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1. INTRODUCTION

In this chapter you'll see the diagnostic and troubleshooting
procedures that apply to fuel-injection and engine-control sys-
tems in Ford cars and trucks, both EEC and MECS. Trouble-
shooting and diagnosis is the most important part of service
today. In the early days of fuel injection, a mechanic (and | use
the word “mechanic” instead of “technician” advisedly) would
wet his finger and prescribe, “You need a new control module.”
That didn't cut it then, and it won't cut it now.

This chapter will guide you to the source of problems. Sec-
tion 2. Diagnosis and Troubleshooting Basics, gives you
some troubleshooting tips and general information you should
know before beginning. Section 3. Diagnostic Routines,
gives you the specific troubleshooting steps. Later sections
expand on the basic procedures. In all cases, the results of
your troubleshooting will indicate specific components that
need further testing or replacement. Look for this information
in Chapter 11.

I you're an owner, troubleshooting your own car, you'll need
to recognize there's a limit to how far you can “wade into this
pool.” But you'll be way ahead of those who have said to me,
“When | raise the hood on these fuel-injected cars, I'm afraid to
touch anything.”

If you're servicing professionally, you have more tools and
you can “wade in farther.” | think you'll be pleasantly surprised
how much you can find out, using this book.

By this point in this book, you should know:

« Fundamentals—what the system is supposed to do

« Operation of the sensors, the control module, the
actuators and systems

« Strategies and how the control system deals with
various operating conditions

« The differences between Ford EEC systems and Ford
MEC systems:

When you finish these chapters, you'll know how to deal
with diagnostics and troubleshooting and with the real prob-
lems. You'll know how to:

« Perform specific diagnostic checks to narrow the list
of tests you will make for specific complaints

« Run a series of general tests that use the control
module to lead you to specific service procedures

Fig. 1-1. Engine compartments are laid out with a greal
deal of logic to help you troubleshoot and repas
fuel-injection/engine-control problems.

1.1 Terminology

Beginning in 1993, some of the names of the engine-control '
components were changed to comply with the SAE standard-
ization J1930, in order to provide common terms for the same

general part throughout the automotive industry. For more in-

Ford Electronic Engine
Control

|EEC (say "eek’)

_NAAO—_Nonh American Auto
Operations

Mazda Engine Control
System
| MECS (say “mex")
'Non-NAAO—Non-North
American Auto Operations

formation on terminology changes, see Chapter 1. This chap-
ter uses the terminology applicable for the years 1988-1992.
For reference, Table a lists those terms and their equivalents
that changed in 1993.

Table a. 1993 and Later J1930 Terms

If you've turned to this chapter without going through the pre-
vious chapters, you're going to be troubleshooting by the num-
bers with little understanding of what you are doing. For
example, do you know what the BOO switch is? (If you don't,
look it up, using the Index.) You will use the BOO switch in trou-
bleshooting. Today's engine controls are too complicated and
100 interrelated to service by the numbers. Believe me, you
can't afford the time or the dollars to try the old routine of “substi-

tute a known good part.” When you try that, you're flying blind.
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1988-1992 Term | 1993 Equivalent
| Air Charge Temperature i Intake Air Temperature (1AT)
(ACT)
Emmelric Pressa'e (BP) '_BAFIO . —-—
Check Engine Light (CEL) | Malfunction Indicator Light
(MIL)
Control Modt_xle_fElectE'nic | Powertrain Control Edula—
Control Assembly (ECA) | (PCM)
continued on next page

Table
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(DIS)
DIS / EDI

Electronic
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Self-Test
Spaﬁﬁ
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Thermac
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Table a. 1993 and Later J1930 Terms (cont'd)

1986-1992 Term

1993 Equivalent

Distributoriess Ignition System

Electronic Ignition (El)—Low

= Early model Throttle Position (TP) sensors can
develop “glitch areas”. The wiper track develops drop-
outs, particularly where the TP sits for cruise control

« The inertia switch, a feature of Ford EEC and some

 the list [0is) Data Rate MEC systems not generally found in other cars, can
DIS/EDIS / TFI Module | Ignition Control Module (ICM) cause a No-Start, and I'll tell you why

::‘rroes Bectronic Distributoriess | Elctronic gniton (E1—High * Carbon build-up on the EGR valve seat on on the
Igniion (EDIS) | Data Rate pintle can cause the valve to remain open, selting a

| Healed Exinaus Gas Oiygen
(HEGO)

: “a;\mwam
| (HO2S)

ldle Speed Cantrol (ISC)

| Idle Air Control (IAC)

Inertia Switch (1S)

Inertia Fuel Shut-off Switch
(IFS)

| Intake Air Control (IAC)

| Intake Manifold Runner
| Contral (IMAC)

Thick }-=.iIm lmegratlT:I—N

| Thermactor Air-Bypass (TAB)

| Thermactor Air-Diverter (TAD) | Air Injection Reaction Diverter

Air Injection Reaction Bypass i
(AIRB)

(AIRD)
| Distributor Ignition (DI)

fault code
* The port injectors on early models can foul, and the
intake passages can collect deposits
« Cracked or loose fan blades can cause a rough idle,
easily blamed on the engine-control system
« Connectors have been a problem, particularly before
it was realized how even small amounts of corrosion
can interfere with the milliamps of current in the signal
circuits. Ford devotes considerable attention to

| Integrated Relay Control Constant Control Rela . :

r..;“?'}.;.e uncin?v e Module (CL‘?&M) i reliable links between sensors, actuators and control

+ e S SartahaR Poation [CRE module. So should you in your troubleshooting
.me Ignition Pickup (PIP) rankshaft Position (CKP) « Non-resistor spark plugs can introduce stray electrical
Sell-Test Connector (STC) Data Output Line (DOL) noise in the sensor circuits—known as “spark echo.”
: TP = The low-amperage engine-control current flows can

-Ti t (ST Data Link Connector (DLC

.E_as ' ciumu {__.E)_. ; il mnedory )_ be skewed by spark echo, resulting in incorrect air-

Spark Angle Word (SAW) Spark Output (SPOUT) fuel ratios, spark timing, and even idle air

« Quick-check for No-start on MAP sensor equipped
vehicles: Disconnect the MAP sensor and crank the
engine. The Failure Mode Effects Management will
substitute a fixed value. If the engine starts, then you
know you probably have a MAP sensor problem.
Don't forget to clear the trouble code when finished

with a great :
ot and repelr (TFI-IV) Ignition -
ns. Vane Air Temperature (VAT) Intake Air Temperature (IAT)
Variable Reluctance (VRS) Crankshaft Position (CKP)
2. DIAGNOSIS AND
gine-control TROUBLESHOOTING BASICS
E standard-
or the same
: S
For more in- 21Tip
'gg':_fggg‘ Don't expect all the details for all cars to be in the book
'1 oal ts you're reading now. Ford Customer Service Division needs
equivaien several thousand pages to cover all Ford fuel-injection and
engine-control systems. But to help you with basic trouble-
shooting information and test values, you'll find a comprehen-
‘ms sive set of wiring diagrams and specifications in Chapter 12.
———— t Parts Cause Trouble
ature (IAT) Wha 8 C r
— = ] | will tell you some of the more likely causes of problems,
and some of the things often blamed but seldom guilty. If you
il know from experience what's most likely to go wrong, then it
ator Light Z 9 . 2-1. . h d 5
g makes sense to start your troubleshooting there before going Fig. 21 ?;:“?gﬁ;?e sz’c:zs?:il‘zztm%ﬁg”z:;ni’_ec;s;gl
oI-Module_ o tothe diagnostic routines. systems. Make sure connections are clean and
« Ignition modules have given Ford more than its share gﬂ:ﬁéztga;"eﬁ}ffnrm'pffﬁzirzi C‘;igsl";;‘gg‘
v ¥ . T H s wi ARIFY wi L -
on next page of problems, particularly in the earlier FI-1V systems lng components,
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Corrosion in Wiring

Corrosion in wiring harnesses can change the resistances
and induce current leakage, affecting the signals from sen-
sors. Once upon a time, we wrapped a splice to insure no con-
tact with another lead or with ground. Now it's important to
prevent moisture frem entering connectors and conduits.

If water and salts enter, they can move along the harness,
propelled by temperature changes, vibration, and wicking.
Protect every point of entry into the harness from intrusion of
moisture and dirt, If you find crystalline residues, white and
blue green in color, clean off the corrosion damage and look
for the points where moisture could enter. An old-fashioned
tape splice may hide the source of your problem. Puncturing
insulation to DVOM-measure a circuit may save the time and
cost of a breakout box; but that pin-prick opening may haunt
you in time ahead. If you find any pinholes in wiring, always
seal them with a dab of silicone sealant.

Road Testing

Whether you are servicing your own car or someone else’s,
begin by road testing, observing with your best analytical eyes
and ears. As you drive the vehicle, listen and feel for the spe-
cific signs that verify the complaint and lead you to focus your
troubleshooting.

In my experience, one of the toughest diagnostics, short of
sudden failure, is analyzing your own car. Driving it
day-to-day, you may fail to recognize changes that have oc-
curred gradually. Day 365 doesn't seem much different from
day 360, but it really is different from day 1.

Two suggestions that I've found valuable:

1. Ride as a passenger. With someone else driving and
telling you what they are doing with the accelerator, you
can better concentrate on the engine response to
changing conditions.

2. Follow the car under test. Again, you need to know what
the other driver is doing, but consider this, for example:
If he suddenly closes the accelerator and you see a
brief puff of blue smoke, you'll probably find worn valve
guides. It's not likely the driver of the test car would see
the blue smoke puff so he might blame the high HC
emissions on the engine-control system.

Another helpful tip is something Ford service people use
when they write up a repair: a customer information sheet.
See Fig. 2-2. When you fill it out yourself, you may define the
problem.

DIAGNOSIS AND TROUBLESHOOTING BASICS

s ot e ==
CUBTOMES NANE DATE B
PLEASE (1ELP UG HEELP YU by checking o 81 Pan Somss Destes it cuscrim e bovs (rocm whach Bmgfl o fere
reatr
Engra Probiem Descrvecr
Frarrarg o T Vo 4 I e
Engre Sunng g Gum o The Verscss rgem
el The Webecn = My
W Mg S - _ g Ades Starteg _ Ergew Spsot b Tos __ P Mg
v Gt Z v ey Bicw Al The Tiss ~ Busns wd
T W P e G | voemtmm Saanes O
_ o (kW o S On A Engre Spmed 4 Toz Aeabe
Dy Blasdy Soseet Siow Whan The AT _ Misives. Cuty Ot
i To Start, But Voot Doy D T Ergre Keads o
On Decmmenton Fiarmes.
_ Biarts Bt Taken A Loy Wher e burase | Engiee Sgmed i To _ Laon of Powe
Timm " To & e Fasl T Bacitres
Wi g = Poor Fusl Exsony
_ nges Somed &
Fionggh o Lirarvers
Aboxd how e does P grotieen Rappen! M B e _ WAl o4 e e _ Sxcameraty
Wnan doss 1he protiem smaty soeu? In Se _ orng Laber 1 ¥ iy _ Anyime
Aoxs v g, when SR T W Boen P pentie fappen]
Wt § mewtes of Wiy P egne
= Betwaen 3 ared 10 muiden #her M agre s
T e 10 it o g s siariig e egem
T it coké happen wy e s Saring e s
At o ng it . Sene by 10 T OF Detirs e frotiem il s wgamn!
— 4 hours o e
T dars han 30 meen Dot e B 4 fens
 Lues fan 30 maraden of Sy umest o
W o nct mater Now long P wgre was ot
DOn vatin conamons afect P protsent T
e Mot T Cod _ Fam _Tog _ Seow _ s Do
Doss culeeie iwrparsin ftect T proslen? Mo _ e
"y whal i ¥
Piaase chech sy of ihess g OndRoen el Asesieing ey Tarmrg Ragpirlet
Caume o oo
Ninmdy fpawd e wwa wd s

What wew e Be oniSoee thet case P I/ e e bghuars _ Ot A
rotiet ] (magm eyl

Waa The Chech Bngee Light Ot _ v _We ey

Ware Over Wareng Lightn O Fam M e Oesa?

Tten et Foa a0 P Wl 1 remind

Fig. 2-2. Sample customer information worksheet.

Engine Condition

It's easy to jump from a complaint to “a quick answer” for the.
problem. To some who are familiar with carburetors or poinis
and condensers, electronic engine-control systems are stil
new technology. So, often they blame the fuel injection or
control module first.

It's better to follow a definite troubleshooting proceduré
without skipping around. We used to teach the necessity
checking basic engine condition first. We said, when the vehe
cle is older or has higher mileage, be sure your troubl
ing is not fooled by poor compression, leaking valves,
deposits on the injectors or in the intake passages. That's
true of some driveability complaints. But, as it turns out, Ont

the longevity built into today’s engines, you are more likely you'd t
cure the bad emitter of pollution by first checking the eng Coolar
control system. readot
level tr

Two

‘mileag



of my favorite troubleshooting stories, from Gus's
aarage in Popular Science, long ago:
LOL (Little Old Lady): “Gus, sometimes my car does not

: "What do you mean, 'Sometimes?"™

: "Well, when | drive to the ice-cream store and buy
ice cream, it starts OK, but when | buy
permint-stick candy ice cream, it won't start.”

S: “Well, let's drive your car down to the ice-cream

a Rolls-Royce).

and LOL drive to the store, enter. Gus orders a pint

a and a pint of peppermint-stick candy. Without de-

 the clerk reaches into the freezer and hands Gus a
cked pint of vanilla. He then goes in the back room

d returns in about 10 minutes with a custom-packed pint

pepperrnlnt-sﬂck candy ice cream. Gus immediately

E‘:‘ = e and buy some ice cream.” (You can tell this is a trou-
e ooting story from way back when garage owners had
. to do this kind of thing. Either that, or this customer

g leshoots the problem. What do you think?

LOL's car has a hard hot-start problem. During the ten
~ . les it takes to pack the peppermint-stick candy ice
e , the fuel is boiling in the lines. The engine has a va-
— r lock and so, a hard hot start. When she buys vanilla,
- restarts the engine soon, before the fuel has time to

Imagine a shop troubleshooting a Repair Order: “Cus-
—— r complains car will not start after she purchases
—— | sppermint-stick candy ice cream”!
Discussing diagnostics, | told this story to some engi-
s from Germany. One turned to the other and said tri-
ot antly, “You see, | told you we could not program the
ostic computer for all troubleshooting.”
No, it takes knowing how the engine and its control sys-
:m operate.
or” for the
or points Ina 1992 SAE paper, EPA reported testing some 245 four-
are still a " giinder cars, averaging about 50,000 miles on the odometer.
ion or the 8 4 had failed an Inspection & Maintenance (I&M) test. EPA
and vehicle manufacturers found that HC and CO emissions
could be reduced by repair to the system, regardless of wheth-
rocedur@ S8 o 1o vehicle had low or high cylinder compression. Of
cessity Ol 8 course, NOx formation is reduced with lower compression.
1 the vehi=SS 6o, usion: “Reasonable emission levels can be achieved
ibleshoot- with proper repairs to the emission control system even on ve-
ives, and S piciec ith internal engine problems.”
That's still
s out, with On the other hand, don't overlook the basics. For example,
re likely 1098 yod be barking up the wrong tree if you replace an Engine
e engine-

Coolant Temperature Sensor based solely on a scan-tool

readout. The problem may really be caused by low coolant
level that doesn’t reach the sensor.

Two engine problems seem to crop up regularly on high
mileage cars:

1. EGR valve clogged with carbon buildup. This can make
the valve stick open or cut off EGR flow completely.
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2. Buildup of fuel gum and crankcase blowby sludge in the
throttle housing and around the throttle plate. This will
affect air flow at all engine speeds, but especially idle.

Ford Service Engineering learns from these lessons: Most
late-model engines are designed to meet emission limits with-
outan EGR system. And most late-model throttle bodies (91+)
are coated to resist sludge and gum.

Finally, let me suggest a few other basics often overlooked:

* Fuel—enough in the tank, and good quality

* Ignition—general condition of wires, moisture
contamination, cracks in the distributor cap, damage

* Battery and starter—circuits, system grounds
* Vacuum hoses—cracked or disconnected

(Fortunately, you have fewer vacuum hoses with EEC
and MECS)

Use the Control Module

Ford engine control systems test themselves to give you a
lot of help troubleshooting. These Self-Tests are designed into
the system to:

1. Test major subsystem elements.
2. Display test results with minimum test equipment.

3. Reduce time required for diagnostics.
* Keep-Alive Memory (KAM) stores diagnostic routines
and fault memories in the control module
* KAM stores adaptive corrections
* Failure Mode Effects Management (FMEM) improves
the ability of the engine to run even with the failure of

some component, while retaining information about
the failure in the memory

In the Diagnostic Routines section of this chapter I'll show
you how to use the control module to guide you to the problem.
You'll find three kinds of Self-Test:

1. Continuous: tests during normal operation, all the time
you're driving.

2. Key On, Engine Off: tests static sensor readings.

3. Engine Running: tests outputs by forcing various condi-
tions and looking for responses.

See Fig. 2-3. These are also called Quick Tests, or On-De-
mand Tests. You demand the tests through the Self-Test Input
(STI), and see the results through the Se!f-Test Output (STO).
See 3. Diagnostic Routines.

DIAGNOSIS AND TROUBLESHOOTING BASICS
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Self-Test Concepts

Self-test
Diagnostics

Continuous

* Performs tests
during normal

Key-on, Engine off I

* Performs test "on
demand” using
engine operation Self-Test Input (ST1)

* Stores errors in * Outputs errors using
KAM Self-Test Output (STO)

* Tests for PIP * Tests microprocessor,
errors and RAM, ROM, some
ignition module sensors and switches,
errors module output circuits

* Tests for open * Cycles most outputs
or shorted TP, MAP, on/off on demand
ECT, ACT, PFE = Qutputs any codes

stored in KAM from
continuous test

* Performs “wiggle

test" for poor connections

» Vehicle speed control
test if so equipped

Fig. 2-3. Flow chart showing different types of Self-Tests
made by control module.

Engine Running Test

* Performs test "on
demand"” using
Self-Test Input (STI)

* Qutputs errors using
Self-Test Output (STO)

* Tests most sensors,
fuel system, EGR
system, idle speed
control, knock
detection system,
dynamic system
response

* Performs "wiggle test”
for poor connections

= Vehicle speed control
test if so equipped

B2345

2.2 Tools

Let's start with your need for a basic selection of good qual-
ity tools: wrenches, sockets, screwdrivers, pliers, and a timing
light. You will also need a few specialized tools and some oth-
ers will be helpful, even if not required.

You'll need a shop tachometer to read engine rpm. Don't de-
pend on the dash instrument, particularly for reading small
rpm changes.

A vacuum pump was more necessary when many systems
operated by vacuum signals or vacuum power. You may need
one for certain engine controls, particularly older MY systems
or larger displacement engines. You might need a vacuum
gauge with a range of 0-30 in-Hg. (0-100 kPa). You can also
use the gauge on the vacuum pump.

You'll need a fuel pressure gauge, such as the one shown in
Fig. 2-4, for fuel pressure tests. Most Ford systems operate at
high pressure so be sure your gauge has the proper scale.

For ignition testing, you'll need a timing light to observe tim-

ing marks, and a Spark Tester to check ignition quality. Atester
is available as special tool. See Fig. 2-5.

DIAGNOSIS AND TROUBLESHOOTING BASICS

Fig. 2-4. Fuel pressure gauge.

Volt-Ohmmeter

Many of the electrical tests in this book call for the meas
ment of resistance (ohms) or voltage signal of sensitive e
tronic components. A DVOM (Digital Volt-Ohm Meter) will
high-input impedance registers millivolts and milliamps, ant
does not overload electronic components.

B2350-A11527A
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' sensitive elet
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milliamps,

B2351-A11529A

Fig. 2-5. Spark tester.

NOTE —

When making AC voltage readings, use a “stan-
dard” VOM. Do not use a “true” RMS-type meter
because the readings will be incorrect.

ittakes longer than a scan tool and needs more interpretation
onyour part.

Scan Tools

Any extended troubleshooting requires a scan tool to plug
Into the Self-Test Connector. The Ford tools are known as:

* STAR (Self-Test Automatic Readout)
* Super STAR I
* NGS (New Generation Star)

NGS reads serial data—that is, actual values to and from
e sensors and actuators. This serial data is available when
youare driving, so it really can help you troubleshoot problems
that occur only on the road.

Generic scan tools help troubleshoot Ford vehicles as well
s other makes. Some offer additional capabilities. The Fluke
Scope meter combines a multimeter with a small scope dis-

play. The Snap-On Scanner combines a four-line LCD readout
with replaceable cartridges to update vehicle-specific data.

you drive with a scan tool on the road, take a helper.
I've driven with a diagnostic tester while | designed and
d a video training program on a scan tool. The data
am can be so fascinating as to be dangerously divert-
Reminds me of the description of a tachometer in the
st how-to-drive book | read when | was 12. It was a British
, written before the days of synchromesh transmis-
s. "TACHOMETER—OBSERVE THE INSTRUMENT
FULLY AND YOU WILL BE ABLE TO ENGAGE
RS WITHOUT A SOUND EXCEPT FOR THE CRASH
F THAT LARGE PLATE GLASS WINDOW YOU DRIVE
'HROUGH.” Ah, British humor. You watch the scan tool
while your helper drives.

yoduce

You can use an analog voltmeter to read trouble codes, but
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Display

window r On-off power
switch

Push

button

J

- [f

'Rotu

______—___:f
STAR

i i, | J

e — —JJ B2346-A115194

Star  Automatic readout (STAR) tester
o Slow/fast
readout switch
Rotunda IS Hold test
button
i
STA EEC-IV/MCU
,E” = ) MECS switch
{ st —
= |
‘ MEM/FWD
button
OFFISPKR
switch MEM/REV
button B2347-A12791A

Super Star Il

Fig. 2-6. MEC systems do not display in STAR; use Super
STAR .

If you don't use a scan tool, you'll need a test light to indicate
current flow. For component protection it should not have an
incandescent bulb, but should be of the high-input-impedance
type, such as an LED (Light Emitting Diode) test light.

BreakOut Box

For more advanced troubleshooting, some shops use a
BreakOut Box, commonly known as BOB. See Fig. 2-8. This
fits between the connector and the control module, providing
access for measuring signals in individual circuits during oper-
ation.

Some techs say they don't need a breakout box. They insert
a fine probe into a connector from the back to read circuit volt-

DIAGNOSIS AND TROUBLESHOOTING BASICS
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LCD screen Number keys

Memory card
Vehicle

STAR/DCL

Adapter (5 pin)
to Vehicle
self-test

Q\cﬁﬂﬂeﬂor
Adapter
Test leads Q flex tips

(black, green, red)

Power connector

B2348-A18644A

Fig. 2-7. New Generation STAR (NGS) adapts to different
mode! years with a replaceable memory card. It
reads data from Self-Test Connector and dis-
plays on LCD screen.

Fig. 2-8. BreakOut Box (BOB) installs between control unit
connector and control unit to provide testing of
signals as engine operates.

ages/resistances. This is sometimes called “backprobing”.
But be very careful. Do not insert probes from the front of the
connector. This can cause pin damage and later lead to prob-
lems.

DIAGNOSIS AND TROUBLESHOOTING BASICS

EEC-IV Monitor

The Rotunda (Ford trade name) EEC-IV Monitor is a
used by shops servicing Ford vehicles. It's self contained
actually easier to use than a BOB. In the service bay or onll
road, it measures the sensors and actuators and transiaies:
their operation into understandable terms. Aftermarket mo
tors are available.

The Monitor saves time when you're chasing problems thél
are intermittent, that don't generate service codes, or genéf:
ate too many codes.

The Monitor helps you locate non-electronic failures bé-
cause it shows you the same information seen by the contrd
unit as the vehicle operates, and how the processor reactsi
this information.

SHO

Engine Analyzer

Finally, if you're doing lots of troubleshooting, you'll need
access to an engine analyzer to supplement your scan todk
they make a good troubleshooting team.

+ When the scan tool points to the problem, the
analyzer scope patterns help you to concentrate your
troubleshooting on specific sensor/actuator signals

« Your problem may show up in the scope pattemns on
the analyzer even if the scan tool shows no problem:

A modern engine analyzer will show much more than e
traditional ignition patterns. You can see clues that lead yould
the troubleshooting answers:

« Whether the problem is in one or two cylinders, orin
all cylinders :

« The effects of different air-fuel mixtures in one or mofe
cylinders

« Injector patterns, and even patterns from some
sensors

2.3 Precautions

Before performing any work, read the general Warnings2 !
Cautions at the beginning of this book, and follow basic
rules, as well as those specific to fuel injection and ign
systems.

WARNING —

* Gasoline fuel is one of the most concentrated
sources of energy around. Keep any spilled fuel
away from hot engine parts. Do not smoke or
create sparks when fuel is present, and always
have a fire extinguisher handy. Work in a
well-ventilated area.

* Fuel injection systems operate under pres-
sures much higher than other fuel systems. See
Fig. 2-9.Confine the fuel spray during any injec-
tor testing or opening of fuel lines to minimize
the chance of a fire.
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WARNING —

* Remove jewelry, metal waiches, and watch-
bands. If one of those shorts a circuit, you may
wear the scar the rest of your life.

* An engine has the power to crush you. If you
run the engine of a car with an autormnatic trans-
mission while testing, do not trust your life to the
PARK position of the lever. Set the parking
brake and chock the drive wheels. Avoid work-
ing in front of the bumper whenever possible.

Most pass. cars
and trucks

Fig. 2-9. Most Ford fuel injection systems operate at high
pressures. Key On Engine Off values shown.

CAUTION —

* For many tests, such as compression checks or
cylinder balance checks, either disable the fuel
injection system or keep the duration of the test
short. Cranking a fuel-injected engine without
starting it can deliver raw fuel into the cylinders,
and from there into the exhaust system. This may
cause the catalytic converter to overheat and
melt down when the engine is restarted.

* Avoid the use of high-voltage battery boosters
or chargers. Anything greater than 16 volts is po-
tentially harmful. Be aware that some service
stations use 24-volt boosters to turn over en-
gines in sub-zero weather.

* Turn off the key and isolate both ends of a cir-
cuit when checking for shorts or continuity.
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CAUTION —

* Disconnect solenoids and switches from the
harness before measuring for continuity, resis-
tance, or before energizing.

® Any time you disconnect a connector, inspect
for damaged or pushed out pins, loose wires,
corrosion. Take care not fo damage terminals
when testing. When assembling the connector,
make sure the connection is tight.

* Do not disconnect or reconnect the wiring har-
ness connector to the control unit with ignition
ON. This can send a damaging voltage spike
through the control unit.

* Dirt is the first enemy of fuel injection systems.
Even minute particles can clog the small orifices
of the components. Before you open a fuel fit-
ting, wipe it clean with a solvent.

* [f the system is open, avoid using compressed
air, and don't move the car unless necessary. If
you leave the job unfinished, cover removed
parts and system openings with plastic, not
cloth. When installing new parts, unwrap them
Jjust before installation.

Only perform electrical tests(what Ford calls “Pinpoint
Tests") when directed by the Quick Test procedures. Other-
wise, the incorrect results may lead you to replace good com-
ponents.

Avoid excess voltage or voltage spikes to the control unit.
Ford fuel-injection/engine-control systems are protected from
surge and overvoltage, but watch for the following conditions
which may damage any system:

» Check for disconnected or loose battery connections.
Alternator output goes up as the voltage regulator
senses low battery voltage. An open battery circuit will
cause the alternator to deliver excess voltage that
could damage the control unit as well as the wiring
harnesses.

« Before you disconnect a booster or charger with the
engine running make sure you have an electrical load.
You want to avoid a voltage spike. I'm suggesting you
add load just for the moment it takes to disconnect the
cables. Turn on the lights and blower or rear window
heater. As soon as the booster cables are
disconnected, you can turn everything off again.

2.4 Vehicle Identification .
Before you begin any work or troubleshooting you need to

know just what engine and engine-control systems are in-
stalled on the vehicle.

DIAGNOSIS AND TROUBLESHOOTING BASICS
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Engine and Model Year (MY) Engine [VIN Code | Transmission ing Or
'EEC-IV Passenger Cars . |
First, determine the engine and its EEC or MECS system. 5.0L MAF-SFI (1988-93) [E e's 8
Start with the Vehicle Emission Control Information (VECI) de- 5.0L MAP-SFI (1988-92) |E the cy
cal under the hood. See Fig. 2-10. You'll see the engine-control "4.6L 4V MAF-SFI (1993) v AODE ds we
system and what's adjustable, and what's not. You may need to 4.6L MAF-SFI (1991-93) w AOD (AODE '93)
verify whether this is a 49-state car, a California car, or a 3.8 MAF-SFI SC (1989-93) | R (C early) 1. Whe
50-state car. Those differences can be important. You'll see the 3.8L MAF-SFI (1988-93) 4 T AXODE some side
Model Year (MY), which can be trickier than you think. Some (3.2L MAF-SFI (1993) P " AXODE the !
1991 MY cars were introduced as early as March 1990. 3.0L FF (Flexible Fuel Vehicle) | 1 | AXODE
3.0L MAF-SFI (1988-93 SHO) | Y [
3.0L MAF-SFI (1988-93) u AXODE
3.0L MAP (1988-92) u al
2.3L MAF-SFI (1988-92) HSC | A
2.3L MAP (1988-91) HSC A
2.3L MAF-SFI (1988-93) OHC | S
2.3L MAP (1988-90) OHC s
2.0L MAF-SFI (1993 Probe) A (See MECS for
'93 4EAT)
1.9L MAF-SFI (1990-93) J See MECS for
B | 1.8L Escort
1.9L VAF (1988-89) X |
Nissan Engine Control
“3.0L MAF-SFI (Vilager) | W | 4F20€
Fig. 2-10. VECI decal for 1991 1.8L Escort. | EEC-IV Light Trucks
5.8L MAP (1988-93) H
5.0L MAF-SFI {1993) N AODE
Vehicle Identification Number '5.0L MAP (1988-93) N o
4.9L MAP (1988-93) Y =
Learn to read the VIN and what it can tell you about the En- “4.0L MAF-SFI (1993 CA) X
gine Code and MY. Look for it inside the lower windshield 4.0L MAF-SFI (1990-93) X
frame ahead of the driver. Look for it also on the plate inside "4.0L MAF (1990-93) X
the door frame showing the VIN and the build-date. See Fig. 2- 3.0L MAF-SFI (1992-93) | U
11.You'll need to know the VIN to use the STAR or other scan 3.0L MAF (1991) V] N
tools, to choose the wiring diagrams, and to apply service bul- “3.0L MAP (1988-91) U
letin information. What looks like the same engine may have a 2.6L (1992) o
different Engine Code, even if it is the same capacity, and it | 2.9L MAP/MAF (1988-91) T
may differ according to the MY. Do not guess. '2.3L OHC MAF (1988-93) A
‘Mazda Engine Control Systems (MECS)
2.5L V-6 MC-VAF-5FI B
2.2L Turbo L B
2.2L Non-Turbo [& |
. | 2.0L (automatic only) A | 4EAT (See EEC |
FRONT SN iéELE for MTX)
Eu A0 sz! TEL T8 e ettt
: . | 1.6LTurbo 6
u:nppa 24%MH1 ?33 25 1.6L Non-Turbo Fd
17 :PASSENGER EEN H

'Jﬂiﬁﬂﬂﬂﬂlﬂﬂﬂﬂlﬂﬂﬂﬁﬂﬂ!ﬂ

J|I'(I[M BAINT EONS
Tmi rn' Illl TIEETE I3 11

Engine code

Flg. 2-11. Vehicle identification Number (VIN) on door jamb.
Look at eighth digit to determine engine code.

DIAGNOSIS AND TROUBLESHOOTING BASICS

Fig. 2-12. Engine VIN identification codes for vehicles cos
ered by this book. Firing Order & Cylinder #1

The VECI decal usually supersedes what you might re
in a shop manual. Some VECI decals may be pasted o
the original for an engine-control system modified for a
call. Also, be on the lookout for such oddities as non

1991, VECI decals use the new terminology recomm
in SAE J1930. See Chapter 1 for more information.
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Firing Order and Cylinder #1 2. Where is cylinder #1? Most diagrams show cylinder #1

— next to the fan. But with transverse engines (across the
. Here's a special tip for checking Ford engines: learn to iden- engine bay) the electric fan is next to the radiator and
- . tify the cylinder numbers and the firing orders. | know that useless as a clue. On Ford engines, cylinder #1 is far-
— a3 sounds weird, but we've got three problems: thest from the flywheel or the transaxle. On V-type en-

gines, it's on the cylinder bank to your right when facing
1. What is the firing order? Although they look alike out- the engine. On transverse V-type engines, it's on the
side, most Ford 5.0L engines fire 1-5-4-2-6-3-7-8, while cylinder bank closest to the firewall.

the 5.0L HO fires 1-3-7-2-6-5-4-8. See Fig. 2-13.

Front of car )
(B &)

1.9 Escort 2.2L Probe 2.3 HSC Tempo/Topaz
1-3-4-2 1-3-4-2 1-3-4-2 [

2.3 OHC Turbo 2.3 0HC 2.8L Truck
1-3-4-2 1-3-4-2

©e®
geel )

3.8L 3.8L SC w/DIS 3.0L Taurus/Sable 3.8L
1-2-3-4-5-6 T-Bird-Cougar 1-2-3-4-5-6 1-2-3-4-5-6
1-2-3-4-5-6

(§]000)
o]

8ee®
O]

3.0, 3.2L SHO 5.0L-base 5.8L and 5.0 HO e
w/DIS Taurus 1-5-4-2-6-3-7-8 1-3-7-2-6-5-4-8 B2413
1-2-3-4-5-6

Fig. 2-13. Ford numbers cylinders differently from most
other makers. Ford firing orders differ even on
engines seemingly the same. Most Ford 5.0L en-
gines fire 1-5-4-2-6-3-7-8, while the 5.0L H.O.
fires 1-3-7-2-6-5-4-8. Notice how ‘93 Probe
2.5L numbering differs from Ford V-type engines.

DIAGNOSIS AND TROUBLESHOOTING BASICS
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3. Where is cylinder #2 in a V-type engine, next to #1 or
across in the other bank? Ford has its own way of num-
bering cylinders that can fool you on a V-type, particu-
larly transverse as in Taurus/Sable and recent
Continentals. For U.S. transverse V-type engines, the
right bank is the rear bank. Ford engines number con-
secutively along each bank. Begin 1-2-3 along the right
bank, looking from the driver side, then 4-5-6 on the left
bank. That's different from the 1993 Probe 2.5L V-6: #1
in right bank (closest to bulkhead, and alternating
across, 1R, 2L, 3R, 4L, 5R, 6L. Most other V-type en-
gines also alternate, beginning the other way: usually
1L, 2R, 3L, 4R, 5L, 6R.

Fig. 2-14. Ford identifies cylinder numbers differently from
other manufacturers. It pays to check the dia-
grams or the cylinder number identifiers on the
plug wires of late-model engines.

DIAGNOSTIC ROUTINES

3. DIAGNOSTIC ROUTINES

For any complaint, the possible causes are many. If you just
troubleshoot randomly you could be at it for hours before you
find the source of the problem. I've already given you some
basic tips about how to begin your troubleshooting, now lets
take it one step further.

To make troubleshooting easier and faster, Ford has devel-
oped Diagnostic Routines. These charts list the best order to
check systems and components for specific problems. The
routines are based on years of technician experience, and
have been developed considering three factors:

1. Probability—how likely is this to be the cause?
2. Ease of accomplishment—how easy is it to check this?

3. Accessibility—how easy is it to get at the part?

For example, if the engine is fitted with long-life,
platinum-tipped spark plugs, and some of them are hard to
reach, those are likely to be lower on the list of things to check.
On Ford vehicles, intake air leaks are less common due fo
component mounting locations. So checking for intake air
leaks or bad gaskets at the intake manifold or throttle body
mounting is also lower on the list. If you're one who is familiar
with many Bosch systems, you know that intake air leaks area
common problem due to long ducting.

The moral of this is that if you want to save time, don't start
hooking up your testers until you follow the diagnostic rou-
tines.

Control modules are often blamed unfairly. It is true that
many early troubleshooting charts ended at the control
module, saying something like, “Check every sensor, con-
nector, cable, and actuator. We don't know how to tell you
to check the control module so if everything else is OK, re-
place the control module.” I've heard that Ford had a ware-
house full of modules retumed under warranty, most of
which tested OK. Bosch told me of similar experiences.
These days, that's less true for at least three reasons:

1. Shops are finding that modules are more reliable
than expected. Control modules are complex but
have nothing mechanical to wear out. They're
checked out on the assembly line and they don't
leave the factory if they're not good. One general
electronics rule of thumb: if it's going to fail, it will be
within the first hours or days of operation.

2. In the control module, improved On-Board Diagnos-
tics (OBD) increase your chances to find the real
problem instead of blaming the module by default.

3. Troubleshooting charts no longer end with “Replace
the control module™.

In other words, control modules have gotten smarter and

so have we.

QT
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NO CODE(S)

START WITH SYMPTOM

| DIAGNOSTIC ROUTINES

|

'

QT1|

QUICK TEST DESCRIPTION

‘ CONTINUE

|ar2 |

VISUAL INSPECTION

CONTINUE

QTSI

VEHICLE PREPARATION

Yy CONTINUE

QT4
EQUIPMENT HOOKUP

l CONTINUE

ats |

¥ YES

ENGINE START

-

QT 11

QUICK TEST

YES

KEY ON ENGINE OFF TEST

CODE(S)

QTé |

STAR TESTER
ALWAYS DISPLAYS
STO LOW OR

NO NO

VOM ALWAYS
DISPLAYS 0 VOLTS

| {

Qr7 I

KEY ON ENGINE RUNNING
TEST

CODE(S)

ERASE & RETEST

CODE(S)

|
CODE(S)

ars |

SERVICE CODE CHART

SECTION 19
DIAGNOSIS
WITH EEC-IV
MONITOR =

AND DIRE

NO CODES
HERE FROM QT 6

CTED

NO CODES (EEC)
AND DIRECTED
y HEREFROMQT 5

ALL OR ANY

[ Q19 |

SWITCH MONITOR TEST

REFERTO _

QT 10 |

SWITCHES NO GOOD

FOK

J ALL SWITCHES OK

SWITCH MONITOR TEST
CHART

RETURN gO DIAGNOSTIC

ROUTINE

PINPOINT TESTS

I NO GOOD I

¢OK

SERVICE FAULT

REPLACE ECA

A15137-B

Fig. 3-1. Example of Diagnostic Routines Flow Chart for

Mazda Engine Control System (MECS) equipped

vehicles.
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No-Crank

Before we go to the routine charts, let's talk about a
No-Crank condition. You've checked the battery, the starter re-
lay, the Neutral Drive/Clutch switch, the starter and the key
switch. But turning the key to START produces nothing, not
even a groan. What does the control system have to do with
cranking? Let me suggest two possibilities:

1. The inertia switch cuts off power to the Fuel Pump Re-
lay. If it opens, you have a No-Start. That open circuit
can happen with a vigorous slam of the trunk lid or
hatch. Beginning in some 1991 vehicles, a dash warn-
ing lamp signals “FUEL CUTOUT" if the inertia switch
opens the fuel pump circuit.

2. There's one strange item that's not on Ford's list for a
No-Crank condition: Check for an Anti-Theft device. Be
especially wary of an aftermarket anti-theft with an igni-
tion and/or starter cut-off, If triggered, it cuts off the ig-
nition and the starter.

No-Start was a condition that gave our younger son
problems when he bought a used 1980 Fiat Spyder (with
Fiat's first use of Bosch L-Jetronic fuel injection). He would
phone from across the country, “The mechanic says | need
a new air box. What do you think?" I'd say, “Did he say
why? Find another mechanic,” Another mechanic said it
would need a new control module. Son found a diagnostic
technician who reported the correct fix: Previous owner
had installed an aftermarket anti-theft system that cut off
power to the fuel pump. Any jostle of the car was causing
the anti-theft to open the fuel pump circuit. When he reset
the anti-theft switch, son cured his No-Start condition, with-
out a new airbox, or a new control module.

Emission Tests

Studies by EPA and manufacturers have shown the parts
most likely required to repair cars that failed emission tests.
According to recent studies reported to the SAE, for example,
these parts are more likely to need replacement to pass the
idle-emission test for hydrocarbons (HC):

* Oxygen sensor: 50 to 70% of the cars

« Catalytic converter: 20%
* Computer: 5 to 8%

To pass the Carbon Monoxide (CO) test:
* Oxygen sensor: 80 to 95%

NOTE —

While it is important for the engine to be at normal
operating lemperature before idle testing emis-
sions, extended idling causes EEC-IV to change
timing and increase rpm. If your engine idles ex-
tensively before testing, you may have to shut the
engine off and restart to reset normal idle before
testing.

DIAGNOSTIC ROUTINES

The diagnostic routines give possible causes for test failurg,
but let's consider the problem first. With proper conditioning,
any Ford vehicle with fuel injection in good condition is de-
signed to pass these idle tests with room to spare. Just remem-
ber a couple of things before you let them test your vehicle.

NOTE —

The following applies to no-load emission tests
for HC and CO, both at idle and 2500 rpm. In the
coming years though, you'll see more emission
tests required under loaded conditions on a dy-
namometer, testing NOx as well as HC and CO.
Engines operating under no-load conditions pro-
duce little or no NOx, so that emission gas is not
tested under current Inspection & Maintenance
(1&M) tests.

» The engine temperature must be warm and stabilized
before the test
= The vehicle must not be tested immediately after
idling too long in the line awaiting the test. If the testis
preceded by a long period of idling, run the engine at
about 2500-3500 rpm for 15 to 30 seconds before the
test

Make sure the test operator checks the following:

« Verifies normal operating temperature
« Verifies all accessories OFF
* Reads idle emissions

» Revs engine to about 2500 rpm (2200 to 2800) and
reads 2500 rpm emissions within 30 seconds

* Again reads idle emissions within 30 seconds of idle

If the operator of the Emission Idle Test facility does not fol-
low these steps, the test may not reflect the emission condition
of the vehicle.

Knowing what you know about KAM (Keep Alive Memory), if
you replace any emission components, be sure to clear the
KAM before re-running any emission tests.

A word of warning for the chip changers: | hear talk that
future Emission Testing may learn from your own engine
control module if you have removed your performance chip
module just to pass the Smog Test. A recent report by
CARB (California Air Resources Board) estimates installa-
tion of at least 100,000 performance chips in California
alone, Performance chips modules may (or may not) im-
prove your performance, but they are such a threat to air
quality that Ford now solders the chip. When | asked CARI
engineers about this, they smiled and said, "Not yet, b
we're working on it.” That probably applies to 1993 and Ia
er cars and trucks with new diagnostics, but be aware of
so-called “street-legal” chips. (See Chapter 9)
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3.1 Diagnostic Routines

The following tables list the diagnostic routines for EEC-IV
and MECS cars. When you see a reference in the routines to a
specific component, that means go to that component and
check it. Ford calls these Pinpoint Tests. There are also refer-
ences in the routines to Quick Test, checking fuel supply, and
the ignition system. Full diagnostic procedures for the fuel sup-
ply system, ignition system, and other Pinpoint Tests are de-
scribed in detail in Chapter 11 and in Chapter 12. Quick Test,
which uses the control module to help you diagnose problems,
is described in the next section. Tempting as it may be to start
with Quick Test, be guided by the diagnostic routine charts.

The charts are arranged in order of what component/sys-
tem to check first. The numbers in the first two columns indi-
cate where to start, depending on the engine control system.
For example, for a Hard Start on EEC-IV systems, you'd look
atthe ignition system first. On Mazda Engine Control Systems
(MECS) cars you'd start at the air intake system, since vacu-
um leaks are more likely to cause problems on these cars.

Table 1. Hard Start/Long Crank
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Table 2. No Crank

System

Component

Starting

Battery

Starter Relay

Starter

Neutral Drive Switch/Clutch
Switch

Brake Interlock Switch
Ignition Switch
Transmission

Linkage Adjustment

| Control System

Neutral Drive Switch /Clutch

Switch

Base Engine

" Fuel/Throttle
Body

Flywheel

| Engine Seized
| Injectors (hydro-lock)

Ignition

Hamess (START wire short to
GND)

Table 3. No Start/Normal Crank

| System
| Ignition

EEC-IV } MECS Component

1 3 Scope engine for:

Spark Plugs

Coil

| | Secondary Ignition Wires
Spark Plugs Fouled

TFIIV:

Distributor Cap, Adapter

and Rotor

DIS/EDIS:

Single or Dual Hall

Crankshaft Sensors

Hall Camshaft Sensor

DIS/EDIS Ignition Module

Coil Pack(s)

EEC- | MECS | System

Component

1 3

Engine Control

Quick Test

2 2 1 Ignition

Quick Test

Filter

Pump

Pump Switch (in VAF
meter)

Water/Dirt/Rust
Contamination in Fuel
Fuel Lines

Fuel Pressure Regulator
| Sender Filter

Injectors

Improper Fuel

Idle Air flow (ISC-BPA)

(2 2 Engine Control

Fuel/
Throttle Body

Exhaust

Air Intake and Vacuum Leaks
Vacuum Air Cleaner Element
| Distribution Restricted

| VAF meter binding

Cooling Electric Fan (Hot Start |
Only)

| Valve
Valve

| EGR
PCV

Electrical Connections
Secondary Ignition Wires
Spark Plugs Fouled
Ignition Switch

TFIIV:

Ignition Coil

Ignition Module

Rotor Alignment
Distributor Cap, Adapter,
Rotor and Stator
DIS/EDIS:

Single and Dual Hall
Crankshaft Sensors

Hall Camshaft Sensor
DIS/EDIS Ignition Module
Coil Pack(s)

“Fuel/

| Throttle Body
[

Fuel Filter

Fuel Pump

Pump Switch (in VAF
meter)
Water/Dirt/Rust
Contamination in Fuel
Fuel Lines

Tank (Fuel Supply)
Fuel Sender Filter
Fuel Pressure Regulator
Injectors

Inertia Switch

Base Engine

Compression, Camshaft
Timing

EGR

Valve

Exhaust

(Turbocharger,
where app.)

Component (Restricted)

EVAP Components

Air Intake

Air Tube, VAF meter
binding

Basic engine Compression, camshaft

and valve train

Engine

| Electrical

Fuses, Power Relays

DIAGNOSTIC ROUTINES
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Table 4. Stalls After Start, Stalls or Quits at Idle

Table 6. Rolling Idle, Rough Idle

EEC-IV | MECS | System Component EEC-IV | MECS | System | Component
1 2 Engine Control | Quick Test ] 3 Ignition Scope Engine For: Spark
2 3,4 Fuel/ idle Air flow (ISC-BPA) Plug, Coil, Secondary
Throttle Body | Electrical and Vacuum Ignition Wires, Distribulof
| Connections Cap, Adapter and Rotor,
- Fuel Filter i Ignition Timing
Fuel Pump 2 5 Engine Control | Quick Test
2:?‘83)5“"“3" (InVAF 3 24 FuelThrottie | Idie Air flow (ISC-BPA)
Water/Dirt/Rust R i el
Contamination in Fusl Fuel Pressure Regulator
Fuel Lines Injectors
Tank (Fuel Supply) Fuel Rail
Sender Filter Fuel Lines
Fuel Pressure Regulator LA o
Injectors 4 | 1 Vacuum Vacuum Leaks
Improper Fuel Distribution _
3 1 Vacuum Vacuum Leaks 5 — Cooling Thermostat Fan (loose or
Distribution cracked) -
4 11 ignition Electrical Connections 6 6  |EGR Valve
Secondary Ignition Wires 7 10 Base Engine Compression
Ignition Switch Valve Train
TFIIV: Camshaft
Ignition Coil Intake Manifold Gaskets
Ignition Module B 8 PCV Valve
Rotor Alignment - L 2
Distributor Cap, Adapter, 9 = EVAP Components
Rotor and Stator 10 i Air Intake Air Tube
Ballast Resistor System Intercooler Tube
DIS (Thunderbird SC only): (Thunderbird SC)
Hall Camshaft Sensor VAF meter
B : (CID) 1 — Charging Components
5 |7 Exhaust (Turbo | Component (restricted) System
charger, where 12 9 Exhaust (Turbo | Components
app.) charger, where
6 5 EGR Valve app.)
7 6 Air Intake Air Tube 13 o Thermactor Thermactor System
System Intercooler Tube | | Components
(Thunderbird SC)
VAF meter binding
— le7. le Sta its o leration
8 9,10 Base Engine Camshaft and Valve Train Table 7. Low Idle Stalls or Qu n Decele |
— B PCV Valve EEC-IV  MECS | System Component
1 1,2 | Fuell Idle Air flow (ISC-BPA)
. Throttle Body Electrical and Vacuum
Table 5. Fast Idle, Diesels Connections
EECIV | MECS | System | Component i 4 Engine Control | Quick Test
1 3 Fuel/ ['idie Air flow (ISC-BPA) | 3 = EGR Valve o
Throttle Body Throttle Plate and Linkage 4 -_ Base Transmission Oil Level
| Speed Control Chain Transmission Converter Clutch Control
[z [1 " Vacuum Vacuum Leaks (AT wilh Solenaid
Distribution e | overdrive) Modulated Converter
= Clutch Control
3 [ i ___Engine Control | Quick Test | Solenoid
4 2 Air Intake Air Tube = FosiDaliery | Fu Gk in VAF Mater
System Intake Manifold Gasket 3 [ bk Ll ol ]
| VAF meter binding
5 4 | Cooling Overheating 1
6 - | Air Conditioning | A/C Clutch T
AJ/C Demand
AJC Cyclic Pressure Switch
| AJ/C Refrigerant Charge
— 5 | Ignition Base timing plus advance
[ | and retard
- 7 | EVAP | Components i
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Spark

ary
ributor
Rotor,

PA) |
uum

julator

JilLevel |
ch Control

wverter

Table 8. Stalls/Quits on Acceleration or Cruise,
Bucks/Jerks, Hesitates/Stumbles, Surges
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Table 10. Surges on Cruise

n VAF Meter | l

EEC-IV | MECS | System Component
EEC-IV | MECS | System Component 1 |5 | Engine Control | Quick Test =
1 2 Engine Control | Quick Test 2 |4 FuelThrottle Filter
2 3 Ignition Scope engine for: Spark Body Pump
Plug, Coil, Secondary Lines
Wires, Distributor Cap and _ Fuel Pressure Regulator
Rotor, Crossed Wires Se“dnz' Filter
Ignition Timin
|V g Idle Air flow
3 4 Fuel/Throttle Idle Air flow (ISC-BPA) — - -
Body Fuel Filter 3 2 Ignition Scope engine for: Spark
Fuel Pump Plugs, Wires, Coil,
Water/Dirt/Rust Sec_c»ndary Ignition Wires
Contamination in Fuel P Timing
Fuel Lines 4 1 Vacuum Vacuum Leaks
Fuel Pressure Regulator Distribution
Sender Filter 5 |6 EGR Valve
| Injectors e E—
- = ] T Air Intake Air Intake Components
4 — Vacuum Vacuum Leaks System
E | i 7 8 EVAP Components
B Air Intake Air Cleaner, Air Duct £ Il _ kil
Systems Intercooler Tube 8 —_ Base Engine Valve Train and Camshaft
(Thunderbird SC) Igtall((e tMamfold and
[ 6 | EGR Valve [ 2asnels
e Vi 9 — Thermactor Thermactor System
7 Jz=:  |PGV e Components
8 9 Exhaust Restriction (with 10 = Superchal
| Backpressure EGR system pelIa/Der /ety 3
(PFE)) 11 — Base Converter Clutch Control
Transmissi ts
9 7 Base Converter Clutch Control (AT witlﬁsm i
| Transmission Solenoid Overdrive)
(AT with Converter Clutch Override ditmadds.
Overdrive) Converter Clutch = 3 Bypass Air ISC-BPA
Modulated Converter | | Control
Clutch Control — [E] | Turbocharger | Components
Solenoid
10 8 Base Engine Components Table 11. Backfires
= |1 e Lo EECIV | MECS | System Component
- B 2 Ignition Scope engine for: Spark
Plugs, Wires,
Table 9. Runs Rough on Acceleration or Cruise, goil. —
rossed Wires, Ignition
Misses Timing
EEC-IV | MECS  System Component 2 1 Vacuum ‘Vacuum Hoses, il
b 1 Ignition ‘Scope engine for: Spark | Distribution Connections
erug. Cgil. Secondary ] 4 Engine Control | Quick Test
ires, Distributor Cap, ——T=
Adapter and Rotor 4 Thermactor é‘l;]r;e:‘c;ﬁ;System
o T 5 3 Base Engi | Intake Manifold Gasket
e —r e Engine n i askets
2_ [ 2 Engine Control_ _Oulck Test Compression Checks
3 3 Fuel/Throttle Fuel Filter ' Camshaft
Body Fuel Pump Valves
Fuel Lines : ]
| Fuel Pressure Regulator [} 5 Exhaust Clomponents (restricted) ¥
| Sender Filter P [ Fuel/Throttle Filter
L i Y Wt Dir/Rust
— e — — ater/Dir/Rus
4 5 . EGR Valve Contamination in Fuel
5 — Vacuum Vacuum Leaks Lines
Distribution Fuel Pressure Regulator
(] — Base Engine Components Injectors
3 Baes o ISC-BPA Sender Filter
3 |-oypassair Octane
| control |
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Table 12. Lack/Loss of Power Table 14. Poor Fuel Economy
EEC-IV | MECS [ System Component EEC-IV | MECS | System Component |
1 | 2 Ignition Scope engine for: Spark 1 4 FuelThrottle Fuel Pressure Regulator
| Plugs, Wires, Coil, Body Fuel Return Line Blocked
Timing 2 3 ) | Air Intake Air Cleaner Duct and
2 6 Engine Control | Quick Test — | | System Element, VAF Meter
3 3 Elel/Throttie | Filter 3 2 Ignition Scope engine for: Spark
Body Pump Plugs, Wires, Coil, 7y
Lines Secondary Wires, I
Fuel Pressure Regulator Distributor Cap, Timing
Fuel Sender Filter 4 5 Engine Control | Quick Test
Injectors 5 T Cooling Thermostat
Idle Air flow 6 8 | Factors External | Tire Pressure
4 7 Exhaust Component (restricted) to the Engine Clutch Operation .
5 — Cooling Thermostat Converter Clutch Override |
—] | Automatic Transmission
6 _— Vacuum Vacuum Leaks Shift Pattern, Fluid Level
! Distribution Brake Drag L
7 I Air Intake Air Cleaner Duct and Exhaust System 9
Systems Element Speedometer/Odometer E
Throttle plates and linkage Gear Ratio 10
Electrical and Vacuum Axle Ratio :
connections Vehicle Load 11
VAF Meter Road and Weather
2 , v = Conditions
: . } ESH B Calve o | Aftermarket Add Ons
5 50.EngIS cgmg{,:;s 7 — Base Converter Clutch Control |
Valves Transmission Components
B . . (A/T with Modulated Converter
10 9 Drivetrain Clutch, Automatic Overdrive) Clutch Control
Transmission, Brakes Solenoid
1 —_— Supercharger Assembly 8 [ EGR Valve Operation
-_ 8 Turbocharger Components - 1 Vacuum Vacuum leaks
distribution ) )
— 9 Base Engine Compression, Camshaft, |
Table 13. Spark Knock Intake Manifold Gasket
EEC-IV | MECS | System Component
1 1 Ignition Timing
2 4 Engine Control | Quick Test
3 5 Cooling Overheating
4 —_ Base Engine Qil Level
Compression Check
Intake Manifold Gasket
5 — Fuel/Throttle Filter T
Body Pump
Lines
Fuel Pressure Regulator
Sender Filter
Injectors
6 -_— PCV Valve
7 3 EGR Verify Correct Application, |
then Diagnose
R = Air Intake Air Cleaner Duct and
System Element
9 — Thermactor Thermactor System
Components
10 — Base Transmission Controls
Transmission
(E40D, AODE,
l AXOD-E)
- 2 Vacuum Vacuum leaks, Delay
distribution Valve, Vacuum Reservoir
- 6 Turbocharger | Components
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Table 15. Emissions Compliance, Idle Test

Override
lission
d Level

ometer

er

Ons
‘Control

arter

EEC-IV | MECS | System Component
2 | Engine Control | Quick Test
4 Ignition Scope engine for: Spark
| Plugs, Wires, Coil, Timing
6 Vacuum Vacuum Leaks/Blockage
Distribution
3 Fuel/Throttle Idle Air flow
Body Injectors
Fuel Rail
Fuel Pressure
1 | EGR Valve
| Vacuum Regulator
B PGV | Valve
7 |EVAP | Valve
— | Thermactor Thermactor System
| Components
9 | Exhaust Pipes, Muffler, Catalysts,
Resonator, etc.
10 | Cooling Unstabilized Engine
| Temperature
12 | Base Engine Scheduled Maintenance
' Compression
| Valve Train
[ Camshaft
Intake Manifold Leaks
5 Inlet air control | Throttle plates of linkage,
[ Air Cleaner and Duct
11 Turbocharger | Components
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4. QUICK TEST

This section explains the part of the diagnostic routines
known as Quick Test. You can perform Quick Test on any
EEC-IV (or MECS) vehicle. Although it is quicker to use spe-
cial equipment, you can perform a full Quick Test with just an
analog VOM. Generally, you'll perform Quick Test for two rea-
sons:

1. When directed to by the diagnostic routines.

2. If the dash warning light is on. This is known as the Mal-
function Indicator Light (MIL). Depending on the vehi-
cle, itcan read CHECK ENGINE, or SERVICE ENGINE
SOON.

Quick Test results depend on proper operation of the engine
itself. While engines have grown increasingly sturdy and reli-
able, all the things that went wrong with engines before elec-
tronic controls can still go wrong to cause driveability
problems. Just because you know all about electronic control
systems after reading this book, don't automatically assume
that all problems start with the electronics. You'll save time if
you perform the prescribed diagnostic routines in order.

What Is Quick Test?

Quick Test means using the built-in diagnostic capabilities
of the engine control module to find faults in the fuel-injection
and engine-control systems.

If you've done troubleshooting in the traditional way, isolat-
ing each circuit or sensor, and measuring resistance, you
know it can take hours. When you perform Quick Test, you'll
appreciate how much diagnostic capability you have in the
control module to help you find a problem—and why it's called
Quick Test. Running Quick Test helps you to do three things:

1. Look inside the control module memory for stored infor-
mation about specific system faults.

2. Use the control module to qualify sensors and actua-
tors—to see if they are working within operating ranges.

3. Direct you to specific diagnostics of certain sensors, ac-
tuators and circuits (Pinpoint Tests).

A SERVICE ENGIN %ﬁ’message is often consid-

GINE lightimmediately stop
: owed. But that's not necessarily so. The
message of either light is just to take the car in for service
as soon as possible. i

QUICK TEST
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Trouble Codes

When the control module tests the system and finds faults, it
makes a record of the fault in the form of a trouble code. Trou-
ble codes are a series of digital pulses that represent num-
bers. See Fig. 4-1. During Quick Test, the control module will
read out one or more codes. You then compare the trouble
code numbers to a chart to lead you to specific tests to identify
the fault. You'll find trouble code charts in Chapter 12.

4.1 Quick Test and Trouble Codes

You will perform Quick Test Key ON Engine OFF (KOEO)
and Engine Running (ER). You may also see reference to
KOER (Key On, Engine Running), but | prefer the simpler
ER—it's easier to keep it separate from KOEQ, and you don't
need KOER because the key must be ON if the engine is run-
ning. In both those steps you read a number of different codes.

Codes for KOEO:

1. Self-Test codes. These are the results of the system
testing itself during Quick Test and detecting faults.
Self-Test verifies control module memory integrity and
processing capability. It also verifies that sensors and
actuators are connected and operating properly. These
codes are known as HARD faults. They are also some-
times called On-Demand codes.

2. Separator Pulse codes. These are issued 6 to 9 sec-
onds after the last Self-Test code. This separates Self-
Test codes from Continuous Memory codes.

3. Continuous Memory codes. The Continuo
Self-Test program in the control module creates the
codes. It continually checks the system as you dr
and stores fault codes in KAM. These codes can inde
cate chronic and intermittent problems. They in
SOFT codes, intermittent faults that happened in
past but are not now present. KAM does not store
soft codes indefinitely. If the engine warms up 80 ti
(40 times on a few engines) without the fz
re-occurring, the module assumes that the fault wasa
fluke, and “forgets" it—erases the soft fault code.

4. Fast codes. They contain the same information as the
regular codes but are transmitted 100 times faster. The
manufacturer uses special instruments to read these
during the building of the car. You can read these by St-
per STAR I1. Three-digit trouble codes show only in fas
codes, so you can't use a START tool.

Codes for ER:

1. 1.D. Pulse codes. They identify the type of engine in
the vehicle. They also verify that the proper conirol
module is installed and that Seli-Test has been entered.

2. Dynamic Response code. This may appear to signal
additional checks of wide open throttle during the ER
portion of Quick Test. It is not on all vehicles.

3. Self-Test codes. The same type of codes as during
KOEOQ.

Digit pulses are 1/2 second "on" and 1/2 second “oft"

1 1 1 1

Fast
codes

Key on, Engine off codes
Star
1

Note: Continuous codes will only be outputted during key on engine off self-test

p— 1 1 1 1

meter:

each pulse |_ |--.-—J | IJ_‘__U

equals 4 seconds 6-9 seconds 6-9 seconds

1 meter

sweep

Separator Continuous memory codes
Star Star
10 1

—

4 seconds

B2357-AB203C

Fig. 4-1. EEC-IV trouble code output format, Digital pulses
indicate numbers. 2-digit codes shown. MECS
codes are similar.
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4.2 Code Generation

Continuous Memory codes: As you drive, the control mod-
ule continuously checks sensors and even its own Central
Processing Unit (CPU) to determine the signals being sent.
For example, in Fig. 4-2, the Continuous Test samples the En-
gine Coolant Temperature (ECT) signal. ECT signal should
range between 91% of VREF (Reference Voltage = 5v.) and
4% VREF. If ECT rises above 91% VREF (4.55v) for between
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50 and 300 milliseconds (ms), the Keep Alive Memory (KAM)
starts counting. If the error repeats several times, KAM stores
Service Code 51. If ECT falls below 4% of VREF (0.20v) sev-
eral times, KAM stores Service Code 61. Follow those exam-
ples through on the above chart and you'll understand
Continuous Memory Codes for ACT, TPS, MAP or MAF or
VAF, EGR sensor, EGO (Exhaust Gas Oxygen), and each oth-
erinput tested.

OBD SYSTEM DESCRIPTION
SENSED Iservicel mimum | sionae | SIGNAL |
PARAMETERS | CODES |  TIME | RANGE | DESCRIPTION | ‘
(ACT)/(VAT) ' 54 : 50-300 MSEC | =91% VREF I NON-PULSATING THERMISTOR 1
AIR CHARGE = ] o RESISTANCE THAT VARIES |
TEMPERATURE o NON-LINEARLY AND INVERSELY
! iy ! e ! <4 VRER ! e WITH RESPECT TO TEMPERATURE :
T ¥ + ic> |
(ECT) (L | " | =91% VREF | 1
ENGINE COOLANT
TEMPERATURE : 81 1 " : <4% VREF ll TEMPERATURE : ‘
1 ! ! 1 NON-PULSATING POTENTIOMETER
(1PS) | sa | » | >97% vREF | o, RESISTIVE ELEMENT THAT VARIES |
L1 TE . ' H {23 LINEARLY AND IS DIRECTLY I
POSITION i 5 1 4 i e i =2 PROPORTIONAL TO THROTTLE |
PLATE MOVEMENT
! H : | SHAFT ROTATION H
b4 Ll v
(MAP) i | | i § PULSATING RECTANGULAR |
MANIFOLD FREQUENCY SIGNAL THAT IS
PRESSURE | = ueomsssc] seke | 3 PROPORTIONAL TO |
| | | ] & PRESSURE |
("8
(8P) I | I I I
BAROMETER | 22 |150:300 MSEC| <16in. Hg. | FHESSURE |
PRESSURE I ) I O 1
| | | WAVE FORM
EGR SENSOR I 31 7 so.300 msec ! <as vaer 'o P NON-PULSATING POTENTIOMETER |
L | 1 3] RESISTIVE ELEMENT THAT VARIES |
| | I 152 LINEARLY WITH SHAFT |
! ® " : >96% VREF : SHAFT POSTION  DISPLACEMENT 1
RICH WITCHING, SELF-GENERATING |
£GO | 41 | musT REGISTER EIGHT EGO | 5 s ,
| | SWITCHES WITHIN FOUR | (=800 MV)  VOLTAGE SIGNAL THAT |
MINUTES OF REACHING STOICHIOMETRY INDICATES WHETHER THE A/F
| | NORMAL OPERATING | RATIO.IS LEAN OR RICH |
STEREOEGO | 81 | TEMPERATURE | LEAN COMPARED T0 1 .
1 I | (<200 MV) STOICHIOMETERY i
. NON-PULSATING POTENTIOMETER
e | s ! SO0 MBEC | WO VREE | B WoICH THE ANALOG VOLTAGE |
SENSOR f ¥ ¥ 133 OUTPUT HAS A LOGARITHMIC |
| s | 'l | <3% vRer | “———————— RELATIONSHIP TO VOLUMETRIC |
l 1 l | VOLTAGE AIR FLOW H
| | I |
1 1117 MSEC | TIME SINCE LAST CPU-OK PULSE =14 = 3 MSEC. SIGNAL IS INTERNAL TO
eryo | | : THE PROCESSOR. |
! ! L l
i { i RATIONALITY i I
D.C. MOTOR | 13| se00 MseC CHECK-USES | OUTPUT ‘
I 1 | FEEOBACK | R |
| | I 1
(ITs) | MONITORED AT KEY-OFF AND | |
IDLE TRACKING DISPLAYED DURING ENGINE | LEVEL (ON/OFF) INPUT I
SWITCH : | RUNNING | |

Fig. 4-2. Example Self-Test mode diagnostic procedures
in the control module,
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Continuous Memory codes are stored for each sensor that
falls out of range as indicated. But if the engine starts and
warms up 80 (40 on some vehicles) times without that fault re-
peating, KAM erases it. Otherwise, the Service Code waits in
the KAM for you to read it in the Self-Test.

KOEO (Key ON Engine Off) codes: To see what happens
when you activate KOEO Self-Test, follow the flow chartin Fig.
4-3. From Self-Test Output (STO) OFF, the sequence begins
with Microprocessor instruction-execution test.

« |f that fails, it turns STO on continuously and exits test

« If that passes, it proceeds to RAM/KAM test

« Test ROM, setting memory code if that fails

« Test Analog to Digital (A/D) inputs for proper range,
and switch for proper state - open or closed, setting
memory codes for those that fail

The chart shows how the control module tests system cir-
cuits KOEO, from the top A to the bottom A, setting memory
codes for those that fail.

Now the control module sends the stored memory codes, as
described below. First the codes for the KOEO test, faults in
the system at this time. Then the Continuous codes, faults that
may have existed in the past, but are not present now (inter-
mittent faults).

KEY ON, ENGINE OFF FUNCTIONS

Tuk 810 OR
CONTIUOULY
Ane) EXIT TEST

ENTER QUTPUT
wore TEsT

PADCESSON MODULL

RERIETIVE
TR

ouTeut et
evvens p.
>

el 1%

:
:
s
-
- g

CUTPUT CIRCUN CHLex
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Fig. 4-3. Key On Engine Off (KOEO) Sefi-Test.
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ER (Engine Running): To see what happens when yol
start the engine in Self-Test, follow the flow chart Fig. 4-4. With
the engine running, the control module tests sensors for prop-
er range, tests switches for proper state. Those that fail set
memory codes.

« The control module ramps the fuel lean—that is, it cuts
back on fuel-injection pulse times until the mixture is to0
lean, looks at the oxygen sensor to see if it reports a
lean mixture. If EGO does not, KAM sets an error codé

« The module ramps the fuel rich, increasing pulse
times to see if the oxygen sensor reports rich mixture

Follow A to A on the next line. The control module checks
that the EGR is in proper range, then signals to increase the
EGR, looking to see if the rpm drops when EGR increases.

The control module checks that the Idle Speed Control ip
is in the proper range.

Then it stores several idle values for comparison, and sefs.
the spark for the “goose” test. When it signals for dynamic re-
sponse, you briefly press Wide Open Throttle (WOT). The con-
trol module looks for a knock (if Knock Sensor fitted), then looks
to see if the signals changed as they should (‘Delta” means
ference). It sends any stored codes. And finally, fixes the spa
for two minutes so you can perform a timing check. Whew!

As you read this, it may sound complicated. But follow it
through, and try it with a scan tool. You'll be surprised how.

_system,
General

Fig. 4-4. Engine Running (ER) Seli-Test.




you
With

rop-
| set

much time this saves, and how much work it would be to do all
this manually, one sensor and actuator at a time.

Reading Trouble Codes

The control module sends the trouble code pulse signal to
two places, the Self-Test Output (STO) wiring connector and
the Malfunction Indicator Light (MIL). When you ground the
Self-Test Input (STI), the control module starts sending codes.

Look for STO under the hood, usually near the cowl. The
MILisin the instrument cluster. The STl is the single-wire con-
nector next to the STO connector.

Fig. 4-5. Look for Self-Test Output (STQ) and Seif-Test In-
put (STI) connectors under hood, near cowl,

You can read the codes in several different ways, depend-
Ing on your equipment. From the simplest to the most expen-
sive these include: MIL, analog voltmeter, STAR (EEC
system, but not MECS-1), scan tool, Super STAR Il or New
Generation STAR (NGS).

Diagnosis and Troubleshooting
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WARNING —
Do not use a device that draws more than 0.5
amps lo read trouble codes. Hooking a high cur-
rent draw device to the STO may damage the
control module.

With the MIL or voltmeter, you see and count the pulses. A
scan tool such as STAR translates those pulses into specific
numbers. Some scan tools even display the English language
interpretation of those numbers so you don't have to refer to
the tables. In Fig. 4-6, the two “pulse, pulse” signals are read
by the STAR as 11-11, the code for SYSTEM PASS. The sep-
arator pulse is read as 10. The Continuous Memory Codes are
read as 11 (SYSTEM PASS). That does not mean you're
done. It does not tell you, for example, if the intake passage
deposits are causing a problem. It means the engine-control
system passes and the problem is somewhere outside the
fuel-injection/engine-control system.

In the Engine Running part of Quick Test, the I.D. pulse code
identifies the number of cylinders that fire on one turn of the
crankshaft. 2, read by STAR as 20, means 4-cylinder engine,
3 means 6-cylinder. 4 means 8-cylinder. I'll discuss the other
ER codes during the test procedure, below.

With MIL: With the MIL, you read codes by counting light
flashes. It may seem difficult, but once you've tried it, it's not so
hard. See Fig. 4-7.

Each code is usually two digits, sometimes three. Look fora
2-second pause between digits.

* To display the number or digit 2, the MIL flashes, waits
2 seconds, then flashes again. Flash, flash.

* To display 23, the MIL goes flash, flash, waits 2
seconds, then flash, flash, flash.

When the control module memory has more than one code,
the display pauses 4 seconds between codes.

Suppose you had a 23 and a 53, you'd see:

« flash, flash PAUSE flash, flash, flash (23)
* 4 second pause

« flash, flash, flash, flash, flash PAUSE flash, flash,
flash (53)

2=4cyl
3=6cyl
4=8cyl
5=7.3L diesel

5—20 seconds

Dynamic response test

4-15 seconds

Engine running |.D. pulse “goose engine now code” Engine running codes
Star Star Star
20 110 A 82362 |

Fig. 4-6. Engine Running (ER) Seli-Test code format,

QUICK TEST
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*Check Engine” 1/2 "Check Engine”
or "Service te- second —- or "Service
Engine Soon" pause Engine Soon”
2 Flashes for
1 Flash Flash =
ae * i 1t digit
2-5 d Pause Bet Digits I \

"Check Engine”

or "Service
Engine Soon"

1 Flash
for 1/2 second

"

SERVICE
CODE

|
J

12 "Check Engine” 1/2 *Check Engine”
le—second +=|  or "Service [+Ssecond-»  or ‘Service
pause Engine Soon” pause Engine Soon"
+ 1 Flash + 1 Flash

for 1/2 second

for 1/2 second

4-Second Pause Between Service Codes,

When More Than One Code Is Indicated

Fig. 4-7. MIL trouble code output format.

I_C.'uastlons you might ask about the MIL: .
1. Ifthe MIL is ON because there's a problem, how can
it flash to tell me the code? Simple. When you acti-
vate Quick Test, the MIL changes to code mode.
2. How do | know the MIL is working at all? Also sim-
ple. The MIL should light each time you turn the key
to START. If it's FLASHING during driving, that's a

sign of an intermittent problem.

QUICK TEST

After the last KOEO code, you'll notice a 6-second delay,a
single flash, and another 6-second delay. This is the separa-

= 3 Flashes for
2nd digit

B2363-A11517B

tion before the Continuous Memory Codes.

With Analog VOM: When you connect your analog VOM1o
the STO, you observe the codes by counting the sweeps of the

|

needle, using the same time basis as the flashes of the MIL.

Voltmeter hookup
(with jumper wire)
to Vehicle Signal
harness return pin
=
= oo
Self-test Self-test
output input (STI)
PIN (STO)
Jumper
wire
Volt-ohm
meter
-+
Vehicle
battery
B2364

Fig. 4-8. Volt-Ohmmeter (VOM) connection for reading

trouble codes.

23: swee
4-9.

With ST,

play check
ing the tes
than as flas

With Su

slow code:
 three-digit
- STl circuit

Super S
the left sid
you'll see
until you

For mo:
1.8L and 2
See Fig. 4




d delay, a
e separa-

hg VOM to
seps of the
'the MIL.

st
(sTN)

n for reading

23: sweep, sweep PAUSE sweep, sweep, sweep. See Fig.
49.

With STAR Tester: The STAR tester reads 88 during its dis-
play check, and 00 when it's ready to start the Self-Test. Dur-
Ing the tests, codes will display directly as numbers, rather
than as flashes. See Fig. 4-10 and Fig. 4-11.

With Super STAR II: Super STAR |l reads fast codes and
slow codes. You must set to it to fast-code mode to read out
three-digit codes used in some later model cars. It reads the
STl circuit used to initiate the test, as well as the STO.

Super STAR |l first displays 888, lights all the prompts on
the left side, and beeps the speaker. When the tester is ready,
you'll see STI-LO and STO-LO, but the readout will be blank
until you turn the key ON

For most MECS, slide the adapter switch to MEC, but for
1.8L and 2.0L MTX engines, slide the adapter switch to EEC.
See Fig. 4-12.
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Fig. 4-10. STAR tester hookup to read trouble codes.

12
second D
pause

1 Needle pulse (sweep) + 1 Needle pulse (sweep) =

2 Needle pulses
(sweeps) for
1st digit

2-Second Pause Between Digits

L

l

12
saecond
pause
1 Needle pulse 1 Needle pulse 1 Needle pulse
(sweep) + (sweep) (sweep)

for 1/2 second for 1/2 second for 1/2 second

SERVICE
CODE

P

3 Needle pulses ‘
(sweeps) for
2nd digit

4-Second Pause Between Service Codes,
When More Than One Code Is Indicated

B2365-AB205C

Fig. 4-9. VOM trouble code output format.

QUICK TEST
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If you're checking a late model Continental, you'll find
codes displayed in the Message Center.

1. Jumper STl to SIG RTN at the Self-Test connectors,
or connect the STAR tester and latch center button
in the down position. (TIP from the field: Listen for
the sound of solenoids clicking when you ground
STI, or latch the STAR button.)

2. While pressing all three buttons, Select, Reset, Sys-
tem Check, turn the key ON. Release buttons. 4255
indicates Self-Test has been entered successfully.
Observe and record codes. Service code output will
be the right three digits. 4011 means PASS.

3. While pressing all three buttons, start engine. Re-
lease buttons. 4030 indicates engine ID code (3 for
6 cylinders), and that Self-Test has been entered
successfully. Observe and record codes.

4. Ignition OFF, and remove jumper, or unlatch STAR

ot tester.
Fig. 4-13. Self-Test Input terminal is located in small con-
nector next to B-pin self-test connector. Ground
4.3 Running Quick Test terminal by inserting a grounded lead into STI.

This section gives the steps for running Quick Test. In sum-
mary: To Quick Test (EEC-IV, all except Super STAR II):

1. Parking brake ON, Shift lever in PARK (Neutral in M/T
vehicles). Block drive wheels and turn off all electrical
loads. Warm engine to normal operating temperature.

2. Perform KOEO to read codes:

* turn key OFF for 10 seconds
* activate Self-Test (ground STl/latch button)
* key ON, do not start engine

1. Hook up your VOM or scan tool to the control module
Self-Test Output (STO) terminal.

2. Signal the control module to begin Quick Test.

* With MIL or VOM, you send the signal by grounding
another wire, the Self-Test Input (STI)

* With a STAR tester, you latch the center button down

3. Record any trouble codes. * record all Self-Test and Continuous Memory codes
As | said before, there are two parts to Quick Test, Key On NOTE —
Engine Off (KOEQ), and Engine Running (EH? _to read.all If no codes are displayed, skip Step 3 (below)
ﬂ__ codes. If you read more than one cotl:le‘ start servicing the first and go to Step 4. If PASS (11) is displayed, but
code received. Proceed to the electrical tests indicated to ser- MIL is ON, check Continuous Memory code
vice each succeeding code. After completing electrical tests, charts. If PASS is displayed on an MPI or SFI
be sure all components are reconnected. Then rerun Quick engine that runs or idles rough, check Throttle
Test or verify that the complaint is fixed. Air Bypass ISC. Disconnect it and check to be
sure it operates properly for idle rpm drop or
Look for the STO in the 6-pin self-test connector; look for the stall. If PASS is displayed on a DIS or EDIS en-
8T in the small connector next to the larger connector. See gine that runs or idles rough, check for Continu-
Fig. 4-13. ous Memory codes # 45, 46, 48.
When you see the instruction “activate Self-Test", that 9 Sveck comput‘ed ing:
means either ground the STI terminal or latch the tester but- * key OFF, wait 10 seconds
Ion. Deactivate means remove the ground/unlatch the button. » activate Engine Running Self-Test (ground STl/latch
Look for Trouble code tables and typical Self-Test values in button) -
Chapter 12. Before beginning Quick Test check the vacuum » start engine
hoses, the wiring harness and all connectors for faults or « with timing light, check computed timing to be base
boseness. timing, plus about 20 (17 to 23) degrees

58.A15175A

QUICK TEST
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NOTE —

Timing will vary until the last ER code, then will
remain fixed for 2 minutes unless you discon-
nect STI ground. Base timing is usually 10 de-
grees BTDC. Check VECI decal for correct base
timing. Adjust if necessary, following procedures
on VECI.

4. Perform ER (Engine Running) test:
+ deactivate Self-Test
« be sure engine is at operating temperature
= run engine at 2500 rpm. With the unheated oxygen
sensor, run for at least 2 minutes
» engine OFF for 10 seconds
= activate Self-Test (ground STl/latch button)
* start engine

After the |.D. code:

= within 1-2 seconds, turn power-steering wheel at least
one-half turn and release

« if equipped with BOO, depress brake pedal and
release

« if equipped with manual transmission, depress clutch
pedal

« if equipped with E40D, cycle OCS (Overdrive Cancel
Switch)

« record all Self-Test codes

« if a Dynamic Response code shows, briefly press
Wide Open Throttle

NOTE —

If PASS (code 11) is displayed, and you received
pass codes in KOEO, you've completed diag-
nostic testing of EEC-IV. If you've still got a prob-
lem, it's elsewhere in the powertrain. If codes
are displayed, perform electrical tests. If no
codes are displayed, either PASS or otherwise,
you may have a problem with the Self-Test cir-
cuits. See 4.8 No Codes Displayed.

To Quick Test (EEC-IV, with Super STAR ll):

1. Parking brake ON, Shift lever in PARK (Neutral in M/T
vehicles). Block drive wheels and turn off all electrical
loads. Warm engine to normal operating temperature.

2. Plug in both connectors of the tester. Set switch to
EEC-IV. Select FAST CODE or SLOW CODE. Turn
tester power ON.

. Perform KOEO (Key ON, Engine OFF) to read codes:
* press test button to activate Self-Test
* turn ignition ON
» record Self-Test and Continuous Memory codes

(]

QUICK TEST

4, Perform ER (Engine Running) test: NO
» engine at normal operating temperature :::;
= turn engine OFF es,
« press test button to activate Self-Test
« restart the engine 5. Perfo

* dea
For vehicles with 2-digit service codes, look for: « be s
= engine |.D. code ®run
« Dynamic Response code (some vehicles) « acti
= Self-Test codes = eng
For vehicles with 3-digit service codes, look for: % sta:
« Dynamic Response Indicator, but no D.R. code g
* rect
» Self-Test codes
NOTE — Tf";
It PASS (code 11 or 111) is displayed, and you pe
received pass codes in KOEO, you've complet- e
ed diagnostic testing of EEC-IV. If you've still got el
a problem, it's elsewhere in the powertrain. If pl
codes are displayed, perform pinpoint tests in .
the trouble code charts. If no codes are dis- Pl
played, either PASS or otherwise, you may have wi
a problem with the Self-Test circuits. See 4.8 No D
Codes Displayed.
To Quick Test (MECS): Cont
(EEC
NOTE —
On MEC systems, use MIL, VOM, Super STAR The Cor
I, or NGS for Quick Test. an inter
. - o e test” be

1. Parking brake ON, Shift lever in PARK (Neutral in ing an
vehicles). Block drive wheels and turn off all elect e Te:
loads. Warm engine to normal operating temperature. is nec

2. Plug in both connectors of the tester. Set switch 1o
MECS. Select SLOW CODE. Turn tester power ON. wiggle

3. Perform KOEO to read codes: B i u
« turn key OFF for 10 seconds o
« activate Self-Test (ground STl/latch button, turn on 2. Key

Super Star Il) 3. Act
» key ON, do not start engine i ton
« on Super Star Il only, unlatch then latch button in C
= record all codes 4. Loc

anc
NOTE — .S
If codes are displayed, do not go to electrical
tests. Go to step 3. If no codes are displayed, go oV
to the ER test below. .\

4. Erase codes and retest KOEO:

« deactivate Self-Test (remove STI ground/unlatch To wigg|
button and turn off Super Star Il)

« disconnect negative battery cable -
« depress brake pedal for 5 to 10 seconds 2. Ift
« reconnect battery cable and rerun KOEO test hos
» record all codes 3. St



ode

R

stral in M/T
Il electrical
nperature.

t switch to
ywer ON.

1, turn on

utton

unlatch

 test

NOTE —

If codes recorded the first time do not reappear,
tap sensors and components, wiggle harness-
es, or drive the car to induce a fauit.

5. Perform ER (Engine Running) test:
* deactivate Self-Test
* be sure engine is at operating temperature
* run engine at 2000 rpm for at least 3 minutes
* activate Self-Test (ground STl/latch button)
* engine OFF
* start engine and run at idle
* on Super Star Il only, unlatch then latch button
* record all codes

NOTE —

If PASS (code 11) is displayed, and you received
pass codes in KOEO, you've completed diag-
nostic testing. If you've still got a problem, it's
elsewhere in the powertrain. If codes are dis-
played, perform electrical tests in the trouble
code charts. If no codes are displayed, either
PASS or otherwise, you may have a problem
with the Self-Test circuits. See 4.4 No Codes
Displayed.

4.4 Continuous Monitor Test (Wiggle Test)
(EEC-IV only)

The Continuous Monitor Test can help you to find the cause
of an intermittent fault. The test is sometimes called the “wig-
gletest” because you attempt to recreate the fault by wiggling
wiing and connectors under Self-Test conditions. Use the
Wiggle Test only if a Quick Test indicates that a such a pinpoint
lestis necessary for an intermittent fault.

To wiggle test (KOEO):
1. If using STAR tester or VOM, hook it up.
2. Key ON, do not start engine.

3. Activate Self-Test for 10 seconds (ground STl/latch but-
ton), then deactivate and activate again. The system is
in Continuous Monitor mode.

o~

. Locate the suspected sensor or harness. Wiggle, tap,
and move. Look for indication of fault stored in memory:

* STAR—Red LED lights and/or continuous tone
* MIL—CHECK ENGINE light
* VOM—needle sweeps

Towiggle test (ER):

1. If using a STAR tester or VOM, hook it up.

2. Ifthe KOEO test was just done, turn the key OFF for at
least 10 seconds.

3. Start engine.
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Fig. 4-14. In Continuous Monitor Test (EEC-IV only) you at-
tempt to recreate fault while checking for codes.
For example, tap MAF sensor while watching
STAR tester.

4. Activate Self-Test for 10 seconds, then deactivate and
activate again. The system is in Continuous Monitor
mode. Keep engine running.

5. As in KOEQ, locate the suspected sensor or harness.
Wiggle, tap, and move. Look for indication of fault
stored in memory:

* STAR—Red LED lights and/or continuous tone
* MIL—CHECK ENGINE light
* VOM—needle sweeps

4.5 Switch Monitor Tests
(MECS only)

The Switch Monitor test checks the input signals from each
individual switch to the control module. You will activate each
switch, one at a time, and observe the signal that tells how that
switch is signalling the condition shown in Fig. 4-15, the
Switch Monitor Test Chart.

* SML (Switch Monitor Lamp), an LED on the Adapter
cable of the Super STAR Il tester (see Fig. 4-12
above)

* \oltage on the VOM

To switch monitor test:

1. Engine off, allow to cool, all accessories OFF, transaxle
in P or Neutral, foot off brake.

2. Deactivate Self-Test. Remove the STI ground or un-
latch center button and turn OFF Super STAR 1.

QUICK TEST
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QT 10 | Switch Monitor Test Chart
Switch ' 1.3L 1.6L ‘ 1.8L 2.2L 2.2L | Super Star |l Tester LED or Analog
Turbo | VOM Indications
_Cluich Engage Switch/Neutral Gear X X 1 _X X X LED on or less than 1.5V in gear and
Switch (CES/NGS) (MTX only) clutch pedal released
Manual Lever Position Switch (MLP) X X X X =% LED on or less than 1.5V in P or N
(ATX only)
Idle Switch (IDL) X X X X X LEDonorlessthan 1.5V with accelerator
pedal depressed
Brake On-Off Switch (BOO) B X X X X | LED on or less than 1.5V with brake
MTX pedal depressed (not fully)
Headlamps Switch (HLDT) X X X X X LED on or less than 1.5V with headlamp
switch on
| Blower Motor Switch (BLMT) X X X X X LED on or less than 1.5V with blower
I switch at 2nd or above position
AIC Switch (ACS) X X % "X | x| LEDonorlessthan 1.5V with A/C switch
on and blower on
Defrost Switch (DEF) X X X X X LED on or less than 1.5V with defrost
switch on
Coolant Temperature Switch (CTS) X X x X X LED on or less than 1.5V with cooling fan .
on
Wide Open Throttle Switch (WOT) X X LED off or OV with acceiera?or Eedal fully .
depressed
| Knock Control (KC) X | LED onor less than 1.5V while tapping |
| on engine |

Fig. 4-15. MECS Switch Manitor Test chart.

3. Key ON.

4. Activate Self-Test. Ground the STI or turn ON Super
STAR Il, latch center button.

5. One at a time, activate a switch. For example, press the
brake pedal. Look for:
* LED ON, or
* VOM less than 1.5v

4.6 Adaptive Mixture Self-Test Codes
(EEC-IV only, 1991-on)

On some 1991 and later vehicles, during Quick Test you'll
see Continuous Memory codes that identify signals from the ox-
ygen sensor. These give you information about how the engine
control system is regulating the air-fuel mixture and adapting to
changes in engine condition (Ford calls it Adaptive Fuel).

Those of you familiar with Bosch procedures will see that
this is another approach to testing the system'’s ability to adapt
quickly to extreme variations in the air-fuel mixture. Where the
Bosch tests often depend on reading engine-out exhaust with
an exhaust gas analyzer, the Ford tests are built into the con-
trol module, reading exhaust gas through the oxygen sensor.

QUICK TEST

Look for two sets of codes that can alert you to problems d
poor air-fuel mixtures.

1. Adaptive fuel offset at the rich limit: “This engine is st
running lean even though I've shifted as far rich as| cal

go.”
2. Lean limit: “This engine is still running rich even though
I've shifted as far lean as | can go.”

Most V-type engines have two oxygen sensors, one fof
each bank. Finding the signal in both sensors indicates ihé
problem is common to all cylinders. If you find the signal in jus
one oxygen sensor, that narrows your troubleshooting to thl
bank of cylinders.

If you see adaptive fuel codes, the first question you wantio
ask is if the problem is in all cylinders or only one. With rich
it codes on SFI systems you can run a cylinder balance
Test to determine which cylinder is not getting fuel. Obvious
you cannot run this test with MPI, where several injectors a
fired by the same control module signal.

To check for causes of lean limits on SF| systems, or for MPL
systems see Causes of Limits below.




7 Cylinder Balance Self-Test
(SF1 only)

This Self-Test is automatically operated by the control mod-
ismuch simpler than running cylinder balance manually,

ith an engine analyzer. It does not even require a
gter.

B Torun a cylinder balance test, press and release the throttle
rator within 2 minutes of the last ER Self-Test code. In the following
2103 minutes with no action required by you, the control mod-
= - Ule does the following:
_ 1. Commands a fixed duty cycle to the Throttle Air Bypass
lamp ISC, so that the ISC does not attempt to correct for
changes in idle rpm, then stores this idle rpm figure for
oF comparison purposes.
B 2. Shuts off fuel flow to one injector and stores the rpm fig-
witch ure for all cylinders minus that injector, then calculates
the rpm drop for that cylinder.
ost | 3. Turns first injector back on, waits until the idle pm
steadies, and repeats the process for each other injec-
rE{an tor.
B 4. Determines from its memory the maximum drop of any
al fully cylinder.
N 5. Calculates the allowable tolerance between cylinders
oping by taking a percentage (depends on the engine model)
of the max rpm drop recorded. Example: Max rpm drop

of 150 x 65% = 98 rpm. If all cylinders drop at least 98
rpm, they are all considered to be delivering equal pow-
er. You'll see code 90, PASS.

If one cylinder drops less than 98 rpm, that cylinder is
weak, not contributing to the engine power. The code
indicates the weak cylinder. Number 30 means cylinder
#3. 10 means #1. 80 means #8.

Youcan repeat the cylinder balance test by pressi ngand re-
leasing the accelerator within 2 minutes of the last code out-
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put. This time, the control module will use a smaller
percentage to calculate the cylinder differences, further sepa-
rating the weaker cylinders. Example: Max rpm drop of 150
pm x 43% = 65 rpm.

* If all the rpm drops are greater than 65 rpm, code 90
indicates PASS.

* 1t #3 tails The first test and passes the second, it is
firing, but weak, possibly caused by a clogged injector
or injector/wiring harness resistance out of spec.

Ifyou press and release the accelerator again as above, the
third cylinder balance test will re-calculate at a lower percent-
age as the minimum rpm drop for any cylinder to pass this test.
Example: Max rpm drop of 150 x 20% = 30 rpm.

* If code 30 shows with all three tests, #3 is probably
dead.

NOTE —

The cylinder-balance test cannot find a bad in-
jector because it looks for differences. It will not
point to an injector that is not flowing any fuel.
Check the appearance of the plug in the cylinder
of a suspect injector. If it looks cleaner than the
other plugs, the injector is probably not opening.

Ifthe cylinder balance test reads code 90, PASS, a lean mix-
ture is not the result of inadequate individual-cylinder injection
of an SFI system. You need to check for other causes of a lean
limit. See Fig. 4-16.

Checking for Cause of Limits

Based on the limit codes observed earlier under Self-Test
for all systems, whether MFI or SFI, the following could be
causes of adaptive fuel reaching limits. You'll see in Chapter
11 how to check these.

Self-Test Steps
1st test 2nd test 3rd test Indication Possible Causes
?0 | X I'x N [ Indicates a pass, all cylinders contributing
‘ | equally
30 90 X | Indicates a weak cylinder. * Partially clogged injector
Cylinder is firing, but not contributing as * Injector/hamess resistance out of
| | much as the others specification
-3_0 TSO | 90 ' Same as above, but more severe * Same as above, but more severe =5
0 0 30 _’Tfery weak or dead cylinder « Open or shorted circuit ]
| * Loss of injector drive signal
‘ I * Fully clogged injector

Fig. 4-16. Typical cylinder balance Self-Test code outputs.

QUICK TEST
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Causes of rich limit (engine running too lean):

1. Vacuum leaks: false air reaching cylinders with no

matching fuel injection.

« air induction system (the air-flow sensor, the soft
rubber ducting to the throttie body, the throttle body
itself, the intake manifold and gasket)

« vacuum system (hoses for fuel pressure regulator,
brake booster, Thermactor solenoid valves, Canister
purge—all places indicated by the vacuum diagram
on the VECI decal)

. Low fuel pressure
. MAP/BP sensor out of spec (Speed-density system)
. Low VPWR voltage supplied to injectors

. Canister-Purge solenoid stuck closed

o 0 A W N

. Upstream air leak in Thermactor system

Causes of lean limit (engine running too rich):

-

. Excess fuel pressure
. Canister Purge will not hold vacuum for 20 seconds

. MAP/BP sensor is out of spec (Speed density system)

B oW M

. Oxygen sensor fault: heater circuit or sensor contami-
nation

5. Cooling, ignition, EGR if applicable
6. Injector flow test

7. Cylinder compression

4.8 No Codes Displayed

What if you do not see any codes at all? When you have
nothing on the MIL or on the scan tool, you have a problem
with the readout from the control module memory. This s rare,
so I'll summarize the tests.

Perform this series of Tests. Refer to the proper circuit sche-
matic and electrical test in Chapter 12. Check the following:

1z
2.

VREF voltage at Self-Test Connector to be 5v.

STI circuit continuity, using an ohmmeter across the
two ends of the lead.

3. STO circuit continuity.

4. STO circuit for short to ground.

5. Power Relay always ON.

6. VPWR circuit for short to power.

7. MIL for always ON, or always OFF.

Fix any faults. Replace all connections and rerun Quick
Test.

QUICK TEST

4.9 Clearing Memory Codes

After you've fixed faults and rerun your Quick Test, clear(
Memory Codes. You might have been told that it's simple, j&
remove the negative battery cable, but wait. First, decit
whether you want to clear Continuous Memory codes, or ciéd

the KAM. 3. Ag
No
To clear EEC-IV Continuous Memory codes: ke
1. Run KOEO Self-Test as described previously. 1M

2. When the codes begin to show, deactivate Self-Tes
(remove STI ground/unlatch button). Codes wil b MECS
erased without erasing KAM. mo
odule
To erase MECS-| Continuous Memory codes: kg
1. Disconnect battery cable and press brake for 5-10 se¢- :
onds. :
- "00"i
To clear the KAM: nalog

1. Disconnect the negative battery cable for at least 5 mifi
utes. This removes power from the control module ar
allows the KAM memory to decay. Do this after yod
have replaced some component of the system.

NOTE —

KAM stores the adaptive values for various
components. Let's say a particular vehicle has
adapted to tolerances in EGR, oxygen sensor,
injectors, MAP/BP, TPS, MAF, and VAF. After
clearing the KAM, you can expect driveability
problems while the control module adapts—for
10 miles or more depending on the vehicle.

4.10 Checking Output State
(EEC-IV only)

You can use this test to help you service actuators. You tel
the control module to energize and de-energize most of the ac-
tuators, not one at a time, but all at once. Then you can checkio
see if, for example, the EVAP canister purge opens and clos
correctly, or if the thermactor diverter works. If not, then
know you have to go further to check wiring or the compone

Check output states after you've observed all codes from
KOEO and Continuous Memory. The engine is not running
and all code output has ended.

To test output state:

1. If not in Self-Test, activate it (ground STl/latch tesler
button).

2. Briefly press the throttle wide open and release. This ef
ergizes or sends signals to most of the actuators. This
may also reveal some codes that didn't show before.



lear the
ple, just
decide

orclear

Self-Test
will be

-10 sec-

atch tester

e. This en=

ators.

/ before. .

NOTE —

I know, | know, with a carburetor, you would nev-
er mash the throttle, engine off, to avoid pump-
ing raw gas into the cylinders. But remember:
fuel-injection systems have no accelerator
pump, so you don't have to worry.

3. Again briefly press the throttle wide open and release.
Now you have de-energized most of the actuators. Again,
that may reveal some codes that didn't show before.

411 MECS-II

MECS-II ("93+) Engine Control Module provides consider-
ably more diagnostic capabilities than MECS-1. The control
module runs continuous checks of input signals. But it checks
oulputs only for three seconds when you request the check:

* Ignition ON
* Ground STI terminal of data-link connector

00" indicates No Trouble Codes. Read codes by scan tool,

 Analog VOM, or flashing MIL on dash
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4.12 4EAT Codes

Diagnostic Trouble Codes can usually be read by counting
flashes of the Malfunction Indicator Light (MIL) when the con-
trol module is in Diagnostic Test Mode, 1991 and later 1.8L
4EAT and 1993 and later 2.0L 4EAT. To indicate trouble codes,
some cars flash other dash indicator lamps:

«'93 and later 2.5L 4EAT - Overdrive Off Lamp (ODL)
«'91 and later 1.6L 4EAT - Manual Shift Lamp (MSL)

5. CONCLUSION

In this chapter, you've seen troubleshooting and diagnostics
covering most Ford cars and trucks. Beginning with a series of
Diagnostic Routines, you've seen how to use Quick Tests and
other diagnostic procedures to track down problems in less
time. You've seen the built-in test capabilities of the EEC and
MECS-II systems. To see how to perform pinpoint tests and
make further tests of fuel and ignition, go to the next chapter.

CONCLUSION
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