wires don’t light
the test light as described, the alternator won't charge and
the circuit must be repaired before proceeding further.

1f all the wires of the alternator have correct dectrical values,
a FI.].I]. EEH [est 1% TJ':IE‘ NEXET STCp, Pil.'lE [J'If connector I:ﬂ.EI[ il'ltﬂ
the alternator and starr up the engine. Hold the engine a
2,000 rpm and inserr 2 small serewdriver or Allen wrench into
the regularor grounding hole (test hole), located ar the back of
the alternator. Doing this will full field the alternaror, causing
it (hopefully!) to produce full amperage (within 10 amps of its
rated output capacity); if alternator output wrns out less than
expected, then ir's time to shop for a new alternator.

DELCO-REMY CS ALTERNATOR
Deleo-Remy CS aleernators come in two flavors—PLIS and
PLFS. They can be identified by reading the letters on the
plastic plug on the back of the alternator. PLIS alternartors
are usually (but not always) found on vehicles without a
body control module (BCM), while vehicles with PLFS
alternators usually have a BCM. These two types of alier-
Naroes are mof i.n:crd'tan.gm]::l:. which can be a p:ubl:m
when purchasing a rebuilc alternaror. In addition o
checking the letters on the plug, make sure you have the
correct Fﬂ.ﬂ.’ nun:l.l:ll:r 1] m:ltl:ll your car or :I'"Ck- Df]m-
Remy CS alternators use a charge indicaror lamp that must
be up:lariun:ll in order for the I'J.'I.::I'E‘.i.l‘lﬁ system to function.
If the lamp does not light up when the ignition key is
wmed o ON, disconnect the plug from the back of the
alternator and ground the L terminal; the lamp should now
shine. IF it doesn’t, check for an epening in the lamp circuir
or a burned out indicator bulb.

The normal system voltage produced by CS alternators is
mmt“"hl'[ IM d'!:.l.'l. [aly] ﬂl'l'l.:r dl&l'giﬂ.g_ sp'stl:ms. J‘.l. L"H'piml
range of readings, taken at the battery’s positive terminal with
the key turned to ON and engine off is 12.3 1o 12.5 voles.
With the engine run.ningntidl:, the mngcﬂ'lm.l.fd be berween
12.8 and 13.1 voles, With all accessories turned on, the range
is between 12.8 and 13.3 volis. The internal voltage regulator
is designed 1o change the charging voltage slowly, so as 1o
help the ECM keep engine-idling speed stable.

A Delco-Remy CS alternaror cannor be full fielded;
instead, use the generic alternator st previously
mentioned 1o check its current and voltage ourputs. If the
alternator cannot produce close o rated amperage, the
wires at the alternator plug need 1o be checked for correct
elecrrical values. The following are the electrical values for
each of the wires for each type of CS alternator plug:

* The P wire is an AC voluage signal used for tachometer
input (it is not needed for charging).

* The L wire sends a signal to the BCM if the regularor is
working. Obviously this only occurs on a BCM-equipped
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vehicle; on non-BCM-equipped vehicles, the L wire lights
the charge indicator lamp and powers the regulator,

* The F wire (again, only on a non-BCM-equipped vehicle)
carries the power (with the key tumned w ON) used 1w wm
on the voltage regulator. 1f the vehide has a BCM, the F wire
informs the BCM how hard the alternator is working, The
internal regulator swirches the alternator’s field coil on and off
at about 400 cycles per second—the amount of on time deter-
mines charging ourput. At high engine speeds and with low
current requirements, the on time may only be 10 percent.
However, at idle or at low engine speeds with high loads, the
on time can be as high as 90 percent. The signal can be read
using a DVOM capable of measuring frequency.

® The | wire is used nnl}r On non- H['_M-cquippcd vehicles
and receives 12 vols from the ignition switch (or
SOITIETINES lhrnugh a resistor).

. I..]St I:H.It not |:::l5t.. th: s Wil: SCIACS I.'ﬂ.ttﬂr}" \'ﬂl[ﬂ‘ﬁc f‘ﬂr
both rypes of alrernarors.

Shown i3 the pigatic plug on 8 Deloo-Remy attermaioe. This plug wil be miarked
PLFS or PLIS. These aternadors are nol inlerchangeable, so make sure you
hawe the right one for your veticle before insfating

DASH AMMETER

FIELD COIL* CONTINUITY TO GROUND
(CHECK USING OHMMETER)

BATTERY VOLTAGE W/IGNITION KEY ON

BATTERY VOLTAGE ALL THE TIME

NOT USED WITH DASH AMMETER

IPDIOT LIGHT

FIELD COIL =" CONTINUITY TO GROUND
(CHECK USING OHMMETER)

STATOR = 6/7 VOLTS - "F" AND "A+" JUMPED,
EMGINE RUMMING

BATTERY VOLTAGE ALLTHE TIME

CHARGE INDICATOR LAMP " BATTERY YVOLTAGE
W/IGNITION KEY OM

Fig 5-13. Full fisiging /s sccomplistied fn the same mannar for both fypes of Ford’s charping systems. To fl field, femp farminaly F fough A+, The aftemator

Should procuce amperags Wil 10 percent of it rated owtpul capacity




If all the wires ar the plastic plug have correct voluage
readings and the C5 alternator fails the generic alternator
test, the answer to your charging problem is a new alternacor.

FORD ALTERNATOR WITH
EXTERNAL REGULATOR

Ford wvehicles equipped with alternators controlled by
external voltage regularors use different pairs of alternators
and regulators that are not interchangeable. One
regulator/alternator pair is in vehicles with an ammeter on
the dash; the other is in vehicles with a charger indicator
light. Both regulators have four terminals, labeled F, §, A+,
and 1, and both alternators have four wire connectors that
plug into the regulators (see Figure 5-13).

To full field either alternaror, unplug the four-wire connector
from the regulator, start the engine, and maintain rpm at 2,000,
Uking o juumtper wire, comuect the regubinor barmes of perminak
F and A+ together. The alternator should full field and produce
maximum ourpur. If it doesn't, there may be a problem with the
wires between the alternator and regulator connector, so the
same test should be performed again, but this time oy
connecting the battery and F werminal wogether ar the back of
the alternator. If the alternator full fields now, the wires going 1o

Thiz Ford AR affevmator fas o
plgs. The plag on the back of
e aformakor ack colored,
WOEe SR i e veltape
regulator. The browa ug on ihe
sige of the altermator 5 for high-
amperage oulpul wies galng
girmclly fa the baery. Courtasy
of CARQUEST Auta Parts

the regulator connector must be repaired. (See Figure 5-13 wo
identify terminals on cither regulator) If the wires w the
regulator have correct electrical values, but the alternator does
not produce amperage within 10 percent of its rated outpur

duﬁngaﬁ:ﬂiﬂdrm.h&thn:ﬁ:::n:walm

FORD-MOTORCRAFT IAR ALTERNATORS
Ford-Motorcraft AR alternators use internal volage
regulators. These alternators can be full fielded by
grounding the F terminal located on the regulator at che
back of the alternator. If the alternator doesn't produce full
current output, check the connector(s) plugged into the
alternator. Ford alternators with outputs of 60 amps usually
have one three-wire connector; higher output units may
have two three-wire connectors.

To test an alternator equipped with only one three-wire
connecter, unpluE d'l:' connector :Ll.'l[i urn ﬂt: iEl'li.ti.Dl.'l LI.'}"
o ON. Using a volumeter, check the terminals at the
connector as follows: terminal 1 (connected 1o the charge
light indicator), rerminal S (connected directly 1o the
battery), and terminal A (connected to the ignition
switch—it receives key on power, which it sends 1o the
regulator). All of these should read 12 volts.
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Thia Ford AR sliamaior uses an infemal voltage reguision “Ground here fo
dest” is marked an the reguiaior To A fpdd e allerrator the F ferming) on the
regulmion i groundecd

To test an alrermator with vwo three-wire connecrors, use
the following procedure. Test the first connector (plugged
into the voltage regulator) in the same manner as above.
The second three-wire connector (plugged into the side of
the alternator) has two hig wires Ec:u:linE dircctly to the
battery, and a smaller one that loops back into the firse
connectors 5 terminal (also connected to the battery). All
three wires ar this connector should have battery voltage all
the time. If the connector(s) have correct electrical values
and the alternator doesn’t produce maximum amperage
when the full ficld test is performed, cither the alternator
or regulator is bad. In such a case, both the alvernator and
regulator should be replaced together, because if one of
these COMPONENs has gone bad due o old age, vibrarion,
or heat, the other won't be far behind.

CHRYSLER ALTERNATOR WITH
EXTERNAL VOLTAGE REGULATOR
Chrysler also manufactured vehicles equipped with aleer-
nators ficted with external volage regulators. This
alternator is readily identified by its three-wire connector.

The biggest wire connects o the positive battery
terminal, while the two smaller wires are for the alternator's
ficld coil. (Some of these alternators may have a barttery
ground wire.) To full field this type of alternator, you muse
first identify the field terminal ar the regularor. Unplug the
voltage regulator and wrn the key to ON. Using a
grounded test light, probe both wires going 1o the alver-
nator, One wire should light the test light up braghtly. The

other should either make the rest light dimly light up, or
not at all; this wire (usually green) is ordinarily the ground
used to full field the alternator. Start the engine and hold
rpm at 2,000. Using a jumper wire, momentarily connect
the field wire 1o ground w full ficld the alternator, If the
.'l]t-l:m:lt::ll’ ﬂ“tF’l.l.t h“ COITECE .]I'[flj'liﬁgl.'i i[l!i- l:il'l'l.l: ﬁ:“' 4 Now
voltage regulator. If the outpurt isn't ar maximum, try a full
field test again, but this time perform the test ar the back
of the alternator. If it full fields now, simply repair the
broken field wire. If it still won't full field, there’s no other
option—it’s definitely time for a new alterator,

CHRYSLER'S COMPUTER-CONTROLLED
ALTERNATOR

Chrysler’s computer-controlled aliernators are similar to those
alternators using exrernal voltage regularors. Look for two
small wires (usually green) ar the back of the alternator. One
of these wires comes from the ignition switch and should have
12 volis when the key is murned o O, The other come from
the power module and controls the ground of the alternator’s
field coil and, thus, alternator ourpur. To test this type of alver-
nator, first tum the ignition key to ON. Using a grounded
test light, touch each field verminal ar the back of the alter-
nator. One terminal will make the 1est light shine brighdy,
while the other will make it light dimly or not a all. The latter
field wire is the one thar will need to be grounded o full field
the alternator. Start the engine and hold pm ar 2,000. Using
a grounded jumper wire, momentarily touch the field wire to
ground. The altermator should full field and produce
maximum current. If it does, burt the charging system still isnt
charging the batery, the problem is most likely ar the power
module. Because Chrysler power modules are expensive,
always consult a wiring diagram before replacing this part in
order to ensure all power and ground wires into the power
madule are good. In addition, refer to the service manual, as
it tells you how to read charging system fault codes. These
should also be checked before replacing the power module.
Chrysler’s late model vehicles now vse an integraved single
computer (instead of dual computers) for controlling
charging system funcrions. Forrunarely, this  alternaror
operates in a manner similar o cadier dual-compurer
ch:l.r[;inE systems and, thus, can be tested in the same manner
with the same expected results.

DC GENERATOR AND REGULATOR
TESTING
Even though DC generators are old school, there are
numerous collectors and vintage automobile enthusiasts
who will, sooner or later, have to test these systems. Juse like
madrm ch:rging f:r'!“:ml-,. ﬂid IE EENerarors "|'|'.||E'I \'ﬂl[:s:



regulators can be full field tested by following the same
Efl'l:l".ll Ffﬂ{ﬂdufﬁ. .'!'::I[IEF n:gul:lmr‘s ll.lfd n mnium:ﬂn-n
with DC generators have only three wires, The rerminals are
typically labeled F (which goes to generators fidd wire),
BATT (which goes to the battery’s positive terminal), and A
(which goes to the armature in the generator). Just like an
alternator, a DC gENErator can be full fielded to tes s
maximum output. To full field a generator, start the engine
and hold it ar 1,500 rpm. Dhisconnect the F terminal at the
voltage regulator and wouch the wire 1 the positive battery
terminal. The generator should full field. (On some Chrysler
madels, touching the F wire to ground will full feld the
generator insteac.) Iie still won's full ficld, oy l;lning the same
test directly ar the generator. IF it full fields now, repair the
field wire going 1o the regulator; if it doesn’t, try polarizing
the EENeratnr (discussed in next secrion) before EETTing a new
one. Be sure 1o check the three wires ar the regulator and
g:l“:ﬂl.tﬂl' to bﬂ certain d'lf}"‘“: Cﬂlmﬂ:tﬂi Flrl:lpl:r].}’. Cﬂl'.IS-'IJJ'[ a
wiring diagram to identify all wires.

1f the voltage regulator’s wires are okay and the gencrator
full fields, then the volrage regulator is probably bad. Before
purchasing a new regulator, make sure it’s the right one for
the vehicle. Many older vehicles have positive ground
systemns, Also, pay amention o the regulator’s working
voltage—G or 12 volis, depending upon application. In

some in!l;IFICI:i. ¥You may IJE :IHE o uss an l.'l.ffl'l.'ﬂﬂic

regulator as a bewer replacement for a mechanical one. And
dﬂﬂl:r 'Fﬂ[gft. SO \Thi’l:tﬁ HsE an ;“-dﬂsh Etﬁﬂ ammeter,
and if that is not working, the batery won't charge, even if
&l: Efﬂ:ﬂtﬂr i.l.'l.d l'l:ﬁl.ljﬂ.tﬂr arg Eﬂiﬂ-

GENERATOR POLARIZING

Ifa new or rebuilt generator is installed into a vehicle, it must
be polarized before it can produce current. Polarizing estab-
lishes correct polarity for the magnets inside the generator.

Here is a general procedure for DC generator polarizing,
Disconnect the field wire at the voltage regulator. Connect a
test light 1o the field wire and rouch the end to bamery
Pﬂ!i[i.‘l‘:, If the test |ig]1t shines, remove it and momentarily
touch the field wire directly 1o the barery terminal on the
regulator 1o polarize the generator. When the field wire s
wuched to the BAT'T terminal, a good-sized spark should be
produced: this is normal. However, if the test light does not
light up when I:uud:lj.ng battery paositive, touch it to the
negative bartery terminal instead. If it now lights wp,
reconnect the field wire to the regulator and remove the
armature (A) wire from the regularor. Momentarily rouch the
armature wire to the battery terminal on the regulator o
polarize the generator, When you touch the armature wire 1o
the BATT rerminal, a good-sized spark should be produced.
Again, this is normal. However, if the vt light fails to light
after t{:udling cither the positive or negative terminal of the

This Toypia siarier mokr ysas o
pesir-ravuchion se fa increase
starfer forgus. This design aliows
for @ smatier cveral siaier sie
v be wsed fo produce the same
or greafter forgue Man that fund
i darper wnits. Courtesy of
Younger Toyols
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A starier solenowd fizs two jobs:
connect the battery directly fo
the starfer and engage the
SIIIET RO JEar with the
engrie fywheel, Courtesy of
Younger Toyola

This attermaarket starter provides 25 percen! more frque than Me original starter
i replaced, The starter shaft is heal-iresied and rotated in Bendix bearings fhal
provide reviability and long . Courtesy of Summit Rating Equipment

battery, the field circuit inside the generator is open and
needs to be repaired. This may involve finding a break in the
wire and replacing it with a new section of wire,

STARTER MOTORS
A DC starter motor operates much like a DC generator—
only in reverse. It uses current 1o operate, instead of
producing current when it spins, However, just like a

gencrator, a starter motor uses field coils to create a magnenc
field around an armature, which in this case is a4 series of wire
loops connecred at a commutator. When the starter motor is
operating, current from the battery energives the field coils,
causing them o have a strong magnetic field, Ar the same
time, bartery current is applied to the commurator brushes
(thar carry current from the bartery o the armarure). The
armature rotates because the opposing magnenic lines of force
berween the field coils and armature repel each other, and
since the armarmire has multiple wire loops, it rotres contin-
m’l.l.d}'.. St:l.'rtl:r motors Ty UsSC A5 Ty as i':LILI.I.' commutator
brushes and from two o four field coils.

The armature and field cotls are in series, a design which causes
a very high rorque outpur from the staner. With the field
windings and armarure in series, any increase in current produces
an increase in field serength. As the load on the starter increases,
s0 does the starer’s torque. Under a no load condition, such as
during starter bench testing or when a starters pinion gear docsn’t

engage the flywheel, the starner speed will continue 10 increase
until cenrifugal foree destroys the staner. Ir then makes a foud
“hang,” followed by a shower of sparks.

Certain starter motors use gear scts to increase cranking
speed and torque. A planetary gear st (similar to those used
in automatic transmissions) sends power between the starter
motor and outpur shatr connected 1o the engine flywheel.
Newer starter motors use permancnt magnets insiead of
field coils which increases current going to the armature.



STARTER SOLENOIDS

Starter solenoids perform one, and sometimes two,
Functions; they connecr the bartery directly to the starter,
and on some starters, also engage the pinion gear with the
engine flywheel. Solencids can be mounted directly onto
the starter case or used remortely. They are really just
overgrown relays that use a small amount of current 1o
l:ntrgﬁz: a mll: nr“’il’f to Prﬂducl: i m:lgnctic rl.:i:l. .I.I'IE
strength of the magnetic field pulls the solenoid’s plunger
into contact with two rterminals—one from bartery
positive and the other to the starter. Positive engagement
starters use a shift fork, or a lever, that is connected to the
solenoid mounted directly onto the strter. When the
starter receives bawery voluage, the solenoid moves the
lever, causing the starrer to engage the engine’s flywheel.
Starters using remote solenoids have moveable pole shoes
that move a yoke when the starter is energized. The yoke
I'.I'LI.'ihl.‘S the drive gear into the flywheel in order to crank
the engine.

STARTER TESTING

Before testing a starter motor, the vehicles batrery must
be fully charged and load tested. There's simply no point

Using an inductive. amp prabe,
likn thig Fluke [410, will confirm
ifietfier 8 Siarfer s cument driw
iz foo high or foo low. This tesd is
faster and aasier than replacing a
shartev—only 1o find out later
fhar some offaer componen] was
the read calprit Courtesy of Fluke
Corparation

in trying to figure out which pare of a starter circuir is bad
if the battery doesn't have enough energy wo crank it, even
when nothing’s wrong, (See Chapter 4, Storage Battery,
for testing andfor charging procedures.) The only real
reason to test a starter is when its cranking an engine wo
slnwl}r o SEArt It or not cran |-lil‘ls at all, In certain front-
wheel-drive cars, the starter motor is difficult to remove
(to say the least!). By contrast, performing basic starter
testing takes only a few minutes and is 2 much more
productive use of time than spending six hours changing
out a starter, only to find the problem is really a bad
battery cable. In fact, rather than testing a stareer, it's
easier to test everything else first. If the wires, cables,
connections, and solenoid are good, the starer is the only
thing left to replace.

The test that provides the most information with the least
amount of work is a starter current-draw test. To perform this
test, connect an inductive ammeter to the pm'il:i\rc battery
cable, trn the headlights on, and read the ammeter. If it reads
negarive, the probe is connected correctly; if it reads positive,
turn the amp probe 180 degrees and reconnect it. Don’
forget to turn off the headlights. Then get ready for the next

step—disabling the ignition system.
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This figh voltage corf wire fas
been grounded using @ jumper
IO SEAFTIG i when feshing &
starfer mofor

Disabling the Ignition System

The next step is to prevent the ignition or fuel injection
system from starting the engine when the starter motor is
cranked. On older cars with only one ignition coil, find the
wire going from the distributor cap 1o the coil, remove it
from the distributor cap, and connect a jumper wire
Connecr the other end of the jumper to ground; this will
prevent the engine from staning because the spark from the
coil hFF\.‘ISﬁﬂ the spa.rk F]Ll.g: amnd gocs directly to Emund- By
simply unplugging the ignition coil {(withour grounding i
ﬁl’ﬂ} J.I'ld EI'JHMJ'% tl'.lf EI.'LEE.'I'I.E,. I'J'LIE i:g]'.l.i.t]ﬂl'l. I'l'.I.CH:I.LFl'I: or I:Ill'I'EI'
parts can be wiped out. On later model vehicles withour
distributors, o disable the ignition system, simply unplug the
connector going to the ignition module or locare and remove
any fuse(s) that power(s) the computer or ignition system.

Normal Starter Amperage Draw

H-I:E-I;:r: Et:nnrmal starter amp [Iﬂw an III ftmg“il:d1 you
must first know whar normal looks like. All of the following
specifications for starter draw assume an ambient wemper-
ature above 60 degrees Fahrenheit and a conventional
starter motor cranking an engine. A four-cylinder engine
should draw berween 50 and 125 amps; a six-cylinder and
a small V-8 require berween 75 and 175 amps; and a large
V-8 engine draws in the range of 100 o 275 amps. Some

service manuals provide more specific numbers, but these
work most of the time for testing purposes, Gear-reduction
and permanent magner type starters vield slighdy different
results; be sure to check their service manuals for starcer
draw specifications.

Slow Turning Starter—High Amperage

Although a slow-turning starter with high amperage is not
commeonly encountered, it docs occur eccasionally, so follow
the next procedure o diagnose this problem. Tumn the
ignition key to START position, then crank the engine over
{do this even if the starter won't crank ar all) and check the
ammeter reading. If the amp reading i« excessively high and
the engine is ruming oo slowly or not ar all, there may be a
problem with the starter motor or engine. To eliminate the
engine as the cause of a slow-tuming starter, tum the
crankshaft by hand using a breaker bar and socker. On a four-
cflinder engine, try grabbing the alicrnator/water pump
drive-belr as a means of wrning it. Even with spark plugs
installed, the engine should rotate with relarively linle force,
If it rakes both feer and arms 1o move the engine minimally,
a bad starter is the least of your problems, The engine could
have a mechanical problem like high-viscosity oil in weather
colder than 20 degrees Fahrenheit or carbon build-up in the
cylinders. Another possibility is that there is no oil and the
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Flg 5-14. Ground sige resisfance in this starder chrulf i okay Decause the voltage drop &5 ondy 0.4 vol, The pasifive side also has 8 vollage drop of 0.9 volt caused
by high resistance as will Sy moving the hiack lead along the positve side of the circlt, the poinl of igh resistance can be locafed

crankshaft has welded itself onto the connecting rods or
overheated, causing other mechanical problems.
Conversely, if the engine turns okay, Eet 3 new starter
because the flow of high amperage into the starter circuit
indicates a shorred starter armature or field coil—not an
engine problem.

Slow Turning Starter—Low Amperage

If, on the other hand, the ammeter reading is low and the
starter turns slowly or not a all, the searter circuit has high
resistance that is possibly caused by poor batery cable
connections or bad solenoid. High resistance is, by far, the
most common reason for low starter circuit amperage. It
can't possibly be a battery problem since the bauery's
already been tested and charged beforchand (righe?).
Therefore, a voltage drop test is now an ideal test to use
to locate the source of unwanted, high resistance in the
stArter circuit.

The positive side of the starter circuit should be tested

first, as it is the most likely place for problems to occur.
Connect the red lead of a voltmeter to the positive bartery
terminal (not the battery cable). Connect the black lead to
the starter terminal where the battery cable attaches. Crank
the engine over while warching the voltmeter. If the voltage
drop is less than 0.5 volt, the positive side of the starter
circuir doesn’t have high resistance. Do the same vest on the
ground side of the starter circuit, Connect the red lead o
the starter case and the black lead 1o the negative terminal
on the bartery, and then crank the engine. The voltage drop
should not exceed 0.4 vol, If either the positive or negartive
side of the starter circuit exceeds maximum volage drop
{see chart under section How Much Is Too Much? in
Chapter 2), the point of high resistance can be located by
performing a voltage drop rest across individual connec-
tions, This can be accomplished by disconnecting the black
lead and moving it back along the circuit toward the red
lead. There should be no more than 0.2 volt lost across any
connection. Cleaning a bad connection is fortunately all
that’s required to get the starter to spin faster in most cases,
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CHAPTER 6
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IGNITION SYSTEMS

Ignjtiun-n.'lnt:d problems, whether real or perceived, are
the cause of more needless replacement of parts than any
other automorive electrical system. Before the advent of fuel
injection, many people often thought that most carburetor
problems could be fixed by looking inside the distriburor.
Mechanics and owmners alike most often blamed the carbu-
retor for engine stalling, missing, and no starts, and since it
could be raken apart and visually inspected, they felt
comfortable doing this. They often fixed ignition malfunc-
til.'l'ns “itl'l E!I]TIFlE I'EFI].ECITLEI'“: GF F‘ﬂ‘i.l'l“p Eﬂl'ldl.'ﬂﬁ:[-

ignition coils, wires, and spark plugs. In early 1970, this

Bath of these sefs of caomponants
DroCRICE 2T AT ACTDES 8 Spark
plogr points, condpnsse, and
standard coil fafl ar an
slactronic ignition modie and
high-enangy coil fnghtl. Figuning
ot what's good or bad with
each of thern i not &z hard as

yous fmay think.

method of repair changed with the introduction of
electronic ignition sysiems (EIS), since they were far more
costly to replace.

Today, electronic engine management systems control
jg.l‘lil‘l-.ﬂll SVALCTIS N I” ¥ |.'|".1'-._'1|:_'\. '.‘I!:I'I'u:_'l..llii._ll.ll:l... i'.":. ::||_|:..|'5
more Cost L'I‘l-l.uln':' [y [est Lur11|\||-.':|:'|1r-\- i1|:'|.|::| -.ir'|1||-|:.'
throwing them away and replacing them. Modern ignition
systems are not as difficule to diagnose as vou may think, as
'[ht:[‘t arc i HII,'.IT |||.'_I|:|1r_'-c |1!' -.illli].iril:i.;\ 11‘11.!.:;1':1 CONYEN-=
tional points-type igniton systems and electronic ignition
systems. A basic understanding of how primary and
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i:u||1p5|.-5., '.rult:lgr is induced into the secondary windjngs,
Electrons flow from the positive end of the secondary
windings to the first spark plug and across the air gap
PTI'JII'L'IE[['IE 4 EPJ.I']L Mll:l I'EHI'.'I'.I]['IE I]'I.I: ﬁﬂil hpl!l'i{ J,'Il.Ltg,.
current passes thmuE‘i'L the cylil1d:r head—ithe equivalent
of a really big wire—to the second spark plug’s ground
electrode, where it jumps the air gap and produces a spark.
Each coil pair fires one spark plug in the normal direction
and the other plug in reverse. After jumping the air gap of
TJ'I.E Sffﬂl.'ld FI]LIE, 1.+|l.' current retlirms o [I'II: nl.'hn:r Eidl:' ﬂf'l.']'l.i,:
secondary windings—the ground side of thar coil (see
Figurl: 6-2).

To make sense of this type of circuit, think of the
secondary windings on a DI5 coil as having nothing w do
with the vehicle’s battery ground. Each eoil pair fires the spark
plugs in two oylinders simultaneously. Both cylinders are at
“top dead center” in the crankshaft’s rotation. One cylinder
is on its compression stroke and the spark ignires the air/fuel
mixture. The other companion cylinder is ar the end of its
exhaust stroke, so the second spark has no effect because there
is nothing 1o burn inside the combustion chamber.

GENERIC COIL TESTING
Both types of coils can be checked for opens or shorts using
an ohmmeter. To check resistance on a conventional coil,

Q

The ditference befween e (X5 cod (feff) and a comventional cod & that the DS
CON'S SEconcary Wineiigs are mar comnacied i e imary circwt This oesign
causes the spark produced by @ (VS coll 1 go fo the ather sioe of the
sacondary windings and nal e baftery grount,
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Thes igration coul is being bencti-fested. The yellow wire 3 12 volfs and the wire coming ouf of e coil fester goas o ground. Whan fhe poily and of e colf tester is

LA o B Mg Con ETTINGY, @ SOK IS prOdaLIced

connect one ochmmeter lead 1o the negative side of the coil
and the other to positive. Primary circuir resistance should
read berween 1.5 and 3.5 ohms, Resistance in the secondary
circuit can be measured by connecting one chmmeter lead
m [I'If ﬂ:%ﬂ[i\rc Dl:lil I:l.'rm:i.n:l :l.l'l.d th: ﬂl‘jl:r to th: I'.I.'i.El'l-
voltage tower; it should be berween 7,000 and 15,000
ohms. Remember, the primary and secondary windings are
not connected in a DIS coil. Consequently, DIS primary
circuit resistance should measure berween 0.5 and 2.0
ohms, while secondary circuit resistance should be from
5,000 to 7,000 ochms. A service manual will provide specific
resistance values, bur the numbers given here are close
enough to determine if there is a problem with the coil's
windings. However, measuring ignition coil resistance
cannot conclusively determine whether a coil is bad, since
a coil can check out okay with an chmmeter but still not
produce a spark when electrically loaded (see Figure 6-3).
There are a couple of additional things you can do when
attempting to discover if you're dealing with a bad coil.
With the ohmmeter connected 1o the coil's primary or

sccondary windings, ury apping on the coil with a screw-
driver handle or hearing it with a hair dryer. If the
ohmmeter’s readings change, the coil windings are broken.

You can also make an inexpensive universal ignition coil
wester out of an old condenser and some jumper wires.
Make sure the condenser is good by testing it on a known
good coil. To use the tester, disconnect the negative side of
the coil and connect the condenser wire to the negative coil
n::Ini.l:l:l]. .rl:!ﬂ E.I'Dul'ld l:h.f I:I::lﬂ.ll:l:l'.'l]iﬂfl! mount ub Ll!illE a
jumper wire. Connect a second jumper wire to ground and
turn the ignition key 1o ON. Now tap the grounded jumper
wire to the negative side of the coil: it should produce a
spark between the high-voltage 1werminal and ground on
a conventional coil, or between high-voltage terminals on a
DIS coil (see Figure 6-4), If you don’t get a spark, check for
battery voleage ar the coil and good connections on all
jumper wires. Be Ftrril.:ul:lriy careful when duinE this on a
DIS coil; the spark produced can really zap you if you get
in the way. More informartion regarding coil testers can be
found in Chapter 3 on electronic testing tools.




106

This hall-effoct switch (left) & for 8 Ford velvicle. The wivile plastic conmector
(righti connects Bhe switch fo the ignition modide. Courtesy of CAROUEST
Aurdo Parls

blade, and three-wire connector (the latter distinguishes it
from an AC pickup coil or other speed sensor on a wiring
diagram). The three-wire connecror has power, ground, and
signal wires going to the compurer or ignition module.

A hall-effect switch is powered by a reference voltage sent
by the computer. [t is always :quipp:d with a magnet
situated opposite the switch; between them is a series of
rotating shurters {or blades)—aone for each cylinder. As the
blades rotate between the sensor and magnet, the magner’s
magnetic field is interrupted and volaage drops at the
sensor. The outpur signal from the hall-effect switch is a
square wave, or series of on-and-off pulses. These pulses are
sent to the vehicle's computer or ignition module, which
use them to calculate engine rpm and crankshaft position.

To test a hall-effect switch, turn the ignition on and back
probe each of its three wires with a voltmeter. A process of
elimination will help identify what each wire is used for.
The volimeter display should indicare thar one wire is
reference volwage, which should have berween 2.5 and 12
volts depending on year, make, and model of the vehicle
being tested. Another wire is the ground wire and has no
voltage; the third wire is a signal outpur wire from the hall-
effect switch. The voltmeter will show either reference
voltage or a value less than reference voltage, depending
upon whether or not a shutter blade has stopped rotating
between the hall-effect switch and the magnet. Turn the
engine over by hand and warch the signal wire. If the hall

switch is w::lrlcing. vu]ia.gt will switch from reference \rultagc |

insida this npdicsl distrihrior e are 360 hodes on the ouder ring of the medal
disk—one for each crankshall degres. The inner fing has four holes, one for each
cyfinder. The larpe boie is for cyfinder mumber one i fie engines firing order.

to a lower voltage (sometimes (0 volts) and back. If a signal
is not present, try the other wire that had voltage on it, since
vou may have read the reference wire by mistake.

In addition to testing a hall-effect switch with a
voltrneter, a logic probe can also be used. Connece the logic
Fl‘Dl:II: to the vehicde’s battery. Leave the hall-effect swiech
connected and back probe the signal wire, Crank the engine
using the starrer and warch the LED on the logic probe; it
should indicare a pulse. IF it docsn®, check 1o make sure
there is both power (“reference voliage™) and a ground
source to the hall-effect switch, as well as for broken wires
or loose connections.

Optical Sensors
An optical sensor is another form of trigger for an ignition
module. Tt typically consists of an LED, a photwotransisior,
and a rm:tin.g metal disk with holes in it. (Some oprical
conversion kits thar are used 1o replace a ser of points have a
plastic shutter instead of a meral disk.) These sensors provide
trigger signals for ignition switching and generally can be
distinguished from other speed sensors on a wiring diagram
by the presence of four wires. The signal outpur from an
optical sensor’s compurter takes the form of a square wave
made up of on-and-off pulses (similar roa hall-effect swirch),
When in use, a beam of light from the LED is projected
:I:mug_h the holes in the disk onto the phowtransistor. As the
disk rotates, the spaces between the holes inverrupt the light
beam. Each time the light beam is interrupied, a pulse i
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generated by the sensor’s processor. Some optical sensors are
really two sensors in one: one measures crankshafe anple, the
other measures camshaft position and identifies which
cylinder is the number one cylinder in the engine’s firing order.

To test an oprical sensor, use a voltmeter to measure
voltage on all the wires going 10 the sensor. With the
ignition key murned to ON, one wire should read 12 volis
and the ground wire should read 0 volis. However, it's
difficult to determine if both signal wires are working using
only a voltmeter. A logic probe is the better tool for
detecting the presence of pulses on cach signal wire. With
the logic probe connected 1o the bawery, back probe each
signal wire and crank the engine. There should be a pulse
on cach wire; if there is no pulse, check for oil or din
blocking the holes on the metal plate. Also, make sure the
sensor has both power and ground.

IGNITION MODULES
In its most simplistic form, an electronic ignition module
is nothing more than a modern replacement for a ser of

points, Points receive engine rotational speed information
by direct mechanical means—they open and close, turning
the ignition coil on and off. An ignition module performs
the exact same funcrion, only it uses a trigger signal. Once
a trigger signal (or wave form) is produced by the engine’s
speed sensor, the ignition module processes it and then fires
the coil. Later model vehicles use onboard computers in
conjunction  with ignition modules 1w control  coil
switching. Either way, the basic operation of an ignition
module is equivalent to a set of points.

GENERIC IGNITION MODULE TESTING
When electronic ignitions were first imroduced, many vechni-
cians had trouble diagnosing no-spark problems. Without any
moving parts to check, it was visually impaossible 1o determine
if primary coil switching was occurring. Fortunarely, today,
even though you cant see a rransistor operating, you can see
the results of primary switching—just like on a set of points.
The first step in the process of determining if an igniton
mixduile is operational is a testing procedure originally used on
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the module and the coil pack has correct resistance, the
module is most likely bad. This test can also be pertormed
with the module/coil pack out of the vehicle, Just be sure
o supply power and ground o the two-wire connector at
the module, and then perform the tap test as described, as
in Figure 6-10.

Ford Motor Company

There is a different tap test for 1975 to 1990 Ford Dura Spark
ignition systems, The Dura Spark system is best identified by
what's inside the distributor. Look for an AC pickup coil,
mechanical advance (weights and springs), and a vacuum-
advance. Dura Spark modules are typically mounted inside
the engine compartment, usually on the fender well.

To test the module, disconnect the ignition coil’s high-
voltage lead to the distributor and install a spark tester in its
place. With all wires connecied ro the module, back probe
the orange wire (module side of the wiring harness) with a
test light. Crank the engine over and leave the ignition key
in the RUN position—this initializes the module, (Don't
use a remote starter o crank the engine or this rap test won't
work.) Next, tap the test light to the positive or negative
bartery terminals. If the module is good, the ignition coil
should produce a spark. If you ger a spark, there are three
possibilities: (1) the AC pickup coil is shorted or open, (2)

the wires from the distributor o the module are not
connected, or (3) the distributor is not turning.

If you don't ger a spark, all the wires going to the
module must be checked with the engine cranking. With
bﬂth I'I'lf ml.'l—'“-'ilf ind fnur—wirl: conmneciors FI'L[HEII I FiRey
the module, back probe cach wire, The black wire should
read 0 vols, the purple and orange wires should have abour
0.5 valt AC, and the green wire should produce a pulsing
signal that can be checked with either a logic probe or hot
test light. The wo-wire connector should have batery
voltage in both the RUN and START ignition positions.
It the purple and orange wires don't have 0.5 volt AC with
the engine cranking, the AC pickup coil may be bad. The
pickup coil’s resistance should read bevween 400 and 1,300
ohms. The ignition coil’s resistance should also be checked;
primary resistance should be 0.8 w0 1.6 ohms, while
secondary resistance should read between 7,700 and
10,500 olims.

Ford used a thick film ignion (TFI) from 1982 to
1993, TFI systems use a spark owtput (SPOUT) connector.
This is a removable connector thar disconnects the ignition
module from the wehicle's computer, The first step in
diagnosing a TFl no-spark problem is to unplug the
SPOUT connecror. Then crank the engine and check for a
!I'.'ﬂ.l.']L I.'- you gﬂ o4 Eplil'lh L'I.'II:EE. "-Dl a 11:|.l:rru|:d ﬁ..l.'\ibl.l: Iiﬂk, E |
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Fig B-11. I this Dura-spark model is good, tapping an Hhe orange wire will produce 2 spark af He ignitien eod. Howewer, bafore fappng. be sue fo inisize the
madule by cranking the enging over using Ihe igrilion key, othenasse e fap fes! woa T work,

bad ground to the ECM, or a bad ECM. If there is no spark,
leave the SPOUT disconnecred and then crank the engine.
([Mont wse a remote starter of the test wont work.)
Cranking the engine with the key will initialize the module.
Using a test light, back probe the wire labeled | (closest o
the distributor cap) at the module as in Figure 6-12. Tap
the pointy end of the test light to the battery’s negative or
positive terminal—a spark from the ignition coil should
occur and the fuel pump should run.

If there is a spark and the distributor wmns, the ignition
module is good but the hall-effect switch 15 not. If there is
no spark and the ignition coil tests okay (see the section on
generic coil testing discussed earlier in this chapeer), the
wires ar the module need to be checked for correct values
(sce Figure 6-12). Module rerminals 1 and 2 should each
]'EB‘T :IJﬂLtt 5 ar 6 \"ﬂh'ﬁ “"i.ﬂ.'l I'l'l: l:nginl: EI'.lnlLi.llE. TE"TI.;HEJ.
3 should read about 11 volts with the engine cranking, and
terminal 4 should read about the same with the key in the
RUN position. Terminal 5 should have a pulsing signal that
can be checked with a logic probe. The last terminal,
labeled 6, should read O volts, as it is the ground. If all the
wires connected to the module have the right readings, it's
time to get a new module,

Chrysler

The next tap rest is for Chrysler vehicles equipped with
carburetors and  distiibutors  that were  manufaciured
between 1972 and 1989, The distributors on these vehicles

Ehutier blades fiop mght) inside the distributor pass befween e mall-offect
swalch o the lafl) and & magnel. The hal-effact switch & connactad (wilfh a
broven connectior] o fre Thick Fitm ignition (T7) moclule Bal js mounfed o the
sicle of ifre oisiribuntor

used either a single or dual AC pickup coil; there are ap
tests for both types. In general, vehicles with two-barrel
carburetors u:u:“]r have a sinsjt AC pickup coil, while
those with four barrels have dual pickup coils. IF dual
pickup coils are in used, one is the RUN pickup and the
other is the START pickup. Either an ignition module ora
spark computer may be used to fire the coil. A single or dual
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TO ECM ——»

SPOUT FROM ECM —
CRANK FROM IGN SW <€—
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COIL NEGATIVE —»
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Fig 6-12. Tapping on terminal 1 of T ingnifion module [the wire fraf goes to the ECM) af the modke will procuce a spark af the ignition coll if the modude is good.

Don't forget fo anplug the Spark outpat (SPOUT) connector before doing tis tap fest

This Chpsier igndian module pses 2 pe ansisfor mounted in @ gold-colored
ki hesl sink (upper ieff of mogdle). Courtesy of CARDUEST Aulo Parts

ballast resistor (like those used in points-type Ignitions) may
be used in series with the ignition coil. To perform a ap
test on a single AC pickup coil distributor, murn the ignition
key to the RUN position, Using a hot vest Iig]'r:, rap back
and forth between the pickup coil wires at the distributor
connector. Watch for a spark from the coil.

You can check the RUN pickup coil on a dual pickup
coil distriburor in the same manner as a single pickup coil

distributor. To check a START pickup coil on a dual coil
system, the engine must be cranking when the tap test is
performed. The large connector at the distributor
connects to the START pickup coil; the smaller one
connects to the RUN coil. Only one pickup coil is used
at a time—either the RUN coil {engine running) or the
START coil (engine cranking).

There is an air gap adjustment that must be made on
both single and dual pickup coils. The single pickup coil air
gap should measure 0.008 inch for 1972 to 1976 vehicles
and 0.006 inch for 1977 o 1986 vehicles; the dual pickup
coil air gap should be 0.008 inch for all years. Pickup coil
resistance should be between 50 and 900 ohms. The single
ballast ignition resistor’s resistance should measure 1.25
ohms, while the dual ballast resistor’s resistance should be
5 ohms (run side) or 0.5 ohm on resistors with exposed
windings, and 1.25 ohms for resistors with sealed windings.
If after performing the tap test there is no spark, check the
wires at the module or compurter for power and grounds.

Chirysler vehicles equipped with fuel injection systems
manufactured berween 1984 and 1995 use a hall-cffect
switch inside the distributor. In addition to the hall-
effect switch, 1984 1o 1987 models have two enboard
computers—a logic module (locared in the passenger-side
kick panel inside the car) and a power module (located next
to the battery). Later model vehicles produced from 1995
o 1998 use a single computer called a single board engine
controller (SBEC). All of these vehicles use an awio shur
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An setn shef down (ASTY relay is
higden insige e power modne
{togl. b addiion fo comtmiling the
fued inyectors and charpiag
system, this power modie
serves as e gnition macds far
early fumi-injected Clvysiers. The
brams of the enging
management system i the logc
modie (botiom). Courtesy of
CARDUEST Awlo Parts

down (ASD) relay to power the fuel injectors, fuel pump,
and jﬁnirlun coil. The ASD relay is controlled by the
onboard computer and is wred on for only two seconds
when the key is in the RUN position. If the key is cycled
berween RUN and START positions three or more times
{usually because the car won't start), the computer won't
turn on the ASD relay until it receives a crank signal from
the distributor. Because of this potential problem, vou need
to bypass the computer's control of the ASD relay before
p:rﬁ::ming a tap test on these vehicles,

To do this, the relays control wire needs o be
grounded, The ASD relay can be either internal or external
to the computer, but you must consult a wiring diagram
to locate the wire thar triggers the relay. The relay control
wire to the computer will be labeled “ASD contrel”™ or
"ASD relay.” Once you locare the control wire, use a
grounded test light vo trigger the ASD relay. With the ASD
relay :ntq.-,]z::d, check for 12 volts at the coil and listen for
the fuel pump o run, With the ASD relay on, the tap test
can now be performed.

There is a scparate ignition @p rest for Chrysler vehides
produced between 1984 and 1987 with 2.2- and 2.5-liter
enpgincs. These vehicdes use a hall-effect swirch inside the
distributor and a three-wire connector to the onbeard computer.

In addition, two computers are used
and a power module. The ASD relay is inside the power
module; the relay’s rigger wire is blue with a yellow stripe.
To perform a tap test, unplug the three-wire connector at
the distributor and wirn the ignition key 1o ON. Using a
grounded test light, tap on the gray wire going to the logic
maodule. This should praduce a spark at the coil. If you get
a spark, plug the distributor back in. With the engine
cranking, use a logic probe to check for a signal from the

a logic module

hall-effect switch {gray wire). If no switching signal is
present, check each of the three wires going 1o the
distributor with the connector unplugged. The orange wire
should have B volts, the gray wire 5 volws, and 0 voles on
the black wire tg;mund], If the wires all check our okay, it's
time to buy a new hall switch. If there is no spark, the power
and ground wires ar the power module all need 10 be
checked for correct values. Use a wiring diagram specific 1o
the vehicle being worked on in order to identify wire colors
and corresponding electrical values. If the wires are OK, the
power module may be bad.

The rap test for Chrysler vehicles made from 1988 w0
1995 is basically the same as the previous test. These
vehicles use a single compurer Chrysler called a single board
engine controller (SBEC), Before prrr'-.ur|11|n|; this tap test,




I 1988 Chslar combingd fhe power and fogic modkies info @ single board engine controlier (SBECL. To cool down the electronics, ali the air entering the anging
Mt pass Iveogh alr cuets 8t each e of the SBEC. Courtesy of CAROUEST Auto Parts

8V REF ORN —» L

SWELSAS NOLLINDI

GROUND |-BLK OR BLK/BLU
5V SIGNAL [~ GRY OR GRY/BLK —<-
COIL
SWITCHING |- BLK/GRY OR BLK/

— GRN/BLK

SBEC R

\4
ASD POWER IN— COIL

Fig B-13. After groumding (e ASD riay o0 Ies Clrysier igniton Systam, check for powar 31 Ihe col before doing this Bp fest i the relay is not working, e g test
won T prociuce 3 spank.

115



IGNITION SYSTEMS

116

These replacemen! ignitian wires are construciad using high-grade silicons
that can wilfstand 500 degries Fafrenhet, or under-hood femperatures. They
are avatatie i gfiher 8 carbon impregnalted (Derplass core for radio fregquency
interference (AR suppression or @ piried copper core for racing. Courtesy of
Mallory ignltion and Sumenit Racing Egupment

2%

Thes high energy ignition (ME]) upgrade kil for GM vehicles uses an akgd
disfribufor cap with brass ferminals. Mhese replacament parts exceed OEM
spacifications, Courtesy of Summet Racing Equipmant

the ASD relay must be triggered by grounding the control
wire with a grounded test light; the ASD relay is always
external 1o the computer in these model years. To perform
a tap test on these vehicles, unplug the three-wire connector
at the distributor. With the ignition key in the RUN
position, use a grounded test light 1o tap on cither the gray
or gray/black wire (ar the hall-eftect switch) on the hamess
side of the connector, The coil should produce a spark. If
probe 1o check for a signal from the hall-effect swicch while
the engine is cranking. If no switching signal is present,
check each of the three wires going to the distributor with
the connector unplugged. The orange wire should have 8
volus, the gray or gray/black wire should have 5 volts, and
there should be 0 volts on the black or black/blue ware. If
all the wires check our okay, you need to buy a new hall-

This Snap-0n MT2500 ki spark fester can be wsed o both commambional ang
IS igniBion syslems. Fashing LEDs ang 8 rolary dial indicate spark
vollage ievels

effect switch. If you didnt ger a spark, the power and
ground wires at the power module all need to be checked
for correct values. Use a winng diagram specific to the
vehicle you are working on to identify wire colors and corre-
sponding electrical values. If the wircs are OK, power
module may be bad.

SECONDARY IGNITION CIRCUIT
So far we've dealt only with primary ignition switching: now
the focus shifts to the secondary ignition circuit. When a
spark is produced at the ignition coil, it must go from there
to the proper spark plug in the engine’s firing order. On
vehicles equipped with disiributors, the spark travels
through the coil's high-voltage wire 10 the distributor cap
and then to the rotor. The rotor direcis the spark o the
terminal inside the distributor cap thar corresponds with
the cylinder requiring a spark, based on the engine’s firing
order. The configuration of crankshaft and camshaft dever-
mines the ignition firing order of the engine’s cvlinders. As
cach cylinder reaches the top of its compression stroke, its
air/fuel mixture is ready to be ignited by the ignition system.
The spark from the ignition coil necessary for combustion
jumps the air gap berween the rotor tp and cap rerminal,
and then wravels along the spark plug wire 1o the spark plug



ith a final gasp of breath, the use of carburetors in

U.S. production vehicles died in 1994, The
widespread use of elecrronic ignitions beginning in 1975
and EFI systems in 1984 was driven by ever-tightening
emissions standards, Although there was a brief period in
the carly o mid-1980s when manufacturers used
electronically controlled carburetors to meet emissions
requirements, these systems were fraught with problems,
both from poor design and lack of training for technicians

working on them. Fortunarely, these early production
attempts to control fuel delivery are a thing of the past.
Nowadays, all vehicles made in or for the United States
have EFI systems.

In addirion to cars and light trucks, many nonauro-
motive applications are currently experiencing a transition
phase from carburetion to EFl, including mororcycles,
scoorers, and lawn tracrors. Today, a rechnician or home
mechanic who is without an understanding of how EFI

Thas ECM i oul of an eanly | 8805 G weiicis, The combimatan of govemment-mandaled emissions confrod and the availabiily of cheap compiners alliovwed aufa
manacturers fo swilch from carburetors i plecironic fuel infeciion syslems.
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works has severely limited ability 1o perform even basic
electrical and electronics diagnostics.

However, working on an EFI system doesn't have 1o be
as complex as many people believe it is, Just like electronic
ignition systems, different EFI designs share many similar-
ities, so once a technician understands the basics of EFI
operation, most types should be relatively casy to diagnose.

CARBURETORS

All gasoline-powered engines need only two basic ingre-
di:l’l % 1o run—tl]l.' Correct amount DFFIJCI E’HT any Ei"ﬂ:ﬂ I'F"TI
and throttle opening, and a spark from the ignition coil a
the right time. A carburetor’s fuel-delivery system is made
up of separate fuel circuits, each with a specific job 1o
perform. During startup of a cold engine, the choke circuic
adds extra fuel and air to keep the engine from stalling,
Once the engine reaches operating temperature, the choke
circuit shuts down. At idle (as the throule is opened), the
jdl'n'.' I'llixl'.u.n: :I:-rl;J:ITI I'J'.I.‘.' SCIw ﬂﬂd lfaﬂifﬂr F"'Dlt 'i.in._-l.l.llu
provides additional fuel as required by the engine, As
airflow into the engine increases, the main fuel circuic
regialates fuel How in relation o the amount of throtle
opening. If the throule is opened suddenly, an acceleraror
pump circuir squirts fuel directly into the intake manifold.
Without an accelerator pump, the faster moving air would
get to the intake valve and cylinder before the fuel, causing
a flat spot and backfire durinﬁ acceleration (air is about 400
times lighter than gasoline).

Although carburetors have provided fuel delivery
services for well over 100 years and have always basically
{uﬂ[ti.ﬂ“l:d. p:rn:tl‘_'.-' “'EI]. r}l:ﬂ: Arg some rl'lil'.l.l.';! tl'.l.[']l" !impl_‘f
can’t handle. A carburetor is basically a hunk of aluminum
with a bunch of holes drilled into it. As air pressure within

the carburetor changes, fuel and air flow through the
various holes and into the engine. However, a carburetor’s
ability to deal with constantly changing operating
environments is limited with regard 1o reactions o changes
in altitude and compensation for engine temperature. They
also lack precise fuel control for emissions purposes and
create overall excessive fuel consumption during steady
state engine operation and accelerarion. In 2 word,
carburctors are just oo dumb to continue being useful for
providing accurate air/fuel mixtures in modern vehicles.

What is needed is a fuel dc-]i\.'rr_r svstem with some brains.

ELECTRONIC FUEL INJECTION

In addition to performing all the functions of a carburctor,
the EFI system also controls engine idle speed and various
ignition system timing functions. It regulates fuel delivery
using, dmmm:&gn:ric valves (fuel injectors) thar open
electronically for varying lengths of time. When the fuel
injectors are turned on, they spray fuel into the engine, The
amount of on time is called injector pulse width, and
the longer this is, the greater the amount of fuel injected
into the engine, While all EFI systems use fuel injectors that
operate in the same manner, there are different EFT designs
and computer strategies in use today.

Throtile body injected (TBI) engines use only one or
two injectors located where the carburetor used 1o be. After
fuel is injected into the throttle body, it travels through an
intake manifold before reaching cach cylinder. Because the
air/fuel mixture has to travel varying distances 1o reach
the engines individual eylinders, this sssiem has inherens
fuel distribution problems.

By contrast, a port fuel injection (PFI) engine uses an
individual injector for cach cylinder, making it more efficient



This Ford throtile body and infeciors make ue a modem EFT sysfenr, providing
hatter parformance and fuel milesge than the carbwvelors of the past.

than a TBI system. The PFI system sprays fuel directly ar the
back of the engine’s intake valves; consequently, fuel delivery
is more precise because it has less distance 1o travel before
reaching the combustion chamber. Eventually, PFI systems
were replaced with sequential port fuel injection (SPFI)
systems. Each cylinder still has an individual injector,
however, the injectors on these systems are pulsed in accor-
dance with the engine’s sequential firing order. These systems
].'Il'ﬂ\"id.l': more accurate fuel delivery, which in turn helps
reduce exhaust emissions and increase fuel mileage,

Finally, one other flavor of fuel injection systems exists—
a Bosch KE Jetronic. This system uses an airflow sensor
with a metal plage thar moves in relation to engine airflow,
As the throttle is epened, the sensor measures the increased
air entering the engine. A mechanical fuel distributor then
delivers fuel 10 cach injector. The injectors are simple
pressure relief valves and use no elecrronics. These systems
A0C rDIJI'Ilj 0an E:r' ;II EIJIL'IF'CJH Crs.

Eama Bosch fuel injection sysfems use 8 combinaton of mechanical and
plecironic companents in their sysiems. Piolured & @ mass ailow (RAF)
sensor and el distribulor for 8 K Jetrons )5iem.

TAKING EFl FOR A TEST DRIVE

For an electronic control module (ECM) 0 control
injectors and ignition tming, it must receive information
about engine rpm, engine temperarure, altitude, air temper-
ature, driver demand, and other inputs. This information
is passed along ro the ECM via its sensors, the ECM uses
this informatien for overall engine management.

How a fuel injection system operates is worth a closer
look. Taking a quiclr. virtual drive in a modern fuel-injected
car will illustrare how an EFI system operates,

Starting

Imagine yourself on a nice fall day sixing in your new car,
which, naturally, is equipped with a modern EFI system.
When the ignition is first turned on but before the engine
is started, the ECM checks in with various sensors o
determine engine coolant and air temperature, as well as
barometric pressure, The sensors report a cool 50 degrees
Fahrenheit outside ambient temperature. Because the car
has been sitting m.':mighr. engine coolane temperature is
the same as the air iemperarure. Since your imaginary car
was parked near the beach, the barometric pressure (BARO)
sensor indicates to the ECM that barometric pressitre i% at
sca level. The ECM turns on when the key is turned to the
RUN pesition. Because engine remperature is cold and air
pressure is at sea level, the ECM adjusts the injector’s initial
pulse width in accordance with internal programming ro
ensure a rich fuel mixture for cold starting. The ECM also
opens an idle air contreller (IAC) valve to allow extra air to
enter the engine, causing a fast idle. This keeps the engine
from stalling until it warms up. When the ignition key is
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wurned to the START position, the ECM gets a signal from
the erankshaft and camshaft position sensors as soon as the
engine begins rotating. The crankshaft sensor sends an
engine rpm signal and the camshafft sensor identifies which
e¥linder is next in the firing order. During cold starcup, the
ECM pulm {turns on) all of the injectors l:luring every
other crankshaft revolution. However, once the engine
warms up, the injectors are pulsed in the same sequence as
cylinder firing order—just like the spark plugs. Each
injector is pulsed just before the intake valve opens for thar
cylinder. This fuel delivery strategy, called SPFI, decreases
exhaust emissions while increasing horsepower, therehy
helping out in the fuel economy department.

Warming Up and Driving

Onee the engine warms up, the fuel mixture must be leaned
out so there is less fuel and more air. The ECM does this
by turning the injectors on (reducing injector pulse widch)
for a shorter amount of time. The ECM also lowers engine
idle speed by closing the IAC valve. However, once the
automatic transmission is put inmo DRIVE, the ECM
immediately changes ignition timing and slightly opens the

IAC 10 maintain engine idle speed. This action provides a
seamnless idle speed 1o the driver when shifting from PARK
to DRIVE. When the accelerator is pressed, the ECM
checks several inputs to determine injector pulse width and
ignition timing.

The TPS senses how far and how fast the throole
opens. The MAF sensor calculates engine load by
measuring the amount of air entering the engine. MAP
SEMSOME mMeasure engin: vacuum, another indication of
engine load. The ECM uses TPS, MAFE and MAD" sensor
inputs, as well as engine rpm, to determine injector pulse
width and ignition timing. The ECM calculares all inputs
by consulting its computerized internal dictionary, or
"]mlc-up tables,” which contain informarnion abour how
long 1o keep the injectors on for specific driving condi-
tions. For example, if the TPS opens ar a moderate rate,
and engine rpm are coming up slowly, the ECM increases
the injector on time gradually. However, if the throude is
opened suddenly, the TPS signal voltage goes up instantly
and the injectors are given a long on-time (bur only
bricfly!), thereby providing the same shot of cxira fuel as
a carburetor’s accelerator pump.
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throule is used in conjunction with moderate rpm, ignition
LImng 1s advanced o promore fuel economy. However, if
the throttle is wide open bur engine rpm is low, timing is
retarded to prevent engine ping or knock. The ECM system
also uses a knock sensor thar “listens” electronically o the
engine to determine if the fuel mixture in any of the engine
cylinders is detonating, pinging, or knocking. The ECM is
able 1o determine which eylinder is knocking, and then
retard ignition timing for only that cylinder, thercby
preventing damage to pistons during heavy engine loads.

As you continue your drive, now heading toward the
countryside, the vehicle sptt:d sensor {V5S5) in the car
indicates a steady road speed of 65 miles per hour. The
ECM now electronically locks up the automatic trans-
mission’s torque converter, creating a solid mechanical
connection berween engine and transmission. This is why
modern vehicles with auromaric rransmissions get virtually
the same gas mileage as standard transmission—equipped
vehicles; there is simply no slippage berween the engine and
transmission, as was the case in noncomputer-controlled
vehicles equipped with automartic transmissions,

As you pass through a quaint little town, a group of kids
crosses the street. When you come 1o a swop, the ECM
recognizes the throttle has closed based upon inputs from
the TPS sensor. The ECM also senses decreasing engine
rpm. All of these operaring conditions cause the ECM 1o
shut off the fuel injectors, causing a fuel cur (as it is
sometimes called). These pr:prngr.:mmcd processes reduce
exhaust emissions during deceleration.

While you wait at the coswalk, you realize how hot it has
gomen, so you flip on the air conditioning (A/C). The ECM
automatically increases the idle air controller’s opening so you

" &

dont notice a change in idle spead & the air condithoning
compressor tums on. | he radiator cooling fan is also controlled
by the ECM and is switched on any time the air conditioning
is operating. ‘With increased dlecrrical load on the alernator, the
ECM increases the LAC signal, which in murmn increases engine
speed, helping the altemator w0 keep up with the incresed
elecrical demand from the air conditioning and cooling fan.

Once you reach your destination and shut off your car,
the COMPUIET OCS FO sl::p and remains this way until you
start the process all over again. (The operation of the ECM
and its various sensors depicted during our hypothetical
drive has been npﬂain:d in slow motion; in reality, all the
clectronic signaling and decision-making happens ar
thtnlng speed!)

Sensor inpus to the ECM are processed aran amaring rate
of over one million times per second. However, the rate at
which ECM outputs change is much slower, only about 80
times per second. Because a driver can't open the throttle, tum
on the A/C, change gears, or aperate any controls faster than
an EFI system can, the operation of the engine management
system is scamless and undetected by the driver. The end
ourcome of modern engine management is thar it produces
vehicles thar: 1) start and run well, whether cold or hog 2)
accelerate smoothly; 3) get good fuel mileage: and 4] dont
pollute as much as before. As a resuly, it's notc uncommon for
some V-8 engines to get over 23 miles per gallon.

SENSOR TESTING
Throttle Position Sensor (TPS)
Most TPS have three wires: power (usually 5 volis),
ground, and signal. A TPS can be resied in two ways: by
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measuring cither varying voluage or varying resistance.
Measuring TPS voltage is the more accurate method for
testing this sensor because the ECM reads its voluage
in!tﬂd Driﬂ \.'aria.b[l: ICSL[IJ.I'ICC.

To check for the presence of a TPS signal, turn the
ignition key to the ON position and leave the TPS plugged
in. Back probe each wire with a digital volimerer. The
following readings should be found on each of the three
TPS wires: (See figure 7-3)

* Five-volt reference wire—The ECM sends 5 volts 1o the
TPS as a reference voltage. If none of the wires at the TPS
have 5 volws, check the fusels) that power the ECM. IF the
fuses are good and the TIPS wires to the ECM are also okay,
there may be a bad power supply within the ECM. If this
is the case, the ECM will have 1o be replaced.

* Ground wire—The TPS ground comes directly from the
ECM. This wire should read close 1o 0 volus. If it's higher
than 0.02 volr, the ECM may have a bad ground wire. If
this is the case, perform a volage drop test on the ECM
ground wire(s) to be sure thar is the problem.

* Signal wire—The TS sends a varying voluage signal o
the ECM via the signal wire. With the throude closed,
voltage should be around 0.5 volt. As the throule opens,
voltage should gradually increase until it reaches around 4.5
volis at wide open throttle. Inside the TPS is a variable
resistor that changes resistance in relationship to throtle
angle {opening). This resistor can eventually wear out over
many miles of engine operation. Open the throtele slowly
while checking the volumeter reading: a steady increase in

CLOSED

TPS

gets closar i ihe reference
vintage of 5 volts. This increasing
vollape indicates fo the ECH that
it showld add fuel sccordingly 25
e velicle acceleriies.

voltage withour any skipping or jumping around indicates
a good TP'S. A DVOM with a bar graph makes it much
easier to recognize a bad TPS since a bar graph has a faster
di."ir.lll.}" rate tlla.l.'l 4 r]igita] ].'I.IJITH:I'EE d.i‘_'lplil.}".

Temperature Sensors

[]:pﬂldinsun nmuﬁcuuu’.u‘ginr mp:mmtmma]su
referred to as engine coolant (ECT) sensors, coolant temperanire
sensors {CT5), or other similar acronyms, Inake manifold
Iemperanre sensors operate in a simikar manner and are often
called air charge remperature (ACT), intake air temperanre
(IAT), or manifold air emperature (MAT) sensors, Both coclant
and intake manifold remperature sensors can be tested in the
=|mc I'.I.'I.II'IH.EI!'..T}H? lﬂ]iﬂ.l'iq" ﬂrtﬂTl]Il'.'l.l'l.l.l'E SCNSOTS Arc .I.'I.I'.‘ﬁ]ﬂl'\'ﬂ
remperarure coctlicient (NTC) thermistors, An N TC thermistor
changes s resistance as emperature  chanps—rsistance
decreases as temperature increases. There are also a few positive
temperature coefficient (PTC) thermistors, but they are rare.
These work in a different manner than NCT thermistors—as
Temperaniire increases, resistance increasess as well.

Temperature sensors are typically equipped with cither
rwo or three wires. To check a two-wire coolant or air temp
sensor, turn the ignition key o ON and use a DVOM 1o
back probe both wires. One wire should read close to 0 volts
since it is the temp sensor ground; the other should have
between (L1 and 4.5 volis depending on its manufacturer
and sensor temperature. A cold engine should have approx-
imately 3 volts or higher. Start the engine and watch the
voltmeter reading as the engine warms up. Voliage should
gradually start dropping w around 1 or 2 volis depending
on its manufacturer. [f :iE;nJ] w.ﬂt:g.r dmps faster or il:ips
around, the coolant/air temp sensor is probably bad.
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[PS semsors come m differenf
shapes and configuralions. iWinie
masf ane vaviable resistors. in
adkiifion o the vaniehie resisfor
somi, Japanese manufachrers
1me condacts inside fhe TPS fo
sigral throftls posilion,

Coolant temperature sensors (CTS) containing three
wires are rypically found on GM vehicles from 1993 or
later. The third wire is for the remperature gauge on the
instrument pancl; the other two wires are the same as
described for temperature sensors—ground and signal wires
1o the ECM. Chrysler vehicles in production from 1985 1o
1995 used a dual temperature curve programmed into the
ECM. On these vehicles, the ECM uses a set of voltage
readings from -20 to 80 degrees Fahrenheit; then it switches
internally to a different set of values berween 130 and 230
degrees Fahrenheit, If the volimeter readings jump when
the engine’s temperature rises o just above B0 degrees
Fahrenheit, then the ECM has switched to the “het”
curve—normal for these vehicles. The chart on page 128
lists temperatures, voltages, and resistance values for
temperatire sensors of domestic manufacturers,

Both types of sensors can also be tested for internal
resistance with an chmmeter after simply unplugging the
coolant/air temp sensor. Measuring internal resistance is a
good indication of proper function. In general, resistance
should be high (thousands of ohms) when cold and low
when hot (below 2,000 ohms). See a service manual for
exact resistance values for specific vehicles.

Oxygen (0,) Sensors
The key to making all closed loop feedback systems work
is an O, sensor, which measures oxygen content in exhause

gas. There are two types of O, sensors commonly used—
zirconia and titania,

A zirconia dioxide sensor acts as a galvanic bartery,
generating a small DC voltage based on the comparison
herween the OXygen content inside the exhaust and
surrounding atmosphere. When the oxygen content is low
{rich mixture), the difference between exhanss gas oxygen
and atmospheric oxygen is high, causing the sensor w0
produce a high veltage from 0.5 o 0.9 voli, Conversely,
when an (:]: sensor detects a lean mivture Ihigh exhaust
gasfoxygen content) and compares it to the outside air, the
difference is smaller and lower voltages are generared
ranging from 0.1 to 0.4 vole.

A titania O, sensor operates somewhat differently from a
zirconia sensor, but the end resule is the same. Instead of
producing voltage, 4 titania O, sensor uses a reference voltage
from the ECM 1o ch:ng:: its intermal resistance based on
oxygen content found in exhaust gas. The resulting voleages
will be the same as those for a zirconia sensor, Both sensors
have 1o be hor (600 degrees Fahrenheit) before they can
function. Some sensors use an clectric heating clement to
keep them from mjl]ng down at idle (when engine exhaust
gas temperature is low), Electronic hearing also faciliares
quicker sensor warm-up during cold staring

Unlike other sensors, O, sensors can have one, two, three,
or even four wires, To test most O, sensors, the engine should
be warmed to normal operating temperature. To do this, don't
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A MAP seisors ang basically
elecionic vacun gauges. This
Forg MAP sensor jon the leff)
Sitnds & vanahie frequency o the
ECM. Offrer MAF sarsors change
B votage Sinals o the
compeder & ingdicale enging iaad,

has three wires, To test this sensor, use a DVOM 1o back probe
cach of the three wires while the MAP sensor is plugged in.
With the ignition key mumed o ON, the power wire should
read 3 volts, the ground wire should be dose o 0 voles, and
the :ign;ﬂ wire tov the FCM should read 2.5 wvolis, {{_}J'r]}' a
multimeter capable of reading frequency can be used 1o check
the signal wire,) Next, use a hand vacuum pump o change
vacuum levels at the MAP sensor. Voliage on the signal wire
should always be 2.5 volis, regardless of the vacuum level at the
MAR By contrast, frequency (herz) levels should change as
vacuum levels change ar the sensor. However, just like on other
MAI" sensors, when checking this sensor above sea level,
frequency readings will be slightly lower—abour 3 herez for
every 1,000 feet above sea level, To find frequency values for
vacuum levels, see the chart on page 132.

If no meter is available to read frequency, another quick
way to check if the MAP sensor is working requires use of
a jumper wire, Attach the alligator dip of a jumper wire 1o
the sign;ﬂ wire (usually the middle wire) ar the MAI" sensor.
Connect the other end to the antenna of the vehicle being
tested. IF the antenna 1s embedded in the windshield, try
holding the clip against it. Then turn the ignition 1o ON
and tune the radio w an AM frequency below 600, {Don't
expect good tunes here!) The map sensor’s frequency output
will come right through the radio speakers. Again, use a

[ Y TOENGVAC
5V REF
MAP
SIGNAL
GROUND
ECM | MAP
.

Fp T-& MAP sansors have free wires: poseey (5ol reference), pround, aad
slonal. Some MAP sersovs have 8 pipple fitting Lo scoapd & vacium hose,
wiiCl CoNARCIs [ sensar i (e intake ok

hand vacuum pump 1o change vacuum levels at the MAP
SCIS00. “C .‘“:I'Ll.l'ld DI'- I'l'l: Fi.r.f]'.l. l.:lil th:' Fr:qu:nc}' .‘i]'ll.?l.tl.d
:;Iungt. cun.ﬁrming the MAP sensor is working (but unfor-
wnately, not giving enough information to measure its
accuracy). In the Ford MADP chart, Hg represents inches of
mercury and kPa represents kilopascal, a unit of pressure.




Thes GM MAP sensor has & mipple conmecting ihe semsor (wa 8 vacuum hos) fo
the enging infake mandpld. These sensors produce @ voltage sional fo the ECM.
Courtesy CAROUEST Auta Parts

CHRYSLER

A Chrysler MAD sensor is similar to a GM sensor in that
both produce a varying volage that changes with engine
vacuum levels, Chrysler uses two types of MAP sensors—
turbo and nonturbo, Both work the same, but volage
outputs are different. On some early pre-1987 vehicles, the
MAP sensors are located inside the vehicles logic module
of the onboard computer and are therefore nor accessible
for testing. If the MAD sensor has to be replaced, there is,
fortunately, a relocation kit available for chis system.

To test a Chrysler MAP sensor, turn the ignirion key to
ON. Using a DVOM, back probe all three wires—one
should have 5 volts (power), one should be close to 0 volts
{ground), and the last should be the signal wire. Use a hand
vacuum pump to test the MADP sensor. When testing above
sea level, voltage readings run about 0.1 volt lower for every
1.000 fect above sea level. To find voltage values for cach
rype of Chrysler MATD sensor, see the char on page 132,

MASS AIRFLOW [(MAF) SENSORS
A MAF sensor measures the volume of air entering an
engine, calculates air density and temperature, and sends a
signal of the result 1o the ECM. A MAF sensor on a GM

Vacuum Voltage
(i} 4.80

5 3.96

10 3.06

15 210

20 1:10

21 0.82
GM BARO

3.00 to 4.86 dcpcnding on aldmude

GM TURBO MAP

Vacuum Voltage
0 2.40

3 1.66

10 1.18

15 0.70

] 0,20

GM VAC

Vacuum Voltage
0 0.54

5 1.38

10 220

15 3.20

20 .20

21 4.40

These ane vacuwm vevses wolfage values for GMs MAR vacowm (BACL and
baromeinc pressume (RARG) sensors. These nmbers sene 25 3 penersl puide
wien dingnosing MAF sensors: see 4 service manuad lor specific
vollagevacuLm Fales,

or Ford car is often referred 1o as a hot wire MAF sensor
because the temperature of its sensing element is
maintained to a programmed level above that of incoming
air. As air passes over the sensing element, it cools down,
requinng the MAF sensor to Fmd.u::c more curtent to
maineain the programmed temperature. By measuring the
internal current flow used 1o hear the sensing element, the
small compurter inside the MAF can caleulare mass airflow
into the engine. The digital signal output produced is a
varying frequency, which the ECM uses to calculate
injector pulse widih and ignition timing.
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GM MAF Sensors

GM uses three rypes of MAF sensors: AC Delco, Bosch,
and Hitachi. The AT Deleo three-wire MAF sensor was
installed in cars manufactured berween 1985 and 1991, To
test this rype of sensor, leave it plugged in with the ignition
key in the ON position, and then back probe cach wire
using a DVOM. The power wire should read 12 volis, the
ground wire should be close to 0 volis, and the signal wire
should have 2.5 volts, (Remember, the multimeter muse be
capable of reading frequency or hertz to measure this
sensor’s output.) With the key turned to on and the engine
off, the signal wire readings should be around 8 1o 10 here,
while ar warm idle they should be around 40 o 45 herz,
and ar wide-open throtle about 150 hertz. These numbers
are approximations, but as long as the herrz readings
increase when the throule is opened, the MAF sensor is
pn.ﬂ.uhl} L“"ja J'HMJ‘. since tI'If."’il'E' SCIS0rs l.'l'ﬁfll |'|.i].'|l'|: IJGI.{
Wirl I'IF :'LZI.I'I“:S! connectors, ll:'!.' Sure oo El'LEEk tl'.ll:' connector
before condemning the MAF as bad.

AL Delco five-wire MAF sensors were installed in cars
manufactured berween 1985 and 1989, This sensor’s
connector has letters identifying cach terminal. Following
is a list of funcrions for each of the wires used on this sensor:
® Terminals A and B have a black/whire wires and are ground.
® Terminal C has a dark green wire that is the signal wire
and should have 0.5 volt with the engine idling. To
determine if the sensor is good, change the funcrion on a
DVOM 1o read frequency. This wire should have 32 hertz
at idle and 150 hertz at wide-open throttle.

* Teminal [ is a dark blue wire and receives 12 volts during
burn-off cycle. The burn-off cycle keeps the hot wire clean
by burming off any dirt or contaminants; this occurs
whenever the ECM sends a signal to the MAF 1o hear the
sensing wire 1o red-hot. (This occurs automarically and is
controlled by the ECM.)

® Terminal E is a red or purple wire and also receives 12
volts to power the MAE, However, be careful when
checking this wire for voliage with the key umed o ON
and the engine not started, as there are 12 volts on this wire
for only two seconds and ics easy 1o miss the meter reading,.
Thesc sensors are also prone to dinty hot-wires, despite their
burn-off cycle. The wire can be cleaned using a Q-tip and
rubbing alcohol and dried by gently blowing across it with
your mouth. Since the wire is very thin, it breaks easily, so
don’t use an air nozzle w blow it off.

The Hirtachi MAF sensor was used from 1988 to 1993
on GM 3300 and 3800 engines. This sensor also has three
wircs, r{::l test Il'li! SCNS00, lr:a.w: i.l. ;:rluggr:ﬂ il'l. turn |J'IE
ignition key o ON and then back thc each wire using a
DVOM. The power wire should have 12 volis, the ground

FORD MAP

VAC Hg kPa Hertz
0 0 159
3 10.2 150
G 20.3 141
9 30.5 133
12 M6 125
15 0.8 117
18 61.0 109
2 TL1 102
24 81.3 95

Ford MAP sensors procuce frequency instead of wofage oolpuds. A DVOE
capatie of reading frequency, or herlz, is necessary by test this fype of sensor

CHRYSLER MAP

Vacuum Voltage
0 4.5

5 G H

10 29

15 2.4

20 L2

25 0.4

CHRYSLER TURBOD MAP

Vacuum Voltage
0 25

5 1.85

10 145

15 1.05

20 0.60

25 0.20

Chrysler's burto MAP bas differeat valtage vilues fooy & nonlvio MAR Whan
ordering & new sansor, o not el Mhem mived Lo pour vehicke wil ot nm
well o &f all, il e ivrong Sensor

wire should be close 1o 0 volts, and the signal wire should
have 5 voles. z*u.gain.. the multimeter must be able to read
frequency to measure this sensor’s ourput. With the ignition
key ON, and the engine off, the reading should be between
0 and 35 hertz, and at idle it should be berween 2,500 and
3.500 herre. As long as the herrz readings go up when the




throttle is opened, the MAF sensor is most likely good. This
sensors hot wire can also be cleaned in the same manner as

a five-wire AC Deloo MAF sensor.

Ford MAF Sensors

Ford mass airflow sensors are similar to those used on GM
"ﬁ'l!hif]ﬁ. L'II:EF[ [I'ltﬁ:: SCNSOrs P'I.'CH:IIJEE \rﬂltigf il'l;“.'ﬂ.d I.'I"-
frequency. The following test is provided for 1990 1o 1995
Ford MAF sensors equipped with four wires.

To test this sensor, leave it plugged in, turn the ignition
key ON, then back probe each wire using a DVOM. The
power wire should have 12 volis. There are two ground
wires that should each be close to 0 voles. The signal wire
should also be close o 0 volis, Ar idle, the signal volrage
should be abour 0.8 o 1.0 volr, bur ac 3,000 rpm the
reading should increase to about 2 volts, and when the
throttle is snapped wide open, the reading should be
about 3.5 volts. As long as the voltage increases when the
throttle is opened, the MAF sensor is probably good. This
SCTS0Or 15 ij pranc Lo J'I.:I\'i.l'.lg a l:l.irl:_:f' IEI'.LEEHE \l'il.'l.'.. bllt it
can also be cleaned with rubbing alcohol and a Q-tip. Be
sure to dry it very gently by blowing with vour mouth,
since this wire is also very thin and easily broken. (Dont
use an air nozzle!)

A MAF sensor's hot wirg i vary
Hhin, bt it is profectad by &
plastic’metal housing and screen
on boffy ends of e sensor When
incoming &ir cools fhe haf wire,
the MAF comipolir MGREases
covrent fo keep f ala
programmed femparanie,

Knock Sensor (KS)

A knock sensor (K5}, or detonation sensor as it is
somctimes called, has a piczoclectric crystal thar generates
valtage when subjected to mechanical stress. This crystal
produces an electrical signal with a unique signature based
upon engine knock or ping. The KS operates similarly wo
an electronic lighter for a gas refrigerator or barbecue,
CXCCpl it dﬂﬂ!“‘t Serk: r.l[!'u:r. i3 un]}r Ffmiul:ﬂ 1|-'u|t2l.g'|.'.
Whenever an engine knocks or pings under heavy acceler-
ation, the KS sends a signal 1o the vehicle’s ECM. The
ECM then retards igninion timing in an effort to stop the
knocking—a safety feature that can prevent damage o
pistons and rings. The use of a K5 also allows for the use
of different grades of gasoline without engine damage or
poor performance.

The tollowing are general diagnostic tests for K5, but
service manuals should be consulted for specific tests, as
these sensors sometimes vary in their ourpues,

To test this sensor, disconnect it and probe the sensor
wire with a DVOM. Set the multimeter to read AC milli-
volts. Take a small hammer and tap on the engine block
(near the sensor) while warching the volimerer. The sensor
should produce a small amount of AC voliage, usually less
than 4 volts.
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Another method for testing KS operation involves
use of an ignition timing light. This method only works
on older computer-controlled vehicles—usually those
with igniton distributors. With the engine running and
the timing light connected to the number one cylinder’s
spark plug, ignition timing can be checked at the crank-
shaft pulley. Use a small hamimer to tap the engine block
near the KS. The ignition timing should retard a few
degrees, proving the K5 is sending a signal ro the ECM,
which is then retarding the ignition timing, This test
won't work on all vehicles, so be sure to check a service
manual for specific tests.

Vehicle Speed Sensors [V55)

The VSS provides a signal to the ECM to indicate vehidle
speed. The ECM uses this information to control the
automaric transmission rorque converter lock-up and to
d:[l:rl"l.'l.iﬂf Ehi.ﬁ FH:I]“E. 'I.I'.I.Cﬂ.' are &IIEE L-.FPEE 'Dr d‘fsﬂ
sensors: (1) an AC pickup coil, (2) a hall-effect switch, and
(3) an oprical sensor. All three types of speed sensors operate
in a similar manner as their ignition counterparts do in
ignition systems. (See Chaprer 6 for an overview of testing
methods used on speed sensors.)

idle Air Control {IAC)

[AC sensors are not really sensors ar all—they are, in fact,
actuators, The ECM controls these devices in order to
change engine idle speed. Idle speed is increased by the
ECM during cold start conditions and air conditioning
operation, or whenever the automatic transmission is
shifted berween PARK and DRIVE. Cemain IAC systems
use a stepper motor to control the amount of air allowed
into the engine, while others use a bypass valve. In general,
these actuators can be checked for proper resistance, bur are
difficule ro vest tor acrual operation. Using a computer scan
ol (hand-held computer interface) is sometimes the only
way to verify if the ECM and [AC actvator are functioning
together correctly. Consult a service manual for proper
testing procedures for the specific vehicle being worked on.

FUEL INJECTORS AND INJECTOR PULSE
Fuel injectors are simply nothing more than acruarors
controlled by a vehicles compurer. The ECM controls the
amount of fuel injected into the engine by varying the pulse
width of the injectors. How long the injectors are open
{allowing fuel 1o be injected) is a function of the corre-
sponding length of ame the injector pulse width lasts.

All fuel injectors are solenoids consisting of a coil of wire
and moveable electromagnetic valve, When energized, the
coil of wire acts like a magnet, causing the valve o open.

Tl AL Dy MAF mansor hag been ot i falf =0 the computer & visibis (i)
The hol wire i located inside Me round plastic housog, AN of e air snfermg
the sagine must first pass fwough e semser 5o f can be measured

A fud injectors rsistance can be measured using an
ohmmeter. However, resistance readings only confirm that an
injectors intermal cotl s not shorted, or open. Because resistance
values vary widdly between injector manuficturers, consuliing a
service manual for specific values for the pamicular vehide being
worked on is always a good idea. The only way 1o tell if an
injector is acuuﬂ}r wmlqin{_-. cecinically & o use a lab scope
manitor the injector’s pulse from the ECM, However, 2 number
of simple tests will work most of the time to confirm indirectly
that an injector Eﬂpﬂaﬁnﬁ.'m following first four rests venfy
the ECM is sending an injector pulse 1o the injector. while the
Last test checks for mechanical operartion

1. Unplug the injector and connect a test light berween
the two wires at the injector harness connector, Crank or
start up the engine while mtc!'ling the test Ii['ju. If the light
flashes, the ECM is sending an injector pulse to the injecror.,
{;’I.J::hnugh a test iighrwnrks most of the oime for this rest, its
important o know this test will nor work on vehicles that
use a dropping resistor in the injector circuir, thus limiting
current going into the injector ro prevent overheating.)

2, Instead of using a rest light, use a noid light specific
to the particular EFI system tested. A noid light has low
enough resistance to flash during a test, even when a
l;l.mppjng resistor is used. (See Chapier 3 1o find infor-
mation about noid lights.)



Every AL rocoives 8 sonal froa e vaducle's ECM Io adfis! enging e Spead.
Some confroders are stepper mofors, while ofhers are bypass vaves. The

fumction of an (AL i3 fo bypass the air around the theattle plates in order fo Thes VS5 fells e ECM b lockup the lorgue comverter chich
ncreass engine itk speed. Courtissy CARDUEST Auto Parts Courtesy CARDUEST Aulo Parts
3. Use an inductive ignition timing light to verity injector | injector and stick the other end in your ear (no kidding!).

pulse. Clamp the timing light's probe around any wire going | 1f the injector is working, vou'll hear a steady clicking from
to the injector. Seart or crank the engine and watch the timing | the injector. A wooden dowel or mechanic’s stethoscope
light to see if it flashes. A flashing light provides confirmation | works just as well for this test.
that the ECM is sending an
injector pulse 1o the injector.

4. Use a logic probe o venfy

the presence of an injector pulse
signal from the ECM. Connect a
logic probe or red-and-green test
light to the vehicles bawery. (See
Chapter 3 for more information
:I.I:HJLI.F BC%iE F‘Tﬂhﬂ :II'II! [CSE
lights.) Touch the probe w an
injector wire (the injector can be
left plugged into its connector),
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Crank or start the engine and
watch the LED on the logic
probe. If it flashes or pulses, then
the ECM is sending an injector
puilse to that injector.
5. For a low-tech methed,  Whik they may ook diffarant, sl of these fusl injeciars operats in e same manner Each vses & cofl of wing hat

simply rake a long screwdriver  acts ke & magner when the ECM senas out an injector putse. The langth of e pulse (puise wicln) detenmines how
and touch cither end 1o the fuel  joag fe injector remaing ooen and, consequently, how much fuel is injected info the engime.
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SECTION IV

GENERAL ELECTRICAL
SYSTEM DIAGNOSIS

CHAPTER 8

aking a cross-country car rip when you were young

might have been your introduction 1o a road map. Maybe
your parents showed you a road arlas and sid something like,
“We're here now, and after driving for four days we'll be there.”
Your first introduction to reading a wiring diagram was
undoubtedly less memorable. However, reading a wiring
diagram s similar to reading a road map. Road maps illustrate
how 1o get from point A 1o point B, In a sense, so do wiring
disgrams, However, insead of conmecting  interstaces,
highways, and roads, a wiring diagram shows interconnecred
major chectrical systems, subsystems, and individual drcuits.
When a technician looks ar a wiring diagram, the goal is 10
figure out why a circuit isnt operating. Consequently, desti-
nation points are I:]:-l.lmi with ¢ sources, controls, identi-
fication of and roures 1o load devices, and pathways for ground
returns back to the negative battery termunal.

Wiring diagrams and road maps also have another
feature in common—Ilayers of detail. For example, if you
lock at a road atlas of California, you won't be able to locate
a street address. You may locate a particular city or town,
but you won't find a specific route 1o an exact address. To
find the exact locarion of a particular residence or desri-
nation, you need a detailed streer map. The same is true
(though to a lesser extent) of wiring diagrams.

Originally, wiring diagrams showed the elecrical
systems for an entire vehicle. Afver the carly 1990s, wiring
diagrams were caregorized and separated into the major
clectrical systems and their subsystems (not the entire
vehicle), This occurred, in part, due to the complexity of
late model vehicles; with so many electrical components, it
was no longer practical to put everything on one wiring
diagram. Today, there are numerous wiring diagrams for
each vehicle, each pertaining to specific elecrrical systems or
subsystems in which paricular clecrrical componenis
belong. For example, if a dome light inside a vehicle isnt

Many avtomotve fechnicians with peas of erperience prefer io use @ book
verson of wiring disgrams. However, foday, most wining disgrams inlended for
professional wse can be found on 8 C0 or VDL A fechmician can read therm on
& compoler onilor and paind out. one page at 8 fme, &5 neeoed. Courtesy
Eicott's Speed Shop and Mitchall 1,

receiving 12 volis when a passenger door opens and you
want o find our why, it can take several pages of wiring
diagrams to map out the exact path of power from the
bartery o the light. The diagram for interior lighting will
most likely show you how the interior wiring and fuses are
connected, but the power to the interior fuse panel may
originate with an under-hood relay or fuse box. Conse-
qu:nl‘]}'. d :Iiﬂ-'l::l:nl “'il.'i.l'lE !JI-I.‘\L'fI..'II'Il may I:h: ﬂ:’ﬂd:d 1]
determine where the relay receives power

The secret 1o reading a wiring diagram will not be found
on the page that identifies the clectrical symbols used.
While this information is cerminly valuable, it won’t really
tell you how 1o read a wiring diagram. The secret 10
deciphering a wiring diagram is, quite simply, under-
standing how a circuit and/or load device operates, If you




o VO S
mesht al | I | {B [ [ | Il* mmrnrn
Fhg 8-1, This muicolpr wiving
—@ diagram shows a driving light
circut in both on and off condl-
25a Dash Drive Lts tiarss, Unfortunately, most
Fuse Sw manufacturers don't provide
l——@—_l_ the lioxwy of color dengrams,
-:l-_ Battery L they ars typically in biack and
white orly

© @

Battery

keep in mind the "Three Things™ (introduced in Chaprer
1) that all 12-volt DC circuits must have in order to operate
(power, ground, and a load device), cracking the mystery of
a complex wirinlg diagram will be much easier.

Every load device (motors, bulbs, relays, solenoids,
computers) requires both a power source and ground return
and must be controlled. Seme load devices are switched on
and off via a power source, while others are controlled by
switching ground rewrns on or off. Load devices are
sometimes dependent on other load devices o operate,
while some produce signals used by solid-state electronics
to wigger other load devices as well. Determining how a
specific load device is controlled can usually best be accom-
plished by consulting a wiring diagram.

This can get complicated, so to make it easier, we'll start
with some basic examples of circuit wiring diagrams and
then add layers ufmmplﬂit}' as we go. Und:mnnding how
these sample diagrams relate 1o the circuits they depict
should help with the task of reading more complex vehicle
wiring dingnms later on.

READING WIRING DIAGRAMS

Figure 8-1 is a simple diagram showing a driving light
circuit in both on and off positions. lts circuit consists of a
25-amp fuse (used ro protect the circuit), a swirch (located
on the dash of the vehicle), and two driving lights. The red-
colored wires have 12 volis, the black wires are ground
returns {0 volis), the purple wires represent load devices,
and the yellow areas are intended to show the lights
operating. With the dash swirch in the off position (upper
circuir), the power wire from the battery to the switch has
12 volis, When the dash switch is in the on position (lower
circuit), the wires to both driving lights have power and the

lights are on. The ground wires at each light have 0 volts,
since all available voltage is used by the lights.

Reading the wiring diagram illustrated in Figure 8-1 is
easy for two reasons, The driving light circuit has been
isolared and isn't shown as a subcircuit of the overall lighting
systern; and the wires and load devices are different colors—
red for power, black for ground, and purple for load devices
{bulb filamenss). Unfortunately, most wiring diagrams do
not provide any of these advantages. Even late model vehicle
diagrams may not isolate driving lights to this extent—more
likely they will be depicted as part of the overall lighting
system. Furthermore, color enhancement, if used ar all in a
wiring diagram, is solely for the purpose of identifying
individual wires, not for indicating power or ground sides
of a circuit. Most imporantly, wiring diagrams will not
show the differences berween a circuit in its on and off states.

Cnn.ncqu:ntl}r, the circuit d.cpicml:i in the mmplc w‘]:{ng
diagram illustrated in Figure 8-1 does not truly represent
automotive reality. Ir is oo simplistic. However, the basic
inherent thl:m with its dﬁls‘n can be solved slmpl}r by
the addition of a single component—a relay. Here's why: In
a real automotive application, a relay would be used instead
of a heavy-duty switch and wires to provide the high-
amperage connection needed berween the driving lights
and battery. A dash switch would still be part of the overall
circuit, but now it only has to switch the relay on (a much
smaller amperage load), instead of the driving lights.
Consequently, the switch and the wires to and from it don't
have to be heavy-duty since the relay, instead of the switch,
is turning the lights.

Figure 8-2 shows a relay added to the driving light
circuit. The relay connects bawery power directly 1o the

driving lights; it is switched on and off via a dash swirch.
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Fig B-2 A rolay has bean added &y the driving Eght circadt. The relay now confrols e igh amperage load Dt e drivang Uaits reed io operate [nsiead of fhe switoh
and wirps depicted in Figure 8-1) The adeéton of & relry allows for e use of smaler-pauge wines on the dash switch since if now controls enly fhe relay, insfead of
directly controding ihe driving Nahts, in fact, the switch ifself can be mage smaker s, 83 1t no longer has 1 confend willh 8 figh seciics’ oad wilth s desgn

Because the control coil inside the relay is low amperage
{about 1 amp), the dash switch and its wires don't have 1o
be oo heavy-duty. The relay contains two circuits: 1) a low
amperage circuit, consisting of a single control coil, that
causes the relay’s contact switch to close when energized:
and 2) a high amperage circuit that acts as a swicch to
connect the driving lights directly 1o the battery’s positive
terminal. The use of relays in late model vehicles is very
common, so understanding how to figure out if one is
working or not will help solve many electrical problems.
To berter understand the driving light circuit in the
wiring diagram of Figure 8-2, each subcircuit must first be
identified and then isolated from the larger driving lights
circuit, In this diagram there are two separare circuits and
control switches: 1) a driw'ng |ighu circuit with high-
amperage relay contact switch; and 2) a relay control-coil
circuit and dash switch. Each circuit requires power, load
device, and ground return. In addition to the essenrial
“Three Things,” each circuir also has a switch controlling
it. However, in this case, a dash switch now controls a relay
instead of cnnrru”i:ng the driwring IiEhrs., a much smaller
clectrical load. Consequendy, the driving lights are now
connected to the battery via contact points inside the relay
instead of directly through the dash switch. In addition,
inside the relay is a control coil (used to close the relay
contaces), which is connected to ground via the dash switch
inside the vehicle. Therefore, the wires going 10 and from

$o%

Automedive relays come in 2l shapes and sizes, buf they all basically opersle
Iha same, Some kate modal vehicles rse a3 many &5 30 relys of mone,

small since they will carry only the amount of energy
required to power the relay’s control coil—less than 1 amp.
By contrast, the conract swirch inside the relay now carries
the high amperage load needed o power the driving lights.

When the dash swicch is turmned 1o the ON position, it
connects a ground to the relay’s control coil (cerminal 4 on
the relay in the diagram of Egu.rc 8-2).
receives power directly from the bartery. Since the control

The control col

coil is now on (it has power and ground), it develops a

the control switch for the driving lights can now be quite

|



ot

TGAN-BLK
FroTE—C)

fy e AT =
L m | [ F =] e Il*

magnetic field, which in wrn pulls the high-amperage relay
contact switch down, causing relay terminals | and 3 to connect
{see Figure 8-2). With terminals 1 and 3 connecred, the driving
lights are able to receive battery power and tum on,

To better understand how the relay operates, an exami-
nation of the y‘:rl[agc present on the relay’s terminals with
the driving lights’ circuit in both an off and on state is
necessary. Unfortunately, the diagram in Figure B-2 is
t:ll"F'IILT-ﬂJ. ‘UF I'I'..'JJ \'\-'i.lil"IE d.i..lEﬁJTIE‘ in |J.'Iilt IJ.'IE \'Dltllgf '\?J [11 I:CI'I'
each wire and relay terminal must be imagined in both
circuit conditions since both states are not shown in the
diagram. The diagram will never show the circuit in irs on
state; this makes using this dla.gram a litele more
challenging than the diagram shown in Figure 8-1. The
wiring diagram exhibited in Figure 8-2 is preuy rypical of
those distributed by vehicle manufacturers (with the
mtpl:'mn of the added feature of colored wires indi:::l.‘ing
power and ground).

Figure 8-2 is a working example of a wiring diagram.
Measuring volrage levels ar various points in the diagram
will illustrate how the circuit works, With the dash switch
in the OFF {or open) position, voltage ar the relay terminals
shown in Figure 8-2 will be as follows when measured with
a voltmeter:

* Terminals 1, 2, and 4 will all have 12 volts. Terminal 4 has
12 volts because the dash switch s “open” (not connected).
* Terminal 3 has 0 vols (ground).

However, when the dash switch for the driving lights is
in the ON or closed position, the voleage readings at the
same relay rerminals change as follows:

* Terminals 1 and 2 remain unchanged at 12 voles.
® Terminal 3 now reads 12 volts (since the driving lights are on).
® Terminal 4 is now at 0 volts instead of 12, because it is now

:u:ri:ng 15 1 EITD-LI.I'II:I. return "-Dl I'l.'tl: I-EJ.:].?’PE l;DI.'I[I'Dl. l.:-l;!il E;!’E'L'I i.l.'.

Continue to reference Figure B-2 as a hypothetical
wiring diagram, and use a voltmeter assuming the problem
is the driving lights don't work. Following are a sequence of
steps that should be performed in order to discover the
cause of this problem.

1. With the dash switch in the OFF paosition, relay
terminals 1 and 2 should each have 12 volis when touched
by a voltmeter probe. These readings confirm the 25-amp
fuse is good and so are the associared wires going to the relay.

2. Voltage at relay terminal 3 should be 0 vols. (No
voltage is expected at terminal 3 because the dash switch is
in the OFF position.)

3. Relay rerminal 4 is a different marter, This terminal
should have a reading of 12 valis when the switch for the

AUTE - BN -

Tipical autornative relays have hvo components: Dhe conird col circaet low
amparape and a sel of high amperage contact potels, wivoh act Bke 2 switch
wsad for conneching lned devices o & power sowrce. The hoh amperage
contacts are located on fhe lower igfl. The copper wires ocaled oo the relay
controd codl are wisibie fa the conter of the relay.

driving lights 15 in the OFF position, as it connects directly
o the battery through the relay control coil. Instead,
terminal 4 has a reading of 0 volts. This indicates the relay
control coil is open (has a broken wire) because there is
battery voltage at rerminal 2.

4, Using a jumper wire, you can connect relay rerminals
1 and 3 together. This connection serves to bypass the relay
completely, thus removing it from the circuit. As a result,
the driving lights should come on. This confirms that the
power wire from the relay to the dnving lights is okay, and
the driving lights ground wire is good as well.

5. The last step is to verify whether the dash switch is
connected and working. Connect the red  (posirive)
voltmeter lead to relay terminal 2. Then connect the
negative lead to relay rerminal 4. Once the switch is moved
to the ON position, the meter should display 2 reading of
12 volts, indicaring the swirch is both good and connected
o ground.

As can be scen, adding components to an imaginary
electrical system adds corresponding detail 1o the sample
wiring diagram; thus, the wining diagram in Figure 8-3 is
actually starting to look more like a real-life wiring diagram
found in a vehicle service manual.

In Figure 8-2, the addition of a relay solved the design
problem of having to use large gauge wires and a heavy-dury

DOME E]
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Fig B-3. Two relays are used in
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switch in the driving light arcuit {see Figure 8-1). However,
the diagram in Figure 8-2, though doser to automorive realiy,
still has a design flaw. There is no protection against a driver
leaving the driving lights on withour realizing it, a mistake thar
will cause the battery o go dead after only a few hours.

The wiring diagram depicted in Figure 8-3 shows how the
addition of another relay controlled by the vehidle's ignition
switch prevents the driving lights from being left on by
mistake. The purpose of relay | is to connecr power 1o
relay 2 (the original relay depicted in Figure 8-2). Relay 2 can
only receive 12 volts when the igninon key is in the ACC
{accessory) or RUN positions. If the key is in the START or
OFF pesition or remaved from the ignition completely, no
power is available ar relay 2, preventing the driving |iEhls.
from being left on inadvertemly, even if the dash swiech is left
on. An additional benefit of this improved circuir design is
that the driving lights also cant operate during engine startup,
and with the driving lights off, more amperage is available
from the battery 1o start the engine.

With all of the newly added features to the basic sample
circuit design, it now operares more like a typical automotive
electrical cireunit. Driving light relay 2 operates in the same
manner as the original relay in the wiring diagram in Figure
8-3. As long as it has power, the driving lights can be swirched
on or off via the dash switch. The ignition switch controls
relay 1. With the ignition switch in the ACC or RUN
position, power becomies available at terminal 2 of relay 1.

However, terminal 4 is a constant ground, and with power
at terminal 2, the relay’s high am perage contact swinch closes.
This action connects terminals 1 and 3, sending power to
relay 2. As a result, rerminal | on relay 1 receives power
directly from the battery via a fusible link. Finally, terminal
3 of this same relay is connected to terminals 1 and 2 on relay
2; as mentioned earlier, this relay operates in the same
manner as the original relay in Figure 8-2.

The sample wiring diagram in Figure B-3 is finally
starting to look more like a real wiring diagram found in a
vehicle service manual (with the cuception, again, of the
coloring for wiring identificarion). To diagnose a problem
within the circuit that may result in nonoperational driving
lights, you need to follow the flow of power from the battery
to the driving lights. To check this, the following terminals
should be “hot” with the ignition key in the RUN position
and the driving light dash switch in the off position:

* Terminals i1 and 2 (ignition switch)

® Terminals 1, 2, and 3 of driving light relay 1

®* Terminals 1, 2, and 4 of driving light relay 2 (All of these
should produce a volimeter reading of 12 volis)

However, when the dash switch & turned 1o the on
position, the following readings should occur

® Terminal 4 of relay 2 should read 0 volis

® Terminal 3 of relay 2 should be “hot” (or 12 voles)

If the lights still don't operate, there is a possibility of a
break in the wire leading from tcrminal 4 of relay 2 o the
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driving lights. Otherwise, the bulbs may be burned out or
the ground wire for both lights may be broken.

Figure 8-4 is an actual auromotive wiring diagram for a
1993 BMW 525i horn circuit. This is an example of a wiring
diagram that has been separated, or broken down, into
systems. In addition, all wires are identified by wire color.

It will rake several steps ro read this wiring diagram and
analyze how this horn circuit works:

1. Srartin:; at the top left portion of the di , fuse
F9 is a 15-amp fuse that powers one-half of the hom relay
on a red/black wire. The diagram provides additional
information abour fuse F9, including its condition (hot ar
all times) and location (front power distribution box, left
rear side of engine compartment). If the horns didn’t work
and fuse F9 wasn't receiving power, another diagram
would have to be consulted to determine the power source
for the Front Power Distribution Box.

2. Power for the homn relay control coil comes from the
ignition switch via a violer wire. Again, a separate diagram
would have to be examined if no power was present on the
violet wire from the ignition switch to the relay. With the
key in the START, RUN, or ACC positions, horn relay
terminals 6, &, and 10 should all have 12 voles.

3. The homn switch acts as a ground for rerminal 10 of
the hom relay via a brown/red wire. When this wire makes
contact with a ground, the relay’s contacts dose, thereby
connecting terminals 6 and 7 and completing the horn

circuit. The hom switch is located in the center of the
steering wheel and has four contacts connecting the
brown/red wire to ground.

4, Ifboth horns in the diagram don't work and you want
to bypass the horn relay as a means of eliminating it as the
SOLUroc Q.F.:I.I'.I. :I:Etl’inl |:|n:||:r].|:m.. }"D'I,I!hﬂu..ld connecta il.'l.l.'I'IPl:I.'
wire berween relay rerminal 6 (red/black wire) and rerminal
7 (violet/blue wire) to make them operate. Just be sure to
hold your hands over your ears to prevent h:nrins loss!

WIRING DIAGRAM EXERCISES

The most effective way to learn how to read and use a
wiring diagram is by practicing. With that in mind, the next
several wiring diagrams are followed by a series of questions
for you to answer. Write your answers down on a piece of
paper as you look ar each diagram. The correct answers o
the questions and their analysis can be found art the end of
this chapter. When wking tests in school, some of your
teachers probably rold you “there are no wrick questions.”
Such is not the case here, as there are a few trick questions
designed to make you think! Good luck!

Figures 8-5 and 8-6 show an actual wiring diagram for a
1975 Ford Thunderbird. The engine in this car is carbu-
reted—no EFI, bur it does have an electronic ignition, The
entire wiring diagram for this vehicle is on only two pages.
Rtadfing from left to ri.gl'lt. the Fuﬂuwing circuits are found
on the first page: front lighting, ignition system, batery,
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charging system, and Fuse box. The second page includes
windshicld wiper switch, turmn signals, instrument lights,
ignition switch, light switch, door switches, and rear lighting.
In 1975, the Ford Motor Company (in its wisdom) decided
thar wiring diagrams depicting the operation of switches
were bevond the grasp of automorive technicians, Asa resulr,
determining which wires connected to what required
deductive reasoning, which mumed into a guessing game
more often than no.

When answerning the following questions, consult Figures
8-5 and 8-6. By reviewing the analysis that follows, your
abilities to read and understand wiring diagrams will increase.

1. Suppose the headlights den't operate. What fuse and
what color wire powers the headlighe swirch? Whar color
wire from the headlight switch is used ro power the low
beam circuit for the headlight? What color wire powers the
high beam circuir?

2. If the fuse that powers the backup lights is burned our,
what other system(s) would have problems? How does this
fuse ger power?

3. How does the oil and temp indicator light work?
From where does it receive power? If it's a fuse, where is the
power source for the fuse? Where is the ground return for
the indicator Iighr.’

4. How does the stoplight circuit work? What is its
power source? How are the :mpiighu switched on?

Figure 8-7 shows a fuel-injected computerized engine
management system fora 1990 Ford E-250 Van. All of Ford's
electronic engine control (EEC) sensors and acruators are
shown in the diagram. Wiring diagrams for fuel-injected
vehicles almost never show whar ocours inside the compurer
elecrronically, but many do label each wire at the computer’s
wiring harness. The labels on these wires are often referred
to as pin numbers, and each provides hints abour what the
wires are supposed 1o do and their expected readings. Some
of the following questions assume a basic knowledge of how
EFI systems operate—{Chapter 7 on EFI may be used as a
reference, if needed.) Answering the following EFl-related
questions will help with the transfer of wiring diagram
reading skills to actual vehicles. Again, good luck!

1. How do you test the gear select switch for proper
operation? What pin numbers ar the EEC {computer) do
you use for testing? (Hint—Ford sometimes refers 1o a
ground wire as S1G RET, or signal return. Another hinr—
the squiggly lines inside the gear select swirch are resistors.)

2. The EEC power relay has power all the time on the
black/orange wire. List the function for each wire going 1o

this relay. How is the relay controlled? Whar other compo-
nents does the relay provide power 1o’

3. The TPS uses a variable resistor to signal chrootle
position to the EEC computer. What function does each of
the three wires at the TPS perform? What other sensor
works the same as the TPS?

4. If the EEC computer cannot supply any of its scnsors
with a 5-volt reference signal (I'in 26 VREF), then the
computer should be replaced. However, before replacing
this expensive component, all power inputs and grounds at
the EEC compurer wiring harness need to be verified, What
EEC pin numbers would you have 1o check for power(s)
and ground(s)?

ANSWERS TO WIRING DIAGRAM
QUESTIONS

Answers for 1975 Ford Thunderbird In
Figures B-5 and 8-6
Question 1. Power 1o the headlight swirch comes directly
from the battery and not through
wire ar the starter relay connects a vellow wire that branches
out and goes to the fuse panel, ignition switch, and
headlight switch, The wire from the headlight switch to
the headlights is red/yellow. This wire goes to the beam
select switch before it goes 1o the headlights. The
beam select switch directs power 1o cither the high or low
beam circuit at cach headlight. Power goes 1o cither a
red/black wire for the low beams or a lighr green/black wire
for high beams.

a fuse. A hludcfurm:.gt:

Question 2. Finding the fuse that powers the backup lights
is the first step in answering this question. The fuses in this
diagram are not labeled, so you must start at the backup
lights and trace the power wire w the fuse, The two
backup lights are on the far righe side of the diagram. Each
has two wircs—one for power, the other for ground. The
black wires ar each of the backup lights are ground.
Notice that many other lights are connected to this wire—
thus, the black wire is a common ground. To confirm this,
the ground symbol is located on the black wire ar the
bottom right of the diagram.

The pink/black wire is the power wire for the backup
lighes and goes to the backup light switch (borom righe in
diagram}. The wire from the backup light swirch 1o the fuse
box is Finlﬂ'nﬁng:: and it gocs in two dircctions (indicared
by a dot located around the middle left of page two). The
left section of pink/omnge wire connects to the fuse on the
right side (bottom of the box). This fusc receives 12 volis
on a grayfyellow wire from the ignition switch. With the
key urned ON, the fuse powers up. This same fuse also
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provides 12 voles to the direct flasher turn signal. Withour
power, the wimn signals will not operate.

Question 3. The oil and temp indicator light is located on
page two of the TJ.ilEI:LI'Il in the center (roward the left). This
indicator light is powered by a fuse on the left side of the
fuse box (fourth down from the top). The power wire
connecting the light to the fuse is red/yellow. This fuse
receives 12 volis from the red/light green wire that comes
from the ignition switch. The indicator light is controlled

by the oil pressure switch (on page one, bottom center),
which grounds the white/red wire (tuming on the indicator
light) when the ignition is first turned on. After the engine
starts, oil pressure opens the switch and breaks the ground
connection, and the indicator light goc: our.

Question 4. This question is more challenging than
previous ones because the diagram docsn't show how the
direct switch (turn-signal switch) operates. If the brake
lights don't work, you'd need to figure out how the circuit
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operates in order 1o fix it The fuse that powers the direct
switch is located in the fuse box, right side, second fuse
from the top. It's connected to the switch via a lighe
green/red wire. When activated, the stoplight switch sends
power o the direct switch on the light green wire. Because
the diagram doesn’t show what happens inside the switch,
the assumption is that all four taillights will operate as
stoplights when the stoplight switch is closed. Each waillight
has a dual-filament bulb {two separate circuits). The right
t:lﬂlig]'ll."s smplight wire is umngl:ﬂigh[ blue and the lefr is
light green/orange: both wires go back to the direct switch.
A black wire serves as common ground for all tail- and
stoplights. As long as the direct switch has power from the
stoplight switch and the wires going from the willights are
connected 10 the direct swirch, the stoplights should work,

Answers for
1990 Ford E-250 Van in Figure 8-7

Question 1. The gear select switch is located ar B-15.
(Diagram refercnce numbers run horizoncally and lerters
run vertically.) The light blue/white wire from the gear
select swirch goes o EEC Pin 30—NDS (A/T), the
neutral/ drive/safety inpue for vehicles with automaric
transmissions; it prevents engine starting if the rransmission
is in gear. The other wire from the gear select swirch is
black/white and goes o several locations including: Pin 8
of the E40D transmission computer, TPS sensor, EGR
valve position sensor, heated oxygen sensor, and EEC Pin
49 (orange wire), Pin 49 is a Emund for the heater inside
the O, sensor. Whenever a wire connects 1o more than one
place, it's probably a ground (though not always!).

To test the switch, connect an ohmmeter to Pins 30 and
49 at the EEC. While watching the ohmmeter, move the
gear selector berween all gears. Each time gear Fnsitim‘l 5
changed, the resistance on the ochmmeter should change.
Position | should have the lowest resistance and PARK ()
should have highest resistance.

Question 2. The EEC power relay is located at A-12 of the
wiring diagram and has a total of four wires. The wires
function as follows:

* Rlack/orange wire—Haort at all times from a fuse link

* Redflight green wire—controls or triggers the relay: Ieis
“hot” from ignition switch in START and RUN positions.
It :IIS-EI Pm[ﬁ 'L!'.I.l: W]UE‘E I':E'Lliﬂtﬂl'. j.ﬁ]'.lir.i:ﬂl'l cu'rl.. a.nd
ignition module

* Black/light green wire—provides a ground for the relay’s
control coil

———

* Red wire—powers EEC Pins 37 and 67, (VPWR), fue
injectors, five solenoids, and EA0D transmission computer

Question 3. The process of climination is used 1o
determine the use of each of the three wires ar the TPS. The
three wires are:

* Orange/white—goes to EEC Pin 26 (VREF), 5 volts or
power for the TPS, EGR valve position sensor, and the
MAP manifold pressure sensor

* Dark green/light green—goes o 175 signal wire, EEC
Pin 47, and TP {the signal that indicaies throule position
to the EEC computer)

. Hl:cHw!'lih:—Eu:-s to TI'S sensor ground, EEC Pin 48,
and SIG RET (signal retumn). Ford uses SIG RET two
represent a sensor ground (hint from question 1)

In this case, the orange/white wire is the power source
for the TPS because the dark green/light green wire is the

signal wire. Another sensor that works the same as the TPS
iz the exhaust valve position (EVF).

Question 4. By tracing every wire to the EEC, you'll note
there are three power wires and four ground wires. The
three power wires are:

* Pin 1 (KAPWR—keep alive power—Hot ar all vdmes
from a fuse link)

* Pims 37 and 67

» VPWER from the EEC power relay—controlled hy
ignition switch

The EEC computer also provides grounds to some
sensors, but not from the negative bartery terminal; thcy
are internal grounds within the computer. These wires
don't provide a ground for the EEC computer. The wires
that do provide a ground for the EEC are as follows:

* Pin O (V55 DIF)

* Pin 20 (CASE GND}
* [in 40{PWR GND)
* Pin 60 (PWR GND)

All of these wires Eo dirccily 1o the batery’s negative
terminal. If any of these power or ground wires are not present
at the EEC wiring harness, the EEC computer probably wont
Operate as it should—a pmnbl:: cause of “no power” on “Pin
26," the 5-volt reference for the compurer sensors.

==p




CHAPTER 9

TROUBLESHOOTING
ELECTRICAL SYSTEMS

LOGIC? WHAT LOGIC?
Troubleshooting any complex problem requires a logical
approach. While this may scem self-evident, many techni-
cians simply don't have a well-thought-out plan of arack
when it comes to elecrrical problems, Oftentimes, they start
by disassembling or replacing components while keeping
their fingers crossed and hoping for the best, However, if
they had only taken the time to carcfully analyze an
electrical problem and outline the steps required to solve ir,
they would have found (as you will find after n,-ading this
book!) that most electrical problems are really pretry basic.

It's helpful to have a routine ure when
troubleshooting electrical problems. A good habit w0
develop is to do the easiest and fastest electrical rests first.
In general, this should provide the most information with
the least amount of eftort, and will either solve the problem
or at least narrow down its location. However, withour a
plan, testing wrong circuits and not understanding multi-
meter readings only leads to frustration and time wasted.

Although you can't see current flowing in a circuit, you
can use =" FOUTr SCNSCs o tfﬂ'uhll:‘il'l.ﬂﬂt :I:E[ri:.al PmHl:rn.i,
and forunately, you can also observe the effects of a
circuit. For example: lights illuminate, motors spin, relays
“click,” wires ger “hot” when amperage flows, and so
forth. Touch, sound, and sight testing methods should all
be used simultancously in conjuncrion with the use of
clectrical test equipment.

In addition ro using all your senses (and your wits, if you
haven't lost them by now), other dues undoubredly exist
about the nature of a particular problem and should be
explored. First, determine the conditions under which the
clectrical problem occurs. Does heat or cold affect the
preblem? Is it intermiment or does it only happen under
specific operating conditions? Did it oceur right after an after-
the vehicle? Evaluare the problem(s) to see if any other circuirs
or components are, or may be, affected. Test other related
circuits for proper operation since more than one thing may
be wrong, Use the owner's manual and service manual as
essenmial reference marerials; these can be invaluable for
locating fuses and identifying wiring harnesses, connectors,
junction blocks, fusible links, and other electrical components
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Ianufaciurers” wiring diagrams are some of the bast elecirical fools for under-
standing the mature of any electnical problam. Courtesy of Miched 1

located on the same problem circuit. However, the maost
valuahle information about electrical problems can be found
on the vehide's wiring diagram and electrical component
locator. These two toals will save you loads of time and
provide possible test points within the problem circuit.

“THE STARTER THAT DOESN'T™:

A CASE 5TUDY
Consider the following hypothetical scenario: A longtime
friend calls to tell you his car won't start. For the past month
the starrer has cranked slowly, and now it won't turn the
engine over at all. Your friend wants to buy a new batery,
but you tell him to wait until you can check it out. Now 15
s good a time as any w put your diagnostic skills 1o the
test, 5o you head over to inspecr his car.

SWALSAS TVIIHLI3T13 ONILOOHSITENOHL
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Some manuals provice sleckical compaonent lcator chavis, ik e one stewn beve. The informalion in fis charf can Sne yow feurs of searching for various

elecirical parts.
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nothing else in the car is turned on, the large spark has wo
be caused by a direct short-circuir 1o gruund. somewhere
on the circuit protected by the fuse link. This short is also
d'lt [Cason “'I:I.}' 'Lh: UﬁEE“ﬂl F“E-C J.i"km hlmﬂ-th: CALLSE
not being old age. Somewhere in the circuit, a power
wire—protected by the fuse link—may have worn
insulation and its copper strands of wire may have come
into contact with ground.

The next step in the discovery process is o find ow
exactly where the physical problem with rhe shorted wire
is locaced.

To find our which wire has shorted to ground, the open
circuit at the melted fuse link needs to be temporarily
reconnected. This can be accomplished via a short finder,
as discussed in Chaprer 3. A simple short finder can be
made with a resertable circuir breaker or wurn-signal flasher.
The short finder takes the place of the fusible link, cycling
on and off as it heats and cools. A wurn-signal flasher is
actually easier to use for this purpose, since it clicks on and
off so you ean hear it operate. To narrow the problem, each
connector that is part of the circuit powered by the fuse link
needs to be unplugged one ar a rime. If unplugging one
stops the short finder from cycling or dicking, then you
have found the section of wire that has shorted to ground.
As shown in the wiring diagram in Figure 9-2, the fuse link
supplies power to the ignition switch and passenger
time!), the short finder h:n:ps q.-ding or dickingun and off.
This means the short still exists. Ir also means the wires
going to the ignition switch or fuse box are not causing the
short. This only leaves the wires going from the battery’s
positive terminal to the fuse link as the location of the short.

After taking a closer look at the wires near the burent fuse
link, some nonfactory wires hiding under the battery are
discovered. After asking your friend what they are for, he rells
vou he had some aftermarker driving lights installed a few
months ago, Wires not originally equipped with a vehide are
always suspect as the cause of electrical problems since one
can never know how much skill or care was mken during
their installation. After pulling the harness out from beneath
the battery, you find a red wire (2 nonfactory wire); it has
been pushed up against the banery tray and there is a section
of bare wire where the insulation has worn off from rubbing
against the battery tray. After repairing the broken section of
wire by replacing it with a new wire and replacing the fuse
link again, the ignition switch now tums the instrument
lights on and starts the engine. Problem solved? Well, almost.

Unfortunately, the engine still eranks too slowly. If you
recall, slow engine-cranking speed was one of the original
complaints your friend had all along. There are three

common malfunctions thar ypically can cause a slow-
turning starter: (1) excessive l:nEjru: fricrion, (2) a physical
or electrical problem with the starier, or (3) high resistance
i.l'.l d'lfmf Eil‘l:l.l.llt. '11.1: ﬁm O, ﬂl:\mh’l: fﬂgi.l'lf Fficti.ﬂﬂ-.
can be eliminated in this case because once the engine starts,
it actually runs smoothly and does not overhear or have
smoke coming out the exhaust. (A Eum:l method for
verifying an absence of excessive friction in the engine is to
tumn it over by hand using a socket and breaker bar.)

The second potential source of the problem is a lirde
wrickier, To eliminate the starter as the problem, you need
o know if starter amperage is excessively high or low. If
starter amp draw is high, it's most likely caused by a shorted
starter EEH Cﬂil Or armaire; it- :lmPl:r‘.‘lEc i.‘ Iﬂw‘. II:‘E-
probably caused by unwanted, high resistance somewhere
in the starter circuir.

Hopefully by now, you have an inductive ammeter handy
to measure starter current draw: First, you disconnect the
ignition coil wire going o the distributor so the engine won't
start. This will allow enough time for the ammeter to read
starter amps when the engine is cranked over. After damping
the current probe around the bareery cable ar the starter
solenoid, the ammeter is ready 1o measure starter amperage.
After cranking the starter, the ammeter reads 82 amps; this
seems 00 Jow because the engine is a large four-cylinder
model and normally requires around 125 amps to start.
Furthermore, low amperage in the starter circuit indicares the
presence of high resistance. Now it’s time 1o do a voltage drop
test with a voltmeter to isolare unwanted, high resistance.

A voltage drop test will determine where the high
resistance is locared within the starter circuir. The positive
side of the circuit needs to be checked first; you connect
the red lead of the voltmeter 1o battery positive and the
black lead to the batrery cable locared at the starter motor.
Once the engine is cranked, the resulting voltage drop is 1.4
volts—too high for this type of circuit. In any circuit, the
most likely place for high resistance is an a switch.

The switch in this starter eireuit 15 the starter solenoid,
which acts like a relay. The ignition switch sends a 12-volt
start signal to the solenoid, which in turn connects the
positive battery cable directly 1o the starer. If the conracts
inside the solenoid are dirty, they could be the cause of the
high resistance, so you connect the voltmerer ro both sides
of the starter solenoid 1o repear the test. Sure enough, the
voleage drop is 0.8 volr, indicating high resistance inside the
starter solenoid, After replacing the solenoid, the starrer
cranks at normal speed and the engine starts quickly.
Finally, all problems are solved. Case clased.

As can be scen from the foregoing hypothetical case
study, a logical approach roward diagnosing electrical

SWALSAS TVIIHLDST3 DNILLOOHSITaN0HL
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Fig 8-5. This starter crcu s

loosing 1.2 volts somewhere

alory Mhe posilive side of the
circuit. By moving the voltmerer's
ieacts along the circudl, e exac
kcalion of Fgh reastanCe £
be determined

Battery

This remoie staner solenaid can aaaly be checked for fegh ressimnce using a
voltage drop fest, The confacts inside ihe solenord should nof exceed a drop of
0.2 volf during starfer cranking

prnhll:rn_i 15 ﬂJ“':I.}'E More Frﬂdutr'ﬁ': t]'l.ﬂ.l'l a h:phmrﬁl
method. In the sample no-stan case, it twmed ouc there
were several things wrong with the vehicle. However, the
step-by-step approach and methodical checks uncovered all
the problems and linle rime was wasted unnecessarily
replacing components. Be sure to always keep in mind the

Solenoid

Starter

“Thiree Things” every circuit needs in order o funcrion—
power, load device, and ground return. The previous case
study illustrates how 1o check for three common problems:
open circuits, shorts to ground, and unwanted high
resistance. In addition to these clecirical foul-ups, three
other common electrical problems within eireuits exise: (1)
bad gmum:ls. (2) crossover circuits, and (3) pamsinc

amperage draw,
BAD GROUNDS

Bad ground connections cause a fair amount of elecerical
problems. Many technicians have rouble checking for bad
grounds because, quite frankly, they don't know exactly
what they're looking for. By contrast, checking for power is
simple and straightforward—ecither 12 voles are present or
they are not.

There are several ways o check for bad grounds. By far
the most accurate method is the wse of a voltmeter w
perform a volage drop test as outined in Chaprer 2
Figure 9-6 illustrates how w connect a volimeter 1o
micasure mlmgﬂ: d;rnp on the ground side of a horn circuir.
It’s imponant to remember the horn must be operational
fora \'HIT:IFC |:|rup test to work. A good ground return will
have almost no voltage present. IF the hom (the load device
in this circuit) hasnt used wp all available voluage, the
Emund connection 15 bad, and the bad grnun:i 15 using
voltage intended for the horn, Conscquently, the homn
sounds weak because it doesnt have enough velage 1o
operate at its full potential.

A test light can be used in place of 2 volumerer 1o check

for a bad ground, bur it has inherent limitations. When
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leads need to be moved 1o the other half of the connector.
The merter should now beep, confirming the green and
blue/yellow wires are touching each other somewhere
between the connector and trunk or backup lights. By
wiggling the wiring harness while listening to the meter, you
LA d:mﬂinﬂ I:u::ﬂ]f WE'IETE l'j'l: “':ifti are tuu.d‘.l.ing md
causing the crossover. The meter will beep intermittently
when the wires are wiggled, indicating the location of the
bad section of wiri.ng harness. By simpl}' unr:lvt]jng the
wiring harness, you can repair the broken wire insulation
with some electrical rape to fix the related electrical problem.

PARASITIC AMP DRAW

Parasitic amp draw occurs often enough that knowing how o
diagnose it when it occurs should prove helpful, For example,
a car or truck thar hasn't been driven for a few days may not
start up because of a dead bartery. Something may have been
lefe on, drawing power from the bartery. This condition is
known as a parsioe amperage draw. Thi problem is
commonly caused by trunk, dome, or glove box lights that
don't switch off when they should; unformunarely, iv usually isnt
noticed unml ir's 1oo late and the bartery has been complerely
drained. Parasitic amp draw can also be caused by a relay stuck
on “on.” Relays are often used 1o control power ro lighting and
EFl compuzers. A relay that is stuck on “on” while the ignition
is in the OFF position will also drain the bartery.

Similarly, onboard fuel injection compurers, digital radio
memory, and other computer-related memory components
all use power from the batery to keep their electronic
memorics alive, Normally, this should not affect a batery's
ability to start an engine, even after several months. Srandard
battery amperage draw should not exceed 75 milliamps
(0.075 amps) and is usually less than 40 milliamps.
Amperage loads exceeding 75 milliamps will draw current
from the battery, leaving it dead after only a few days.

To find a parasitic amp draw, a series ammeter, test lighr,
and jumper wire are needed. Also, some digital multimerers
can read series amperage up 1o 10 amps. These meters are
usually (but not always) protected by an internal fuse, so
that when connected to a circuit with more than 10 amps,
the fuse melts instead of the meter.

How Much Amperage?

Before finding the cause of an unwanted amp draw, you
first need ro determine approximately how much amperage
is being sucked our of the batrery. Knowing the amount of
amperage draw helps narrow down the type of electrical
component that is most likely causing the draw and also
helps prevent a blown fuse in a series ammeter.

To do this, first disconnect cither the negative or positive
battery cable. Connect one end of a test light to the barrery
terminal and the other to the bartery cable. If the amperage
draw is high enough {above 4 amps), the test light will light
up. On some vehicles, a computer-contralled relay may
tum on, causing the test light o light up. To eliminate this
occurrence as a potential cause of an amperage draw,
temporarily connect a jumper wire between the battery
terminal and barttery cable while leaving the test ]1.3]11 in
place (see Figure 9-13). After removing the jumper wire, the
test light may go out. If the test light stays on, the amperage
draw is above 4 amps. However, be warncd! Since you don't
know how much in excess of 4 amps are present in the
circuit, don't connect a series ammerer 1o the system as it
could cause an internal fuse 1o blow!

If the test light goes our, the amp draw is less than 4
amps; unfortunately, it may still be high enough to cause a
dead batery, To find the parasitic deaw, connect the leads
of a series ammeter to the battery rerminal and bartery cable
before removing the test lighe. This will keep the relay (if
one is used) from coming on. If the ammerer reads berween
1.5 and 0.8 amps, a light of some type is probably stuck on,
causing the draw. If amperage is closer 1o 4 amps, suspect a
bad alternaror diode as the cause of the draw.

Locating the Parasitic Draw

With cither a vest lighe connected in series with the bawery
Ill:l'l'.l.'l.il'l-.:Il E.l'ld EEI!]E EWI'IJEI'I '|'_.|.'IE L{F.t“' 15 .1|.'I-H'|-'E "i- il]'l'l.pi], or a
series ammeter connected in the same manner (when amp
draw 15 less than 4 amps), the PrOCess of lur_utjn;: the
source of the problem begins. While warching the rest
light/ammeter, disconnect the wires going to the alrer-
nator. If the liEht gocs out or the meter reading changes,
then a leaky diode in the alternator is causing the
HITIP'EIEEIE i!.l:l“’. ]F d.i‘jE-ﬂﬂl'ltEﬁl'lE lllﬂ J!tﬂrl’l.l'[ﬂ]' iJ.UL"ﬂ]LI
change the test light or ammerer, start removing huses
from the fuse box (under-hood Fuse box first, then
passenger compartment fuses). If the test Figju or meter
changes when a specific fuse is removed, then the circuir
causing the problem has been isolated. Use a wiring
diagram w determine which elecirical componenes are
pqwn:md IJ}‘ [hl! FI.ISI: E.E'Id srart I.JII.FIIJ_E‘EiH!_: LhCI'I'I onc ar &
time—note any changes in the stare of the test light or
ammeter. [F unplugging an ignition key chime or trunk
I;sl'.l.t mlkl:ﬁ. thf test IiEI’Ir EIJ out or :hnngrs tht‘ ammeter
readings, the parasitic amperage draw has been identified
and the problem can be fixed. Ofrentimes a relay, swirch,
or solid-state component needs to be replaced 1o eliminare
the parasitic amperage draw.
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I would like to thank the following companies for help
with the images and information contained in this book.
w;tlluut t]'u:lll‘ mis-tm‘ m..'l.l:l.}' ﬂf I‘JIE i.migﬁ W'Ell.lld ]'li\"f
been difficult 1o obrain. All of these companies offer grear
products and services for both professional and do-it-your-
self rechnicians. Many offer free c:uq]ng: or other
informartion on the web; check it out.

FLUKE.

Fluke Corporation
Fluke Corporation is the world leader in the manufacture,
diseribution and service of electronic test tools and software,
Since its founding in 1948, Fluke has helped define and
grow a uwnique technology marketr, providing resting
and troubleshooting capabilities that have grown to mission
critical starus in manufacruring and service industries.
Every new manufacturing plant, office, hospital, or facility
built today represents another pm:ntiql customer For
Fluke products.

me indl.uitlial L'J.‘Ectl'ﬂl'l EI: insra"alinn. maint:nﬂm:i
and service o precision measurement and  quality
control, Fluke wools help keep business and industry
around the globe up and running. Typical customers and
users include automotive technicians, engineers, and
computer network professionals, The Fluke brand has a
reputation for portability, ruggedness, safety, ease of use
and rigid standards of quality.

Fluke Corporation

RO. Box 9090

G920 Seaway Bhd.
Everetr, WA, 98206-9090
BO0-44-Fluke
www.fluke.com

The Frst Chofce of Aitomative Professionals

Mitchell 1

Micchell | began in 1918 with the simple idea that people
needed information o repair cars. For more than 85 years
Mitchell 1 has provided information solutions to help make

automotive professionals’ jobs easier. Mitchell Manuals
have given way to TeamWorks, the integrated family of
software-based solutions anchored by the product thae is
recognized as the standard for automotive repair infor-
mation—Mitchchell OnDemand.

The TeamWorks family uf];imdnm is divided into three
core components. OnDemand Repair includes the infor-
mation technicians need 1o service and repair nearly every
car and lighe truck on the road. OnDemand Repairs factory
specifications  and I tics,
electrical wiring diagrams, and detiled illusirations all help
technicians fix vehicles fast. OnDemand Estimator gives
shop managers and service writers the labor rimes and
OEM parts prices they need 1o build accurate estimates,
OnDemand Manager is a complete business management
program thar rracks the activities in a shop from estimare
to invoice and indudes the management tools shop owners
need 1o ensure their businesses run profitably.

TeamWorks' integrated key post-warranty catalogs—
including NAPA, Activant, O'Reilly and WORLDPAC—
are available to help shops order pars elecironically from
their preferred vendors saving time and ensures the righe
parts are delivered the first time.

Elﬂl'ﬂq ED.['I'IF-LLI‘G.’

www.mitchelll.com

BBB-724-6742

RACING EQUIPMENT

Summit Racing Equipment

Summit Racing Equipment is the leading mail order and
Internet supplier of high-performance automotive parts
and accessories.

Summit Racing Equipment’s catalog is your ticket to the
performance industry’s lowest prices and biggest selection of
parts for streer rods, race cars, sport compacts, off-road
machines, and mare. But the thousands of parts advertised in
Summit Racing’s catalog are just the beginning of the sclection.
With access wo the entire inventory of hundreds of op-name
manufacturers, Summit Racing Equipment can special order
the parts you want, even if they're not listed in the catalog!
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Ordering your parts doesn’t ger any casier than a
Summit Racing Equipment. You can call the company's
toll-free order line ar B00-230-3030, 24 hours a day, seven
days a week. You can also order from Summit Racing's
website, SummitRacing.com. It features an online catalog
that is searchable by part number, keyword, vehicle
make/model. engine family, manufacturer, and more. You'll
also find technical tips, how-to information, chars and
guides, and a Q & A section 1o help customers through
their projects. The company offers fast, free shipping on
parts delivered via UPS Ground in the continental United
States and can provide two-day and next-day delivery
service ar special rates. With the largest technical
department in the industry, Summit Racing Equipment
delivers the best tech advice, o,

Summir Racing
800-230-3030

www.simmitracing.com

CARQUEST Auto Parts

CARQUEST  Auto  Pares
supplies ~ the  professional
automotive  service  repair

industry with imporr, foreign,
and domestic auto parts, wols,
and equipment. CARQUEST
aute parts also are available 1o motorists who choose 1o do
IJ'IEi.I.' owin r:pairs. ﬂ'.I.'DI.I.gh dll': o ﬂ'lt advmcu:[ TE’CI'I.HDIIJE;’
in today’s automeotive vehicles, it is CARQUEST s recom-
mendation that auto repais be done by professional
automotive service technicians, For the location of the
CARQUEST Auto Paris Stores nearsst  you,  visit:
www.CARQUEST.com or call 800-492-PART.

Weller’

Weller, A Division of Cooper Hand Tocls

Weller has come a long way from its humble beginning
back in 1945 when Carl Weller, a home radio repairman,
wasn't satisfied with the bulky, slow-heating soldering irons
that were the tools of his trade. Today, the Weller brand is
still synonymous with electronics design innovation. Weller
is now the most respected name in specialized soldering and
desoldering products for production, rework, and repair of
thmugi‘l-hnl: and SMT boards, Pr-udm:ti for contact
removal of [Cs and QFPs, noncontact hot air produces, and
much more. Weller's latest line of products again breaks

new ground; chis time in the fast-growing arena of lead-free
saldering technology. Weller Silver Serics stations have the
power to handle the extra demands of lead-free soldering
and the versatility vo tackle a wide array of applications.

3535 Glenwood Avenue
Raleigh, NC 27612

(919) 781-7200
www.cooperhandiools.com

SPX

SPX/OTC

SPX/OTC is 2 major manufacture and supplier of vehicle
electronic diagnostic instruments, automotive fuel system
maintenance equipment, special scrvice tools, general
purpose tools, pullers, heavy duty waols, shop equipment,
and hydraulic components. OTC's full range of tools and
equipment has been designed for the professional service
technician and represents the highest standard in qualicy and
reliability. OTC-brand tools are engineered in the United
States and backed by a Lifetime Marathon Warranty.

SPX Service Solutions provides specialiy service tools for
motor  vehicle manufacturers’  dealership  nerworks,
integrated service, technical, and training information for
vehicle nrigin:li cquipm:nt manufacturers and pmfuiin-n:]
test and service wols for the HVAC, refrigeration, and
electrical trades.

635 Eisenhower Drive
Crwaronna, MM 55060
B00-533-5338
www.otctoals.com

Northwest Regulator

Northwest Regulator Supply, Inc. has been in the
automotive electrical business since 1961, It's primary focus
is the development, manufacturing, and marketing of
automotive equipment (under the AmFor Electronics
name); direct connection test leads; and repair, adapter, and
custom wiring harnesses for automotive and other types of
electronic applications.

B00-242-6367
WWW.TWTEg, com
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Generic, §3, B4
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Voltage regulators,
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Mechanical, 75, i
Amperage, 16
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Discharging, 61, 62
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Platipms, (4
Testing
Dynamic, 67
Handheld testers, 67, 08
Seate of change, 65-67
Types, b, 65
Absarbent glass mar (AGM), G4, 65
Copventional, fd
Gel, 65
Carburetor, [20
Charge indicstors, 78-81
Light, 78-81
Charging sysrems, (9-97
Cheysler, 30, L12-116. 128, 131, 132, 133
Circuies, 2025
Crossover, 153-156
DC, 18, 19
Parallel, 21-24
Serees. 20, 21
Series/paralled, 24, 25
Testing dynamically, 30-32
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Woltage regulators, 71
Dielo-Remy, 57-89
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Fuel injection sysiems, 189-135
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Mormal operating temperature, 122
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Injector pulse, 134, 135
General Motors (GM), 8587, 110, 11, 128,
1340, 32
Cenerator, palarizing, 91, 92
Garound return, L, 14
lgmition gyetem, 96| 18
Chryskes, 112-116
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Testing, generic, 29-101
Condenser, 101, 102
Disabling, 24
BElecrronic and computer coneeads, 10021044
Ford, LIL 102
G 110, L1
Modules, 107
Teming, “Tap™, 108110
Testing, Generic, L7, 108
Poins, 101, 102
Secondary circult, 1161 1
Trigger, 104-106
AC pickup cod, 105, 110
Hall-effecr swicch, 105, L&
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Ohm's Law, [6-25
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Regulator, testing. 20, 21
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Resistancelamps relationship, 16-18
Sensor resting, 124134
BARD senor, 128
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Knack sensor (KS), |33, 134
MAF wensog, 127, 128, 130
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Ferd, 128, 130
G, 128, 130
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Ford, 113
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Oxygen [0} sensor, |26, 127, 129
Temyperature seasar, 115 120
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Vehicle speed sensor (W55), 134
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Muoaoe, O
Tormal amperage draw, 94
Slow murning-high amperage. 94, 95
Slow tuming-low amperage, 9%
Solenoids, 93
Tewing, 24
Storage bateery, 58-64
Tools, 37-57
Ammerer, 45, 46, TR
Auro-range, 40-42
Battery tester, 53, 54
Conl tewter, 50, 51
DV, 40
Fluke muleimeres, 4245
Racary dial posmions, 42-44
Terminal ucks, 44, 45
Jumiper wires anad acomanries. 49, H
Lab scope (oscilloscopel, 34, 5, 36
Logic probe, 46
Multimerer, 4
Maid lighrs, 46, 47
Ohmmetes, 27, 18
Oxilloacope (lab scope), 54, 55, 56
Shorr finder, 47-49
Soldering, 55-57
Spark tester, 51, 52
Tean laghes, 3844, 51
Timing lighs, 52, 53
Volemerer, 28, 29, 40. 78, 79
Troubleshoating, 147-15%6
Bad grounds, 152, 153
Case sudy, 147, 149=152
Crossover cirouits, 153-156
Logic, 147
Parasenic amyp draw, 156
Amount, |34
Locaring, 156
Volege drop sesting, 2636
Grownd side, 32, 3%
Locating bad rwitch, 35, 16
Punigive sicde, 12
Volage, L5, 16
Wiring diagrams, 36146
Exercises, 141, 142
Answers, 142, |44, 140
Reading, 137-141
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