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Beginning Fault Pattern
Recognition

Engine Management Systems

OR
Fuel and Ignition

System Management

Fault Pattern Recognition helps
lead the technician to the sub-
system which will require further
testing. The emphasis of this
course is on the PCM’s manage-
ment of the fuel and ignition sys-
tems.

The first vehicle we will look at is a

1991

complaint. As the diagnostic tech-
nician, what do you want to do

first?

Ford Taurus with a fast idle

Fault Pattern Recognition

= Vehicle: 1991 Ford Taurus
Complaint: Idle too fast - 1450 RPM

* As the technician, what do you want to do
first?

Fault Pattern Recognition

Vacuum Leak?

Throttle Position Sensor?
Idle Air Control?

Scan Data?

NOTES:

Do you want to check for vacuum
leaks? Should you check the
adjustment of the TPS? Will you
look at scan-data first? Regard-
less of the problem there must
always be a starting point to your
diagnosis.




THINK! Before you do anything,
engage your brain. Ask yourself,

“What strategy does the PCM ENGAGE BRAIN FIRST

use to control idle speed?”

What Strategy does the computer use

for Idle control?

Idle Speed Control Strategy The PCM on this vehicle uses

« Engine has idled for a period of timé £nrches many different inputs to deter-
» Neutral Safety Switch ( Lwenge $¥4+9% | mine the correct idle speed. Be-
» Engine Temperature too high T Acreei 1./14 sides the items listed, is there

* Inlet Air Temperature below 100 f l—iﬁ:‘t(}f - anything else that could effect

* Power Steering Pressure Switch idle speed?
» Ajir Condition Switch
» What would be another reason?
Low Battery

A battery with a low state of _
charge could effect the idle * Low Buttery Cacet o
speed. The PCM increases idle * IhelCMmeaie e

(increasing charging rate).
speed to turn the alternator faster » The PCM incieises thuoll e

to increase the charging rate. (coil saturation).
But, other changes are made by » The PCM modifies the injector pulse width
the PCM to correct for a low by a programmed-in correction factor.
battery. Why? " Why?

NOTES:




Low Battery
Because other items are affected
i by a low battery such as fuel
| ]
attery voltage drops, the fuel pump speed.
pumps slow down, and fuel volume
is decreased
10
Diagnostics
(Advanced or Otherwise)

D|agnOS|S |S the baS|S Of Diagnose \'diig.nos 1859 to recognize (as a disease) by sign or symptoms
dl’lveablhty repall’. To diagnose a condition

To analyze the cause or nature of a problem

To make a diagnosis

The act of identifying from signs and symptoms

To make a decision reached by diagnosis (Based on information)
A concise technical description of a Taxon (Scientific classification)
Investigation or analysis of the cause or condition, a situation
Statement or conclusion from analysis

Using a methods of yielding an answer

Engine Management Systems
The PCM must control the deliv-

* Fuel must be metered into the engine for all

engine operating conditions ery of fuel into the combustion

= Anything that effects fuel effects timing chamber for all operating condi-
= Cold engine: Hot engine tions. Any change in fuel man-
= Start up Hot re-start i
Tl ldle agement will also have a corre-
S off Sie ot sponding change in ignition tim-
= Acceleration Acceleration .
= Cruise Cruise Ing management'
= Deceleration Deceleration

NOTES: ,
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The goal of this training course is
to provide you with enough infor-
mation to recognize fault pat-
terns. This alone will be enough
to greatly reduce your diagnostic
time.

Objectives

* The scope of this training course is to
provide you with enough information about
Engine Management Systems to be able to
Recognize Fault Patterns

= Common failures will also be covered

Objectives

not the only thing we need to concern
ourselves with.

= In diagnostics, we always want to find the
Root Cause of the Driveability complaint

= Diagnosing and repairing symptoms will
only lead to come-backs.

* Understanding a circuit and how it works is

Vehicle system theory is not the
only thing to be concerned with
when confronted with a driveabil-
ity problem. System strategy
and fault pattern recognition will
help lead to the root cause of the
driveability complaint. Diagnosis
by symptom will only lead to
comebacks.

Fords use different operation
strategies than GMs and
Chryslers and vise versa, Like
the vehicles themselves, this
course is not generic.

Course Material

= Fords are not Chryslers

= Chryslers are not General Motors
= (General Motors are not Fords

= Ford are not General Motors

= General Motors are not Chryslers
= Chryslers are not Fords

% FQEAS are DOt ..... . .. Jorar ni
*= Got The Idea?

s This course is not Generic!

NOTES:
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Scan-Tool

* Data — Live and Recorded
= Qut-Put Status
= Solenoid Status

Why do we use a scan-tool? We
can use a scan-tool to look at
data, either live or recorded, view
output status and on some ve-
hicles even solenoid status. Scan
data is not the best source of
diagnostic data because of its
relative slow speed, but it is the
easiest way to gather a lot of
information quickly.

OPEN LOOP
: C d Ignition )
Durl_ng open loop, the PCM reads L Cofbasion
the inputs and makes output timing response ENace
command decisions based on 1 i
these inputs and on program-
. Fuel system 0O: Sensor
mlng . makes a reads the
response O: content
, PCM ~ PCM makes
ac:iil;?;:rcﬂs commands :;S?:]::::& an output decision
Pulse width ORipRt t
CLOSED LOOP
Coiimsits Ignition K During Closed Loop the same
skt ombustion
gnition [P e [ takes place holds true, except the PCM now
imin . .
- relies on the input of the oxygen
T l sensor to make these command
Fuel system 0: Sensor decisions.
makes a reads the
response O: content
Commands PCM PCM reads T'CM makes =
an injector commands g juougs 2N output decision
Pulse width - outputs using O2 info 1

NOTES:




The easiest way to determine
when the system enters closed Testing for Closed Loop
loop, is to use a scan-tool. You
can also watch the oxygen sen- = The easiest way is to watch the scan-tool
sor on a lab-scope. If the vehicle * Watch the oxygen sensor with a DSO
uses a secondary air injection * Measure voltage on the ground side of the
system, watch the voltage on the diverter valve. (Should go under 1 volt if
ground side of the diverter valve. WePCM closesiedr)
It will drop below one volt when
activated in closed loop.
19
Idle? The PCM can make other adjust-

ments to control or compensate
for idle speed. If a vehicle has
idled for an extended period of
time, what else could the PCM
do besides increase idle speed?

* [dle Speed Control Strategy:
» Engine has idled for a period of time

= What else would the PCM do beside
increase ldle?

One thing is to increase injector

21

pulse width, another is to retard Idle Speed Control Strategy

ignition timing.

® Increase Injector Pulse Width
(To Cool the Cylinders)

= Retard Ignition Timing

22

NOTES:




Idle Speed Control Strategy
Here are some of the various
inputs the PCM uses for idle
speed control strategy.

* Engine has idled for a period of time

* Neutral Safety Switch

* Engine Temperature raises above normal range
= Inlet Air Temperature below 100° F

= Power Steering Pressure Switch

= Air Condition Switch

= Battery Voltage Low

23

Idle Speed Control Strategy

What is different about GMs idle * What is different about a G.M.’s Idle Speed
speed control strategy? It will Control Strategy?

only control idle speed within a = [f Battery Voltage is not between /0.9v and
specific widow of battery voltage, 15.1v the PCM Idle Speed is Fixed

10.9-15.1 volts. If battery voltage
is not within this window, idle
speed will remain fixed.

Engine speed and load are the

24

Fuel Control Strategy major inputs used by the PCM to
determine the correct injector

* RPM and MAP. VAF or MAF are used by pulse width command.

the computer to determine the injector pulse
width.

* The injector pulse width is then modified
based upon the inputs

* The PCM will enrich the air / fuel charge
it

25

NOTES:




Fuel Control Strategy
The PCM will enrich the air/fuel

Charge based on the inputs listed » Barometric Pressure * EGR flow changes
here. Increases = (2 Reports low
* Engine is Cold or voltage
Above normal = Inlet Air Temperature
Temperature is low

= TPS Value Changes * Engine Load Increases

26

Ignition Timing Control Strategy

* The PCM willadvance = The PCM will Retard In very much the same way the

ignition timing for: ionition timine for: :
et T . [f;eceleraﬁon ;[ 7= PCM contrgls fuel, it also cqntrols
= Engine is cold - ignition timing based on various
= Air Inlet Temperature " Engine warms up inputS.

Cold = IAT warms up
* EGR Flow increases * EGR Flow decreases
* Manifold Pressure * Manifold Pressure

Iincreases

decreases
Operating Modes

When the ignition key is turned S Rbobn L N

on, the PCM sends a state of e e s = O
] the “on” position the PCM receives the

health message and talks to its signal:

Inputs and_determmes if it can * The PCM Sends a State of health Message:

use those inputs for fuel and

timing control.

28
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Operating Modes

= The PCM then listens to the answer from
the main Inputs

= MAP for Barometric Pressure
» ECT for Choke Position

= TPS for Clear Flood

= And Stores this information

Once the PCM receives answers
from its “wake-up” call, it stores
this information for use during
cold start, hot restart etc.

There are numerous operating
modes for which the PCM has to
make adjustments. The key here
is that the operating modes
change.

Cold Start (Cranking) =
Cold Acceleration

Cold Cruise =
Cold Deceleration

Operating Modes

Hot Re-Start
(Cranking)

Warm Acceleration
= Warm Cruise
* Warm Deceleration

30

Adaptive Learning Mode

= The Oxygen Sensor goes too rich for too
long

® The PCM begins to subtract fuel from the
fuel control program

* The Oxygen Sensor returns to reporting
Fuel Control

* The PCM stops adding fuel

31

NOTES:

The PCM also has the ability to
adapt for problems. This adap-
tive learning mode makes it pos-
sblk brthe vehike to m ask Mi-
nor driveability problems.

10




These corrections are stored in
the PCM’s memory for the next
time the engine is run. The PCM
has a power supply when the
ignition is off to retain this
memory so the relearn procedure
does not have to be repeated.

Operating Mode to
Handle Failures

(FMEM)
goes into FMEM.

PCM still considers accurate.

Adaptive Learning Mode

= The PCM records the amount of fuel
decrease in the fuel cell

= The PCM has a power supply when the
ignition is off and the power keeps the
memory active, so that the PCM will not
have to go through the learning process
again

32

= FORD: Failure Mode Effect Management

= If. through self testing the PCM recognizes
an input that can“not be real”, the PCM

» The PCM replaces the faulty reading with a
calculated value based on the inputs that the

Some PCMs have the ability to
correct for input failures. The
PCM accomplishes this by learn-
ing what the correct values
should be during normal driving.
When a component fails, a calcu-
lated value replaces the failed
input. Ford calls this FMEM.
Ford has several “test modes” to

33

help find input and output fail-
ures. Key-on/engine-off, key-on/
engine-running, computed timing
test and wiggle test are some of
these test modes.

Operating Mode to
Handle Failures
» Ford’s Self Test Modes
= K-O-E-O
= K-O-E-R
= Computed Timing Check
= Wiggle Test

34

RPM ol T PS mule,
—

A i
"~ A e
o £ '
V= d e
Lt =X

11




Operating Mode to
Handle Failures

inputs it considers to be “not real”

minutes
80°F

wrong

* Chrysler: Uses a Default program to handle

* Example: The PCM sees -40° F from the
ECT and the engine has been running for 10

* The Charge Temperature Sensor indicates

®* The PCM Determines that the ECT must be

Chrysler uses a default instead of
a calculated value, when it deter-
mines one of its inputs has failed.
If, for instance, the PCM deter-
mines the coolant temperature
sensor is no longer suppling a
believable input value, the PCM
will run off of a default value.

This value will be either 104°F or
114°F depending on the proces-
sor calibration. This temperature
is meant to be a middle of the
road value for all operating condi-
tions.

Operating Mode to
Handle Failures

* Testing Vehicles that are in:
= “Limp-In”
= “Default”
= “FMEM™

* May present a problem

Operating Mode to
Handle Failures

* THE PCM: Defaults the ECT to 104°F-114°F
(A middle of the road value)

* When the PCM is in default the fuel and
ignition programs are change to reflect the
default

36

When a vehicle is running in
default mode, the fuel and igni-
tion timing programs are modified
to reflect the default. Attempting
to diagnose a vehicle in default or
limp-in mode will present a prob-
lem.

37

NOTES:
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Scan-Tool Diagnostics

When using a scan-tool for diag-
nostics, it is up to you, the techni- * Data — Live and Recorded
cian, to determine if the data * When looking at Data, Look for:
being reported is good or bad, = GOOD
the truth or a lie. * BAD

* TRUTH

* LIE

GOOD

Information in scan-data can be
displayed in several forms such
as: voltage, frequency, inches of

* [nformation from the computer’s Data
stream comes in different values

= Voltage
¥ Freauntion: vacuum or mercury and grams
® [nches of Vacuum per second.
* [nches of Mercury
= Grams Per Second
39
Parameters
In order for the values to be con-
sidered good, they must fall » A value must within certain Parameters to
within the vehicle specific param- Bercansiconce Lo
eters for the operating conditions. | " An Example:
= TPS Voltage (@ Idle .5v to .8v
u [f the throttle closed value is within the
specifications it is Good
NOTES:




Bad

reason that will make it bad

®= You only know it is not within
specifications

* This is where a technician begins to
diagnose because there is more than one

If the value displayed is not within

Bad specification, it is considered bad.
This is the point at which the
* If the value is not within specifications it is technician begins to diagnose.

There can be multiple possibili-
ties why the value is out of speci-
fication.

41

A data value that is representing
the actual operating conditions is
considered to be the truth. Data
does not have to be good to be
the truth.

Lie

condition is a Lie
be low may not be Good...

the Data 1s a Lie

Truth

= A value that is representing the actual
condition is the Truth

® Data that is showing the engine vacuum to
be low may not be Good...

= But if the engine in fact has low vacuum the
Data is the Truth

42

» A value that is not representing the actual
* Data that is showing the engine vacuum to

= But if the engine does not have low vacuum

A data value that is not repre-
senting the actual operating con-
ditions is considered to be a lie.
For instance if the scan-data
displays an engine vacuum of
18”hg, this may be good; but if
engine vacuum on a gauge is
actually 15” hg the data is a lie.

43

NOTES:
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When you read data on a scan-
tool, keep in mind where the data | Manifold Absolute Pressure Sensor
comes from. In the case of en-

gine vacuum, the PCM. the sen- = Specification (@ Idle 1.4v to 1.6v
sor Connector W”-]ng vacuum = This indicales 19 to 21 inches Of\f'aCLlUm
hose. and actual engine vacuum = The PCM., Sensor, Wires, Vacuum Hose

and actual engine vacuum all go into

Il parts of creating the data.
AR D O 9 creating this Data

H

Manifold Absolute Pressure
Sensor Listed here are some combina-

tions of Good/Bad, Truth/Lie.
Actual Vacuum MAP Volts Condition

207 1.5v Good/Truth
197 1.5v Good/Lie
207 1.0v Bad/Lie
ot 2.0v Bad/Truth
Here is scan-data from a Interpreting Scan Data

Chrysler vehicle at idle. Actual
engine vacuum is 21” hg. Do you
see any incorrect data?

* This isa Chrysler @ ldle with 21"Hg of

engine vacuum

= Do you see any incorrect Data?

RPM MAP MAPV TPS

850 10 14 .9
02 ECT LTFT IPW
] 190 09 3.3
NOTES:
L/a,C,i/LVvLe/ o B&.wcz — W.\«M, M #4/5 :




Interpreting Scan Data

* The previous side showed MAP to be 1.4v

* If you were on a Chrysler that voltage
would be incorrect.

* The specification is .9 to 1.1v
= 1.4v may be correct on other Vehicles

If not, it is likely due to the fact
that you do not have the param-
eters for the vehicle. Although
many GM vehicles normally have
a MAP voltage of 1.4 volts, the
correct reading for this Chrysler
is .9-1.1 volts.

When interpreting scan-data,

vehicle specific parameters are * When interpreting DATA Vehicle Specific
data is very important

* Closed throttle TPS voltage:

= Ford — .8 to 1.2 Volts

= G.M. — 2to 1.5 Volts

= Chrysler — .6 to .8 Volts

critical. Just look at the differ-
ences in closed throttle TPS
values on these different ve-
hicles.

Vehicle Specific Information

48

Verify the Scan-Data

* Look for other indicators that will verify that the
condition exist
* [f you were looking at the MAP signal RPM
would help verify that engine vacuum did in fact
change
= MAP Voltage is a result of changes in engine load
= RPM is a result of the engine physically rotating
* [fone changes the other must reflect that changing
condition

49

NOTES:

When attempting to verify scan-
data, look for indications that the
condition actually exists. Look for
a reflection of changing data in
other data values. For instance,
if MAP voltage is changing does
RPM or TPS change as well?

16




When viewing MAP on a scan-

Verify the Scan-Data
tool, vacuum and/or pressure can
!.')e displayed.' Manifold pressure » Key-on/Engine-off the pressure is at it’s
is the opposite of vacuum. As highest value....vacuum is at it’s lowest (Zero)
vacuum decreases, pressure * Engine at /dle the pressure is at it’s lowest
increases. value....Vacuum is at it’s highest

* When the throttle is opened the pressure in the
manifold raises and the vacuum lowers

Verify the Scan-Data

RPM —— RPM and vacuum must reflect
the changing conditions. As
RPM (under load) decreases,
vacuum increases.

Vacuum

They, both must reflect the changing condition

in the same time frame Y

Verify the Scan-Data

Vacuum s

As RPM (under load) increases,
vacuum decreases.

RPM

They, both must reflect the changing condition
in the same time frame

NOTES:




RPM
850
1500
2000
2500

3000

Data must move together to be real

MAP Pressure/Voltage Vacuum
10™ 1.2v 18"
11" 1.9v 17
12" 2.3v 16"
13" 2.7y 157
14 3.2v 147

Data values must change to-
gether in order to be considered
real. RPM, MAP pressure, and
MAP voltage must move to-
gether. A vacuum gauge can be
used to verify the MAP change.

4

The TPS values can also be used
to verify a change. When RPM
increases and MAP pressure
decreases, the TPS must have
changed to produce these re-

sults.

RPM

3000 3.2V

RPM MAPYV MAP TPS
L850 12y 1o¢ 8V
RPM  MAPY MAP TPS

1500 1.9V 1% 13

RPM  MAPY MAP TIPS
2000 33V 12" L&Y
RPM MAPV MAP TPS
2500 27V 13" 24V

14 2.6V

Data must move together to be real

RPM MAP Pressure/Voltage TPS
850 10" 1.2v 8y
1500 iR 1.9v 1.2v
2000 12" 2.3y 1.8v
2500 138 2.7v 24v
3000 147 32v 2.6v

Data must move together to be real

This is the same Data as
it would appear on a
scan-tool

As you can see watching
all the Data move at one
time 1is difficult

Here is scan-data as it would
appear on a scan-tool. Even with
just four bits of data watching, all
the values at once can be diffi-
cult. In this example, as TPS
increases so does RPM. As a
result, MAP pressure and voltage
increase as well.

56

NOTES:
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In this example, as TPS in- Data must move together to be real
creases so does RPM, but the ; .

h in MAP does not reflect e e e s Vo e tovee
change | o e as same as the last slide,
the TPS and RPM change. Can RPM  MAPV  MAP  TPS but the MAP voltage
engine manifold pressure change |LiS¢___3ov 25" 12V]  4p3d MAP inches

that fastr? RPM  MAPY  MAP TPS jurnped ahead
2000 4.6V 29~ 1.8V
[wem mapv map tes | Can the engine Change
2500 46V 29" 24V pressure that fast?
RPM  MAPY  MAP TPS
3000 4.6V 29" 2.6V
Verify the Scan-Data
Then why did the data say it did?
* [f engine pressure cannot change that fast... The signal from the MAP
why did the DATA indicate that it did? changed, not the actual condi-
* The change in the electrical signal is what tion.

made the DATA create the change shown

Verify the Scan-Data

Always question if the condition is = Question if the condition is normal?
normal. For instance, scan-data * Engine RPM indicates 5500 RPM
indicates that engine speed is at
5500 RPM. What would cause
this to be normal?

* What could cause this to be normal?

59

NOTES:




Verify the Scan-Data

* A Wide Open Throttle

= What would make this abnormal?

A wide open throttle.

What would cause this to be
abnormal?

60

A closed throttle.

Data must be studied and not
just looked at.

Verify the Scan-Data
* A Closed Throttle

= Data must be Studied and not just
Looked at

61

Verify the Scan-Data

» What other signals would YOU compare
RPM to?

= Throttle Position

= Absolute Manifold Pressure
= Oxygen Sensor

= Mass Air Flow

= Vane Air Flow

What other data values would
you compare to RPM?

NOTES:
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Engine vacuum responds oppo-
site to RPM.

What Signal
Responds the

Opposite to RPM?

Engine Vacuum

63

Verify the Condition

Look for other indicators that will verify that the
condition exist

If you were looking at the MAP signal, RPM
would help verify that engine Vacuum did in fact
change

MAP Voltage is a result of changes in engine load
RPM is a result of the engine physically rotating

If one changes the other must reflect that changing
condition

64

Look for other indicators that the
problem really exists.

What
you?

NOTES:

RPM TPS MAP IAC
does this scan-data tell 975 3v 11 07
IPW BLM 02 ECT
1.8 137 7V 197
What does the DATA tell You?

21



Now, focusing on these three
data bits, what does the data tell
you?

(ﬁ @ MAP [/ IAC

975 3V 11 07

IPW BLM 02 ECT

1.8 137 IV 197
Focusing on RPM, TPS, and IAC;
What does the DATA tell you?

70

Based on the graphed scan-data
in the presentation, what must
have taken place in order for the
additional fuel to be delivered?

* 1998 Dodge Mini-Van 3.0L
= Complaint:

hesitate then accelerate.

» On its own

= With Cruise set the vehicle would

What must have taken place for the
additional fuel to be delivered?

The TPS signal was sent

The PCM read the signal correctly

The PCM computed the rest of the inputs

The computer command the correct IPW

The fuel system delivered the fuel

The engine was able to convert the fuel to RPM
The RPM signal responded to the change

The PCM read the RPM signal correctly

7

Fault Pattern Recognition

This vehicle, a 1998 Dodge 3.0L
mini-van, would hesitate and
then accelerate on its own with
the cruise control set.

74

NOTES:
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Graphing is a powerful tool for
finding intermittent problems.
With the correct tools, scan-data,
multi-meter and gas analyzer
data can be graphed.

Graphing

Graphing

= Graphing is a great tool for intermittent
failures
* Graph
= Scan-Tool Data
= DMM
= 5-Gas Readings

A graphing multi-meter takes
individual data points and plays
connect-the-dots to form a graph
of the data over time.

78

The resulting data appears simi-
lar to a waveform. But make no
mistake, graphing multi-meters
ARE NOT lab-scopes.

NOTES:

Graphing

3.6v

1.6v

bv
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Graphing

Sample Rate

The accuracy of the graph is
determined by the sample speed,
or how many times the tool
samples per second. Most
graphing multi-meters sample at
a rate of a few thousand times
per second. While this may
seem fast, even the most basic
lab-scope samples at a few mil-
lion times per second.

There are certain rules to adhere
to when graphing. Ask yourself,
“Can the condition represented
really exist?”

Graphing Rules

Can The Condition Represented

2500 RPM

500 RPM

Really Exist?
Engine RPM

Graphing Rules

= Truth / Lie
= Good / Bad

82

NOTES:

As with scan-data, is the value
represented good or bad, the
truth or a lie?

24




When working with specifica-
tions, always attempt to deter-
mine the best value. When the
specification calls for 0-5, what
would be the best reading?

Specifications

* MAP Sensor Voltage
* Spec. 1.2v To 1.6v

= What is the difference between
1.2 and 1.6?

Specifications

= Value g w5
* What is the Best Reading?

2.5

83

84

If a MAP sensor being tested has

a specification of 1.2 volts - 1.6
volts, what would be the ideal
value?

What could cause the pattern
displayed to appear as it does?

NOTES:

e

| Why does this pattern appear as is does

SO0 - 133 - R9s/

MPe Bl (‘.sjkrﬂ»
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88-2.3-D-Grand Am (Idle Air Control)

In this case, the meter is con-
nected to a power steering pres-
sure switch and the graph dis-
plays the signal being pulled to
ground.

a
3 ;
nG DGwT -5 (AL PCM Ground

Know your circuit! By using
vehicle specific information, you
will know what your tester will
display before you connect to the
circuit.

Fuel Mixutre Control
Ignition/Bat +
PCM
g&‘l""
e
it I
- - 2 Ignition
= A ..4":.‘]'”
iﬁE‘* 1
”:L_‘ C1-B] 0 n.wr Dist. Reference
- 1=
= —Es s 07510 V.
Igmition Madule Raironcs L
t+—— Tuchometer 2 .g.w-rl_m Ground
Ground: Located rear'! —
of engine on right cylinder bead O— o |
86-3.8-A Bonneville & Grand Prix )

NOTES:

Having vehicle specific wiring
schematics, such as these sup-
plied by MPC Publishing, offer
diagnostic information not avail-
able anywhere else.
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Here is another example of how
vehicle specific wiring informa-
tion is crucial to accurate diagno-
sis. When attempting to graph
the power supplied to the ignition

module, the vehicle specific dia- ot
The power for the —@ ™|t 2o
gram shows us the power supply : B P ]
: ; s e ¢ Coil and module o
is shared with the ignition coil. e
_|comes from the G 2w
7 same fuse e S
) S o0
Glitches seen in the module
power could be caused by the
ignition coil.
—t— | | (1 = Techometer ] 2B | it :
If you are graphing the power to the ]
ignition module and see glitches you ‘
'must be aware that it may be caused by |
the ignition coil |
k.. ,
Wtfﬁg'ﬁ ;;Eﬁ.mﬂﬁ =
But on this vehicle, the power ] 4FZ “"‘" —]
feeds are separated and even 2 m_ﬁ_m "‘ Mmﬁ;;i
supplied by different fuses. Bﬁ?@@cgﬁ“ IERE! s
m::;““‘;%"% ey SR :“;mn:nl
[ Tchomer ol
_@ emem T xwf'
e i
El Separate Power Supply S T """"
g -
SAID S¥heenn ®© BKRD Ruénc;l:nv
'rk;’ﬁ:::‘k Splice 292 Behind righ side of P ——a= - Sivand
R 1

“To Spark
Plugs

mw-mn" (10)

BE-WT

B8-3.8-C Bonneville

]

NOTES:

27



What condition would make the TPS
! voltage drop from 2.2 volts at cruise to

| Zero volts without closing the throttle? |

What could cause the TPS volt-
age to drop from 2.2 volts at
cruise, to 0 volts without closing
the throttle.

By reviewing the vehicle specific
wiring diagram, we see the TPS

has a 5 volt pull-up resistor in the

PCM on the signal circuit. So an
open would cause the TPS to

read 5 volts. What would cause
it to read O volts?

-| —4II O2 Ground

86-1.8-J Sunbird Turbo (Engine Sensors)

How do you get to Graphing?

= Scan-Data

= Engine Analyzer
* 02 Wave Form
= 5-Gas Testing

85

NOTES:

How do you get to the point
where you will start to graph
some sort of data?

28




Here is a TPS and an oxygen
sensor displayed on a graph.

The oxygen sensor shows the
system is in fuel control.

Here the oxygen sensor momen-
tarily goes lean.

Is the TPS causing the loss of
fuel control?

Open the throttle and see if the
TPS is working. Then watch for
a response from the oxygen
sensor.

Open the throttle and see if the TPS is
working. Should the Fuel go lean when
the throttle is opened?

NOTES:
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" This is the correct representation
of fuel injector pulse width on a

~ graphing multi meter. Notice the

| shape resembles that of an oxy-

gen sensor waveform in proper

fuel control. The rising and falling

action of the graph relates to

increasing and decreasing injec-
tor pulse width, in response to

| the oxygen sensor.

This is wht a fuel injector should look
like when graphed.

This graph leads the technician
toward testing fuel control. Be-
cause the changes in the graph
are sharp and quick, we know

the system is not in proper fuel
control. Could the PCM be the
problem?

e gk el

. What does this M

Perform a snap-throttle test and
watch the PCM'’s response in
pulse width. Here the PCM re-
acted to the quick change in TPS
with a fast fuel response. After
the additional fuel was added, the
PCM responded by subtracting
fuel. In this case, the PCM seems
to be working OK.

- Could the PCM be the
Problem?
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What scan-data would you use to
verify that this condition actually
exists? The first would be oxy-
gen sensor. Next would be LTFT
or long term fuel trim. Study the
scan-data to determine if the
PCM was responding to a fuel
control input.

The problem is with the
Fuel Delivery System

i

| What scan-tool Data would be a
| verification for this condition?

If LTFT is High And O2 is Low

103

When studying long term fuel
trim, if LTFT is high and oxygen
sensor is low, then there is a fuel
delivery problem. The oxygen
sensor is reporting a lean condi-
tion that cannot be compensated
for by normal fuel control.

If long term fuel trim is high and

oxygen sensor is also high, then
this would lead us to a computer
system problem. The PCM is
adding fuel even though the oxy-
gen sensor is reporting a rich
condition.

NOTES:

If LTFT is High And O2 is High

The problem is with the
Computer System

104
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Looking at Inputs When studying scan-data and
looking at the inputs, a good

" A good place to begin is to check place to begin is by checking the
that Battery and Charging System battery or charging system volt-
Voltage is Correct age.

105

A sensor simulator is a dynamic
tester that sends a substitute
signal to the PCM, in effect re-
placing a questionable compo-
nent on the vehicle. As the signal
from the sensor simulator
changes, the PCM should react.

Sweep Testing The Computer
Replace the sensor with the

, Replace the sensor simulator and dial in a
S FSRARREY ol iy known good value, based on
simulator and | | Vehicle specific information, and
oo et watch the scan-tool for the cor-

the PCM by

§ | Signal, Dynamic rect reaction.

Testing
The PCM uses the Signal
to Process the information | ‘
and place it on the Data
Stream

PCM 108

NOTES:




Ohms Knock 02

There are many sensor simula-
tors on the market, here are
some of the features and con-
trols that are available.

Connect the Pos. Lead to Signal and Neg. Lead to Ground
Dial the Correct Signal (This GM Voltage)
Then Disconnect the Sensor

Here is one use for a sensor
ST i | simulator. We are going to con-
' ‘| nect the red lead to the signal
| wire, to the sensor and the black
lead to the sensor ground. Then

dial in the desired voltage.

Connect the Pos. Lead to Signal and Neg. Lead to Ground
Dial the Correct Signal (This GM Voltage)
Then Disconnect the Sensor

Here is how this connection would
look on the TPS connector.

NOTES:
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Sensor simulators can also sup-
ply variable frequency. In this
case, we can supply a changing
frequency to simulate a Ford
MAP sensor.

“In the case of a

Some sensor simulators can also
simulate a switching oxygen
sensor. By driving the system
rich and lean with the simulator,
we can watch the scan-tool for
the correct fuel control response.

Rich and Lean By
- sending an 02
g Signal into the

| The PCM should
make Fuel and i
Timing Changes if |
it is reading the
02 correctly

In this example of a three wire

3-Wire Inputs

sensor, we can see the sensor
has a 5 volt reference and a
ground. The signal voltage
changes depending on the posi-
tion of the sweeper arm on the
resistor. In the position shown,

4.7y

(EURETRNRERAR R DR RN N ERR N RAR R ENENEN |

P I\] the 5 volt supply travels through
= . very little resistance so the volt-
age returned to the PCM is high.
NOTES:
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Here with the sweeper arm in
the center position, the refer-
ence voltage must pass through
additional resistance. The signal
voltage returned to the PCM is
reduced.

Inputs

29v

@
v

TR AR TRETTRAETTLERTIE LA TES I

C
M
Inputs
3 i In this example, the sweeper arm
; is in the lowest position. Refer-
oy g ence voltage must pass through
' Q\ H the maximum amount of resis-
\; tance. The signal voltage re-
P j‘i E turned to the PCM is low.
C =
M
Inputs
In the case of a MAP sensor, a
diaphragm flexes causing the -z
signal voltage to the PCM to
change. s £ 4
c 1|
M
NOTES:
33



This 1995 Ford has a customer
Fault Pattern Recognition complaint of a rough idle and an
intermittent hesitation. A quick
" 1995 Ford 5.0L check with a scan-tool reveals a

" Complaint: code 122, TPS voltage above
= Has a Intermittent Rough Idle and an 4.84 volts
Intermittent Hesitation : ;

= Has code 122 stored
= TPS voltage is above 4.84 volts

120

Looking at the scan-data, the

TPS voltage appears to be nor-
mal with a reading of 0.86 volts.
Looking at the DCL information on [§

a scan-tool the TPS voltage Looks
Normal

When the problem is not present

and the TPS value on the scan-
tool in normal, disconnect the

¢ TPS and read the scan-tool. In
§ this case, the TPS voltage went

| to 0 volts when disconnected.

| There is no pull-up resistor in the
{ PCM for this circuit. The problem
must be an intermittent short to

| power not an open.

he Voltage is Driven to Zero
Volts=A Pull-Up Circuit

The Problem must be an
ntermittent Short not an Op

NOTES:
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Performing the Ford wiggle test
through the scan-tool, we quickly
found a short in the connector to
the TPS.

Throttle Position Sensors

the throttle:
= Key-On-Engine-Off
* Open or Closed (Fuel Loader)
= Engine Running
= |s steady or moving
= |s opening (Quickly or Slowly)
= [s it Closing (Quickly or Slowly)

* Accelerator Pump action [ 500% ] or Fuel Cut
Off [17% ]

= The TPS is used by the Computer to determine if

Performing the Ford’s Wiggle
Test the short was found when
Wiggling at the Connector of the
TPS

The TPS is used by the PCM
key-on/engine-off to determine if
the throttle is open or closed.
While the engine is running, the
TPS reports if the throttle is mov-
ing and how fast. The TPS also
acts as an electronic accelerator

pump.

127

Closed throttle TPS voltage is
vehicle specific. Generic values
should never be used. Incorrect
values can cause problems such
as uneven idle, hesitation or
surging.

Testing The TPS

* Closed Throttle Voltage is Vehicle Specific

* An incorrect values may cause the
following problems:

* Hunting for Idle
* Off Idle acceleration Hesitation (Tip In)

* The PCM can not recognize Wide-Open-
Throttle

» Surging at cruse speeds

128

NOTES:
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Sv

4.9v

Turn Ignition Off
Disconnect The
TPS Sensor

If TPS Voltage is Incorrect

If the throttle position sensor
voltage is found to be incorrect,
turn the ignition off and discon-
nect the sensor.

129

Place a jumper wire between the
voltage reference terminal and
the signal terminal at the TPS
connector. Turn the ignition on.
Read the TPS voltage on the
scan-tool. The voltage must read
4.9 volts - 5.1 volts.

Place jumper between

V/Ref and Signal *

dv

4.9y

20w

Turn Ignition On

Scan-Tool Must |

Cycle ignition Off Then On
Place jumper between Signal And Ground

Sv

050y

Read 5.0 volts
VIM 4.9y to 5.1v

e
i

B
& | | | |
M Scan-Tool Must |
Read 0.0 volts
V/M Less Than .050v
NOTES:

Cycle the ignition off then on.

Place the jumper wire across the

signal and ground terminals at

volts.

the TPS connector. On the scan-
tool, the TPS voltage must read 0

38




There are several reasons why Reasons for Incorrect TPS Values
TPS voltage may be incorrect.

V/Ref too low (Total Affect)

There could be excessive resis- P o g
tance on the voltage reference z
- ” . - Resistance in the Signal Wire =
wire, signal wire or ground wire. : (Total Affect) E BAD
There could also be voltage O\ H  ITps
drops across splices or connec- T \{;
tors, which will effect TPS volt- P l|| & :
age. ; | Resistance in the Ground =

(Total Affect)

132

Testing The TPS _
On many vehicles, the TPS must

* Wide-Open-Throttle-Voltage 4.6v min. at WOT reach 4.7 volts in order to be

* Chrysler 2.7v higher than closed throttle voltage considered wide open throttle.

* Anincorrect values may cause the following On Chl’YS'BI' vehicles. the TPS
problems: :

must rise 2.7 volts above closed
o S\REHE dbeTihe speelé th_rottle voltage to be considered
» Fuel Cut Off Problems wide open throttle.

. g A i/ (@
No Clear Flood operation H STam 1 o

133

* The PCM can not recognize Wide-Open-Throttle

Testing The TPS

Actual TPS voltage should be - &
compared to the scan-data to P
verify the PCM is interpreting the
data correctly.

Pl
| |
< || TPSv  IPW
5 A 41 00
L——g Volt Meter '
! ’ L : Scan—Tml

NOTES:




Z0=w

Testing The TPS

)

ERTNETIRINE AR |

JREL A RERRRNNARD

.70y

@ Volt Meter

|----—

135

The throttle position sensor can
also be sweep tested using a
digital multi-meter. Sweep the
TPS slowly open and closed,
while watching the voltage rise
and fall. Be sure to compare
closed throttle voltage to the
vehicle specific specifications.

It is also important to measure

wide open throttle voltage when

using the digital multi-meter to
sweep the throttle position sen-

47

= oo

Testing The TPS

HRSRRAETIN

P

A

LTI

4.70v

® Volt Meter 136

B

SOr.
Testing The TPS
5
4.7 + | é
A - —Cf'\— _ g
P ‘:‘ 4
C lli /\
M
—®
||-—-.
NOTES:

By far, the best way to sweep test
a throttle position sensor or any
sensor for that matter, is with a
digital storage oscilloscope or lab
scope. The lab scope allows the
technician to watch the entire
sweep test on a single screen if a

| slower time base is selected.

40




Faster time base settings allow
the technician to see more detail

in the waveform. It is recom- Sv
mended that the TPS be swept at
fast and slow time base settings

Testing The TPS

to get a good overall picture of
throttle position sensor operation.

Open And Close The Throttle Normal

the graph for any noise or
glitches which can indicate a
faulty sensor.

NOTES:

A throttle position sensor can
also be sweep tested on a graph-
ing multi-meter. Although this
method is not as good as using a
lab scope, it is much better than
a digital multi-meter or scan-tool.

While sweeping the TPS, watch

41




This is a TPS on a Running Engine

See the glitch?

S——

Here is a snap throttle test on a
graphing meter.

Voltage Drops First

Inputs

Load Resistor

12 volt supply 4F¢‘:’l‘:::1i
S

Variable
4 ohms

bv

143

This throttle position sensor has
a glitch on acceleration. The
voltage drops off before it starts
to climb. This will cause a hesita-

.| tion on acceleration.

NOTES:

Here is a TPS when snapped open

42




Inputs

Load Resistor

Fixed

Variable

12 volt supply l— T

Will this volta
increase orfcrease? )

4 ohms

ohms

|||’ =5

144

NOTES:

Inputs

Load Resistor

Fixed

Variable

12 volt supply

1

124

The voltage would decrease
More voltage required to go through
the 4 ohms than the 3 ohms.
There will be less voltage available for
the next load.

4 ohms

3 ohms

145

Inputs

5 volt supply

Fixed
4 ohms

Variable

|[L
I

PCM

As the voltage changes out

side the PCM,
It can Calculate
the changes to the circuit

146

NOTES:
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Fault Pattern Recognition

= 1994 3.0L Dodge Mini-Van
* Complaint:
* Engine RPM too High at Idle - 1150 RPM
= No Codes
» Scan-Data Shows that the ECT indicates

engine temperature is lower that it actually
18

Our next problem vehicle is a
1994 Dodge mini-van. The cus-
tomer complaint is the engine
RPM is too high at idle. There
are no fault codes present, but
scan-data reveals that the engine
temperature value is lower than
the actual engine temperature.

The engine coolant temperature

148

sensor reports the operating
temperature of the engine to the
PCM. The PCM also uses the
coolant temperature sensor on
cold start-up as an electronic
choke. At lower temperatures,
injector pulse width is increased
to aid starting.

Another temperature sensor is

Temperature Sensing

Engine Coolant Temperature — ECT

As engine temperature changes the fuel
requirement changes

A cold engine can not burn fuel efficiently
(More fuel is required)

This input is read in the KEY ON staring mode,

The colder the engine. the longer the cranking
injector pulse width will be

Temperature Sensing

= 2-wire Inputs
* Inlet Air Temperature — IAT

= The temperature of the Air changes the
density of the Air

= Cool Air is more Dense then warm Air

» [AT is a modifier for the air / fuel charge

the inlet air temperature sensor.
Like the ECT, the IAT is also a 2-
wire sensor. The IAT is used by
the PCM to help determine the
density of the incoming air. Fuel
delivery is modified based on air
density.

150

NOTES:

e




The PCM, on Chrysler vehicles,
controls the charging system.
Chrysler uses a battery tempera-
ture sensor to help maintain a
proper battery charging rate.

Temperature Sensing

= Battery Temperature — BAT

* The Chrysler PCM controls the charging
voltage

= The PCM needs to know the temperature to
control the charging rate

151

Temperature Sensor Testing Not all temperature sensors are
Not All, use a common ground created equal. Not all sensor
g S circuits use a common ground.
I Not all temperature sensors use
AL the same resistance curve. Al-
ways use vehicle specific infor-
C mation when testing temperature
10,000 == All Manf. Do not use same resistance sensors.
OHMs
152
Courtesy of MPC Publishing
iah ¥ oliage Temperature ° F | Resistance Voltage -
N +32° Below Self Test | Below Self Test
Limit Limit
N +50° 58.8 KQ 3.50V
P = +85° 24.0 KQ 305V.
= +100° 16.5 KQ 215V
N +120° 11.0 KQ : 220V
+140° 7.70 KQ 1.35V .
TwiVitlee +160° 5.25 KQ 095V
+175° . 3.85 KQ 0.78V
ST =S Y WS %) 53 % +195° 2.80 KQ 0.60V
40 -3 -20 -0 @ 20 40 60 80 100 120 130 140 150 160 150 200 220 240 260 280 300 320 +212° 2.07Kﬂ - 0.45 V =
NOTES:
45
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Temperature Sensor Testing Chrysler and some General Mo-
tors vehicles use a dual range
OTHER SENSORS engine coolant temperature sen-
T sor. These dual range sensor
A 3 P ? circuits allow the PCM to get a

more accurate reading of engine
temperature over the entire oper-

ECT SENSOR SIGNAL

ating range.
5 VOLT SOURCE
\ gl
\\
Here is a graph of the dual range N
engine coolant temperature sen-
SOr. 5
‘ = ;i ~ 1 I
C C-[‘\LLA_;'&- I| ZL*’LP' S MBM \\ \
, ! A\
o (;Mkhj (,L(L A ("“’-’(\
4 ‘\ALg_;_LJ C' o AN\ Q_.* '+£1,, ‘/‘_—— - ‘\*
'r/_ . ﬁ__f__,(i {'L,_L»\__f'( (g ( e u E ‘_‘5 40 -ljll =20 <10 0 20 40 _(-II_!-H!_ I_IN-I TZI—I 130 H‘ll_lﬁll IHI_!K(I_ZHII 220 240 260 280 300 320
—
If you get a diagnostic code referring to the : .
ECT circuit and can not find the reason for When _attelmptmg to diagnose an
the code. ECT circuit fault, use a lab scope
Use a DMM or DSO during the cold start of to plot the ECT VOItage_ over time.
an engine. The voltage will start high when

the engine is cold, and drop as
the coolant temperature in-
creases.

The DMM voltage should get lower as the
engine heats up

Then at the dual circuit switch point the
voltage should raise and begin to get lower
again if the PCM is working correctly

158

Y ¢ ; 1 q \ N
NOTES:  S'hort oo 4 Towp Gue ot be
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When the engine temperature

reaches the switch point, the

voltage will rise sharply and then

continue to fall again as the en-
gine continues to approach oper-

ating temperature.

N L 01 R
N Vpltage jumps |up
N ¥ la star 1l oxne
| N
P ol g
g
N iy
"

Voltape gets|lower

This is what the
chart on the
previous slide
looks like with a

“0 3020 <10 0 20 40 60 B0 100 120 130 140 150 160 180 200 220 240 260 280 300 320

Here is a look at the switch point
as seen on a lab scope. This
sensor circuit switched at 177.7°%.

DSO

This is the point
the PCM changes
Programs

As seen in this chart, the voltage

Courtesy of MPC Publishing

O LLAL DWALLUIED IAUECD QUUVE LoV L. o A

Dual Range Temperature Chart

. . Temperature ° F Resistance Voltage

shog!d switch at approximately e P T
120°f. +30° 9,600 390V
.+60° 4095 Q 3.00V

+80° 2,975 Q2 244V

-i'-100° 1,800 2 © 1.83V

0 0

+140° 835 Q 3.60V

+160° 432 Q 320V

+180° 305 Q2 2.80V

+210° 185 Q2 220V

+220° 60 X2 200V

NOTES:
L(—;‘ o X€ v~ h( ‘““»&jg (4_,,*-47" il
S‘L&:.é Al Five /':ff' L ey S & 21 2
LC A o o ey LN L\Q,__ﬂ; ) L€ ‘1{* e gl € 2
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Temperature Sensor Testing When testing an engine coolant
temperature sensor, the actual

engine temperature must be
compared to scan-data. In this

Compare actual temperature to

scan-tool / BOB reading

case, the scan-data reads higher
than actual engine temperature.
Further diagnosis is required.

&

5 VOLT SOURCE

The next step involves testing the
voltage reference to the sensor
with a digital multi-meter.

Temperature Sensor Testing

$ VOLT SOURCE I

| Then test the ground to the sen-
sor. A good ground must read
below .050 volts key-on/engine-
off.

4
T ECT SENSOR Si %

o ren .050 mv or less K-O-E-O

.085 mv or less Engine running

5 VOLT SOURCE |

NOTES: Nleqo e YA €. ih Q
)
i [ e Wi \pe v “_)- e LS T‘T"Wil « AC e deo 4
r', 5 — . . P T =
kﬁ & \—“K\—-, ¢ € A Ces st e l‘h QA V-Ec Ao A

S(“ WS D ==
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Next we must test the PCM’s
ability to read coolant tempera-
ture correctly. Start by discon-
necting the ECT. The scan-tool
must display -40°f when the ECT
circuit is open. Also check for
fault codes during this test.

Temperature Sensor Testing

To test the PCM’s ability to read a circuit.

GM. L2 %
2 ‘ ‘

Turn key off/ Turn Key on
Start Engine / Turn engine off/ Read data
Should read -40 / Read Codes

5 VOLT SOURCE

Temperature Sensor Testing

AN

Turn key off/ Place jumper / Turn key on

Next short the two terminals at
the ECT connector together us-
ing a jumper wire. The scan-data
must display over 300°f for a
shorted ECT circuit. Again,
check for fault codes during this

Start Engine / Turn engine off test "\:‘K_ Bor 'y F[- 5 C‘L AA S
5 VOLT SOURCE Should be over 300 / Read codes LL(_(,_,;_} F) ( ? S".Y' | _
‘:1“&.; O - Oy e v ( f? € W~ )
Temperature Sensor Testing
Using what we have learned A T
: g . » Using the information from The beginning
dlurmgr:he bengdnmg of ;[_};IS hi of this course. how would you do this test
class, how would we pe orrgt is s
test on a Ford or a Chrysler? « FORD?
= HINT — Voltage
* CHRYSLER?
= HINT — DEFAULT
joM Chr ‘j'ﬂ*" E
] kli (_"__:\_-C; 167
e
NOTES:
49



A 1986 General Motors vehicle
Fault Pattern Recognition with a 2.5 litre engine has a com-
plaint of rough running. There is
also black smoke coming from
the tail pipe. A check with a
scan-tool reveals a code 45.

= 1986 GM 2.5L
= Complaint:

= Runs Rough

* Has Black Smoke Coming From the Tail Pipe
= Has Code 45 (Too Rich Condition)

The manifold absolute pressure

169

Manifold Absolute Pressure Sensor
sensor measures pressure in the

intake manifold to determine = Measures the Pressure of the Intake Manifold to

. determine the Load placed on the Engine.
engine load. The MAP sensor = RPM = MAX RPM X MAP = BARO = LOAD

tells the computer how much fuel * The MAP signal “TELLS™ the computer “HOW
to add. Speed density systems g"UCdHD B vigiada. S T

. * Speed Density measures Incoming Air Flow By
use MAP and engine Speed to Sensing Changes In Intake Pressure Which Result

calculate air flow. From Engine Load And Speed Changes

* The PCM Combines Temperature And MAP To
Calculate Air Flow

Manifold Absolute Pressure Sensor There are two MAP sensor

w Thae aowiiveo Map Engine Mariipenient based engine management sys-
Strategies tems. The first is speed density.

Speed density systems rely on

* The Computer measures the Engine RPM RPM input first and foremost

and Manifold Pressure. ECT. IAT. And TPS | then MAP sensor. All other inputs
are important Inputs Also are used to modify the fuel deliv-

* RPM the Most Important Sensor ery.

* Speed-Density Systems

171

NOTES:




Next are the density speed sys-
tems used on early Jeep sys-
tems. In these systems, MAP is
the most important input.

Manifold Absolute Pressure Sensor

* Density-Speed Systems ( Early Jeep )
* Almost exactly like the Speed-Density
Svstems

= Except that the MAP is the Most Important
Sensor

Barometric Pressure

4.7y

0
v

173

During key-on/engine-off, the
MAP sensor is used by the PCM
to measure barometric pressure.
This gives the PCM a starting
point for fuel delivery.

At idle, engine vacuum pulls on
the MAP sensor diaphragm,
causing the signal voltage re-
turned to the PCM to be lower
than that during key-on/engine-
off. The PCM will interpret volt-
ages between idle and key-on/
engine-off as varying loads.

Engine at Idle

1.5+

o—

High Engine Vacuum

3
NOTES: L Seeres — M Busilh . =
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MAP must read Barometric Pressure

Key-on/engine-off, the MAP sen-
sor must read barometric pres-
sure.

Testing the MAP Sensor

To determine engine vacuum, Coufre KRR feaiing
subtract the engine running MAP | , Barometric Pressure
reading from the baro reading. Subtescttliec Eagine
This should equal engine running reading
vacuum. This represents

Engine Vacuum

29
=13
16 inches of vacu

The Vécuum Gauge should
read 16 inhes of Vacuum

“ L

Compare this value to actual
engine vacuum measured with a
vacuum gauge. If the MAP sen-
sor reading is different than ac-

_ - tual engine vacuum, the MAP
s - 25F sensor is lying.

NOTES:

‘_Tu_)f: e Yl BCL»“C‘- vbuu:t&;,«_, ~eech D—Et CL“’"_ AL
the Deoarowets . o 0 Sabiracdt | £ v
v e 4 | CCO —C4— o + =W ‘ \L" \L,\PLL:A
ok —fc - | OO0 (‘L LY S b o4+
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The best test of the MAP sensor
is the sweep test with a lab
scope. Watch for noise or
glitches in the waveform and
compare the voltage reading at
different vacuum levels to specifi-
cations.

FORD MAP SENSOR

" Testing the P Sens;r

When sweep testing a Ford MAP
sensor, the waveform on the lab
scope will be a 5 volt square
wave with a 50% duty cycle.

e Apply vacuum in 2” hg incre-
30 Pl ments and compare the fre-
quency to the specification in the
1 charts below. SO%e0 i5> Lw+for
Vacuum In Inches - Frequency' 0t01,000° | 2930 | 159-163 Hz
e ITT000.2,0000 dys s 28209, 1. 153-157 Hz.
0 159 Hz, - -
ST — st | 2000-3,000 27-28"  -+4:150-153 Hz
& |, darme | 30004000 | 26277 | 147-153Hz’
& . | 1aimz | 400050000 | 2526" | 144-150Hz
8 | (..135Hz > 1"50006,000m | 24-25" | 141-147Hz
el LA 6,000-7,000" | - 23-24” ~ 7| 139-145Hz
127 L g 1S 70008000 | 2223 | 136:143Hz
o 1M e | i v 1200z, 2 et e i
I I A L T 8,000-9,000° 21227 | 133-140Hz
R T e 109 Hz - 9,000-10,000°.| - 20-21" | 130-137Hz
NOTES: / =
ifi e AT fa l:OL\,:\_,"%le- Lru j:.r‘ ;w:(
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Testing the MAP Sensor

* Test the MAP like we did the TPS by

Test the MAP sensor in the same
manner as we tested the TPS, by
driving the signal voltage high

DRIVING the Voltage High then Low and low! USINg & jurnpar wire. This
* Will Test the Wiring and the Computer

will test the PCM and wiring cir-
cuit.

Graphing the MAP sensor output
on a graphing multi-meter or the

graphing scan-tool can help find

intermittent problems.

Testing the MAP Sensor

* Graphing the MAP’s VOLTAGE or
SCAN-DATA Will help find
Intermittent Problems

186

This is a MAP Signal On an
Idling Engine

NOTES:

Here is a graph displaying a glitch
captured at idle.
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Another glitch in the output of a
MAP sensor.

Look at the noise on this MAP when the engine is

Accelerated

You Could not see it unless RPM Changed

Our next diagnostic problem is a
1992 Chevrolet van. RPM is
fluctuating at idle. Scan-data
shows the MAP and RPM values
fluctuating. Is the rolling idle
causing the MAP to change or is
the MAP causing the engine to
surge?

NOTES:

Map Glitch 2

e R A T R

It is important to vary RPM or
vacuum applied to the MAP sen-
sor, while graphing. Some fail-
ures will not be apparent other-
wise.

Fault Pattern Recognition

1992 5.7L Chevy Van.

Complaint:
= At Idle the RPM fluctuates 350 RPM

What do you want to do?
Scan-Tool Data shows RPM and MAP signals

jumping around.

Is the Engine RPM causing the MAP to jump
around? or

Is the MAP causing the RPM to jump around?

190
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RPM

Do you See any thing?

This is a display of scan-data
graphed on a PC. The graph
shows that the MAP voltage
dropped to .3 volts.

Fault Pattern Recognition

It is all too easy to jump to con- * It would be easy to say that the MAP Sensor
clusions and condemn the MAP is Bad because of the reading of .3 volts.
sensor. Use a sensor simulator * That may be a good guess but why guess?
and determine if a correct MAP * Don’t you want to be sure when replacing

sensor value will remedy the
problem.

parts?
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Fault Pattern Recognition

* By using a Sensor Simulator to replace the
MAP Signal you can be sure.

* If you put a known good signal into the
PCM and the Engine rpm settles down you
know it was a Bad MAP Signal causing the
problem.

If the known good signal from the
sensor simulator causes the
engine speed to smooth out, you
know you have found the cause
of the problem, a bad MAP sen-
sor.

194

NOTES:
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Map Signal On Start Up No Problem

Here is the result of replacing the
defective MAP sensor, a smooth
graph.

This is a graph of a ground
wire intermittently going
open

: On a MAP Sensor

Here is a graph of a MAP prob-
lem caused by an intermittent
open sensor ground.

Here is another MAP problem
which was determined to be
caused by a faulty charging sys-
tem.

This graph shows a charging
system dropping below 8 volts

intermittently

The graph is of a MAP Sensor

NOTES:
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ENGINE SPEED INPUT

* RPM + MAX RPM X MAP + BARO = LOAD

* The RPM signal “TELLS™ the Computer
“WHEN" to add Fuel

* The signal may come from a Distributor or a
Crankshaft Sensor

198

The other side of the engine load
equation is RPM. The RPM sig-
nal tells the PCM when to add
fuel. This signal may come from a
distributor pickup or a crankshaft
sensor.

This is a hall effect type crank-
shaft sensor used on some
Chrysler systems. The slots in
the tone wheel define the shape
of the crankshaft sensor wave-
form. The tone wheel is an inte-
gral part of the flex plate.

| —

SLOTS

The Tone Wheel Determines the Shape
Of The Wave Form

199

May Be 5v, 8v,or 12v

l

May Be 12y or 9y

NOTES:

This type of crankshaft sensor is
supplied power by the PCM. This
power supply will be either 12
volts or 9 volts. The signal re-
turning to the PCM, will be a
square wave with either a 5 volt,
8 volt or 12 volt amplitude.
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Another type of crankshaft sensor
is the magnetic or variable reluc-
tance pickup coil. The sensor is
made up of a coil winding
wrapped around a magnetic core.
As the notches in the reluctor
wheel pass the tip of the sensor,
a voltage is induced into the
sensor’s coil windings. The PCM
reads the amplitude and fre-

The Signal May Come g m
From A Distributor

quency of this signal to determine

@ RPM.

S Either type of sensor can be used
in a distributor or as a crankshaft
T
Sensor.
Or

A Crankshaft Sensor

202

ENGINE SPEED INPUT
g N = The RPM signal “TELLS" the Computer
The crankshaft sensor signal is HEN;.togadd Faeh RO ,\i ey
also used by the PCM to identify » Anything that affects Fuel will also affect
which cylinders are approaching Timing.
top dead center. » The Engine Speed Sensor signals the

Computer the Speed of the Engine as well
as which pair of cylinders are coming up to
Top Dead Center

= N 203

NOTES: { coles /-_, bee ‘yL l S
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A/C Signal

Crankshaft sensor output can
come in two forms, analog or
digital. The top waveform shown
here is a digital square wave.
The bottom waveform is an ana-
log AC voltage.

The AC voltage output of a mag-
netic crankshaft sensor is modi-
fied by the ignition module and
sent to the PCM as a digital sig-
nal. This signal is called distribu-
tor, reference on a General Mo-

Pl (Front) P2 (Front)
e (|

Spark Timing sgnal (Wi (2 )
Not Used

51

—Tach Outpat (Black-whitc)

L5

208

tors vehicle.
NV - e
| e [8e:0206W) Byas Test Crank Signal
08 EngOff:0V| Est into Ignition Module
; WT (dle:0206V] Signal
014 Ellg o0V JX(-{-) Engine Speed
: PLAT  (Idle: 0.50.7V DIS Sensor
| ATl Conditops] 3X(-) |Module
e TR 1
Eg OF:0V] Crank
(14 T
K {1de:65-15 V] Sepe Test Crank Signal
015 Eng Off:0V] Cam Into Computer
B [1de:0507 V] St
NOTES:

When testing the crankshaft sen-
sor, always test the signal from
the sensor to the ignition module,
as well as the signal from the
ignition module to the PCM.
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NOTES:

ECM

',. ﬁl _——m
e -
5 285,
Pt mélm \
b C]
A CATANBLK | C3 | BYPass
. amawir—{ C9 | ic
?—mm-————
o
& | 30 PPUWHT | D13 | REFERENCE HIGH
_F“ 453 BUURED — D19 | REFERENCE LOW

Camshaft Sensor

® The Cam Sensor ( if needed ) signals the
Computer which cylinder is on the
compression stroke

208

The camshaft sensor signals the
PCM as to which cylinder is on
the compression stroke. This is
an important signal for distribu-
torless ignition coil pack firing, as
well as sequential fuel injection.

The General Motor’s 3800 fast

start system uses a dual crank-
shaft sensor. The outer ring
produces an 18X signal, the
inner ring produces a 3X signal.
These two signals are used in
conjunction by the ignition mod-
ule, to fire the proper coil for any
pair of cylinders on their com-
pression stroke.

NOTES:
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Combination Crank Sensor This type of crankshaft sensor
sends two square waves to the
ignition module. The 18X signal

* Quter ring has evenly spaced windows has a 50% duty cycle. The 3X
* The PCM counts the windows and ;

= Provides two signals

determines Crankshaft Position S'Q”al r:)as ao Varymgodu,ty cycle
* Inner ring has unevenly spaced windows with 10°, 20° and 30° windows
with different lengths between pulses spaced at 90° 100° and 110°
* The PCM can determine the correct ignition apart.
coil to “Sync™ them for a faster start
210
180° Camshaft

_ v . rotation equals
Multi-port fuel injected vehicles 360° crankshaft |
i rotation
can use a crankshaft position
sensor to identify number one ' ‘

cylinder top dead center, but not S
if the cylinder in on the compres- effect device
sion or exhaust stroke. This G

in gap

would require a camshaft sensor. * output high

* signal on
Window in gap
* output low

B2118 * signal off

Crankshaft Sensor Ford uses a dual crankshaft sen-
sor on its dual plug distributorless
ignition system. One half of the
sensor is the profile ignition
pickup, and the other is the cylin-
der identification sensor.

* Ford uses a Dual Crank Sensor on it’s dual
plug distributorless ignition systems.

® The Out Side Ring operates as the PIP —
Profile Ignition Pickup

* The In Side Ring operates as the CID —
Cylinder Identification

212

NOTES:
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The PCM makes ignition timing
calculations and sends these
commands to the ignition module
as required. General Motors
calls this EST or electronic spark
timing. Ford calls this SPOUT or
spark output.

Spark Timing Control

* The computer makes a timing calculation
and sends a timing command to the Ignition
Module ( if required )

* G.M.’s Timing Command is EST —
Electronic Spark Timing

* Ford’s Timing Command is SPOUT —
Spark Out Put

213

Spark Timing Control

to control the Current Flow through the Ignition

The Module is responsible for converting the

rate, 8amps to 10amps, to prevent damage to the
circuit

Controls timing during cranking and below a
certain RPM

= [gnition Module takes the signals from the triggers

Coils ( Dwell ) by Grounding the Primary Circuit

signals, and to limit the current to a specific flow

The ignition module uses the
signals from the crankshaft and
camshaft sensors to control
current flow through the ignition
coils, by grounding the primary
circuit. This function is know as
dwell. The module is responsible
for limiting the primary current to
approximately 8-10 amps, to

214

Electronic Spark Timing

WEY - : , |
TN-BK . When the Engine reaches
prevent circuit damage. The %% ﬁ”@ the Rin Threshold,the
ignition module controls ignition  |CL3 Idlegﬂzh — s?gs.ﬁl S e e
timing during cranking and at low W 26 This signal turns off the
engine speeds. Once normal O P ( o By-Pass and turns on the
engine speed is achieved, the f e ik} Sleet fox Britonry
ol o |C1-45 All Conditions] 3X(-) Ignition control.
PCM takes over the task of igni- Y RoeeT Under 03V B
tion timing control. o4 [EngOR-0V | Crank controlled By the PCM
BBK |Ide:6575 V] Signal
b 0ROV Can
BK |Idie:059.7V] Signal ‘
NOTES:
63
R— ——————— S —



Ford has a similar function with
their ignition modules. If the
module does not receive a signal
from the PCM on the SPOUT
line, the module will control igni-
tion timing based on the PIP
signal. Once the run threshold
has been reached, the PCM will
take over control of ignition tim-

ing.

Ford’s Ignition Timing Control

* If the Ignition Module does not receive a
signal from the PCM on the SPOUT circuit,
the module controls the Spark Timing off of
the PIP signal

» After the Run Threshold is reached the
PCM sends SPOUT signals to the module
and controls Spark Timing

216

Testing The Ignition / Injection Control Signals
Using a lab scope is the best way
to test the ignition timing signals,
because it allows the technician
to see the entire signal. The lab
scope is also the most productive
tool as it eliminates multiple tests
with other pieces of equipment.

The Lab Scope is the Best way to “See” and Test these
Signals, But not the only way
v wivi murwm.um

i e Crank et From DS

Pckup Resistance & AC ol

Doy CyoeAtkle | - DC Vol At

AColsA e
WA

i IO

Designed sharper than a Normal A/C to be more Precise |

Signal Peeks Must Be Clean And Even

( Bushings, Bent Shaft )

Cranking Voltage Should Be Near 300 mv
Must be repetitive

Sy
FPulsce

NOTES:

The AC voltage waveform from a
magnetic crankshaft sensor is
designed to have sharper peaks
than normal AC voltage. This is
intended to allow more precise
timing control based off of the
signal.
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Watching EST we see it Glitch

Here is a glitch in an EST signal,
caused by a loose connector.

Here is a normal graph of RPM
input.

Graphing The RPM input’s Frequency Hz.

This is a normal graph

Here is a captured glitch in the
RPM signal to the PCM.

Y

This is a graph ¢ RPM input’s Hz
You can see a glitch in the graph

At 101Hz. It would be impossible to see it any
other way

NOTES: N e M put e Beacrras o

i o -u_\. O L_J ‘:.l-v LLJ~4E\_L ‘{”L“{d‘ HC—\—‘—& C—t;)\'\JL b(\i,c

t (AL_ Mo+~ ¢ vweast <_¢(. b oy Ylg v(c;_, l&%‘zf 11)6 o AD~ g

(oo (e ttecd e 0 ld: wto Co . Do we 2 ch WA
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Mass air-flow sensors offer an-
other way for an engine manage-
ment system to monitor load.
There are two basic types of
mass air flow sensors, variable
voltage and variable frequency.

entering the engine

the air

of a conductor varies with temperature

conductor

Mass Air Flow Fuel Control Systems

Air Flow Hz ( Voltage )

= LOAD
RPM
Two Basic Designs

Frequency Based Voltage Based

Chrysler =Frequency Based

Ford = Voltage Based

G.M. = Both Types

227

Mass Air Flow Sensors

= Mass Air Flow Sensors measure the amount of air

» Measuring the mass of air entering the engine
takes into account the temperature and humidity of

= MAF Sensors use the principle that the resistance

= The changes in the amount of air passing over the
heated conductor carries away heat from the

Mass air-flow sensors measure
the amount or air entering the
engine, while taking into account
the temperature and density of
the air. A mass air- flow sensor
contains some type of heated
conductor. As air passes
through the sensor, some of the

228

heat is carried away. The sensor
attempts to maintain a stable
temperature across the heated
conductor. The sensor monitors
the current necessary to maintain
the temperature and this is trans-
lated into a MAF signal.

NOTES:

Mass Air Flow Sensors

* More current is required to maintain the
temperature of the conductor.

= Humid or denser air is cooler absorbing
even more heat

* The current translates into a MAF signal

229
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Electronic Module Sends Current to the Element
Reads the amount of Current required to Heat
It to 75 degrees C Than converts the information

into a 5 volt signal and sends it fo

ELECTRONIC the PCM Here is an exploded view of a
’ Delco type mass air-flow sensor.

One type
Of Sensor

The MAF and The AFLO values must stay within
When reading scan-data, the ~ two of each other

MAF and AFLO values must stay
within two of each other.

Both MAF And

AFLO Changed When the throttle is opened, they

Together must change together.

The throttle was
opened

TPS Voltage
changed from

A48v to .50v

NOTES:




. .

B | N N

- -

|

‘I-‘

J— ‘ = -‘ -w-;“

-

-

|

Even though the two values are
not the same, they are within two
of each other.

The MAF and ALFO are not the same but
they are within two of each other

The MAF is not Calibrated correctly

Here they are not within two of each other

Here is scan-data displaying a
faulty mass air-flow sensor.

NOTES:

Here they are not within two of
each other. There is a mass air-
flow sensor calibration problem.

This is where the MAF really Falls apart 41
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The frequency based mass air-
flow sensors must display a good
clean square wave on a lab
scope. The waveform must also
be pulled fully to ground.

FORD

The Sensor is Heated to 200 degrees C Above
The Ambient Sensor and the Current required
Is converted into a Signal and Sent to The PCM
The Voltage Signal is Vehicle Specific

Ford uses a variable voltage
mass air-flow sensor. The volt-
age output is vehicle specific.

Hot wire
B - | e
_'_1}

7L

4

When testing the Ford mass air
flow sensor with a digital multi-
meter, the voltage should in-
crease smoothly with RPM.

NOTES: ""C; o~ (( l/kk Li D — Q € p (CLC e ‘A.rk Vj-( ‘(\‘S S CAAN D

4——[1.._;_ AL (._“y} T \&c,(“ Cl [ L/ L'kff--’\c.‘,‘\ e 2 Ql e I~ C;.."*‘ ¥ oM. R
L . DS l f<e.:3 Cyole oy veolboelk
[ﬂ AVC [ ;' ""-—x:""— / "4\{( -/ ((7 @— D < (L (o_gx,__

MAP ScasSou




Watch the bar graph display on
the multi-meter or use the audible
tone function to detect glitches.

When using a lab scope set to a
fast time base, watch for a
smooth increase in the sensor
output voltage. When using a
slower time base, look for the
proper signature from a snap
throttle test.

Chrysler uses a Pressure MAF
A pressure drop measured from the incoming Air is

ChrySIer uses a pressure type Converted In to a Signal and Sent to the PCM

air-flow sensor. A pressure drop P

caused by the incoming air, is -

converted into a signal which is - E -y oo
g DE “& =

sent to the PCM. : o v k]

NOTES:
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Chrysler uses a Vortex MAF

The incoming Air is Swirled around to create a Vortex
The Turbulence causes the Transmitter to create the
Ultrasonic wave which is converted into a Signal and
Sent to the PCM

l ULTRASOHNIC WAVE

|
LT L=
|

D QIS g

The signal is a 5 volt square
wave. Check the amplitude of
the signal as well as the ground
level.

NOTES:

In the Karman Vortex type mass
air-flow sensor, incoming air is
forced into a vortex which creates
an ultrasonic wave. This wave is
converted into a signal which is
used by the PCM.

The frequency of the signal must
increase with RPM.
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Graphing MAF Sensors

Graphing the mass air flow sen- ; : _ AT
sor output with a graphing multi- ; \TN“h tie Grapidng Miltbmarer's Gluich

; : 3 rap connected to the signal wire of the
meter is a good way to pinpoint MAF Sensor we Know that it is the MASS
glitches. AIR FLOW SENSOR that is the problem

254

Here is a dual trace display of a
lab scope waveform and a graph-
ing meter on the same signal.

litch Trap Using A Scope

Graphing Glitch Trap |

This bump is from the Alternator

Glitches in the waveform are not
always caused by the component
being tested. Here is a mass air-
flow sensor glitch caused by a
defective alternator.

This is a graph of a Mass Air Flow Sensor

Charging volts can be graphed with any
other signal

NOTES:
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Graphing Scan-Data
_ Scan-tool data can also be
* By Graphing DATA from a Scan-Tool graphed to allow us to detect

we can see the CaICLllated Air Flow mass a|r_ﬂ0w sensor prob'emS.
Value glitch

Here, calculated air-flow values e O 55l A N
changed for no apparent reason.

Calculated Air Flow Because this is a PCM calcula-

tion and not an actual input, we
must look more closely at the
PCM.

* Understand that the Calculated Air Flow
reading is data displayed by the computer
on the Scan-Tool after it was calculated by
the computer and not a reading from a
sensor

259

NOTES:




We start by graphing powers and
ground at the same time we
graph scan-data.

Calculated Air Flow

= Because the computer must be powered and
grounded correctly in order to perform it’s
function of calculating we will want to
graph the computer’s powers and grounds at
the same time we graph the Calculated Air
Flow Value.

260

Calculated Air Flow

from a bad computer.

* That was determined by the Powers and
grounds not glitching when the Air Flow
Value glitched.

» The DATA Graph on the previous page was

Once the glitch appeared again
and there were no anomalies in
the powers or grounds, the PCM
was determined to be faulty.
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Chrysler uses a barometric pres-
sure sensor built into the mass
air-flow sensor. This sensor is
used by the PCM to modify injec-
tor pulse width based on
changes in barometric pressure.

Chrysler MAF Sensor

» Chrysler uses a Barometric Pressure Sensor
built into their MAF

* The Sensor Signal is used by the PCM to
reduce or increase the IPW to compensate
for Barometric Pressure changes

* The Sensor can change the IPW by
= 50 % Reduction
= 12.5 % Increase
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NOTES:
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