AUTOMOTIVE
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GMH’s C-3 Engine Management System

If you have a JD/JE Camira, VL EFI Commodore ‘Group A', 1.6/1.8 litre Astra or V&/V8 VN
Commodore that is not a badge change, you have this system. It's used on both TBI (throttle body
injection) and PFI (port fuel injection) engines. This article will give you a basic rundown on how the

system works.

The C-3 system has been around for
quite a while. It's actually a fourth gen-
eration system, but as a GM engineer
told me, ““We can’t call it the C-4 system
— after all, Ford has a transmission
called a C-4". So much for how
‘Detroit’ thinks,

Incidentally, talking about *Detroit’, 1
reccived a letter from an Aussie reader
who wanted o know cxactly where De-
troit is located. Well, 1 use the term
‘Detroit’, for any US automotive manu-
faciurer, regardlcss of their geographic
location. Even in the USA, the term
‘Detroit’ is only used as a general sym-
bol for US auto manufacturers, since
mast of them have more than one manu-
faciring facility, generally not located
in Detroit,

The city of Detroit in Michigan is the
home of General Motors, and it's
known as ‘Motor City”. Ford's head-
shed 1s Dearborn, also in Michigan.
But many of the trucks and vans for
Ford and Chrysler are made in Canada;
in fact Ford's factory in Windsor, Can-
ada i1s famous for the Ford Windsor

(302/331) engines. Windsor is actually
only a very short drive from Detroit
Michigan, and many Canadians work
in Detroit and commute,

But back to Auvstralia and the GMH
C-3 system. The Holden people made a
wise choice when they selected this sys-
lerm, because it allows one BCLU to fit all
of the Australian manufactured Holdens.
It's only necessary to change the Mem-
cal (memory-calibration) unit (Fig.1).

The Mem-cal unit contains firmware
that identifies the vehicle parametlers —
such as engine (ype, vehicle weight, axle
raticy, transmission type and diagnostic
data, It also contains operating and diag-
nostic instructions for that particular ver-
sion of the C-3 system.

The C-3 controls the following:

& Air/Tuel ratio (AFR)

& Timing

& Idlc speed

& A/ cluteh control

® Fuel pump operations

® FEmissions

® Transmission lock-up

#& "Check engine’ lamp (CEL)

® Radiator fan control

® Diagnostics (code & data stream)

® Trip computer

® Cruise control

» Anti-theft device :
AS you can see, it has plenty (o do,

Overview

The ECU is located on the passenger
side, behind the left hand cowl panel.
The diagnostic connector on ¥N's is lo-
cated behind the ECU. On other wehi-
cles, 1°s under the dash panel near the
glove box.

The ECU’s central processor unit or
'CPU" is an eight-bit device that runs at
a clock speed of B.388MHz. It contains
input/output conditioning circuits, sole-
noidfinjector drivers, a relerence voltage
source (3], an ignition control driver
and REAM memory, The EAM monitors
indicator circuits, sets codes and reads
codes and provides data stream output,
when requesied. The inserted mem-cal
adds ROM and PROM memory for ve-
hicle information, processing of infor-
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system for fuel control.

Fig.1: A ‘memory calibration’ unit is used to customise Fig.2: In Ausiralia, the C-3 system uses the MAP speed densily

the C-3 system for each model of GMH vehicle.



mation (inputs) and issuing of com-
mands {outpuls).

MAP Density System

The C-3 system in GM's Australian
vehicles uszes the speed or MAP Den-
sity system for fuel control (Fig.Z). Tt
has many advantages over AFC (Air
Flow Control), It -does not require a
barometric pressure sensor for atmo-
spheric compensation, as AFC does. In
addition, MAP sensors cost much less
than AFM (air flow meter) or MAF
{mass air flow) sensors.

The MAP {manifold absolute pres-
sure) sensor monitors both atmospheric
pressure and engine vacuum {Fig.3). The
absolute type fitted is unique in opera-
tion, When the engine is nol running, the
atmospheric pressure pushes against the
diaphragm. When the ignition key is
mmed on, the BCU reads the MAP out-
put, which represents atmospheric pres-
sure, This data is stored in memory for

~fuel calculations.

After the ECU receives a signal

(RPM) that the engine is running, i
then reads the MAP output as vacuum.
So if you're driving up a mountain and
your cngine slarts running like the pro-
verbial ‘hairy goat’, just shut the cn-
gine off and start it up again. The ECU
will then get an updated and better
reading for atmospheric pressure, and
it will run properly again.
AFR control: The system will attempt
to manage the AFR at the optimum ratio
of 14.7:1, in all modes of operation,
This happens even if there’s no control
signal from the Oz sensor.

Ignition

The C-3 system allows the use of
many dilferent types of ignition system.
Most of the GMH vehicles concerned
are fitted with a HEI (high energy igni-
tion) system, except the VN 3500 Vi
which has a DFI (direct fire ignition) or
distributor-less system,

In all cases, if the ECU fails to provide
EST (electronic spark timing} or for any
reason the system defaults, the ignition
system runs the engine in the diagnostic
or ‘limp’ mode, More about this subject
soon, under diagnostics,

The ECU monitors all the sensors (o
determine the proper mode of engine
operation, The modes then control the
basic AFR requirements, as follows.
Not that not all modes are available in
all vehicles.

STARTING: The injector pulse width is
determined hy engine temperature. The
ystem exits this mode at 300rpm.

BACKFIRE INHIBIT — WHILE
CRANKING: Uses the ‘crank’ signal to

Fig.3: The C-3's MAP (manifoid
absolute pressure) sensor, which
monitors both atmospheric pressure
and engine VacuLim.

shut off the injectors until 450rpm, to
prevent backfires.

CLEAR FLOOD: Holds the injector
pulse width to 8ms, until the engine
starts. Conditions are with the acceler-
ator ‘floored’ and engine revs below
30rpm.

RUN OPEN LOOP: This mode remains
effective until the engine is at operating
temperature, with the oxygen sensor
working and the engine not at idle.
RUN CLOSED LOOP: Based on the
signal from the oxygen sensor. Provides
an injector signal for precise control of
AFR at 14.7:1.

IDLE MODE: Applies when the throttle
is closed with the vehicle speed less
than Skph. The oxygen sensor signal is
ignored,

ACCELERATION: In this mode the
ECU provides the engine with extra
fuel. If the demand is great enough, it
will add extra injector pulses.
DECELERATION: The ECL decreases
injector pulse width to maintain idle,
DECEL FUEL CUTOFF: The injector
pulses arc cut off if the rpm 15 above
1300 or the vehicle speed is over 35kph.
BATTERY VOLTAGE CORRECTION:
The injector dwell time or idle speed are
increased if battery voltage is down.
FUEL CUTOFF: The injectors are shut
off if the engine revs exceed 5400rpm or
the vehicle speed 1s over 220kph.

Most of these modes should be self-
explanatory, except perhaps for the Run
Closed Loop. The conditions for this
mode are (a) the engine al operating
temperature; (b) the On sensor heated by
the exhaust, to 300°C; and (c) the sensor
providing a signal output to the ECU.

To aid in the precise control of AFR, a
‘block learn multiplier cell” method s
used, as a fuel management program.
This consists of 16 hlocks of data (00 to
15), which represent RPM and IPW (in-
jector pulse width in milliseconds) at the
ideal combustion (AFR) ratio of 14.7:1,

as the base. The cells each have a count
of between 0 and 255, with 128 repre-
senting an AFR of 14.7:1,

To explain how ‘block learmn’ works
can be very complicated, so I will pro-
ceed in very layman-level terms. First,
we must have a brief understanding of
how the O scnsor operates.

Oxygen (Oz) sensor

The Oz sensor monitors the exhaust
gases for oxygen lons. It outputs a vary-
ing DC voltage of between 0 and LV, If
the exhanst Oz content is high (lean con-
dition), the voltage is low; conversely if
the exhaust O: content is low (rich con-
dition), the voltage is high.

This signal is sent to the BCU. The
ECU then gives an opposite command to
the injectors, to correct the situation. So
if it receives a signal indicating a rich
condition (high O: sensor voltage), it
“‘leans out’ the injectors by changing (re-
dueging) the IPW, If the signal should in-
dicate lean (low voltage), and the ECU
then enriches the system by increasing
the IPW.

Now many people in the trade think
the O: scnsor voltages should be the
other way around, with higher voltage
meaning more oxygen. But you elec-
tronic blokes will understand, when you
learn the Oz sensor is referenced o out-
side oxvgen, which far exceeds the oxy-
aen content in the exhaust.

‘Hunting’ action

If you monitor the O sensor output
with a DMM or other high input imped-
ance {(1UM or 20M) volimeter, you
should see it moving between about 0.2
and 0.8 of a volt. This action is referred
to as ‘hunting’. Just remember that this
is due to the action of the ECU 1in chang-
ing the AFR, in its effort w mainrain it at
the optimum 14.7:1. The 02 sensor does
not switch its output by itself — it's only
reacting to the changing oxygen content
in the exhaust.

Some people get confused over the
sensor’s temperature-related switching
characteristics. If the sensor is al
350°C it takes 100ms, while at B00°C
it takes 50ms (including hysteresis).
But just remember that the ECU con-
trols the *hunting”.

Of course if the (s sensor is faulty or
it’s not hot enough, there will be no
‘hunting”. :

(NOTE that Holdens do nor have
heated O: sensors. So to moniter Oz sen-
gor operation, it’s necessary to mn the
engine at a fast idle of about 1300rpm.
The exhaust gascs will then heat the sen-
sor to its operating temperature —
300°C or higher.)
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a0 what we are frying to achieve is
stoichiomeiry or optimum fuel burning,
which is synonymous with an AFR of
14.7:1. This also corresponds to a count
of 128 in one of our block learn multi-
plier cells, and also to an average Oa
sensor voltage of 00,45V, OK so far?

Block learn multiplier

The data in the block learn multiplier
cells is generated afler engine mapping
at the factory, This is an extensive pro-
cess of engine testing at different RPM's
and load factors (‘load’ is the MAP sen-
aor output data), This information is
placed in each cell as pre-programmed
fucl requirements, referenced to an AFR
of 14.7:1 — i.e., a count of 128. So, in
edch cell, the count factor (128) and the
IPW are known,

Which cell data is selected by the
BECU is a function of EPM and load. For
mstance, cell 00 is idle at NOT (normal
operaling lemperaturc) with say, an IPW
of 2-3ms (milliseconds). Then say cell
11 is reached by a heavy load demand
and a sharp rise in RPM. The TPW in cell
11 is say 9-11ms, to meet this demand at
the ideal AFR, again a count of 128. The
cell information is different for each ve-
hicle configuration.

I hope this 15 not wo confusing, Other
systems use lookup tables to determine
fuel requirements. Think of the informa-
ton 1n the cells as the ideal fuel require-
ments, relative to an AFR of 14.7:1, and
the starting point or fuel factor, for cor-
rective calculations.

Fuel integrator

The fuel infcgrator counter monitors
short term fuel correction and has no
memaory. It makes no changes in open
loop and has a fixed count of 128, In
contrast the *block learn’ counter makes
lomg term fuel correction and has mem-
ory. Both counts may be monitored in
the data stream output. OFf course, this
takes special equipment, like a hand
scanner, Autotechs who understand inte-
grator-block learn operation use this
count information to diagnose difficult
[uel problems.

In closed loop, the integrator reads the
Ch sensor output and makes any short
term corrections. 11 the counl goes below
124, it's making a correction for a rich
condition, by lowering the IPW.

For diagnosis, just remember higher
counts are compensating for lean mix-
tures and low counts for rich mix-
tures.  Nofte that  the integrator
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information is lost when the ignition is
turned off.

The block learn multiplier makes long
term changes and always follows the in-
tegrator, In both, the further the count is
from 128, the greater the fuel problem.
Extreme problems will find them “out of
range’ and they simply stop moving.
Typical range readings are from 118 to
134, but may vary with vehicles.

Block learn counts are stored in
memeory. The data reflects operating
conditions and driver fabits. It remains

Data stream diagnosis of the C-3 sys-
tem will not be discussed here, since it
requires special equipment. Diagnosing
using data stream is really the only way
tor go, but the equipment costs.

There's actually two types of code
retrieval, one sent by the system auto-
matically in response to a malfunction,
and the other codes which must be re-
quested by the autotech.

When the ignition is turned on, the
ECU initially turns on the CEL. Then
the little ‘leprechaun’ inside the BCU
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Fig.4: To retrleve diagnostic codes from the C-3 system, the technician earths the

CEL
connector (right) adjacent to the ECU.

in memory for 25 engine cycles or
until the continuous power source to
the ECU is disrupted (like the battery
being disconnected),

S0 what happens if there's a small fuel
problem? Yes, it’s stored in memory and
the vehicle acts accordingly. Many a
GMH vehicle has been fixed, simply by
disconnecting the battery and starting
‘relearn’ over again (more aboul this
shortly in diagnostics).

Remember, anything that effects AFR
— such as a small vacuum leak, dirty air
or fuel filter, Gming not spot-on, etc., —
cffects the block learn multiplicr
method. (NOTE: The JD Camira sys-
tems do not use this method. )

Diagnostics

The C-3 system has built-in self diag-
nostics. If a key sensor fails, it attempts
to FIX itself, by substituting a fixed
value for the sensor's output. If this oc-
curs the CEL will come on.

If the system cannot correct the prob-
lem in this way, it will default to the
diagnostic mode, which is the ‘limp
modde’. In ths mode the system runs on
the ignition system with fixed timing.

An ALDL (assembly line diagnostic
link) connector allows code and data
stream retneval from the ECU. On the
VN Commodores there’s a field service
mode that allows testing Oz sensor oper-
ations. (NOTE: The term “ALCL, stand-
ing for ‘assembly line communications
link’, 15 synonymous with ALDL.)

path by bridging elther the under-dash connector {left) or the ALDL

Jumps on his electronic hike and does a
quick tour of the system, gathering data
along the way, If there's no malfunctions
and the engine starts, he ‘blows out’ the
CEL, by lifting its carth path. But if a
mallunction 1% present, the CEL remains
on and the leprechaun does an “Irish jig’
around it.

If a malfunction occurs when driving,
the CEL will also come on. So if an an-
totech wishes to retrieve codes or do di-
agnostic lesting, he simply carths the
CEL path.

ALDL bridging

For ALDL bridging, place a jumper
in the connector (Fig.4a and b), then
turn the ignition on. A code 12 {Pass)
should flash on the CEL, and continue
until the jumper is removed. A 12 is
indicated by one flash, a pause, then
two more flashes, Any fault code pres-
ent will flash continuously if there is
only one and three times cach if there's
more than one code.

When the ignition is turned on, some
circuits cnergise:

Radiator fan relay

AN control relay

Torque converter solenoid

TACASC (fully exlends)

If the engine is now started, the tim-
ing will be fixed at 10° BTDC (before
top dead centre), idle will be controlled
as a4 function of temperature, the re-
laysfsolenoid will remain energised
and the CEL stays On. You are now in



the diaggnosiic or limp mode. No new
codes may be logged into memory. If
it's a VW Commodore, you are in the
Field Service Mode.

If a problem is intermittent, the code
will appear on the CEL, but will go out
after 10} seconds. The code will stay in
memory for 20 power-up cycles, or until
¢leared by power removal.

All faults indicated must be fizred and
cleared. To clear, remove the ‘eng comp’
fusible link or disconnect the battery for
11} seconds. Then, retest and make sure
you get a pass code 12,

If the ECU does not ‘throw® you any
code, you have deep troubles — possi-
bly a bad ECU, Bul check all connec-
tors, power and carth points on the ECLU,
before you condemn it.

Practical approach

Here's a down to earth, practical
checklist for diagnosis and servicing of
the GMH C-3 system by the numbers’
1. Place the jumper 1n the ALDL con-

nector.

2. Read the codes and write them down.

3. Remove the jumper.

4. Disconnect power (fusible link/bat-
tery).

5. Start engine, run until HOT.

6. Do a few WOT's (wide open throt-
tles).

7. Turn ASC on, then off.

8. Shut the engine down.

9. Replace the ALDL jumper.

10). Read codes, write them down.

11. Fix any faults,

12. Disconnect power (step 4,

13. Retest (steps | and 2).

14, Remove ALDL jumper.

If you can SAFELY raise the driving

tires off the ground, it can be tested
‘driving’, albeit with a small load factor.
If you have speedo, tripmeter or cruise
control problems, this test will check the
V585 (vehicle speed sensor) or road
speed unit,
VN Field Service Mode: This test must
follow the Key-on test with no fault
godes present — ie., you must have re-
ceived a code 12 (Pass). This mode
checks the ECU operation of fuel con-
trol, in open and closed loop operations.
It can be used dunng a road test or sta-
tionary. Only the latter will be dis-
cussed.

The procedure is:

1. Place ALDL jumper.
2. Start the engine.
3. Set idle at 1800rpm {timing fixed at

10" before TRC),

And here’s how o interpret the re-
sults:
A. Flashing open loop: the CEL will
flash on and off 2.5 times per second
{five times in two seconds),
B. Flashing closed loop, with fuel sys-
tem operating normally: the CEL will
flash on/off once per second.
C. Flashing closed loop, O: sensor indi-
cates lean condition: the CEL will be
aff, all or most of the Gme.
D, Flashing closed loop, O: indicates
rich condition: the CEL will be an, all or
most of the time,

Mo diagnostic codes should be set dur-
ing this field service mode test.

Summary

That's about all we have room for in
this article, There’s a lot more 0 know
about the C-3 system than we have been
ahle to cover here, of course. If vou wish
to zet more detalled information, I can
only suggest that you send for my GMH
booklet for $60.00.

The fellowing books are also still
available: The Ford EEC-TV booklet
($60.00); The Code Book ($33.000; and
Maintaining the Electronic Motor Car
(%25.00). Send vour orders to Major Al
Younger, PO Box 477, Double Bay,
NSW 2028 %




