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Terminology

» Concern
customer’s reason for bringing the vehicle in
» Symptom
standard terminology to describe abnormal operation
» Condition
circumstances of abnormal operation
» Cause

system or component whose abnormal operation creates
the condition
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Driveability Symptoms

v

Engine will not crank

v

Engine cranks slowly
» No start with normal cranking speed

v

Hard starting - long cranking time

v

Engine stalls after starting
» Low idle speed

v

High idle speed

Driveability Symptoms
» Rolling idle

v

Engine stalls

v

Engine quits

» Engine runs rough

v

Engine misfires
» Hesitation
Stumble

v




Driveability Symptoms

v

Engine surge

v

Buck or jerk
» Trailer hitching

v

Lack of power

v

Spark knock
» Exhaust backfire
Intake backfire

v

Driveability Symptoms
» Runs - on (diesels)

» Poor fuel economy

» Excessive emissions

» Warning indicator (MIL)

» Exhaust smoke

» Exhaust odor
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Diagnosis SSCC

» Symptom
Clearly identify the concern
Identify the conditions in which the concern occurs
» System
Identify all possible systems
Narrow possible systems with test drive and preliminary inspections
» Component
Guided diagnosis within the identified system to pinpoint the
component which has failed
» Cause

The technician must identify the cause of the failure to prevent a
reoccurrence of the Concern

Examples of SSCC

» Symptom
Vehicle lacks power
Any type of acceleration engine hot or cold
» System
Base engine, exhaust, fuel, ignition, transmission...

Correct gear ratios and torque converter operation rule out transmission.
Vacuum test results in range rules out Base engine and exhaust.

Fuel and ignition.
» Component
Guided diagnosis leads to fuel pressure test.
Fuel pressure Specifications: 30-38psi KOEO
Fuel pressure Actual: | 5-18psi KOEO
Component: Fuel pump
» Cause
Fuel contamination has damaged fuel pump.
Drained and cleaned tank during fuel pump replacement.
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Driveability Diagnosis
» Verify the symptom » Interpret test reults
» Identify the condition » Isolate the root cause

» Identify symptoms related » Repair the problem

to the Condition > Verify the repair
» Isolate the systems

» Perform diagnostic tests

T

Basic Engine Requirements

» a combustible air/fuel mixture

» compression of the air fuel mixture so that it will produce
usable power when it burns and expands

» a spark to ignite the air/fuel mixture




Pressure Definitions

» Pressure
force exerted and distributed over a surface
measured in PSI

» Vacuum
space with less than atmospheric pressure
measured in inches of mercury

» Absolute pressure

pressure measured from a point of absolute vacuum

Modes of Engine Operation

» Starting

» Idle

» Acceleration
» Cruise

» Deceleration
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Engine Operation Variables

» Engine RPM » Compression temperature

v

» Engine load Combustion pressure

» Manifold vacuum » Combustion temperature

v

» Air volume Exhaust pressure
» Air velocity » Exhaust temperature

» Air/Fuel ratio

v

Exhaust back-pressure
» Compression pressure

Atmospheric Factors

» What affect does ambient temperature and barometric
pressure have on an engine’s ability to produce power?
warm air is less dense and contains less oxygen

a reduction in barometric pressure (such as experienced at
higher altitudes) reduces the atmospheric pressure available to
force air into the intake and the air is less dense
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Electronic Engine Controls

» Common PCM controlled functions
ignition timing
air/fuel ratio
emission control operation
automatic transmission shift schedule

torque converter lockup

Types of Computer Memory
» ROM - read only memory

v

RAM - random access memory

v

KAM - keep alive memory

v

PROM - programmable read only memory
» EPROM - erasable programmable read only memory

v

EEPROM - electronically erasable programmable read
only memory




Computer Operating Strategies

» Open loop
OL fault or OL drive

Closed loop

v

» Adaptive learning

v

Failure mode effects management

v

Fail safe operation

» Fault function

v

On-board diagnostics

On-Board Diagnostics

» OBD | - EEC IV
» OBD Il - EECV

» Technician Activated Self -Tests
KOEO

memory codes and hard faults

KOER

hard faults

» OBD Il Tests
Mode 6
Cylinder balance

Fuel injector flow tests
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PCM Controlled Circuits

» Input - sensors provide
analog and digital signals to
the PCM

» Logic - the PCM processes
the input and calculates
the output device control
signal

» Output - ground or power
is provided to control the
output devices

Pulse Signal Types

» Frequency is the number of ON/OFF signals per second.
The unit of measurement for frequency is Hertz, often
abbreviated Hz.

» Duty cycle is the percent of time a signal is ON in a given
period of time.

» Pulse width is the length of time a signal is on, usually in
milliseconds.
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PCM Inputs

» Switches » Voltage Generators

» Potentiometers » Hot Wire Sensors

» Thermistors » Electrical signals generated
» Transducers by non-electronic devices

» Hall Effect devices such as the ignition coil

» Optical devices
» Magnetic pickups

v

Frequency generators

Power Side Switches

» Air conditioning clutch
-ACC
uses voltage from the

compressor clutch
circuit

» Brake on-off - BOO

uses voltage from the
stop light circuit
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Ground Side Switches

» Power steering
Pressure - PSP

» Clutch pedal position -
CPP

» Park neutral position -
PNP

» Idle position
» Wide open throttle

Potentiometers

» Used to measure
position
» Throttle position - TP

» EGR valve position -
EVP

» Volume Air Flow
Meter - VAF
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Throttle Position Sensor

» Measures the amount
of throttle opening

» Rotary and linear
styles have been
utilized

» Voltage increases as
the throttle opens

EGR Valve Position Sensor

» Linear potentiometer
used to measure EGR
valve diaphragm
position

» Voltage signal increases
as the EGR valve
opens
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Volume Air Flow Sensor

» Air flow moves a vane
that operates a rotary
potentiometer

» Voltage signal increases
as air flow increases

» An integral thermistor
provides the PCM with
air charge temperature

Thermistors

» Negative coefficient
resistor

» Voltage dropped across
thermistor decreases as
temperature increases

» Engine coolant
temperature - ECT

» Intake air temperature -
IAT

3/17/10

14



Hall Effect

» The hall element produces a
small voltage signal when
exposed to a magnetic field
and the signal stops when the
magnetic field is blocked

» A Schmidt trigger inverts the
signal

» Crankshaft position - CKP

» Camshaft Position - CMP

Magnetic Pickup Sensors

» An AC voltage signal is induced by
rotating a reluctor/armature
through a permanent magnet/
sensor coil’s magnetic field

» Frequency increases with speed
» Vehicle speed -VSS

» Variable reluctance crankshaft
position - CKP

» Variable reluctance camshaft
Position - CMP
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Frequency Generator Pressure Sensor

» Signal generating, varying
frequency

» Frequency increases as
pressure increases

» Manifold absolute pressure

MAP
> 92to 162 Hz

» Barometric pressure -
BARO
» 122 to 162 Hz

Pressure Feedback EGR Sensors

» Pressure feedback EGR
- PFE

» Voltage increases as
control pressure
chamber pressure
increases

» Differential pressure
feedback EGR- DPFE
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Oxygen Sensor

» Titanium types
» Rich mixture - high
voltage

» Lean mixture - low
voltage

» Oxygen sensor - O2S

» Heated oxygen sensor
- HO2S Zirconium and

Hot Wire Device

» A hot wire is heated to a
constant temperature and a
thermistor measures ambient
temperature

» Air flow over the hot wire
requires additional current to
maintain its temperature

» The sensors output voltage
signal increases as air flow
increases

» Mass air flow - MAF
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PCM Outputs
Relays

v

Solenoids
» Motors

v

v

Malfunction indicator lights
» Modules

Fuel Injectors

» Air fuel ratio is
controlled by varying
solenoid on time

» Throttle body fuel
injection
» Port fuel injection

May be controlled
sequentially or
controlled in sets
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On/Off Vacuum Solenoids

» Canister purge - CANP

normally closed

» Secondary AIR bypass - AIRB

normally closed

» Secondary AIR divert - AIRD

normally closed

» EGR control - EGRC

normally closed

» EGR vent - EGRV

normally open

EGR Vacuum Regulator Solenoid

» EGR vacuum is
regulated by
controlling the EVR
solenoid’s on time -
duty cycle

» More on time will
increase the vacuum

signal provided to the
EGR

3/17/10

19



Idle Air Control Solenoid

» Used to control engine
idle speed

» Energized and de-
energized to control
air flow bypassing the
throttle plates

» Energizing the solenoid
will increase idle speed
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