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Introduction

The Engine Analyzer Module is designed to add
full-function engine analysis capabilily o any
gompatible host system.

A complete agsortment of test leads permits fast
and easy hookup to both conventional and DIS
vehicles. The portable module is connected to the
host system by an RS-232 cable which plugs into
any cpen COM Port on the host system com-
puter.
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Chapter 1 - Introduction

About The Manual...

Figure 1 details the features on each page which will allow the reader te find and understand infor-

mation guickly and easily.

o Chapter Heading - Allows the reader to
locate main section headings while
“thurmnbing through® the manual.

€) Topic Headings - Identifies major top-
ics within the chapter.

OTupic Sub-Headings - Calls attention
to important concepts.

o Hlustrations - Explain important ideas
or procedures.

o Important Reader Messages:

= When this symbol appears, the
+{ potential exists for serious injury
J and/or damage to the analyzer.
READ AND FOLLOW THE IN-
STRUCTIONS IN THIS TYPE OF
NOTE CAREFULLY!

ceuron] nfarmation in this type of note is ex-
tremely important and may affect
analyzer operation and test result
guality. READ THESE NOTES

CAREFULLY!

nate | Mates contain helpful hints and tips
o make operating the analyzer
2asiar,
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Safety Precautions

General

= To prevent electrical shock, avoid wet floors
when making electrical connections.

» Read the operating instructions before at-
tempting to operate the equipment. Keep this
manual with your analyzer at all fimes.

Personal Safety

Head all service procedures and precautions, in-
stallation instructions and equipment operating
manuals thoroughly. Failure to observe these
precautions, or the improper use of equipment,
could result in property damage, serious injury or
death. Never allow improperly trained personnel
to perform these procedures or operate equip-
ment.

Ventilation

* Provide ventilation threugh an exhaust gas re-
moval system, ventilation fans cr large doors.
Inhalation of carbon monoxide gas emission,
which is odorless, will cause a person to suf-
fer slowed reaction and may lead to serious
injury when working around an engine.

Batteries

Autometive batteries contain sulfuric acid and
produce explosive gases. To avoid battery explo-
sion and serious injury or death, follow these
important safety precauticns whenever servicing
batteries or performing tune-up procedures:

- Woear Salety Goggles!

=  Keep hghted cigarettes, sparks, flames or
other ignition sources away from battery at all
times.

+ DO NOT lay tools or equipment on battery,
Accidantally grounding the “hot” battery ter-
minal can cause shock, burns, and damage
to wiring, battery, tools or tester.

= DO NOT wear jewelry, rings, watches or
metal belt buckles when working on or around
batteries.

+ Cover battery vents with damp cloth to sup-
press explosive gases before load testing or
charging.

= NEVER lean over battery during testing or
charging.

*  When connecting battery test leads, avoid
sparks which could cause the battery to ex-
plode.

= Avoid spilling or splashing electrolyte on skin,
eyes or clothing. Electrolyte contains sulfuric
acid, is poisonous and causes severe burns.

+ Be sure work area is well ventilated and has
access to water should flushing be reguired,

4 - Engine Analyzer Modufe Operator’s Manual



Chapter 1 - Infroduction

Safety Precautions {confinued)

Make Sure the Vehicle Cannot Move
During Testing and Tune-Up

Before testing vehicles, piace the automatic

transmission shift lever in the “Park” position, -

or manyal transmission in “Neutral.”

Securely set the parking or emergency brake
on test vehicles. If there is any possibility the
vehicle will #oll, biock the wheels.

Some vehicles have an automatic release on
the parking brake when the vehicle is put in
gear. Disconnect and plug automatic release
vacuum hose before performing any tests
while vehicle is in “Drive.” if there is any doubt
whether the vehicle will remain immaobhile,
block the wheels.

Make sure motor mounts are in good condi-
tion. Broken motor mounts can cause an en-
gine to jump intc gear, or the throttle to stick
when the engine is accelerated.

Take the vehicle out of gear after setting the
carburetor. DO NOT rev the engine when the
transmission is in "Crive.”

Personal Injury

Protact Face, Hands and Feet From Burns and
Other Injury:

NEVER smoke or light a match when work-
ing on a vehicle, since gasoline vapor and bat-
tery gases are highly flammable and explo-
sive.

Make sure all electrical connections are tight.
An improperly grounded condenser can
cause engine backiire. NEVER look directly
into the carburetor throat while the engine is
cranking or funning, since backfire can cause
severe burns and injury.

NEVER remove radiator pressure cap when
system is under pressure or before the engine
has cooled. Steam or hot coolant can cause
burns if cap is removed before pressure is al-
lowed to escape or while engine is hot.

Avoid contact with hot surfaces such as spark
plugs, exhaust manifolds and pipes, muftlers,
catalytic converter, resonafor, radiator and
hoses, etc.

NEVER pour gasoline down the carbureterto
start the engine.

When engine is tunning, DO NOT touch spark
plug ignition cable wires, ignition coil or dis-
tributor cap.
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Chapter 1 - Introduction

‘Turn off ignition key before installing, work-
ing on or adjusting contact sets, condensers,
or other igniticn parts.

Handle extension lights carefully, using only
bulb-protector types. Route the cord safely
autside or above engine compartment.

Use proper tools and extensions carefully to
avoid cuts and bruises on sharp engine parts
when installing spark plugs in hard to reach
gydinders.

Wear safety goggles to protect eyes from
loose materiai flying off moving engine parts.

When working under the hood, make sure fan
blades, belts, pulleys, etc. are in good condi-
tion. Any fan blade can break, especially when
it has been bent.

Keep out of a direct line with fan blades, es-
pecially when testing timing advance with a
timing light.

Keep hands, hair and ciothes clear from any
moving parts, including throttle and trans-
mission linkages.

NEVER wear neckties, locse clothing, wrist
watches, rings or other jewselry when working
on a vehicle. Thay could catch on moving
parts or cause an etectrical short circuit result-
ing in severe electrical shock and burns.

Remove tools from vehicle before starting en-
gine. Tools can fall into moving componenis
and be propelled into the air, which could re-
sult in property damage or injury.

Avoid bringing hook-up leads over engine fan,
pump and beft areas. Whenever possible,
route leads outside of the engine com-
partment. '

Electric fans are activated by a coolant tem-
perature sensing switch. Disconnect a fan
lsad whenever working cn a hot enging with
an electric fan because the fan can start when
the engine is "OFF.”
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Chapter 1 - Introduction

- Specifications

Engine Analyzer Maodule

L

Module Power Requirements: :

Size:

Weight:

Tachometer:

7.0 t0 20.0 volts B.C.
750 mA. @ 12 volis

Height - 4.25 in.
Width - 8.50 in.
Depth - 10.75 in.
10 Ibs.

Inductive primary
and/or secondary type.

Ranges & Accuracies

Battery Voltage: Q- 20 Volts
.1 Volt Resolution

Amperage: -1009 - +1000 DG Amps
.1 Amp Resolution

Dual Trace Scope:
0 to +/- 25.00 Volts
3 MS/Division to 64 MS/Division

Chart; .01 Vol Resclution 0.5 to 10.8 seg-
onds.

Uniscope:
0 1o +/- 25.00 Volts
1.8 MS/Division to 32 MS/Division

Chart: .31 Voit Rasolution 0.3 t0 5.4 seconds

Secondary Voliage: 0 - +/- 40kV
1KV Resolution
Dwell: Q- 360°

.1° Resolution

RPM: G - 10,000 RPM
1 BPM Resoclution

Cylinder Display: 1-12

Optional Gas Analyzer Ranges

Channel Range Resolution
HC 0-2000 ppm 1 ppm
GO 0-10% 1%
COo, 0- 20% A%
0, 0-25% A%

Engine Analyzer Madule Operaior'a Manuaf - 7



Chapter 1 - introduction

Engine Analyzer Module Installation

Bear BAR-S0 Analyzers
Connact the moduie to any open host computer

Piug the serial cable into the OBD Inferface Port
serial port. Specific connections for standard host

an the back of the Gas Analyzer (see Figure 1-3).
systems follow.
100 SerlesAnalyzer,s | L]
1. Route the Engine Analyzer cable (A), (see

Figure 1-2), up through the opening {B} un-
derneath the power switch (C).

CaLD lrlerface Connecior - Fig
Engine Anaivzer Data Cebla In

N

2. Attach the 25-pin data cabie to COM 1 {D).

Tl P || e | EEEEE ||
/_—"TZI?' =
f N

Figure 1-3
200 Series Analyzers

Connect Module gata cable to Analyzer COM1
as shown in Figure 1-4.

200-Style Anelyzer

Connect Engine Anglyzer Dals
Cable Hare - Connacior Marked

Flgure 1-2
Allen BAR-90 Analyzers

Plug the serial cable into the RS-232 serial port
on the back of the analyzer head.
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Chapter 1 - Introduction

Engine Analyzer Components

This seciion describes the main hardware and
software compenents of the Engine Analyzer
Module. Use this section to become familiar with
each part of the Engine Analyzer and how it is
used.

NOTES:

« Install the leads on the Engine Analyzer Mod-
ule, if necessary. Refer to Figure 1-5 for the
proper connections.

= Connect the Engine Analyzer Module battery
clamps to the battery - btack to the negative
{-) terminal and red to the positive (+) termi-
nat.

+ Connect the data cable from the Engine Ana-
lyzer Module to the serial port on the back of
the Analyzer, if necessary.

+ Press the “ON"f*OFF" switch on the Engine
Analyzer Module. If the battery clamps are
connected correctly, the red indicator next to
the carrying handle should light.

« While all leads are not required for every test,
most leads must be in place to obtain proper
readings. Therefore, it's hest to connact all the
leads right away, to make sequential testing
easier and faster.

DIS Secondary Probe Assemblies

There are two secondary probe assemblies. One
assambly is positive (red); ong is negative {black).
Each assembiy has four small clips. These must
be clipped securely around each spark plug wire
onthe test vehicle. On 4- and §-cylinder systems,
some c¢lips will be dangiing free. Make sure they
are not touching the engine block or any other
coemponents or wires. hake sure any extra wires
cannot come into contact with a moving fan
blade.

rote | Pull the vehicle plug wires apart so that
they are at least 1" apart from each other.
Connect the DIS leads to the plug wires.
Make sure the DIS leads are at least 1"
apart from each other and from ground.
Thig prevents “cross-talk” between leads.

Engine Analyzer Module Operator's Manual - 8



Chaptier 1 - Iniroduction

Test Leads & Accessories

T

Pror oo Lo ST e m Lyttt AR R

e

M Serialf Cabie

/

Red
—Accessory
) .g_:ducﬁva \ Lead
urrent Ground for
AMP) \ Red Lead
robe
| \ Ground for
#1 Cylinder Probe Black Lead
Black Accessory Lead
Capacitive
Spark Probe — " Primary Lead
.--""'-FFFFFF had i
= Primary Lead
DIS Leads Power Leads Afligator Clip '

e

Figure 1-5
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Gas Bench Components
Optional Gas Analvzer Modiile

The Fuel System Test requires the Gas Analyzer

Bench Kit. The kit includes gas analyzer bench, Letter Component
exhaust probe (draws gas sample from the A, Exhaust Gas Outlet Hose
tailpipe into the analyzer), and dual-exhaust B Water Drain Hose
equipment,

G Filter Housing
The Engine Analyzer requires the Gas Analyzer
Bench kit for emission system testing. The gas L Sample Gas Inlet
analyzer checks the guantity of four gases in E Water Filter (Screen Type}
vehicle emissions: Carbon Monoxide (COJ; Hy- ———
drocarbens (HG); Carbon Dioxide (CO,); and  |F ine Fiter
Oxygen (0,}. This information is used 10 gener- G Gas Screen Filter
ate diagnostics. .

H Zero Air Inlet

J Low Calibration Gas Port

K High Cal Gas Port (Not Used)

10
C

A
:

ol
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Screen Components

3
|
| DIGIT#‘L SEEEIFI].RE'-' KU {1 F
4 FUEE SVSTEN :
5 EYLINDEE EFFICIEMCY o -
" | B TIMIHG {1
7  POWER THECK

B IGNITION PATTERNS

o CYLIMGER MI5S #ECALL

18  PARADE PEAKS .
Il DUAL TRAGCE STHPE i
{12 UNISGOPE N I

Copyright Automotive Dilagnostics, 1954 |

B [?3 LEnn]
SET I.H' CHECK

Figure 1-7

EXT CUSTONER
T][FSFIJEH#ITIUH

Fl EEIII
ST l.lP

Menu Screen Components

The main menu bar {see Figure 1-7) across the
top of the screen offers four choices:

= SERVICE TESTS - all of the individual tests
which can be performed on a vehicle.

 SEQUENTIAL TEST - a pre-programmed
routing to run a complete diagnostic test se-
ries on an engine.

*» DIAGNOSTIC REPORTS - Prints all or se-
lected reports on the optional printer. Alsc pro-
vides “display only” choice which allows re-
ports 10 be displayed on the screen without
being printed.

+ UTILITIES - allows the operator to set up cus-
tomer or dealer report headers, to calibrate
the test leads, change time and date setfings,
and more.

The *Service Test Menu” changes slightly for DIS
tests. ltem 5, “Cylinder Efficiency” changes to
“Cylinder Performance.” ltem 7, “Power Check,”
does nat apply to DIS engines, and will appear
“ghosted” on the screen.

nove | On some DIS applications, the Cylinder
Performance Test will appear "ghosted"
on the screen because there is not suffi-
cient vehicle-specific information avail-
able to accurately catculate cylinder per-
formance.

All the entries on the “Service Test Menu” with a
“{DY” at the end of the line on the screen will dis-
play and print Diagnostic Messages. These mes-
sages suggest probable causes and possible re-
pairs to help the operator correct proolems. For
complete details, see the “Diagnostic Reporis”
chapter.

wore | If optional Gas Analyzer Bench Kit is not
instalied, the “Fuel! System” menu choice
will appear “ghosted” on the screen.

12 - Engine Analyzer Module Operator’s Manual
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Meter & Data Screen Componenis

(1]
/
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1!?]215[125{] 12 13 W
10 /

] v 784w | ] v 14,04 v
@mmm @ G- B
(oojosmnnnzar (311 #(2] []owmz 0.07=(7)
{He|mwsnmrs {0 v( ] (il smmine e son( )
fojvusn e 1() 47 *[4)] [ 00:00 =)
== 77045 \

\
© O ©
Multipie Meter Scraen

ain

Figure 1-8

Figure 1-8 shows a typical meier and data
screen. Most screens will have these common
components:

o Meters - The meters in most cases fealure a
shadow to show the specifhied range that a
system should be reading within. Metars also
have auio ranging (sliding scales), for maxi-
mum flexibility. Meters also feature a trace
function to show trends.

€©) Data/Option Blocks - These areas of the
screen display all of the meters or opticnal
functions that are available, and/or display the
current data readings. “Ghosted” options are
not avaiiable, either bacause the meter or
function is already in use, or the meter does
not apply to the system being tested.

OMessage Bar - This bar displays test instruc-
tions, prompts and informational messagesto
explain what the analyzer is doing whiie it is
calculating test results, etc.

oCummand Keys - These boxes list the “F"
key that will activate a particular function. YJsu-
ally, pressing [F2] will move the program
along to the next step in a test or will exit the
test and return t¢ the "Enging Analyzer” main
menu.

oﬂrmws (see Figure 1-9) - When arrow icons
appear on the screen, press the appropriate
arrow to expand or shrink the display scales.
This function is available in ignition pattern
SCIRens.

Fll‘lg|E Cylinder - Secondary

Tl

Carlwwa
Panmidc

a2

O "Moo ——= M

@ Automatic Time Scale

i :
Eplinire:

tﬂrmm 1 & Baster E| bSqul:mc 3|

Use arrou keys to agjust scales

E |E Cantinee g Freeze |E Ea::;j@ |E L‘uli‘?:;w

Figure 1-9
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General Information
Definitions

Inthis manual, to “enter” a number, press or type
that number and then press [ENTER]. Example:
“Enter 1 from the Main Menu” means “press the
number 1 key, then press the key marked “EN-
TER" on the keyboard.”

note | Press the key enclosed in sguare brack-
ets. Inthe example above, the command
is “...press {fENTER],” meaning press the
key marked "ENTER” on the typewriter
keys.

Cursor - refers to the lighted dot on the screen,
or a reverse video bar, that can be moved arcund
using the arrow keys.

Engine Analyzer Module

The Engine Analyzer Module requires power
from the vehicle battery in order to operate. Make
sure that the battery clamps make goed contact
with the vahicle battery terminals. Clean the ter-
minals, if necessary.

Press the “ON"/OFF" switch near the handle on
the box - the red indicator should light up.

Use And Care

Engine Analyzer Module Use and Care

1. DO NOT drop the Engine Analyzer Mogute,
The Engine Analyzer Module wil! stand up to
most everyday bumps and jolts, but may not
survive impact cn a concrete floor.

2. Make sure that the battery power clamp con-
nections are good. Check the clamps to make
sure that they are clean and clean the battery
terminals if necessary.

3. The Engine Analyzer Module is designed to
work at between 7-20 volts. DO NOT apply
AC current to the leads. DO NOT apply any
voltage greaier than 20 volts across the power
clamps. The Engine Analyzer Module will not
work with 8-volt systems.

4. DO NOT drop the test leads.

5. DO NOT expose the Enging Analyzer Mod-
ule to rain or other meisture.

6. DO NOT open the Engine Analyzer Moduls
case - there are no user-serviceable parts in-
side.

i4 - Engine Analyzer Module Operator’s Manual



Chapter 1 - Iniroducition

Optional Gas Analyzer Use and Care

1. Check the waier trap and filter daily for exces-
sive build-up of dirt or water.

2. Repiace the sample system filter at least ev-
ery other week.

3. Store the gas analyzer exhaust probe off the
floor 1o prevent damage and contamination.

4. Remove exhaust probe from the tailpipe while
carburetor or combustion chamber cleaners
are being used in the engine. This is particu-
iarly important because ofthe highly corrosive
nature of carburetor and combustion cham-
ber cleaners.

5. DC NOT drop the exhaust probe; this will
break the probe and cause leaks.

6. DO NOT disconnect the exhaust probe from
the gas analyzer.

7. DO NOT test diesel exhaust; this will contami-
nate the sample system.

8. DO NOT use the gas analyzer while the ve-
hicle is running on a dynamometer.

General Test Procedure

1. Prepare for Testing.

A. Turmn the Anatyzer “ON." The "Module Selec-
tion” menu screen will appear (see Figure 1-
10). Highlight the "Engine Analyzer” and press
[ENTER] to start the program.

MenL Selactian

Format |.<44 Fieppy

Cogyr ight 1997 3F¥ Corporation
Version 3 .88

wee | I your anging analyzer module is inter-
faced with a Micro 4-Gas Module, be sure

the module is connected 1o the host com-

puter and that power is applied io the
module bench before entering the En-
gine Analyzer module selection.

The "Module Selediion” menu screen will re-
appear after each time the operator leaves a
softwara module.

B. The main menu screen will appear. Prass:

[F1] tc set the analyzer up for testing con-
ventional ignition;

[F2] to set up for testing DIS ignition sys-
tems;

[F3] to perform an engine-running lead
check;

[F4] to return to the “Module Selection”
screen;

[F5] to enter Cusiomer Information.

Contioved . . .
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Ganersl fest Procedyre frontinded)

2. Install the test leads on the engine.

Whiie all leads are not required for every test,
most leads must be in ptace to obtain proper
readings. Therefore, it's best to connect all the
leads right away, tc make seguential testing
easier and faster.

Accessory leads used in the Dual Trace
and Uniscope test modes should only be

MOTE

connected to voltage sources while per-
forming tests within these {est modes.
Disconnect the accessory leads from all
voltage sources when performing all
other tests.

Conventional Ignition Systems:

Yellow Capacitive Spark Probe (see Figure
1-11} around high tension lead from coil to dis-
tributor, Must be completely closed; not touch-
ing plug wires, metal parts, vacuum hoses or
water, Supplies high voltage information. (Not
used in DIS testing.)

Capaeiftive Spark Probe
#1 Cylinder Prabe
. t
Primary
Lead
"
- +
; =
i
-~
w5

Flgure 1-11

Green #1 Cyiinder Probe {see Figure 1-11)
around #1 spark plug wire. Supplies cylinder
#1 firing information.

Power Clamps {see Figure 1-12}, positive and
negative, direcily onto the battery posts. Pri-
mary Eead to negative terminal on ignition coil
{see Figure 1-11). Use the alligator clip pro-
vided. The clamps provige Enging Analyzer
Module power and system voltage readings.

Gray Inductive Amp Probe (see Figure 1-12)
around the positive or negative battery cable.
Supplies current information. Clamp must be
around all wires to terminal.

note | Cheack the arrow on the clamp carefully!

If the probe is clamped around the nega-

tive {-) terminal wires, the arrow should
point toward the battery. If the probe is
clamped around the positive {+) terminal
wires, the arrow should point away from
the battery.

Aed Clamp

Black Clamp

Figure 7-12

Accessory Leads {reler to Figure 1-5} used
for waveformydual trace display.
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Secondary Ignition Adapters

Your Engine Analyzer Module is supplied with the
617-99802 Accessory Kit. The kit contains the fol-
lowing special adapters:

The H-Clip Adapter {see Figure 1-13) provides
a hookup site for the primary lead clip on late
modge! Ford and GM vehicles.

GM H.E.l. Adapter (see Figure 1-14).

This adapter is used in place of the yellow pickup
on all GM H.E.l. vehicles where the coit and dis-
tributor are one integral unit. Disconnect the yel-
low pickup from the module lead. Plug the H.E.I.
adapter into the module lead and tighten the con-
nector ring securely. Attach H.E.|. adapter to the
vehicle at the coil.

Figure 1-13

Fords: Slip the two dimpled prongs into the dis-
tributor coil adapter. Connect the primary lead clip
to the negative {DEC) terminal side of the coil.

GMs: Disconnect the coil wires at the coil. Slip
the center connectors of the adapter into the
socket where the coil wires were connected. At-
1ach the disconnecied coif wires to the dimpled
prongs. Then connect the primary lead clip fo the
smocth prong on the negative side of the coil.

Figure 1-14

Camtinued . ..
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General Test Procedisre (continted)

Toyota HEI Adapter

Use this adapter proke in place of the standard
yellow, high-tension secondary probe.

To attach the adapter probe:

1. See Figure 1-15. Align adapter probe clip (A)
with slots and pin on adapter probe (B), then
turn counterclockwise to secure in place.

Figure 1-15

2. Place adapter probe on front-center of dis-
tributor cap.

3. Wrap adapter probe clip strap tightly around
distributor cap, then press velcro ends to-
gether to secure {see Figure 1-16).

Figure 1-16

To remove the adaptor probe:
1. Pull velcre material apart.

2. Remove adapter probe assembly.

ig - Engine Analyzer Module Operator's Manual
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DIS Leads

DIS Secondary Probe Assemblies

There are two secondary probe assemblies. One
assembly is positive (red); one is negative (black}.
Each assembly has four small clips. These must
be clipped securely around each spark plug wire
on the test vehicle. On 4- and é-cylinder systems,
some clips will be dangling free. Make sure they
are not touching the engine block or any other

wires.

Mzake sure any exira wires ¢annot come

into contact with a moving fan blade.

HCTE

Pull the vehicle plug wires apart so that
they are at least 1 apart from each other.
Connect the DIS leads 10 the plug wires.

Make sure the DIS leads are at least 1"

apart fram sach other and from groundg.
This prevents “cross-talk” between leads.

Speclal DIS Secondary Clip Connections

NOTE

a)

b)

For the GM 2.3L {QUAD-4) with 1DI Sys-
tem, and the Nissan Pulsar 1.6L, connect
secondary clips as follows:

On the GM, remove and invert the cail
assembly. Then reinstall the coil so the coil
terminals are accessible.

On Missan, ramove the cover, unbaolt the
coils and remove them from the plugs.

install plug wires between the ceil iermi-
hals and the spark plugs. GM makes a kit
for this purpese. The kit is available from
your local dealer.

Clip the secondary clips onto the spark
plug leads just installed, according to the
polarity setup of the vehicle.

See manufacturer's information for more
details on this procedure.

Ford 2.3L - This is a double spark system with
a fulltime pack that does most of the work,
and a part time pack that only operates un-
der certain conditions, for @missions controls.
Test these ignition systems in two steps:

a}

b)

Connect 1S leads to the full-time pack
and run all tests in the usual way.

After tesiing the full-time pack, connect the
DIS leads to the part-time pack. Press [F2]
and perform a DiS setup routine again,
with enging running at idle (the part-time
pack is always aclive at idle). After verify-
ing setup on the part-time pack, run any
necessary ignition system tests to check
the part-time pack.

Optional Ignition Adapters

The Model 43-243 Ignition Adapter Kit includes
the fokowing standard Primary ignition Adapters
for many domestic and import vehicles:

Ford and GM electronic igniticns (including
HEI)

GM External Cail

Ford E-Core, Thick Film Ignition {TFI} SYS-
tems

GM Micropak Coil
Acura and Honda with Hitachi ignition syste

N

Toycota, Suzuki, Subary, Isuzu, Mitsubishi and
GM imports with Nippondenso ignition system
Nissan with Hitachi ignition system

AMC, Renault, Peugot, and Jeep with Renix/
Ducellier ignition system

Cantined
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Genaral Tést Procedure (continved)

3. Set Up the Analyzer Module for the
Ignition System You Are Testing.

Conventional fgnition Systems

a) At the main menu screen, press [F1]. The
"CONVENTIONAL VEHICLE SELECTION"
screen will appear {see Figure 1-17).

CORENTIONAL VEWITLE SSECECTION. |01 L -

" Datdbase’ i Make

b) Highlight the appropriate *“Database” (regicn
of the world where the vehicie is marketed)
and press [ENTER].

now ] The Database you select will be stored
as the default selection on subseguent
vehicle setup operations. To abort the ve-
hicle selection process at any time, press
[F10] or [ESCAPE]. You will be asked if
you wish to guit without making a selec-
tion. Use the right- or left-arrow keys to
highlight the appropriate response {or
pressthe *Y" or “N” keys) and press [EN-
TER].

¢) Highlight the correct number of cylinders and
press [ENTER].

d} Highlight the appropriate vehicle “Make” (the
car division of the parent corporation) and
press [ENTER].

SHORTCUT: To quickly scroll through the list of
makes, simply press the first latier of the make
name. The curscr will move to the first make
that starts with that letter. You may also use
the Page-Up and Page-Down keys on the
keyboard to move through the list.

e) Highlight the appropriate engine (engine size
in liters and other characteristics) and press
IENTEH].

Tt You may be required to answer an additional
“qualifier” guestion. These guesiions are oc-
casionally necessary to further identify the
vehicle under test. Select the appropriate re-
sponse and press [ENTER].

vte | Press [FB] at any Vehicle Selection

screen for help. Use the F-keys listed at
the bottom of the screen to navigate
through the help screens. Press [F10] to
exit help and raturn to the Vehicle Saleg-
tion screens.

Yehicle Setyp @
Engine Cylinders: ¥
Firlng Order: | 3 4 ¢
Cycles: 4

Enter correct number

Flgure 1-18

g) After the vehicle has been selected, the “Ve-
hicle Setup” screen is displayed (see Figure
1-18). After verifying the information is correct,
press [F2] to proceed to the Lead Check
screen (see Figure 1-19).
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LEADF CHECE o @|

|

ENGINE ANALTELR STATLS - '

#1 SIGHAL !
PRIMARY SIGMAL oK,
CECONDARY SIGNAL ok

SECOND&RY TPIGEER |EVEL STaMOAROD

;[G&5 BEMCH STATUG -
SYSTEM READY,

1% conuone I I

Flgure 1-18

TRIGGER

Start the enging. The analyzer will display
a sevies of messages relating to the con-
dition of the lead signal status.

Possible Messages:
» “ENGINE ANALYZER NOT RESPONDING”
+ “ENGINE ANALYZER COMMUNICATION
PROBLEM”
» WAITING FOR ENGINE ANALYZER RE-
SPONSE”
+ Signal Status: *OK” or “MISSING”
If the signal is missing, check the following:
» lead Connecticns
+ Test Lead Connections on back of Engine
Analyzer Module
» Serial Cable between Engine Analyzer
Module and analyzer
+ Trigger Selection:
— Normal: this is the default trigger.
— High:  Use this trigger if you see erralic
RPM readings.

Direct lgnition Setup

a} Al the Main menu Screen, press [F2]. The
“DIS VEHICLE SELECTION” screen will ap-
pear {see Figure 1-20}.

OIS VEHICLE SELECTION
Batabase Tyl Hake

ztralia
European

Eng Ine

§ E'I‘Il EIN u ﬁ?

&L

3 (Bth VIN = G)
.3 (8th VIN = RJ
3 @th VIN=S T2
.3 L
At
LB R

dth UIN = U3
dth UIN = F?¥

k]
3
3
3
3
3 Bt YEN < L2

{use cursor keys. EENTERY %o accept itew. or [FE) for help.

1 E B B

Figure 1-20

b) Highlight the appropriate "Database” {region
of the world where the vehicle is marketed)
and press [ENTER].

noie | 1he database you select will be stored as
the default selection on subsequent ve-

hicle setup operations. To abort the vehicle
selection process at any time, press [F10]
ar [ESCAPE). You will be asked if you wish
1o quit withaut making a selection. Use the
right- or left-arrow keys to highlight the
apprapriate response (or press the “Y” or
"N" keys) and press [ENTER].

c) Highlight the correct number of cylinders and
press [ENTER].

d) Highlight the appropriate vehicle “Make” (the

car division of the parent corporation) and
press [ENTER].

Continued ...
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Genearal Test Procsaire (eontinded)

SHORTCUT: Te quickly scroll through the list of
makes, simply press the first Igtter of the make
name. The cursor will move to the first make
that starts with that letter. You may also use
the Page-Up and Page-Down keys on the
keyboard to move through the list.

€) Highlight the appropriate engine (engine size
in liters and other characteristics} and press
[ENTER].

T) You may be required to answer an additional
“qualifier” question. These questions are oc-
casionally necessary to further identity the
vehicte under test. Select the appropriate re-
sponse and press [ENTER].

Venicie Setup

Emgine Cylinders: B
Firing Order: | 2 3 4 5§ &

Firing Polarity: - - - + & +

Eucles: #

Multistriking: Yes

{Press 2 1f setup is correct

E | S E

Figute 1-21

note | Press [F8] at any Vehicle Selection screen
for help. Use the F-keys listed at the bat-
tom of the screen to navigate through the
help screens. Press [F10] to exit help and
return 10 the Vehicle Selection screens.

Q) All of the messages that appear on the “Lead
Check” screen apply to DIS systems. If the
analyzer disptays any problem messages,
check the following items:

¥ Make sure the secondary leads are properly
connected accorgding to the polarity setup.

¥ Make sure each secondary clip is securely
connected to its spark plug wire.

¥ Make sure the green #1 lead is installed on the
#1 cylinder wire, as far away from the DIS mod-
ule as possible. The lead should be connected
betwsen the secondary clip and the plug.

h) After the vehicle has been selected, the “Ve-
hicle Setup” screen is displayed (see Figure
1-21). After verifying the information is correct,
press [F2] to proceed to the Lead Check
screen (see Figure 1-22).

Lead Check

Engire #Analyzer Status -
#losignal
Secondary Signal

Mis=ing
Mis=ing

Safunﬁarg Trlgger Level Normal

Eas fench Status -
System ready.

Change
E Conflhue E m Trigger [

Flgure 1-22

nore | Vehicle manufacturers have added many
different DIS vehicles to their product

lines. Although every effort is made to
confirm our database information on all
vehicles, you may encounter g vehicle that
has different cylinder firing polarities from
those found in our database. For instruc-
tions on determining correct DIS polarity,
see Appendix A, “Lead Connactions for
Various Cylinder Firing Polarities.”
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4. Enter Customer Information

From the main menu screen, press iF5]. The
“Customer Information” screen will appear {see
Figure 1-23).

[CORTOMER IMFORRRTION 7 o B

WEME: John Redmond
&NDRESS: |23 Elm Street
CITY: Kalamazoo
STATE: Michigan
ZIF COOE: 2345
PHOWE: 3250008
WORK DRCER: QAARARREAIS
WEHICLE MODEL: PONTTAC CPE
VEHICLE YEAR: 4O@
DONMETER REAOTHG: 123803
LICENSE NUMEER: ABC-123
ENGINE SIZ: &£.50

Fa "
][ cnurm] ALL [ REGARD [ RECORI
Flgure 1-23

Press:

[F1} to access the customer file access scresn;
[F2] to continue on to the main menu screen;
[F3] toclear all of the data fields, te allow you to
enter new information;

1o save the customer record displayed on
the screen;

to delete the current record displayed on
the screen.

Enter the information in each field and press [F4]
to save the record in analyzer memory. Then
press [F2] to continue with testing.

[F4]
[F5]

Customer File Access

The analyzer can save customer records on the
analyzer hard drive. The information is saved by
the analyzer to allow you to work on multiple jobs
at the same time and recall the correct customer
and vehicle specification irformation on each
one.

woe | The “Customer Record” contains the
customer’s personal information (name,
address, etc.) and also the results of the
tast completed tests. These results are
available under the "Diagnostic Reports”
section after you have selected and en-
tered a customer record. The appropriate
menu items will be highlighted on the “Di-
agnostic Reports” menu.

From the "Customer Information” scraen, press
[F1]. The “Customer File Access” screen appears
(see Figure 1-24).

CUSTOMER FILE ALLESS @

ORDER # YR YEMICLE HODEL  CUSTOMER HAME LICENSE
BBEEBEST 97 FMRT W1RR MM HAEAE AITMAMTIVE FIELOD AN MME
00O L UEICK I'NHE MY ENJE

BOMEL UH Ford Isurus SIN) Ferry fochoreld CA 2234
COOBRmCa1 93 FRT PRORE &T KA Rouirn JYA RS
EBBREa11 A Piwiblar ceand SH Howdwdl Batauess [i g g 11
EaSRaHAN | AN HACE I'AEE EHEHIE Hill Jopliw EaC-914
Exohbiada] 93 FIRD FROBE GT Fuh Farmyr TYR FRFS
IAMKEEMILT MolER [HG CRETINEY FILE UM BEIVE ... ©

.LIS:E APRDW KEYS TO SELECT RECORD &NDO PRESS ENTER I
By e G

Figure 1-24

The message above the Message Center (see
A inFigure 1-25 on the next page) indicates which
drive the analyzer is storing the information on.

To select & Customer File from the list, move the
highlight bar to the desired custorner entry and
press [ENTER] to enter the information into ana-
I¥Zer memory.

Corinied . ..
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Press:

[F1] tc change the disk drive where the cus-
tomer information will be stored.

[F2] to return to the menu screen without mak-
ing any changes. If customer information is
held in analyzer memory, that information
will be deleted, and the customer last name
will no longer appear at the bottom of the
menu screen.

[F3] to display the next page of the Customer
File List, if there is ong;

[F4] to display the previous page of the Cus-
tomer File List, if there is one.

After you select a customer from the list the next
“Customer File Access” screen appears {see Fig-
ure 1-25). This screen allows you to check all of
the customer information to make sure that the
information that you wili load into memory is cor-
rect.

CUSTOMER FILE ALCESS !
[RDER YR VEHICLE MDOEL CAHETONER HAME LICENSE
GLOOOOOnU= 1 FCE Puds roe ik oL T
BECIPH ] U BAICK PRRR MIFHIE HILL SHI™ EHL-UI%
AN 91 IICE AR AREHUE TLTOE FAIMHLLF il=
Bodedcsbims BH CHEY BLAZOEE 4%4 118 I'AE1 FHAWAT THE M
BEGACOBEES HA CHAUY ALAZER 464 519 DARI Mafundi e RIM 1K
HARGORHME TH BLIE CUTLAST SEAFPHE JIK SATIHE RAI-T3%
RevaceoRT 92 FIED E154 wan HEAR FALITTANTIUE FIFLD UM HHE
BOOccEBEE 37 Fiid Trmee Mictorln  Tom Modaonsld HMA 791
BHMOEOWKT W UAryeler Hew Tkt Fes Bod Iey LERE i}
ARHHCEA 1 G Chemy Garsce Tounnimt Fimn JLE—eh
BBBBeRcG1E RA Fumljue: Grund AR Fark Ilazisn L= 1
HHHHRG1E 8 Kol Tawrus RHO Hiki: Klimg UERKE Ol
EE013] 2 [udy= Carsvan 11LI. FERIMAE JH-EES
BgapeccEt 77 Furd Crown Yictoris  Tom Acdomald HIM 333
BHHRDRG1Y B HERCIIRY RAALE 1S JARHE WL MR- 35h
HRE1YL 18 LTATIAC CPF GHE: WH | RE-T5R
PHHHHCO15 B [MTIAC LI'E CHES WA L1t

* CIERANTLY ANEREIMNG DUSHMIER FILE DW DRIVE . ... I.!

WARNTHE—NUMWEER OF CUSTOMER ®RECORBS EXCESSIVE

[ F| CHAMG FE i HEIT][F‘I- PREUImI
DESE DRIVE || CONTIMUE l FAGE PAGE):

Figure 1-25

The message above the Message Center (‘A' in
Figure 1-25) indicates where the information is
being retrieved from.

NOTE

If you confirm this record as the correct
record, the informaticn shown on this

screen and the test results recorded at the
time that this record was last entered into
memory will replace any customer and
test data currently in analyzer memory.

Fress:

[F1]

[F2]
[F4]
{F5]

to change the drive that the records should
be retrieved from;

1o continue without loading the record;

1o load the record into analyzer memary,
1o permanently delete the record fraom the
customer record list stored in the analyzer.
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5. Select ATest

Use the arrow keys to move back and forth along
the main menu bar at the top of the screen. To
select a test from a “pop-down” menu, use the
Up or Down Arrow keys to highlight the test you
chocse. Press [ENTER] to start the test.

You can also seiect a test by typing in the test
number and then pressing [ENTEH]

SERULLE
TESTS

At AN T
DIGITAL SECONDARY KM o
FUEL SYSTENM

CYLTHOER. EFFICIENCY i
TIHING LB
POHER CHECE

IGHITION FATTERNS

CYLINDER MISS RECAEL

PARADE PEAKS

HIBL TRACE SCOPE

IMISCOPE

e — & G e e —

Copyright Automotive Diggnostics, 1994

T CiM | (F4
EHECK

SET IJF

T IIIS] [Fa

% CIETIHER|
SET WP J[EHFHRHﬁTIDN

The “Service Test Meru” changes slightly for DIS
tests. Iltem 5, "Cylinder Efficiency” ¢changes to
“Cylinder Performance.” ltem 7, "Power Check,”
does not apply to DIS engines, and witl appear
“ghosted” on the screen.

nate | On some DIS applications, the Cyiinder
Petformance Test will appear “ghosted”
an the screen because there is not suffi-
cient vehicle specific information avail-
able to accurately calculate cylinder per-

formance.

Al the entries on the "Service Test Menu” with a
“{D)" at the end of the line on the screen will dis-
play and print Diagnostic Messages. These mes-
sages suggest probable causes and possible re-
pairs t¢ help the operator correct problems. For
complete details, see the “Diagnostic Reporis”
chapter.,

Flgurs 1-28

The main menu bar (see Figure 1-26) across the
top of the screen offers four choices:

« Service Tests - all of the individual tesis
which can e performad cn a vehicle.

» Sequential Tests - a pre-programmed rou-
tine 10 run a complets diagnostic test series
on an engine.

» Dlagnostlc Reports - Prints all or selected
reports on the printer. Also provides “display
only” choice which allows reports to be dis-
played on the screen without being printed.

= Utilities - allows the cperator to set up cus-
tomer or dealer report headers, to calibrate
the test leads, change time and date settings,
and more.

note | If optional Gas Analyzer Bench Kit is not
installed, "Fuel System” menu choice will

appear “ghosted” on the screen.
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6. Run the Test and Access Diagnostic
Messages

Follow the screen prompts to run the test that you
setected. Each test usually provides g “live”
screen which allows you to see the current sys-
tem status. The “live” screen will show you the
resuits of any adjustments that you maks.

Most tests will allow you to repeat the procedure
if you make a mistake or if the vehicle will not be-
have properly.

7. PrintTest Reports

After you complete any test, you can returnto the
main menu and select “Diagnostic Reports.” All
available reports will be highlighted on the “Di-
agnostic Reponts” menu (see Figura 1-27).

MIENTIA DIAGHRETIC

SET TITICITIES |
TESTS TEST REPORT =

HLL SEFDETE
DIGITAL SECOHDARY Ky
FUEE S¥STEM

C¥LIWDER EFFICIEMCY
TINIHG

LR SRl —

[ s_gr_g:?z snuﬁ}[w _EEEEE] _]{:Mrnmrmj

Figure 1-27

Highlight the report that you need and press [EN-
TER] to print that report. Select "ALL REPORTS”
to print all of the available reports.
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Multiple Meters

MEASLIREMENTS

11 128 128 148 158 |68

13, 65 wrs [

H.EB?‘-{E] [Elf]wm.t. .G | F
T nemrocneron: Pmﬁ (=] ranenr ~G ez
[tﬂ;‘]mxu.n DRI 18. 96 1[4_] {@] TLHER B8 B4 5s.
Ba ey 2.58+5)

USE AFROM KEYS TO SELEET METER

IRncEjipgllR__HETEn][n_m r%][” EIETEE[

Figura 2-1

The “Multiple Meters” screen allows the opera-
tor tc see the “live” results of any adjustments
made on the tast vehicle.

The default meters {(RPM and Volts) will atways ap-
pear when “Multiple Meiers” is selected. Use the
RIGHT and LEFT Arrow keys to selact an active
meter in order t¢ change it to ancther meter.
Active meters display a yellow barder. In Figure
2-1, the “Engine Spesd” meter is active. All of the
datajoption blocks except for the timer can be dis-
played as meters. Press the number matching the
data/option block te display that meter. “Ghosted”
data biocks are not available for meter display,
either because they do not apply, or because they
are already in uge. The available meters:

+ Enging Speed

+ Carbon Monoxide {CO)

+ Hydrocarhons (HC)

» Carbon Dioxide {CO,)

» Oxygen (0,)

* Volis

« Dwell (not available for DIS)
« Current

From the "Mukiple Meter” screen, press:
[F1] to toggle the gas analyzer sample pump
“ON” and "OFF.”

to continue on o the nexttest. The program
returns to the “Service Test Menu.”

to print the “Multiple Meter” report.

to display the next set of command options
(new “F" key commang setections).

[F2]

[F4]
[F&]

Press [F5] once to see the second set of com-
mands. Then press:

[F1] to toggle the “trace” function “ON" and
“OFF" on the highlighted meter.

to “zero center” the highlighted meter.

to toggle the test timer “ON* and "OFF."
to clear the meter (this function redraws the
meter and turns the “trace™ and “zero cen-
ter” functions “OFF.”

to display the last available set of command
options (“F’ key command selections}.

[F2]
[F3]
[F4}

[F5]

Press [F5] twice to see the third set of commands.
Then press:

[F3] to toggle the test timer “ON™ and “OFF.”

[F4] to “zero” the grey amp probe lead.

[F5] todisplay the first page of “F’ key command
options again.

netE | Non-US customers may ses a slightly dif-
ferent Multiple Meters screen which in-
¢cludes Lambda in place of the Timer, and
a Corrected CO display. Stari/Stop Timer
F-keys will be blank on these applications.
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Cranking/Charging Test

Conventional Ignition Systems:

womon] Place the transmission in “Park” or, if EEMKMIFT S
A manual, “Neutral.” Set the parking braks. ; — :
Make sure the vehicle cannot roll, H neo- RATIHG g
essary, chock the wheels. P
: 8.
1, Select ltem 2, “Cranking/Charging Test” from |:Etm§:., e |m o tTeteTm
the “Service Test Menu.”
r.n.mnm WILTS 2, EELblts_][EE]w'm CIRAIT BLTE 2, 55!1..“.*]
2. Follow the screen prompt and type in the [E] rrmane e 198 e ) ] 2636 )
p p Fp anum. vy, ][@mnmﬂlm HUR 200 ]

vehicle's battery CCA rating. When finished,
press [F2].

ENABLE FLUEL SYSTEM = START ENGINE

[ e

Figure 2-2

ﬂEUET”

3. The Engine Analyzer Module will then zero
the amp probe. Follow the next screen prompt
and remove the amp probe from the battery
cables. Hemove the probe, then press [F2]. &. The prompt “Accelerate To 2000 RPM Within 5
Seconds” appears. Accelerate smocthly to

4, The Engine Analyzer Module then zeroes the 2000 RPM. The screen will then display the

probe. When the “Reattach Probe” prompt
appears, reinstall the amp probe, then press
[FZ2].

charging test readings (see Flgure 2-3]

CHARGING TEST @

NOTE

Make sure the probe is clamped around "
all the wires attached to the battery ter- w

minal! Check the arrow on the clamp
carefully! If probe is clamped arcund

® oo e 2152, |

[ || w |||| | |[_}nﬁ:mrrw Wi T id, @7 vairs)

.nl.mmm.ﬁ MES 3|f-1m]

15 'FHE_ OI00E FATTERN GOOD?

negative (-} terminal wires, arrow should
point toward battery. If probe is clamped
around positive (+) terminal wires, arrow
should point away from battery.
5. Follow the next screen prampt and crank the G 0
angine until it staris. After the Engine Analyzer Figure 2-3
Module reads the cranking data, it will display
the readings on the screen (see Figure 2-2).

Mmoo =-toO
Zmm——27T
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7. Follow the screen prompt and run the enging
at 2000 RPM for 30 seconds. When the timer e

times out, release the throttle and lock at the . ¢ t"mm
display screen. D & i
. ’\“\[ [ N e
8. The diode pattern will appear in the lower lefi- E R | s
hard corner of the screen (see Figure 2-3).

Follow the screen prompt and determing
whether the diode pattern is good or bad.
Compare the pattern on the screen to the
patterns shown on this page. A good pattern Shorted Diode Pattern

will have regular, even waves, with some
- (@
EMNGINY

variation acceptable. A bad patiern has un-
even or irregularly-shaped waves (see Figure
. ALTER

2-4). Press:

moo=
ZIM==7

[F1]1 for yes, the patiern shown on the
screen is good;

[F2] forno, the pattern shown on the screen
is not good.

| IS DIODE PATTERHN GOOO?

Opan Diode Pattern

Ul

Figure 2-4
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Cranking Test: DIS

cabmen] Plage the transmission in “PARK” or, if

. manual, *“NEUTRAL." Set the parking
brake. Make sure the vehicle cannot roll.
If necessary, chock the wheels.

DIS Test Procedure

1. Select ltem 2, “Cranking/Charging Test’ from
the “Service Test Menu."

2. Follow the screen prompt and type in the
vehicle's battery CCA rating. When finished,
press [F2].

3. The Engine Anaiyzer Module will then zero
the amp probe. Follow the next screen prompt
and remove the amp probe from the battery
cabies. Aemove the probe, then press [F2].

4. The Engine Analyzer Module then zerces the
probe. When the "Reattach Probe” prompt
appears, reinstall the amp probe and then
press [F2].

note | Make sure the probe is ctamped around
all the wires attached to the battery ter-
minal!l Check the arrow on the clamp
carefulty! If probe is clamped around
negative {-) terminal wires, arrow should
point toward battery. If probe is clamped
around positive {+) terminal wires, arrow
should peint away from battery.

5, Follow the screen prompt and disable the fuel
system. The procedure is different depending
an the vehicle being tested.

Disabling Fuel Systems
Fue! Infected Systems

Ported Fuel Injection {PFI) With Clear Flood

Mode and Sequential Fuel Injection (SEFI)

With Clear Flood Mode

1. Turn the ignition key to the “RUN" position.

2. Depress the accelerator all the way to wide
open throttle.

3. Begin cranking the engine until prompted to
enable fuel system.

note ] If the engine starts, immediately release
the accelerator pedal and rerun the test.

4. Release the acceleratcr and centinue crank-
ing until the engine starts.

Ported Fuel Injection (PFI) Without Clear
Flood Mode and Sequential Fuel Injection
{SEFl) Without Clear Flood Mode
1. Disconnect fuel pumg relay or inertia switch.
2. Runthe engine until all fugl is exhausted from
the fuel system.
3. Followthe screen prompts to complete the test.

Throttle Body Injection {TBI) and Central
Fuel Injection (CFI)
1. Disconnect the fuel injector connector(s) at
the fuel injector.
2. Runthe engine until all fuel is exhausted from
the fuel system.
3. Followthe screen prompis to complete the test.

Carbureted Systems

Carburetor W/ Electric Fuel Pump
1. Disconnect fuet pump relay or wiring connec-
tor to fuel pump.
2. Runthe engine untit all fuel is exhausted from
the carburetor bowl.
3. Foliowthe screen prompts to complete the test.
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Carburetor W/ Mechanical Fuel Pump
1. Crimg rubber fuel inlet hose with hose pliers.
2. Aunthe engine until ali fual is exhausted from
the carburetor bowl.
3. Follow the screen prompts to complete the
test.

Carburetor W/ Decel Valve

1. Disconnect decel valve per manufacturer's
recommendations.

2. Run the enging until all fuel is exhausted from
the carburetor bowl.

3. Follow the screen prampts to complete the test.

Compiete The Test

1. The prompt “Accelsrate To 2000 BPM Within
5 Seconds” appears. Accalerate smoothly to
2000 RPM. The screen will then display the
charging test readings (see Figure 2-3).

2. Foillow the screen prompt and run the enging
at 2000 RPM for 30 seconds. When the timer
times out, release the throttle and look at the
display screen.

3. The diode pattern wilt appear inthe lower left-
hand carner of the screen (see Figure 2-3).
Follow the screen prompt and determine
whether the dicde pattern is good or bad. A
good pattern will have regular, even waves,
with some variation acceptable. A bad pattern
has uneven or irregularly-shaped waves (see
Figure 2-4), Press:

[F1] - far yes, the paitern shown on the screen is
gocd;

[F2] - for no, the pattern shown on the screen is
not good.

DIS Cranking Test results are displayed inthe
same format as Conventional Cranking Tests.

Cranking Test Error Messages

The following messages may appear during
cranking test, under certain conditions:

“Engine Dieseled” - appears if a cylinder fires
during cranking. This message may also appear
when the trigger is bad (due to erratic RPM read-
ings). Repeat the test. If this message appears
again, and the engine did not diesel, go to the
main manu screen and perform a “Lead Set-Up”
and check the trigger.

"Engine Started; Repeat Test”- appearsifthe en-
gine started before cranking information could be
gathered, Shut the engine “OFF.” Press [F3] and
run ithe test again.

"Reverse Direction of Amp Probe”- appears it the
amp probe is installed incorrectly. If the probe is
clamped around regative terminal wires, arrow
should point toward battery. If probe is clamped
around positive terminal wires, arrow should point
away from battery.

“Cranking Speed Too Low - Retest” - cranking
revolutions are too low; recharge the battery or
make any repairs needed t¢ improve cranking
speed.

For Conventional Cranking Tests Only:

“Check Test Leads For Proper Connections” - the
Engine Analyzer Module recognizes a current
draw, but no ignition clocks. Check all test leads.

For DIS Cranking Tests Only:
‘Check DIS Leads and/or ignition Module” - the

Enging Analyzer Module recognizes a current
draw, but no cylinger firings. Check all test ieads.
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Digital Secondary kV

Conventional Ignition

OIGTTAL SECEMORRY EV
i CONVENTIONAL IGNITION SYSTEM
i M = B il .
CYT. i1 THIFH e TFEL.TA R g; I
! i TIHE -] Kl W ' !
: 1| a5 | 1.7 18 i 14 ]
: 2l 86 | 1.8 | 18 t 2 | s
: 8 wE | 15 [ i 4 1 k]
. Al B6 | 1.4 | 1@ 2 4 | e
: 5 66 | 16 | 11 t 12 7
: Bl er | 14 | e ‘& 5 |8 ]
: 7| 86 | 15 | 18 B 5 [ 1
j Bl s | 12 | 18 2 17 5
i
i ‘.[FE T3 ] T :
1 L cOMTINUEL  RETEST l PRINT ;.
Figure 2-5

The kV test samples a series of firings for each
cylindsr, then reports on individual spark plug
burn times {milliseconds) and the following kY
readings:

“BURN TIME” - The length of time in milliseconds
that the spark plug is arcing.

“BURN kV” - The average kV required t¢ main-
tain the spark. The amount for each cylinder's
secondary circuit is stored and shown on the
screen in the proper cylinder column,

“AVERAGE KV~ - The average firing kV required
1o intiate a spark, The amount for each cylinder's
secondary circuit is stored and shown on the
screen in the proper cylinder column.

“DELTA kV” - The difference batween the mini-
mum and maximum kY.

After Delta kV is displayed, the operator will be
prompted to snap the throttle wide open and ra-
lease it. This action is needed to obtain Snap kV
and Circuit Gap valuss.

“SNAP kV” - Secondary kV for each cylinder is
sampled under toad caused by engine acceiera-
tion. The maximum firing kV value is stored and
shown on the screen.

“CIRCUIT GAP kV” - The voitage required to
jump the largest air gap (except spark plug gap)
in each cylinder secondary circuit is stored and
shown on the screen. The value shown repre-
sents the minimum required firing kV during de-
celeraton.

Repeaating this test may yield slightly different val-
ues due to variations in mixture richness, turbu-
lence, temparature, &tc.

1. Start the engine. Select Item 3, “Digital Sec-
ondary kV" from the “Service Test Menu." The
“Digital Secondary kV” screen appears (see
Figure 2-5).

2. Follow the screen prompt and “snap” the
throttle. The Engine Analyzer Moduie mea-
sures the burn time, various kV readings and
circuit gap, and then displays the results for
each cylinder on the chart on the screen.
Press:
[F2] te continue. The program will return 1o

the "Service Test Menu,”

to run the test again.

to print the “Secondary Ignition Report.”

[F3]
[F4]
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Digital Secondary kV - DIS
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Flgure 2-6

The screen displays tachometer and digital RPM
readout. Follow screen prompt and allow engine
RPM to stabilize at idle (300 - 1600 RPM). When
RFPM is stable, press [F2].

Secondary data is collected from the DIS system.
After a few seconds, the display screen reports
the following kV readings for the Compression Fir-
ings and Exhaust Firings of each cylinder (see
Figure 2-6):

“AVERAGE kV" - The average firing kV required
to initiate spark, averaged over a number of fir-
ings.

“DELTA kV" - The difference between the mini-
mum and maximum firing kV.

“BURN TIME” - The length of time in milliseconds
that the spark plug is arcing.

Again, repeating this test may yield slightly dif-
farent values, due to variations in mixture rich-
ness, turbulence, temperature, etc.
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Fuel System

This tast provides an “Automatic” mode which al-
lows the operator to remain in the car to control
the accelerator during the test.

MCTE

This menu item will appear “ghosted” on
tha screen until the Optional Gas Bench
Kit has been installed. See your local
service representative for details.

FUEL SYSTEM =~ i

]
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1,88 1351 {I1.p0@| 2.27|

_|~ AUTOHATIC J[
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Figure 2-7

Test Setup

1.

Start the engine, if necessary, Select ftem 4,
‘FUEL SYSTEM,” from “Service Test Menu.”

. A special "Fuel System” screen appears.

Press:

[F1] tio select carbureted fuel system;
[2] to select fuel injection system.

. The "Emissions Specifications” screen ap-

pears. Follow the screen prompts and type in
the requested vehicle data:

&) the lasttwo digits of the vehicle model year
k) then press [F2].

. On some (non-US) applications, the analyzer

prampts for entry of emission specifications
for CO and HC. Default specifications are
automatically entered, based on the vehicle
model year and ite correspanding entry in the
Diagnostic Limit table in the Utilities Menw,
Make any necessary modifications and press
[F2] to proceed.

. The “Fuel System” meter screen appears (see

Figure 2-7). The Engine Speed Meter on the
left side will always be displayed. Press [F5]
to toggle right meter through sach exhaust
gas.

. Choose either the “Manual” or “Automatic”

test mode as described below to compiete the
test.
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Manual Mode Automatic Mode

1. Follow the screen prompt and adjust the 1. Press [F1] to begin testing under "Automatic”

vehicle’s engine to run at the manufacturer's
idle RPM. When the engine is running at the
correct RPM, press [F2] 1o start the test. The
Engine Analyzer Module wili read the RPM
and dilution valueg, and will display the results
on the screen, with a shadow function to show
the acceptable range.

noie | This test meter screen features a “shadow
function” which shows the acceptable

range for meter readings. When making
adiustments, make sure the “reading” ling
is within the shadow.

2. After the idle portion of the test is complete,
follow the screen prompt and adjust the en-
gineg RPM for cruise speed. When the engine
is at “cruising” RPM, press [F2]. The high-
speed portion of the test will run.

3. The meters will change te display the high-
spesad data. When the screen prompt “Test
Complete - Results Stored” appears, press:

[F2] to return to the “Service Test” menu;

[F3] o repesatthe tost;

[F4] 1o print a report listing the results and
any diagnostic messages avaitabte.

mode.

Follow the screen prompt and adjust the
vehicle's engine to run at the manufacturer's
idle RPM. The Engine Analyzer Madule will
read the RPM values over a set number of
revolutions and will begin sampling automati-
cally when a stable RPM is reached. The
Engine Analyzer Module will automatically
display both the "Low Speed’ and “High
Speed” resuilts on the screen, with a shadow
function to show the acceptable range.

natE | This test meter screen features a “shadow
function” which shows the acceptable

range for meier readings. When making
adjustments, make sure the “reading” line
is within the shadow.

2. The meters will change to display the high-

speed data. When the screen prompt “Test
Completed - Results Stored” appears, press:

[F2] io return to the “Service Test” menu;

[F3] to repeat the test;

[F4] to print & report listing the results and
any diagnostic messages available.

Engine Analyzer Module Operator's Manual - 37



Chapter 2 - Service Tests

Cylinder Efficiency/Performance

CYLINOER EFFICIEMCY ' ' 7]

B . . 1ee |50 2eo

STRBILIZE EMGIME SPEED AT TIME RPM, BEFURE COMTIMUING

.: ][FE GEINHNUE_][ q” . ][ .

Figure 2-8

The Cylinder Efficiency test compares the rela-
tive power contribution of each cylinder to over-
all engine performance. The test measures power
lost when each cyfinder is inhibited. Then the
computer calculates the relative contribution of
each cylinder and displays that information on the
screen in the form of a bar graph.

1. Select ltem 5, “CYLINDER EFFICIENCY"
from the “Service Test Menu.”

2. The “Cylinder Efficiency” meter screen ap-
pears. Adjust the vehicie's engine to provide
a stable RPM reading, and then press [F2].

3. The “Cylinder Efficiency” data screen ap-
pears. The prompt "Please Wait - Collacting
Data” appears. Each cylinder block will be
highlighted as the data is collected from it.

CYLINEER EFFIETENCY '
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Figiire 2-9

After the data has been collected, the computer
calculates the resufts and displays the RPM
Drop Values in the boxes under the graph, and
then displays a diagnostic message in the mes-
sage box (see Figure 2-9). Press:

[F2] 1o continue to the main menu:

[F3] to repeat the test;

[F4] to print the “Cylinder Efficiency” report.

« The verical bars represent the power LOST
when a cylinder is “killed.” The taller the bar,
the greater the power ioss. There is a bar for
each cylinder and they are arranged in firing
order,

« The "AVG”line shows the average power loss
experienced during the cylinder test.

*  The *LOWline is a caution line. A vertical bar
which ends below or near this line represents
a weak gylinder.
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Cylinder Performance {DIS Vehicles)

When the Engine Analyzer Medule is set up for
DIS testing, ttem 5 on the “Service Test” menu
changes to read “Cylinder Performance.”

nare | On some DIS appiications, the Cylinder
Performance Test will appear “ghosted”
on the screen because there is not suffi-
cient vehicle-specific information avail-
able to accurately calculate cylinder per-
formance.

The Cylinder Performance iest compares the
relative power contribution of each cylinder to
overall engine perfermance. The computer cal-
culates the relative contribution of each cylin-
der and displays that information on the screen
in the form of a bar graph.

1. Select ltem 5, "Cylinder Performance” from
the “Service Test Menu,”

2. The "Cylinder Performance” meter screen ap-
pears. Adjust the vehicle’s engine to provide
a stable RPM reading, and then press [F2].

3. The “Cylinder Performance™ data screen ap-
pears. The prompt “Please Wait - Colfecting
Data” appears.

Afer the data has been collected, the com-

puter calculates the results and displays the

Rating Values in the boxes under the graph,

and then displays the message "Testing Com-

plete” in the message box (see Figure 2-10),

Press:

[F2] to continue to the main menu;

[F3] to repeat the test;

[F4] to print the “Cylinder Performance” re-
port.
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Flgure 2-10

The vertical bars represent cylinder power
output. The taller the bar, the greater the
power output. There is a bar for each cylin-
der and they are arranged in firing order.
The “AVGE" line shows the average power loss
experienced during the cylinder test.

The "LOW" ling is a caution line. A verticat bar
which ends below or near this line represents
a weak cylinder.

MOTE

Important Notes:

« During testing, the engine fan may start, caus-

ing a dramatic RPM change which could af-
fect test results. You may then need to repeat
the test to achieve accurate results. If pos-
sible, either make sure that the fan runs all the
time during the test or disconnect it entirely.
If you disconnect the fan to run the test, be
sure 1o reconnect it when yeu are finished.

If test results are inconsistent over two or
three tests, check for:

— Mixtursfvacuum leak

— Engine or cylinder problem.
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Timing Results Entry
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Figure 2-11

This function allows the operator to enter the tim-
ing values to allow the Engine Analyzer Module
o generate diagnostic messages.

note | Thistest meter screen features a “shadow
function” which shows the acceptable
range for meter readings. When making
adjustments, make sure the “reading” line
is within the shadow.

1. Select tem 6, "TIMING,” from the “Service
Test Menu.”

2. The “Timing Specifications” screen appears.
Type in the required timing and RPM spacifi-
cations. Press [ENTER] after each entry. To
correct a mistake, press the up- or
down-arrow keys to scroll up or down the list.
When finished, press [F2].

3. The "Timing Results Entry” screen appears

(see Figure 2-11). The “Basic” data box will
be highlighted.

Use a timing light to measure timing. Then
press the up- or down-arrow keys to change
the values shown on the screen so that they
match the actual readings.

- Press [F2] to highlight the “TOTAL/AD-

VANCE" data box. Press the up- or
down-arrow keys to change the values shown
on the screen so they match actual readings.

. The Engine Anatyzer Module then compietes

the test and stores the resutts, Whenthe “Tim-
ing Test Completed” prompt appears, press:

{F2] tocontinue on to the next test, The pro-
gram returns to the “Service Test
Menu.”

[F3] torepeat the test.

[F4] to print the “Timing Test Report.”
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- Power Check
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Figure 2-12

Power Check allows the operator to “kill® cylin-
ders and watch the resulting changes in engine
RPM, HC, CO, GQ, and O,. This information al-
lows the operator to evaluate the performance of
individual cylinders. This test will provide better
resulis on clder engines or on engings which are
running roughly.

vore | IMPORTANT: Power Check does NOT
apply to DIS systems.

more | Most computer-controlled fusl manage-
ment systems compensate for RPM loss
during Power Check. This compensating
feature can often be disabled (by dis-
abling the idle speed controls to force an
open toop condition) according to the ve-
hicle manufacturer's instructions. How-
ever, it may be easier to run a Cylinder
Efficiency test, which wifl not trigger the
computer compensation.

Whaen finished, remember to reconnect any com-
pcnents disconnected from the vehicle.

1. Start the engine, if necessary.

2. Select item 7, "POWER CHECK” from the

“Senvice Test Menu.”

. The “Power Check" screen appears (see Fig-

ure 2-12). Follow the screen prompt or press:

[F1] to run an automatic sequence. The
Engine Analyzer Module will kilt each
cylinder, one at a time, iake readings
and display the test resuits.

[F2] tocontinue ontothe next test. The pro-
gram returns to the "Service Test
Menu.”

[F3] torelease aninhibited cytinder. Type in
the number of the cylinder to be re-
leased.

[F4] to print the “Power Check Report.”

[F5] to clear the screen. If the "Automatic”
sequence is selected, the Engine Ana-
lyzer Module wilt begin displaying new
readings as each cylinder is retested.

. Make sure the engine is running at a stable

RPM. For manual testing, type in the cylinder
number(s) to inhibit. The Engine Analyzer
Module then inhibits the cylinder and charts
the vartous readings. Type the numper of an
inhibited cylinder 1o release that cytinder.

. When finished, press [F2] to return to the “Ser-

vice Test Menu,”
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Ignition Patterns

For correct results, the engine must be running.
From the main menu, press [F3] fo make swre the
Engine Analyzer Module is receiving good signals
from ali sources, and number of cytinders are cor-
rect. For testing DIS vehicles, the Engine Ana-
lyzer Module must get a geod secondary trigger.

1. If necessary, start the engine.

2. Select ltem 8, “IGNITION PATTERNS” from
the “Service Test Menu.”

3. The sequential pattern appears. To change
the pattern display, type in the pattern num-
ber as shown across the bottomn of the dispiay.

Parade Pattern
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Flgure 2.13

The parade pattern: {see Figure 2-13) shows kV
peaks of all active cylinders. The format of this
pattern cannot be changed. Press:

[F2] tocontinue ontothe nextiest. The program
returns to the "Service Test Menu.”

[F3] to toggle between display “Freeze” and
“‘Unfreeze.”

[F4] totoggle optional gas analyzer readings on
and off.

Press Up and Down Arrow keys to change the
vertical scales available:

0 10 40kV

0 to 20kV

0 to 12k

For DIS vehicles ONLY (see Figure 2-14), press:
[F4] to toggle the gas readings on and off.

[F5] to toggle between DIS exhaust and com-
pressicn patterns.
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Figure 2-14
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Raster Patterns

Sequential Pattern
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Figure 2-15

Raster patterns display the waveforms for all
cylinders at one time (see Figure 2-15). The
patterns are arranged in firing order from top to
bottom. Press:

[F1]
[F2]
[F3]

[F4]

to toggle back and forth between primary
and secondary patterns;

to continue on to the next test. The program
returns to the “Service Test Menu.”

to toggle between display “Freeze” and
“Unfreeze.”

to toggte the gas readings on and off.

Press the right- or left-arrow keys to change
ihe horizontal iime scale. The default mode
is “Automatic Time Scale.” The Time Scale
range is from 1-4 miliiseconds. The scale can
be changed in 1-millisecond increments.

|
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Figure 2-16

Sequential patterns (gee Figure 2-16) display a
waveform for each cylinder, in firing order as en-
tered through the “Setup” function at the main
menu. Press:

[F1]
[F2]
[F3]

{F4]
[F8]

to toggle back and forth between primary
and secondary patterns;

to continue on to the next test. The program
returns to the “Service Test Menu.”

to “freeze” the pattern on the screen.

to toggle the gas readings on and off.

to change the screen detay, slowing the re-
fresh rate.

Press the right- or left-arrow keys to change
the harizontal time scale. The default mode
is “Automatic Time Scale.” Tha Time Scals
range is from 1-4 milliseconds. The scale can
he changed in 1-millisecond increments.

continued...
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Single Cylinder Patterns
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This pattern will display the wavetorm for a single
cytinder (see Figure 2-17). Press:

[F1] to toggle back and forth betwaen primary
and secondary patterns.

to continue on to the next test. The program
returns to the “Service Test Menu.”

to “freeze” the pattern on the screen.

to toggle the gas readings on and off.

1o display the next cyfinder in firing order.

[F2]

[F3]
(F4]
[F5]

Press the up- and down-arrow keys to change the
vertical scales available;

-10 to +40

210 +7

Press the right- or left-arrow keys to change the
horizomtal time scale. The default mode is “Auto-
matic Time Scale.” The time scale range is from
1-10 milliseconds. This scale can be changed in
t-millisecond increments,

MOTE

For IS systems, the [F1] function key wil
not appear, since the primary waveform
will appear as a meaningless fiat line.

SINELE CYLTHOER - SECONDARY

—
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WOTE

Figure 2-18

Figure 2-18 shows a pattern in “ex-
panded” mode at 1-millisecond/division.
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Cylinder Miss Recall

CYLINOER MISS RECALL

SRR
2 Lﬁw*va;‘i:wtl»-HwLLme%wb[»a

HEITIH |B] :
i enarmex v|8l4a]316|s7;e]
@m Tz ey |05 (606 |87 |06 (0.7 | 0.7 |68 0.7 I
A e we sl | m] s n| 8] 9: sl

USE UF ARROE AND O0WH ARROWS T0 CHANGE EESMLHTION

A EETEST]' CERTINUE 60 [ F'RINT_][

Figure 2-18

Cylinder Miss Recall pinpeints misfiring cylinders
by recording the waveforms from each cylinder
firing and playing them back for the cperater to
examine. Before running this test, press either
[F1] or [F2] from the main menu and make sure

that:

» the number of cylinders is entered corractly;

- the firing order is entered correcily,

= the Engine Analyzer Module is getting signals

from the test leads.

1. Start the engine, if necessary.

2. Select ltem B, "Cylinder Miss Recall” from the

“Service Test Menu.”

3.

The “Cylinder Miss Recall” screen appears
{see Figure 2-19). As the computer gathers
the raquired information the prompt “Coflect-
ing lgnition Patfterns” appears. Follow the
screen prompts and press:

(F2] tocontinue on te the nexttest. The program

raturns to the “Service Test Menu.”

{F3] to begin displaying the recorded informa-

tion on the screan.

The "Cyfinder Miss Recall” screen displays the
following information for each revolution when
playback is stopped by pressing {F3]:

Revolution number;

Burn time per cylinder, measured in millisec-
ongs;

Peak kilovolts, per cylinder.

The Engine Analyzer Mcdule will play back
each revolution recorded until the operater
stops the playback.

Press:

{F1] 1o repeat the test.

{F2] 10 continue on to the next test. The pro-
gram raturns 0 the “Service Test
Menu.”

{F3] to stop the playback on a particular
revolution.

[F4] to print the “Cylinder Miss Recall Re-
port.”

Watch the screen for the miss, When it ap-
pears, press [F3] to stop the piayback. If the
“frame” that shows the misfire is missed, press
the up-arrow key to see the next revolution or
press the down-arrow key tc see the previous
revolution. Press [F3] to resume the playback
again.
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Parade Peaks
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Figura 2-20

This test provides a visual reference of the high,
low and average firing kilovolts for each cylinger.

1. Start the engine, if necessary.

2. Select ltem 10, “PARADE PEAKS" from the

“Service Test Menu.”

3. The*Parade Peaks” screen appears (see Fig-
ure 2-20}. The vertical bars show the “live”
readings, while the horizontal lines across
each column represent the high and low
kilovolt peaks. The average line is the straight

line across all the columns shown.

4. The "Parade Peaks” screen also shows the
“Firing kV" value for each cylinder. To adjust

the screen, press:

[F1] to toggle the average function “ON” and
“OFF."” The horizontal line across the col-
umns will appear or disappear.

[F2{ tocontinue on to the next test. The program
will return to the “Service Test Menu.”

[F3] toredraw the high and low RPM indicators
on the screen.

{F4] to print the “Parade Peaks” repor,

Parade Peaks (DIS Vehicles)

The “Parade Peaks” test operates in the same
manner as for conventional systems, The screen
appears slightly different, however. The labal
“Compression kV” will appear in the upper right-
hand corner of the screen. To adjust the screen,
nress:

[F1]
[F2]

{F3]

[F4]
[F3]

10 toggle the average function “ON" and
"OFF.” The horizontal line across the col-
umns will appear or disappear.

to continue on to the next test. The program
will return o the “Service Test Menu.”

to clear the range, or remove the high and
low peak indicator lines so the Engine Ana-
lyzer Module can redraw them, This acts as
& "retest” fungtion,

to print the “Parade Peaks” report.

to display the kV readings for “Exhaust kV.”
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Dual Trace Scope

During this test, the Engine Analyzer Module will
convert voltage readings from any electrical de-
vice into a waveform on the dispiay screen. Dis-
play any slectrical pattern ranging from +/-2.5 up
to +/- 25 volis, freeze it, and analyze it for volt-
age changes over millisecond time pericds.

Use the Dual Trace Scope to compare the wave-
forms from two different components. For ex-
ample, call up the wavetorms for the MAP sen-
sor and an injector. if you know what their respec-
tive waveforms should lock like, you can compare
the two to see whether or not the injector is firing
at the wrong time because it is receiving a bad
signal from the MAP sensor.

Te Synchronize the Pattern

When a pattern is not synchronized, it will often
be hard to read because its position on the screen
is not controlled.

To stabilize the pattern on the screen, synchro-
nize the pattern so that it is triggered by some
event, such as a cylinder firing. When synchro-
nized, the pattern begins at the Isft edge of the
screen, where the triggering event occurs.

1. Seiect tem 11, "DUAL TRACE SCOPE" from
the “Service Test Menu." The “Dual Trace
Scope” screen appears (see Figure 2-21),

2. Choose the settings that you will use. Press

the up and down arrow keys to move the high-
light bar up and down the settings list. Press
{(ENTER] to display a pop-up menu of the
selecticns availabie for that setting.
Forthe "A” and "B” channels, you may chocse
a vertical meter scale which ranges from +/-
2.5 volts up to +/- 25 volts. For the trigger
sslection, choose one of the following:

* None;

« Primary;

« Cylinder Clock;

= #1 Lead.

You may alsa change the time scale. The
smallest scale that can be read and disptayed
is 3 milliseconds per division; the largest scale
available is 84 milliseconds per division.
Make a selection from the pop-ug menus by
using the up- and down-arrow keys to move
the highlight to the desirad setting. Press [EN-
TER] to use the highlighted selection. If you
change your mind sbout & selection, press
[F4] 1o cancel the selection and return to the
“live” screen.
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Figure 2-21

3. Connect the red and black leads to the appro-
priate signal test points.

rote | Make sure the ground clip from each test
lead is securely clamped to a good

ground to eliminate excess noise from the
pattern.

4. Start the engine, if necessary. The waveforms
will appear in the display halves of the boxes.

continued...
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Duat Trace Scope (Comtinued)}

Press:

[F2] tocontinug ento the next test, The pro-
gram returns to the “Service Test
Menu.”

to start the waveform recorder.

to expand the pattern display to take up
the entire screen.

to superimpose the waveforms.

[F3]
[F4]

IF5]
Figure 2-23 shows a superimposed display
that bas been fully expanded.
Expanding the Waveform Display
From the adjustments screen, press [F4]. The

waveform display boxes will expand to take up
the entira screen (see Figure 2-22).
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Figiire 2-22

Press:

[F2] to return to the *Dual Trace Scope®

screen, This allows you 10 make any

necessary adjustments to friggers, voit-

age or time scales.

to toggle between “freeze” and "un-

fregze.”

[F5] 1o superimpose the waveforms (see
Figure 2-23).

[F3]

[SUPERTHP{SED

2, i)

E T S . | :
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Flgure 2-23

EXPAND F

Waveform Recorder Functions

From the “Dual Trace Scope” screen, prass [F3).
The message "Please Wait - Recording Wave-
forms” will appear. After the analyzer has re-
corded iwenty {20) frames, an “expanded” screen
will appear (see Figure 2-24). The analyzer will
repeatedly display the recorded sequence one
frame at a time.

[EXPaNOED @

S N

T 2.3 M T .8 M
’ 2: B 1.1 1 B 4.1 HE
i FI —FMJ[FE‘ ][FB Fq ' FS ]
ADVARCE || ALMSTHENT S LHFREEZE, l PRINT || SUFERTHMISE
Flgure 2-24
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Press:
[F1] todisplay each captired frame in order.
This function key only appears if you
prass [F3] to freeze the display. Use
this function to closely examine sach
data frame,
to return to the “Dual Trace Scope”
screen. This allows you to make any
nacessary adjustments to triggers, vol-
age or tims scales.
1o “freeze” the pattern on the screen.
The Enging Analyzer Module then
stops (freezes} the waveforms on the
screen and displays time flags and volt-
age readings at particular times. The
flags are spaced apart according to the
time scale selected from the "Dual
Trace Scope” screen.
To retumn 1o “live” readings, press [F3]
again.
to print the “Dual Trace Scope Report.”
The report grovides a hard copy of the
voltages and time scale for reference.

[F2]

{F3a]

[F4]

note | This option appears only after pressing
[F3] to freeze the waveforms.

[F5] to superimpose the waveforms (see
Figure 2-25). This allows close com-

parison of both waveforms over time,
“Freeze” Screen Options

From either an “expanded” or “suparimposed”
screen, press [F3]. The Enging Analyzer Mcdule
then stops (freezes) the waveforms onthe scregn
and displays time flags and voltage readings at
particular times. The flags are spaced apar ac-
cording to the time scale selected from the “Dual
Trace Scope” screen. To return to “live” readings,
press [F3] again.
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Figure 2.25
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Prass:
[F2} to return to the “Dual Trace Scope™

screen. This allows the operator to

make any necessary adjustments to

triggers, voltage or time scales.

to toggle between “freeze” and “un-

freeze.

to print the “Dal Trace Scope Report.”

The report provides a hard copy of the

voltages and time scale for reference.

[F3]

[F4]

rote | This option appears only after pressing
[F3] to freeze the waveforms.

[F5] to return to “expanded waveforms”

mode.

Cnly one flag can be moved at a time. To select
a flag, press the corresponding number. Press
the right and left arrow keys to move the flags.
This allows the operator to check and compare
voltages at any particular time.
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Uniscope

The Uniscope allows the operator to record a
single waveform over an extended period of time,
to allow discovery of intermittent fauits. Use this
test 10 isolate voltage problems.

Whaen the test is selected, the “Uniscope” screen
appears {see Figure 2-26}.

To Synchronize the Pattern

When a pattern is not synchronized, it will often
be hard to read because its position on the screen
is not controlled.

To stabilize the pattern on the screen, synchro-
nize the pattern se that it is triggered by some
event, such as a cylinder firing. When synchro-
nized, the pattern begins at the left edge of the
screen, where the triggering event ocours.

1. Choose the settings that you will use. Press
the up and down arrow keys to move the high-
light bar up and down the settings list. Press
[ENTER] to display a pop-up menu of the
selections availabte for that setting.

You may choose a vertical meter scale which
ranges from +/- 2.5 volts up to +/- 25 volts. For
the trigger selection, chaose one of the following:
= None;

» Primary;

+ Cylinder Clock;

= #1 Lead.

You may alse change the time scale. The
smaliest scale that can be read and displayed
is 1.5 milliseconds per division; the largest
scale available is 32 milliseconds per division.
Make a selection from the pop-up menus by
using the up and down arrow keys to move the
highlight to the desired setting. Press [ENTER]
to use the highlighted selection. If you change
your ming about a selection, press [F4] to can-
cel the selection and return to the “live” screen.
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Flgure 2-26

2. Connectthe red and black leads to the appro-
priate signal test points.

rote | Make sure the ground clip from each test
lead is securely clamped to a good

ground to eliminate excess noise from the
pattern.

3. Start the engine, if necessary. The waveform
will appear in the meter dispiay.

Press:

[F2] tocontinue on to the next test. The pro-
gram returns to the "Service Test
Mznhu,”

[F3] to start the waveform recorder.

[F4} toexpand the pattern display totake up
the entire screen.
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Expanding the Waveform Display

From the adjustments screen, press fF4]. The
waveaform display boxes will expand to take up

the entire screen (see Figure 2-27).
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Figure 2-27
Press:

fF2] toreturn tothe “Uniscope” screen. This
allows you to make any necessary ad-
justments to triggers, voltage or time
scales.

[F3] to toggle between “freeze” and “un-
freeze.”

[F4] to printthe “Uniscope.” The report pro-
vides a hard copy of the voltages and
time scale for reference.

nare | This oplion appears only after pressing

[F3] to freeze the waveforms.

Waveform Recorder Functions

From the “Uniscope” screen, press [F3]. The
message “Please Wait - Recording Waveforms”
will appear. After the analyzer has recorded
twenty (20) frames, an "expanded” screen will
appear (see Figure 2-28}. The analyzer will re-
peatedly dispiay the recorded sequence one
frame at a time.
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Figure 2-28

Prass:

[F1] todisplay each captured frame in crder.
This function key oniy appears if you
press [F3] to freeze the display. Use
this function to closely examine each
data frame.

[F2] to return to the “Uniscope” screen. This
allows you to make any necessary adjust-
ments 1o triggers, voltage or time scales.

[F3] to“freeze”the pattern onthe screen. The
Engine Analyzer Module then stops
{freezes) the waveiorms on the screen
and displays time flags and voltage read-
ings at particular times. The flags are
spaced apar according to the time scale
selected from the “Uniscope” screen.

[F4] to print the “Uniscope.” The report pro-
vides a hard copy of the voltages and
time scale for reference.

noe | This option appears only after pressing
[F3] to freeze the waveforms,

To return to “live” readings, press [F3] again.

Engine Analyzer Module Operetor's Manual - 51



Chapter 2 - Service Tesis

“Freeze” Screen Options

From either an “expanded” or “superimposed”
sgreen, press [F3]. The Engine Anaiyzer Module
then stops {freezes) the waveforms onthe scresn
and displays time flags and voltage readings at
particular times (see Figure 2-29). The flags are
spaced apart according to the time scale selected
- from the “Uniscope” scresn.

To return to "live” readings, press [F3] again.
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Flgure 2-29

Press:
[F2]

[F3]

[F4]

MOTE

to return to the “Uniscope” screen. This
allows the operator to make any nac-
essary adjustments to triggers, voltage
or fime scales.

to toggle between “freeze” and “un-
freeze.

to print the “*Uniscope.” The report pro-
vides a hard copy of the voltages and
time scale for refersnce.

This option appears only after pressing
[F3] to freeze the wavetorms,

Only one flag can be moved at a time. To select

a flag,

press tha corresponding numizer, Press

the right and left arrow keys to move the flags.
This allows the operator to check and compare
voltages at any particular time,
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— . . .
m RﬁE“Pn“RETSIE UTILETIES This automatic seguence of system tests is de-
T signed to provide an overall look at vehicle per-

farmance. During testing, the computer collects
and stores diagnostic information. When the tests
are complete, the results can either be displayed
an the screen or can be printed out in gither cus-
tomer or technical report farmats, The reports
show vehicle performance data compared to
specifications, and include diagnostic messages,
which point out problem areas and suggest pos-
sible causes and solutions.

SEGUEHCE

{"TOW FE—UIS]IFB—"EEW 4 EXIT' ‘F5 TUSTORER The Sequential Test seguence is arranged so
E SET UP![ SET WP E I:HEI:K - THFORMATIAN thElt q q g

» The analyzer provides a clear overall lock at per-
formance while vehicle systems are operating;

« Very litfle manipulation of the vehicle is re-
quired;

= Testing of all performance-related systems on
the vehicle takes a minimum of time;

« The analyzer provides a Comprehensive re-
port of test results, including diagnostic mes-
sages, on the screen disglay or from the
printer.

To check specific systems further after Compre-
hensive testing is compieted, select the appro-
priate test from the “Service Test Menu” (sec
“Service Tests” chapter).

The Sequential Test MenL provides tests for both
conventional and direct ignition systems. The pro-
cedures are nearly the same, except for the test
setup procedure.,

Engine Analyzer Module Qperalor's Manual - 53



Chapter 3 - Sequential Tests

54 - Engine Analyzer Module Operator’'s Manual



Chapter 3 - Sequential Tests

- Pre-Test Inspection

It is important to perform a therough inspection
of the test vehicle before running Seguential
tests. This way, the technician can repair any mi-
nor protlems that would make it difficult to per-
farm the tests (obviously bad wires, vacuum lines,
fan belts, etc.). Use the checklist below as a guide
te a more thorough visua! inspection.

Battery

=  Check for loose hold-downs.

» Check electrotyte ieve!; fill if necessary.

+ Check cable connections for good contact,
¢leanliness, excessive corrgsion. Ciean and
tighten as needed.

* Check cables for fraying, breaks, poor insu-
lation.

= Check battery case for cracks.

Beli=

+ Check fan belt for cracks, impending breaks,
proper tension; tighten or fix as needed,

= Check all other drive belts in the same way
and make necessary corrections.

Fluld Levels

» Check engine oil level and add if necessary.

+ Check transmission fluid; add if needed.

* Also check other fluid levels in power steer-
ing, brake system, windshield washar, etc.

Filters, Emission Control Devices

= Check air filters {carburstor, air pumg, crani-
case breathers), PCV, air injection, ¢ther
emigsion devices, vacuum control valves, etc.

Electrlical Connections

+ Check all wiring {both low and high tensicn)
for cleanliness, tightness, seating, general
congdition.

Exhaust System

«  Quickly check resonator, muffler, exhaust
pipes, clamps, tail pipes and catalyiic con-
varter for preaks, leaks.

Hoses

« Check all hoses (PCV, heater, radiator, power
steering, vacuum, fuel, evaporative control,
glc.) for general condition, leaks, cracks, tight-
ness, proper connection, etc.

Radiator and Cap
«  Check coolant leve!; fill as nesded.
»  {heck cap for condition.
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Conventional Diagnostic Sequence

1. If necessary, connect all test leads as de-
scribed in the "General Test Procedure” sec-
tion in the “Introduction” chapter.

2. Use the right- or left-arrow keys to select the
“Sequential Test” menu.

3. Select item 1, “Conventional Diagnostic Se-
quence” and complete the conventional ve-
hicle selection as described in Chapter 1.

If vehicle system information was entersd ear-
lier, a special screen will appear. Follow the
screen prompt and press [F1] to clear the cus-
tomer and vehicle information from memaory,
Press [F2] to check the test lead signals.

4, The “Engine Running Lead Check” screen ap-
pears. Make sure the analyzer is ready and
receiving signals from the #1, primary and
secondary probes. If all of the parameters
read "OK,” press [F2].

5. The "Customer information” screen appears.

Press:

[F2] to continue on to the next screen;
[F3] to clear all of the information fields so
new infermation can be entered;

[F4] %0 save customer information to disk.
Change the customer information and/or press
[F21.

6. Follow the screen prompt and type in the bat-
tery CCA rating. Then press [FZ2].

7. Follow the next scresn prompt and remove
the amp probe, Make sure the probe jaws are
completely closed and then press [F2).

8. After the analyzer finishes zeroing the probe,
follow the screen prompt and reinstall the
probe.

wote | HIPORTANT: If the probe is installed

around the negative {-) batiery leads,

make sure the arrow on the probe points
back toward the battery. If the probe is
installed around the positive (+) leads,
make sure the arrow points away from
the battery.

8. The “Cranking Test” begins. Follow the
screen prompts and run the test. For com-
plete details, see the “Cranking Test’ section
in the “Service Tests” chapter. Press:

{F2] 1o continue on to the next step;
[F3] to repeat the cranking test;
[F4] to print the “Cranking Test Report.”

10.The *Multipte Meter” screen appears for
troubleshaoting purposes. Refer to the “Ser-
vice Tests” chapter for complete information.
Use the meters to make adjustments, if nec-
essary. When finished, press [F2].

11.The "Digital Secondary kV" test then runs.
Run through the normal test ssquence {refer
to the "Service Tests” chapter for complate
details}. Print the “Digital Secondary kV Re-
port,” if necessary.

12.The "Emissions Specifications” screen ap-
pears. Enter the vehicle model year and then
press [F2].

13. The “Fuel System” test then runs. Again, re-
far to the “Service Tests" chapter for complete
tetaits. Press [F2] when the test is complated.
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14, The “Cylinder Efficiency” test then runs. When
the test is completed, press [F2] to continue.

15. The “Timing Results Entry” routine then runs.

Again, refer o the “Service Tests” chapter for
complete details. When the timing data is en-
tered, prass [F4] to print the report or press
[F2] to return tc the main menu.

16. The “"Comprehensive Reporf’ screen appears

{see Figure 3-1).

-

COMPREHENSIVE REPORT |
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@ DISFLAY TEQUNICAL EEPOAI (MD D1&SMGSTICS

WFE T

Pl )

Figure 3-1

Press:

1] to print the Station Header (entered in
“Utilities™ and the Customer Informa-
tion. This provides a “title page™ for all
the reports which follow.

2] to print the technical report and diag-
nostics for the technician.

3] to print an easy-to-understand report
which may be given to the customer.

[4] to display the technical report and di-
agnostics results on the screen. The re-
port for each test performed will appear
on the screen.

I the operator chooses to print the report, the
program prints the report and then returns to
the “Comprehensive Report” screen.

If the operator chooses an on-screen report,
it will look similar to Figure 3-2.
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e LL BT UK 11.69 X 16 .65 HIN
i) 0,50 LUK a.4 ox h.50 MY
HPH Zntl 11 3 (L H i I8 105 AN

[_DIFlGHDSTIIZS LT%EE?J[FB #E;T [N E:I:IT]L_ I

Figura 3-2

Press:

[F1] toioggle between test result and diag-
nostic data displays for that particular
test.

[F2] to display the cn-screen report for the
pravious test that was performed, if any
are available.

(F3] 1o display the on-screen repart for the
next test that was performed, if any are
available.

[F41 1o exii to the main menu.
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DIS Diagnostic Sequence

1. If necessary, connect all of the test leads as

described in the "General Test Procedurs”
section in the “Introduction” chapter.

. Use the right- or ieft-arrow keys 1o select the
“Sequential Test” manu.

. Select ltem 2, "DIS Diagnostic Sequence” and
complete the DIS vehicie seloction as de-
scribed in Chapter 1.

It vehicle system information was entered ear-
lier, a special screen will appear. Follow the
screen prompt and press [F1] to clear the cus-
tomer and vehicle inforration from memory.
Press [F2] to check the test lead signals.

. The “Lead Check” screen appears. Make
sure the analyzer is ready and receiving sig-
nals from the #1 and secondary probes. If all
of the parameters read “OK,” press [F2].

. The “Customer Information” screen appears.

Press:

[F2] 1o continue on to the next screen;

[F3] to clear all of thbe information fislds so
that new information ¢an be entered;

{F4] to save customer information to disk.

Change the customer information andfor

press [F2].

. Follow the screen prompt and type in the bat-
tery CCA rating. Then press [F2].

. Follow the next screen prompt and remove
the amp probe. Make sure the probe jaws are
completaly closed and then press [F2)].

8.

9.

After the analyzer finishes zercing the probe,
follow the screen prompt and reinstall the
prope,

around the negative (-) battery leads,
make sure the arrow on the probe points
back toward the battery. If the probe is
installed around the positive {+) leads,
make sure the arrow peints away from
the battery.

NOTE \ IMPCORTANT: If the probe is installed

The “Crapking Test” begins. Follow the
screen prompts and run the test. For com-
plete details, see the “Cranking Test” section
in the “Service Tests” chapter. When the test
is complete, press:

[FZ] to continue on to the next step;
[F3] 1o repeat the cranking test;
[F4] to print the “Cranking Test Report.”

10.The "Multiple Meter” screan appears for

11

troubleshooting purpeses. Refer to the “Ser-
vice Tests” chapter for complete information.
Use the meters to make adjustments, if nec-
essary. When finished, press [F2).

. The “Digital Secondary kV"’ test then runs.
Run through the narmat test sequence (refer
to the “Service Tests” chapter for complete
details).

12.The “Emissions Specifications” screen ap-

pears. Enter the vehicle model year and then
press [F2].

13.The "Fuel System ” test then runs. Again, re-

fer to the “Service Tests” chapter for complete
details. When the test is completed, press
[F2].
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14.The “Cylinder Performarnce” test then runs.
When the test is completed, press [F2] to con-
tinue.

NGTE

On some DIS applications, the Cylinder
Performance Test will not be performed
as part of the Sequential Test because
there is insufficient vehicle-specific infor-
mation available to accurately catculate
cylinger performance.

156.The "Timing Resuits Entry” routine then runs.
Again, refer to the "Service Tests" chapter for
complete details. Vhen the timing datais en-
tered, press [F2] to continue.

NOTE

If the vehicle being tested does not re-
guire atiming test, press {[ESC] when the
specification screan appsars.

16. The “Comprehensive Report” screen appears
{see Figure 3-3).

&

@ I'HINT HTAIIOM-CIRTONEY HEATETR
@ PRIHT TECHAICAL NELOHT AMD DIFRMESTI

PATHT MIEETHEE BEMMIRTICS

DIEPLAY TECHMICA AERORT oMD DToCHIETECE

COMPREHENSTIVE REFDRT

- s I [

Figure 3-3

Fress:

[1]

[2]
[3]
[4]

te print the Station Header {entered in
“Utilities™) and the Customer Informa-
tion. This provides a “itle page” for all
the reports which folow.

to print the technical repeort and diag-
nastics for the technician.

to print a less technical report which
may be given to the customer.

1o display the technical report and di-
agnostics results onthe screen. There-
port for each test performed will appear
an the screean.

If the operator chooses 10 print the repor, the
program prints the report and then returns io
the “Comprehensive Report” screen.

If the operator chooses an on-screen report,
it will look similar to Figure 3-4,

:II]IﬁGHI'.'ISHEIS][ TEST [ TEST][ - E;IIT{- -

RIS HIEH e HESALT LW

m
B
L 1R
w
HA

FUEL SYSTEM REFORT

Ety HEALT LEMLTS

LB Nk [ ] Uk LR =
95 ne i 111431 el il |
11.57 e 4R Dk 10 B T LH
Q.30 11 a5 e L -]
o1 UK T4 113 2701688 MY

Figure 3-4

covatined..

Engine Analvzer Module Qperator's Manual - 59



Chapter 3 - Sequential Tests

OIS Diagnostic Seguence (Continged)

Press:

[F1] totoggle between test result and diag-
nostic data displays for that particular
tost.

{F2] 1o display the on-screen report for the
previous test that was performed, if any
are available.

[F3] to display the on-screen repert for the
next test that was performed, if any are
availabie.

[F4] to exit to the main menu.
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The “Diagnostic Reports” menu offers six differ-  Figure 4-1 shows a partial sample of each type
ent choices for printing out the results of a test  of report. After printing the report, the program will

sequence. The operator may choosea to print out
a report for one particufar test, or all of the avail-
abte reports in one large repon.

Use the arrow keys to move across the main
menu until the “Diagnostic Reports” menu ap-
pears.

Type in the number of the report to be printed.
The “Comprehensive Report” screen appears.

Press:

[1]1 to print the Station Header (entsred in
“Utilities™ and the Customer Informa-
tion. This provides a "title page” for all
the reports which follow.

[2]  to print the technical report and diag-
nostics for the technician.

[3] to print an easy-to-understand report
which may be given to the custamer,

f4]  to display the technical report and di-
agnostics results on the screen. The re-
port for each test performed will appear
on the screen. Figure 4-2 shows an ax-
ample of a screen report.

return to the "Diagnostic Reporf” menu.

THIY CHANETHE/CHRREING TUACADETICE ##+4t

LATHERY friTem
= ALL BITTEFT TESFH + MABTED + KL CONPUTIR TEOTS

CHIETRG B70YR
= MLL CHRRGIWG STCTEM TRSIE + PASSKD ¥ ALl CONFOTIR WHTH

CFANETRG FP5TEH
u MLL CRARKING FISIEM IESTL + PASEED *+ AIL DONPMPTXR PXUTS

biohe CRMRETAG/CHAROTHG REDURE teeer

CHANTING STSYEN CHARATIY BYSTEN

CRIMOINC TILPE 10,56 Velts  RBGthmie wores L0565 Tole
ORUGCIN AMFA 152 lage BERK NMEE 16 s
oy 17.79 Yalk DIGDE BAYTERR  gom
DWRLL, 16,2 Deg.
INGIFE FMED Ul W
ETBOCARLCHE =

TILINTESE 1 3 4 z

OapEEzsica 1% &7 1M 95

teart ORAHRIRG/CEARTNO DIRGHORIICH #hree

BATTERY BYSTEM
- ALL GATTERY TEFEE * PAKSKD r

THMEOTIC BYTSTEH
= ALL CHARCTNG §RPIEH TLSTF ¢ BARERD &

CRMINTM SriTes
- Al CHANNTNT STSYEM ¥ESE * FASTED *

Customer Report Technical Report

{2

Figure 4-1
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The cn-screen report will lcok similar to Figure Press:

4-2. [F1] totoggle between test result and diag-
nostic data displays for that particular
test.

FUEL SYSTEM REFORT | [F2] to display the on-gscreen report for the
previous test that was performed, if any
o e are available.
W e T - [F3] to display the on-screen report for the
v kmo W Ly . N e next test that was performed, if any are
available.
[F4] to exit to the main menu.

‘F1 DISM mwmus‘l F3" T RERT(FY _“I o
DIAGNDSTICS, JJEsTA L TEsTRL L oEBAETIL

Figure 4-2 )
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Utilities

The "Utilities Menu” provides varicus administra-
tive and calibration functions. Non-supporied
functions will appear “ghosied” on the display
screen. For example, if the analyzer is not
equipped with a Gas Analyzer Module, the “Gas
Bench Calibration” menuy item will be “ghosted”
on the screen.
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~ Print Station/Customer Station Information

Information

The Utilities menu provides two choices for print-
ing information on the printer. For example, if a
technician were shout to print a series of diag-
nostic reports using the choices under the “Diag-
nostic Reports” menu, he might print out the Cus-
tomer Information file first to act as a “titte” page
tor the reports and then print cut the Station in-
formadion file to act as a “back cover” page. This
way, any particuiar customer's report can he kept
separate from any other customer's report, or the
“Customer” report can be kept separate from the
“Technical” report that is availabie from the ana-
lyzer

Use the arrow keys to move acrass the main
meanu until the “Utilities™ menu appears.

Press [FF5] to display the “Customer Information”
scraan. Modify the information if necessary, and
then press [F2] to return to the “Utilitiss™ menu.
For complete details on modifying customer in-
formaticn, refer tc the “Introduction” section.

Use the up- or down-arrow keys to toggle be-
tween the twe choices and then press [ENTER]
to start the printer. The printer will print out the
selected data.

1. Select “Station Description” from the “LHilities
Menu.” The “Station Description”™ screen will
appear {see Figure 5-1).

[STATION INFORMATION ’

HAME: Automotive Diagnostics
AOORESS: EBBI Angling Road
CITY: Kolamazao
STATE: HI
©ZIP CORE: <4B8ee
PHOME: &156-329-7GRRA
MESSAGE |: Test m=g |
"MESSAGE 2: Testmsg ©
MESSAGE 3: Test msg 3

| o eowone L [ ]

Figure 5-1

Press:

[ENTER] or arrow keys - to scroll through the
list.

[F2] to return to the “LHilities™ menu,
[F3] to clear all informaticon fields.

Type the information into the field and then
press [ENTER] to move o the next fieid.
There are three separate lines available for
custom sale messages. Each ling is forty (40)
characters long.
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Lead Calibration

Select “Lead Calibration” from the “Utilities’ menu
1o calibrate the accessory leads (see Figure 5-2.
The only time the accessory leads will need to
be calibrated is when a new lead set is instailed
on the leads module.

LEAT CALIGRATION i (3

CALTBRATING ACCESSORY LEAOS

CALTERATION XN PROGRESS

S I I

Figure §-2

Follow the screen prompts, short the leads ang
press {F2]. After the calibration process is com-
plete, press [F2] again to return to the “Utilities”
menu.

Set Country Format

This function allows the operator to change the
display character format according to a particu-
lar country’s reguirements.

1. Select “Set Country Format” from the “Utilities”
Menl.

2. The “Set CGountry Format” screen appears
(see Figure 5-3). The current settings are dis-
played on the scresn.

SET COONTRY FORMAT

: 1} countey i
i usa
i

(2] Lancmer 1 (5) currency
' EWGLTSH (USAY J ¢ BEFDRE
- (3] oate ] HUIMBERS
F T we B, BRA. B9
[4] o 1 (7} xevepamo
B:N  (2-HOUR ) TE |
1
SELELT A ITEM TO CHANEE i
3
[ Il CORTIRUE ][ H ]
Flgure 5-3
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Set Time And Date

3. Press the number of the category to be  This selection allows the operator to enter the
changed. A dialog box will appear listing the  correct time and date. The time and date are au-
available choices for that particular category  tomatically printed on all customer and technical

(see Figure 5-4). reports generated by the analyzer.
SET COTAY FORMAT = " . N .l st m
= 1. Select“Set Time and Date” from the “Lhilities
(1] counrry | meriu.

mn e
UNLTED RIMGDOH  AMSTRALIA . , “
FRANCE BELGIN ) 2. The “Set Time and Date” screen appears (see
SPAIH EANADA | : N . . .
SehE EANADA | Figure 5-5) with the current settings displayed.
ggigﬁum HEXICO , Set SFhoe i Bate, i 0 Ly

SHECEW . |
TIHE KEVEARD i
H:H  Ig2-HOUR LsA
USE ARAOW KEYS TO MAKE A GELECTION AMD PRESS ENTER
R D
Flgure 54

Use the arrow keys tc move the highlight up
and down the list until the carrect choice is
highlighted. Press [ENTER] to confirm the
change. To make the choice faster, type in the e S T
number or letter carresponding to the correct Figure 55
choice and then press [ENTER] to confirm the '
change. The dialog box will disappear andthe 3. Press the up- or down-arrow key to move the
new selection will be displayed on the “Set cursor to the setting that must be changed.
Country Format” screen. The cursor will appear in one of the data fields.

Type in the cerrect setting and press [EN-

TER]. Press [ENTER] to move the cursor from

one field 10 the next.

Press:

[F1] to stora the enterad time,

[F2] to store the entered daie,

[F2] totoggle between AM and PM.

4. When finished, press [F10] to return to the
“Utilities” menu.

Continued . . .
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St Time and Date (contintied)

nete | Fo change the clock styie from a 24 hour
{1:00 p.m.} style to military style (13:00},
use the “Time" format change function in
the “Set Country” menu option.

wote | The program doss NOT automatically

compensate for Daylight Savings Time.

Set Printer

The Set Printer function aliows you to customize
your printer setup te suit your individual needs.

Select “Set Printer” from the “Utilities” manu.
Press:
[1] to select 11-inch fanicld paper type,
[2] to select 12-inch fanfold paper type,
[F1] to restore default settings {11-inch fanfold
paper, ptinter port 1),
[F3] to toggle between printer port 1 or 2
(LPT1/LPT2),
[F2] to save settings and return to the Utilities
Menu.

Diagnostic Limits

The gas analyzer will compare test results re-
ceived with the information entered by the opera-
tor, and can generate lists of possible problems
and suggested solutions based on the emission
readings.

To Enter Diagnostic Limits:

1. Select “Diagnostic Limits” from the “Utilities”
menu.

2. The "Set Diagnostic Limits” data screen ap-
pears {se¢ Figure 5-6).

HOTE \ Limits shown are default values.

s

Figure 5-6

To add a new entry to the list, press [F1]. A
dizlog box appears {see Figure 5-7).
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D _.'Tné_gf'-EaﬂgE:.
SRR | -.nd 1 =1oF
- 1G4

Figure 5-7

a) Type in the stating model year, followed
by the ending model year, then press[EN-
TER].

b) Type in the maximum allowable limit for
hydrocarbens. This limit can be any num-
ber chosen by the operator, or can be
based on State guidelines. Press [ENTER]
when finished.

nore | All character fields must be filled with
numbers. To avoid entering an out-of-

limit value, use zeros as placeholders.
For example, to enter the value 220,
press [0],[2],[2].[0], then press [ENTER].

¢) Type in the maximum allowable carbon
menoxide limit. Again, this number can be
thosen by the operator or can ba based
on State guidelines.

wote | Al character fields must be filled with
numbers. To avoid entering an out-of-

limit value, use zeros as placehclders.
For example, t¢ enter the value 9%,
pross [0],[0],[9], then press [ENTER].

Press [F2] when finishad to save the en-
iry. The analyzer will maintain these val-
ues in memory until they are changed by
the operator.

To scroll through an entry to make
changes, press [ENTER]. The cursor will
move to the next line on the list.

To detete an entry from the list, use the ar-
row keys to move up and down the list until
the desired entry is highlighted. Then press
[F3].

a) A dialog box appears.

b) Press [F1]to delete, or [F2] to returnto the
list.

To edit an entry from the list, press [F4]. A dia-
log box appears. Press {ENTEHR] to scroll
through the list to the desired line. Type inthe
correct informaticn and then press [ENTEHR]
to move down to the next tem, or press [FZ]
to save the changes.

Press [F10] tc abert at any time before sav-
ing an entry.
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Gas Bench Calibration

The "Gas Bench Calibration” routine is an auto-
matic calibration routine. The gas analyzer re-
quires a warm-up period before completing a cali-
bration.

The gas analyzer catibrates itself using specially
formulated gases which are cerified for concen-
tration. These gases are stored in the bottle in-
side the cabinet behind the lower left-hand door.

To run the calibration procedures, open the valve
on the gas bottle and fook at the pressure gauge.
If the gauge reads less than 20 PSJ, replace the
bottle. Replacement bottles are available from
any authorized service center.

if the display shows a “Gas Calibration Failure”
message, {see Figure 5-8), follow the instructions
on the display screen and chack the gas analyzer.
Make sure the gas botile valve is open — turn
the valve counterclockwise. If the message
persists, press [ESC] o return to the main menu.

Always close the gas bottie valve after each cali-
bration. Turn the valve clockwise to close.

i BENMCH CALIERATIORN

—- Gfi> CALTERATIEH FAILURE -
BE SUFE CAl. BOTTLE WaAlME IS OPEN.
I3 THE CAl. GAS PROSSEAC OVER 2R PEI?
CHECK FOR RESTRICTIONS IM CAL. GAS FLAW.
IF ALL A8ONE AFE D, FEDU CALTBRATIOH.
ANO IF CAE. STILL FATLS, CALL SERVICE.
CLOSE L& TARATION GAS BOTTLE.
— v

[!EINTINLIEJ[ ) ][ ||
Flgure 5-8

LoLp o —

Calibration Procedure:
1. Select "Gas Bench Calibration” from the *LHii-
iies” menu.

2. The prompt “Open Cal. Gas Bottle Vaive™ap-
pears. Open each gas valve and check the
pressure gauge. If the gauge reads less than
20 PSI, replace the bottle.

3. Press [F2] to continue the calibration.

4. The screen will display a series of messages
explaining what is happening during the au-
tomatic calibration process (see Figure 5-9).
The gas analyzer then completes the gas cali-
braticn portion of this procedure. :

GAS BENCH CALTBRATION =~

GAS SFAN TN PROGRESS

1. 5SETTIME £ERO
2. THUIBRATING SPEN

L I I

Figure 5-9

5. The “Systemn Leak Check” screen will appear.
Follow the prompt and place the cap onthe end
of the sample probe. Press [F2] to continue.

6. If the message “System Leak Test Passed”
appears, press [F2] to complete the calibra-
tion. The program will return to the “Utilities”
menu, and the analyzer will now be ready to
continue testing.
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noie | Perform a gas bem_:h call‘gratlon when- Chack For
ever the water trap is serviced.
Fitter Housing Cracks or chipped surfages

I the sample hose is set up for dual exhaust test- which might cause leaks.
ing, remove the dua! exhaust assembly and in- Fitter Housing O-Ring | Cracks, tears or brittleness
stall a probe on the end of the standard hase. which might cause leaks

GAS BENCH CAUTERETION — — 7 ) Clear Tubing Ends Cracks

i Probe Tip Cap Cracks or tears

i
1
It noieaks can be found and the gas analyzer
will not pass a teak test, call an autherized ser-
GAS BENCH LEAK TETECTED | vice center for ropairs.
FREMOVE PROBE TIP CAF
CLOSE CALIHRATION GAS BOTTLE WALVE

wote | IMPORTANT: Remember to removethe
plastic cap from the probe end before
continuing to test!

F2 1(F3 Hi J
][ CEIHTIHIJEJ |~ REFEAT i, ][ .

Figure 5-10

If the message “Gas Bench Leak Detected”
appears (see Figure 5-10), press [F10] to
return to the main menu.

Run the gas bench calibration again. If “Gas
Bench Leak Detected” message appears
agatn, remove the sample hese from the gas
analyzer bench. Seal the sample hose inlet
fitting anad press [ESC] again to return to the
“LHilities”™ menu.

Run ancther gas bench calibration. if the
*System Leak Test Passed” message
appears, carefully check the sample hose and
probe for leaks. If the gas analyzer still fails,
check the following:
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Enter Gas Calibration About
Values

I newr calibration values must be entered forany  The “About” option displays the Engine Analyzer
reason, follow the procedure below. Module's version numbers for such items as the
host software and the gas bench (if equipped).
1. Select “Enter Gas Calibration Values,"tem 10 This screen allows you to view the information
on the “Utilities” menu. Preset calibration val-  only. You cannot change any of the items.
ues will appear (see Figure 5-11),

BENCH LALIBRATION VALLE ENTRY @

CO2 CCARBON BIOXKIOE) 4
CO  (CAREGH MOWDXIDE) PI.ER X
HC  [FROPANE) U FPM
D2 (DKYGEN] 2698 %

i

{ENTER CALIERATION VALUES FROM SQTTLE

= e o |

|[ smEJl EANTINUE “ - ] e I
Figure 5-11

2. Check the values on the calibration gas bottle
being used. If the values on the screen match
those con the bottle, press [F2] to return to the
Main Menu. i the values differ from those on
the screen, new values must be entered.
Press {ENTER] to move from field to field.

3. When values are entered correctly, press [F1]
to download the new values to the gas ana-
lyzer bench.

mae | Pressing [F2] will NOT download new
valuss to the gas analyzer bench. To
download values properly, you MUST
press [F1].
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- Preventive Maintenance

Weekly Maintenance

1.

Check the printer paper supply. Replace as
necessary.

2. Pertorm “Lead Csalibration” procedures.

3. If the unit is equipped with the optionai Gas

Analyzer Bench Kit:

a} Check calibration gas bottle pressure. Re-
place the bottle if gauge reads 20 PS! or
less.

b) Inspect water trapffilter bow!. Wipe bowl
with damp, scapy cloth.

¢) Repiace the secondary gas filter if it looks
dirty. For best performance, replace both
fiters as a set. If desired, wash the mesh
pre-filter in warm soapy water,

Monthly Maintenance

1.

Inspect printout quality. Replace the printer
ribbon if quality is poor.

. Inspect casters for damage. Replace any bro-

ken casters immediately to prevent serious
damage.

. Clean and inspect all test leads, probes,

hoses, etc. Contact your focal service repre-
sentative for replacement leads if required.

. Clean the nutside surfaces of the cabinet with

a nonabrasive househoid cleaner.

Annual Maintenance

1. Contact Service for updates which may be

availahle.

Gas Bottle Service

woE | The gas values listed on any replace-
ment bottle must match these on the old

bottle, If they do not, call Service for bottle
replacement.

1. Turn the knob on the gas bottie valve clock-
wise 1o close the valve (see Figure 6-1).

Figure &-1

2. Loosen regulater nut (B) and remove regula-
tor assembly {C) from bottle.

3. Place new bottle inside cabinet and install
regulator assembly on new hottle. Tighten
regulator nut with a wrench. Do not gver-
tighten the nut.

wote | REMEMBER: Conserve calibration gas
by turning the gas off after every gas

calibration procedure!
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Filters

Exhaust Sample Filter - In-Line Style Bench

Replace the exhaust sample filter whenever the fifter looks dirty or whenever the screen displays the
‘Low Flow” message during calibration procedures. Filters are fow-cost insurance to protect the gas
analyzer bench. Do NOT wait for “Low Flow” message to appear - Change the fitters whenever
they look dirty (see next page for replacement procedure).

Sample Gas Filter Location
Vallcle Exhaust Sam, Water
Filiar HousingWater Filter
l
Make sure
plug ls In
High / correcily.
Low
iz, Sansor
Zero
Air
o -0
| =— ]
- s
Sample Hese Infet Fitking
Sample Gas Fliter Assembly
{Exploded View)
inner Howusing innar Housing
*l_/:(l [ ™,
nbnEEasd |
B e e [
- e B A
L Ny
Divider
Pre-Filter
{Frevants watar, partfciiaton Saxmple filtar
(Traps particles, water.) framt clogging secondary flay.)

Figure 6-2
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Exhaust Sample Fifter Replacement

1. Garefully pull the filter housing out of the clips
on the front of the gas analyzer bench {see
Figure 6-2).

2. Pullthe filter housing forward to provide room
to work.

3. Grasp the filter housing and twist the two
haives apart. Remove the pre-fiter screan,
the rubber divider and the secondary filter.
Discard the secondary filter.

4. Wipe out the filter bowl with a damp soapy rag.

CALITIGN

A

Uising a solvent to clean out the filter bowl
will cause excessive HC hang-up to oc-
cur.

5. Clean the mesh pre-filter with warm soapy
water, if possible. For best resuits, replace the
filter.

6. Reassembla the fiter housing.

a)

b)

Check the rubber divider between the
housing halves to make sure it is not cut
or tam.

Slip the pre-filter onto one end of the rub-
ber divider and then slip a new secondary
fiter onto the other end of the ring. Re-
place the filter assembly inside the hous-
ing, with the pre-filter pointing down and
to the left.

c}

dj

Fit both ends of the filter assembly over the
locator tubes on the filter housing and
press the halves together. Twist the halves
unti! they iock together securely.

Gently feed the tubes back through the
holes in the end wall of the gas analyzer
bench and then snap the filter housing into
its retaining clip.

Water Filler

The i

n-line water filter shown in Figure 6-2 re-

moves dirt from the condensed water. This filter
should be replaced svery three {3) to six {6}
months, depanding cn amount of use.
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Tri-Filter Assembly-Style Bench Gas Bench Components

Replace the exhaust sample filter(s} every two A - Filter Housing Mounting Screws
weeks or whenever the screen displays the B - High Gas Port
TOW FLOW" message during calibration pro- C - Low Gas Port
cedures. Sample filters are low-cost insurance D - Zero Air inlet
to protect the analyzer. DO NOT WAIT FOR  E - Sample Hose Connector Fitting
“LOW FLOW” MESSAGE TO APPEAR - F - Water Drain Hose
Change the filters whenever they look dirty. G - Exhaust Gas Hose
(See next page for replacement procedure.) H - Oxygen Sensor
| - O, Sensor Wiring Connector

Flgure 63
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Filter Assembly Components

Exhaust Sample Filter Replacement

1.

If necessary, insert a 3/8" ratchet drive into
the opening provided to remove the filter
plugs or the filter bowl from the filker hous-
ing {see Figure 6-4).

Pull the filters out of the housing.

Discard the secondary filter {ltem B, Fig-
ure 6-4). The secondary filter is not wash-
able.

Wipe out the fiter bowl with a damp soapy
rag.

cAlmen] - Llsing a solvent to clean out the fitter bowl
A will cause excessive HC hang-up to oc-

A - Filter Bowl

B - Filter Element

C - Gasket, Filtar Bowl

D - Housing, Filter

E - Water Screen Filter

F - Filter Plug With O-ring
G - Gas Screen Filter

CLUr.

Clean the mesh filters with warm soapy
water, if possible. For best results, replace
the filter{s).

Reassemble the filter housing. Hand-tighten
the upper Bow! (fem A, Figure 6-4). For best
resuits, do notf use a ratchet.
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Optional Printer Maintenance

(_ SELECT"'\ FEED TOF/PARK
cuumen 10

1816 [_J O oo el L) |

PDWEH LEJ{IT GROUP ITEM PFIINT PRESTIGE ROMAKN)| 20 15
MENU FONT PITCH

Figure 6-5
Set Printer Defauits (Refer to Figure 6-5)

A. Turn printer "OFF.” J. Press ITEM. The following line prints:
Max Receive BEuffar 1 Line
B. Hold down the EXIT and GROUPR keys
while turning power “ON.” K. Press SET. The following line prints:
Max Receive Buffer BK
C. lithe SELECT light is not lit press the SE-
LECT button. L. Press GROUP. The following fine prints:
Vartical Control Line Spacing 6 LPI
D. Press the FONT and PITCH buttons si-

multaneously to place the printer in the M. Press ITEM. The following line prints:
Menu made, Printer prints: Vertical Control Form Tear-Off Off
Menu Moda
N. Press SET. The following line prints:
E. Press the GROUP button. The following Vertical Control Form Tear-Off 300ms
tine prints:
Font Print Mode 1Q Courier Q. Press EXIT.
F. Press SET {printer will step through the P. Set paper position.
tonts} until the following prints:
Font Print Mode Utility 1} Press the TOF/PARK button. Paper
will retract.
G. Press GROUP. The following line prints: 2} Pull the bail lever forward. Paper will
Ganeral Control Cut Sheet Peeder Hot Installed advance.
3} Push bazil lever back and the paper wilt
H. Press {TEM. The following line prints: move t¢ Top of Form position.

General Control Graphics Unidirectional
The printer is ready for use.
I. Press SET. The following line prints:

General Control Graphics Bidirecticnal
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Loading Paper

The printer can feed sprocket (computer) paper
or single sheets and accepts up to four-part
forms.

Before lcading paper, set the biue print head gap
iever (at the left of the print head) to position 1
tor 1- or 2-part paper, position 2 for 3- or 4-pant
paper or position 3 for extra thick paper.

1. Pull the printer drawer out. Load the paper
drawer.

2. Slide the paper separator guides to their
widest position.

3. Lift off the access cover.
4. Open the paper tever and the bail lever.

5. Insert the paper in the slot in the paper
separator,

6. Continue sliding the paper until it reaches the
platen.

7. Using the platen knob, engage the sprocket
holes with the pins. If the pins need adjust-
g, pull the tabs forward and slide the pins
ieft or right to accommodate the width of the
paper. Lock the tabs when the ping are atthe
proper distance.

wote ] Do not stretch the paper. If the sprocket
holes stretch or tear during printing, re-
adjust the pins.

8. Close the bail, but lzave the paper lever open
for sprocket paper feeding.

9. Replace the access cover, making sure the
paper exits through the opening.

Chapter 6 - Maintenance

Ribbon Removal

1. Open the printer cover.

2. Lift off the access cover.

3. Push the print head to the center of the
carriage so it is away from the bail rollers.

Make sure the fail is closed (lever back - see
Figure 6-6).

Bail lever back

Printhead

Figure 6-6

4. To remove the carridge, slide the print head
away frem the roflers, grasp the cartridge on
koth sides and lift the cartridge off,
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Ribbon Replacement

1. With the knob facing up, tilt the ribbon car-
tridge onto the printhead plate so it slides into
the area of the plate is closest to the front of
the printer {see Figure 6-7).

Ribbon shieid: Knob

do not remove

Figure 6-7

nore | If the ribbon won't load easily, turn the
blue knob slightly until the x-shaped
notch on the bottom of the ribbon car-
tridge aligns with the x-shaped insert on
the ribbon plate.

2. Lower the ribbon shigld over the printhead,
aligning the tabs with the inserts on the print-
head plate (see Figure 6-8).

Figure 6-8

W | Do not remove the clear plastic rikbon

shield from the ribbon cartridge.

3. Press on the cartridge until it snaps into place.

4. Turn the knob in the direction of the arrow to
take up siack in the ribbon {see Figure 6-9).

Take-up knob

20006E

Figura 6-8

zromen] Do NOT touch the printhead directly af-
. ter printing. Altow five minutes for it to
cool.
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Replacement Parts

Engine Analyzer:

Description Part Number
Yellow HE| Adapter ........................ 617-66433
Amp Probe Lead ... 617-96363
#1 Pick-Up Lead .. erereneenen B17-96364
Battery Power Lead .. B17-96366
Conventional High Tensn:ln Probe 634-931238
Dual Trace Lab Scope Lead .. .. 634-98272

AS-232 Communication Cat:le e §34-98274
Conventional Secondary Lead ........ 634-98277

LIS Secondary Lead ....................... 634-08278
Alligator Clip ... e, 651-88482
Optional Gas Analyzer:

Description Part Number
Exhaust Probe ... 617-97041
Pre-Filters..........coo v B97-97141
Tube Fiters ......cooinivenceiee e, B97-97142
Prabe Tip Caps ... ccovvevvvennn....... B97-85086
Calibration Gas Bottle .................... 697-88907

How To Obtain Service

Refer to the nearest authorized service center
listed on the decal attached to the rear of the
analyzer or call;

1-800-833-3377
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Appendix A
Lead Connections for

Various Cylinder Firing
Polarities
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Technical Information — DIS Polarity Testing

Vehicle manufacturers have added many different DIS vehiclss to their product lines. Although ev-
ery effort is made 1o confirm our database information on all vehicles, you may encounter a vehicle
that has different cylinder firing polarities from those found in our database. Piease use the proce-

dures below to determine the correct polarities.

neTE | For the following procedures, it is assumed
that your analyzer is working properly and
the display problems are caused by the
test vehicle, ar incorrect polarity program-
ming, nat lead failures. Handle and route
leads carefully to aveid damage, and in-
spect and clean your lead sets daily to
ensure long life and accurate signal inputs.

Procedure

Follow these steps if you are experiencing prob-
lems with Syne, Ignition signals or Cylinder Per-
farmance functions.

Lead Status Check
Press [F3] to display the Lead Status screen and
determing which input is FAULTY,

+ Ifthe Green #1 signal is FAULTY, perform
the following while checking the lead status:

1) Check for proper installation of the sync
probe on the cylinder #1 ignition wire. If no
problem is detactad, proceed to Step 2.

2) Install the Green #1 prcbe on a different
spark plug wire to determine if cylinder
#1 has a faulty ignition signal,

*+ If the Green #1 probe displays "OK" there
is a problem with cylinder #1 ignition com-
ponents, for exarnple, plug, wire, coil sec-
ondary, ignition module.

If the Green #1 probe still displays "FAULTY"

ry connecting to another ignition wire. H pos-

sible, connect to another known-good vehicle

to venfy unit is functioning properly.

If the Secondary signal Is FAULTY, pro-

ceed with tha following steps.

Turn the engine off.

Remove all secondary clips and the #1
Signal probe.

Verify the engine firing crder and write it
down.

From the Main Menu, select #12,
Uniscope.

Cheose the Red Leads and selact +/~
15 volt scale.

Set the Trigger to None.
Set the Time Scale to 16ms/dv.
Press [F4], Expand.

Connect the Red Lead ground 1o a
suitable engine ground.

10.  Start the engine.

Continued. ..
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NS Polarity Testing {continued)

11,

To determing the polarity of a cylinder,
touch the Red Lead tip to a plug wire,
and observe the pattern on the screen.

Piease see Figures A-1 and A-2 on page
A-5 for spike polarity illustrations.

NOTE

Be sure to separate the plug wires to pre-
vent “cross tak.” Do not pierce the plug

wire insulation.

12.

13.

14.

Record the polarity of that cyfinder
under the appropriate cylinder number
recorded in Step 3.

Repeat steps 11 and 12 for the remain-
ing cylinders.

Turn the engine off.

15.

16.

17.

18.

19.

Press [F10] to return to the Main Menu.

Press [F2), D45 Sefup, and re-enter the
venhicle.

When the Vehicle Setup screen is
displayed, use the down arrow key to
highlight the: Firing Polarity field.

Edit the polarities to match the polarities
as determined by this test procedure.

Reconnect the secondary clips to match
the new polarity, and connect the #1
Signal probe.

You have now cornpleted the testing process.
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Red Accessory Lead on Positive Polarity Cylinder

Expanded
15.8 1
7.5 1
ol ,,J R, S S .

-7.5

~15.8 . r T . . .

Ualis 16 ns ¢ div
—
ﬂ Hﬁdjus?menfsg Freeze g Iﬂ

Figure A-1

Red Accessory Lead on Negative Polari linder

Expanded
.

@

15.8

T.5

0.0 L hh e LI Y- f\r L ______ P— FLTW g

-15.8 . {

Voltsz 16 ws / diu
I
ﬂ gﬁd |us+men‘|‘s|§‘ Freeze E‘ g

Figure A-2
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