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GASOLINE FUEL INJECTION, ELECTRONICALLY CONTROLLED.

Electronic, a frightening thought to some of us and indeed, electronic
technology can get very complex. Yet, the way the system has been
applied fo our passenger models is just the opposite.

It was not long ago that we spoke elatedly about the efficiency and reli=
ability of the "mechanically controlled gasoline injection system," a

unique feature on our highline and sports cars for many years. To improve
on a well proven system like this, is not an easy task. But, with confidence,
we can credit the electronic injection system with highest efficiency under
all operating conditions; a maintenance reduction, easy adaptability to
different models, and still at a cost savings atop of all those features.

The following pages will familiarize you with the function of electronic
injection system.

Printed in USA
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A. FUEL FLOW CIRCUIT (Fig.l)-

An ELECTRIC PUMP (item I) supplies fuel to
the circuit and a PRESSURE REGULATOR
(item 2) located in the fuel loop, keeps the
pressure of 28.4 psi. The excess fuel flows
through a DAMPER (item 3) back to the
tank.

The inline FUEL FILTER (item 4) prevents
dirt from reaching the INJECTION VALVES

(item 5).

Fuel pressure is also fed to the COLD
START VALVE (item 6) which is utilized at
a water temperature below 95°F.

N NN

1. The FUEL PUMP (Fig.2) supplies approx.
60% more fuel than needed. This keeps the
fuel lines relatively cool and chances of
vapor locks are therefore minimal.

Should there occur a restriction in the fuel
circuit, a relief valve (item |) will open
and fuel flows back to the tank. The same
valve also keeps a residual pressure in the
circuit when the engine is shutoff.

FIG,2

1. CHECK AND PRESSURE S sSucTioN
RELI1EF VALVE B DISCHARGE

R' RETURN

When turning on the ignition, the current
supply to the fuel pump is interrupted after
one second. This SAFETY CIRCUIT(Fig.3)
prevents a potential flooding of a cylinder.
As soon as the engine is cranked or started,
the fuel pump is automatically turned on
agoin and remains running as long as the
engine does.
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2. The FUEL FILTER (Fig.4) consists of

a paper element and a metal casing. It
can not be cleaned and should be replaced
every 30,000 miles. More frequent re=-
placements may be necessary under un-
favorable conditions.

FIG, 4

3. The fuel pump pressure which is also
the injection pressure, is limited to
28.4 psi by the PRESSURE REGULATOR
(Fig.5). This pressure must be kept at
the specified valve because the whole
electronic system is programmed to this
pressure. Corrections can be made at the
adjustment screw.

F1G.5

4. A fuel noise DAMPER which looks
similar to the pressure regulator is
installed in the retum line. It is not
adjustable.

5. Below a coolant temperature of 95 F,
a COLD START SYSTEM (Fig. 6) is activated
while cranking the engine.

A Thermo Time Switch (item 3), located in
the coolant circuit, senses water temperature.
Below 95°F the "W" terminal of the switch
provides ground for the relay (item I). This
completes the control circuit of the relay.
Now, when the engine is started, the relay
will close and current from the fuse will
energize the cold start valve (item 2). As
long as the valve is energized, fuel is in-
jected into the intake manifold at a pressure
of 28.4 psi.

Simultaneously, the "G" terminal of the
Thermo Time Switch heats a bimetal strip
internally, interrupting the ground of the
"W" terminal after approx. one second at
95 F water temperature. That time period
progressively lengthens to a maximum of
twelve seconds at -4°F.

2
r
|
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Borne 50
FIG. 6

1. RELAY P, GOLD START VALVE 3, THERMO
TIME SWITCH
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Fig. 8 shows a cutaway view of the
cold start valve.

FIG.8
1. SWiRL NOZZLE 3. ARMATURE
2. MAGNETIC cOlL 4, seac

. NOTES
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B.

ELECTRONIC CONTROL SYSTEM.

The fuel flow system works independent of the electronic sensors and switches,
except for the fuel pump safety circuit which is controlled by the control unit.

The concept of electronically controlled fuel injection is illustrated in Fig. 9
in a simple but accurate way.

Five different sensors located throughout the engine record all operating con-
ditions of the engine, ambient temperature and barometric pressure.

This information is fed into the control unit where the data is processed. The
output data which consists of electrical current impulses opens the injection
valves at the precise time and control the opening duration.

The function of each individual sensor is described in detail in the following pages.

INTAKE PIPE
PRESSURE
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D15TRIBUTOR
TRIGGER
POINTS

THROTTLE
SHAFT
SWITCH
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WATER
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AIR
t;MTERATURC
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q CONTROL UNIT
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v

ELECTRONI|C

INJECTION
VALVES

FIG.9




. The intake pipe PRESSURE SENSOR
(Fig. 10) records the most important in-
formation - the engine load.

Therefore, it determines to a large extent,
the duration of valve opening.

The sensor is connected fo the intake man-
ifold and reacts to any vacuum changes. |f
for example, a high vacuum prevails in the
chamber (item 9), the two evacuated cells
(item 4) expand and push the armature
(item 6) towards the right or further out of
the magnetic field, produced by the coil
(item 5). This sends a weak impulse to the
control unit, in turn, keeping the valves
open for only a short amount of time. As

a result, a small amount of fuel is injected.

With low or no vacuum in the vacuum
chamber, the cells contract and the
armature moves deeper into the magnetic
field sending a strong impulse to the control
unit. That means the valves are kept open
longer and more fuel is injected.

Atmospheric pressure changes in the pressure
chamber (item 10), also directly effect the
movement of the armature. This means

that the engine operates at its maximum
efficiency at any altitude.

10 B
FIG.10 6. ARMATURE
8. core
1. FULL LOAD sTOP 9. VACUUM CHAMBER
2. DIAPHRAGM 10, ATMOSPHERIC CHAMBER
4. evAc.cELLS VACUUM
5. coic ATMOS PHERE

The intake pipe pressure sensor (Fig.ll)
on engine type MII7 is on the operating
principle close to that of the MIl6, but
without a full load enrichment possibility.
Full load enrichment is now controlled by
a contact in the throttle switch.

FIG. 1

2. The beginning of injection is signaled
to the control unit by the IMPULSE
SENDING UNIT (Fig. 12), or also re~
ferred to as distributor trigger points.

Four sets of contact points mounted on
one metal plate form one unit which is
located at the lower part of the distrib=
utor.

Each set of points is connected to one
valve group via the control unit. When
one sef closes, two injection valves are
opened.

F1G,12
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Fig. I3 shows the injection valve groups.

F1G.13

3. The THROTTLE VALVE SWITCH
(Fig. 14) which is attached to the throttle
shaft, has several functions.

During acceleration, a metal strip slides
over contact segments (item |) signaling to
the control unit to keep the injection valves
open longer. When decelerating, a contact
switch (item 2) breaks the circuit and makes
further enrichment impossible.

Simultaneously, during coasting, another
contact switch (item 3) closes, sending an
impulse to the control unit to keep the in-
jection valves shut. Before the engine
reaches idle rpm, the valves are energized
again by the control unit even though the
contact switch remains closed.

The fuel amount for idle can be adjusted by
turning the rheostatic switch on the control
unit, but only if the shutoff contact switch
is closed.

The contact switch must open as soon as the
throttle is opened.

FIG.14

The Throttle Switch of the MII7 (Fig. 15)
works identical, but has one additional
sliding contact which controls the full
load enrichment.

M5y e

FIG.15 1. FULL LOAD CONTACT
4. A WATER TEMPERATURE SENSOR

(Fig. 16) is located in the coolant circuit.
Its function is to provide a fuel enrichment
up to a water temperature of |50°F.. The
ohmic resistance value of the sensor Jessens
progressively with decreasing water temp-
perature,

FIG.16

B3




4a. While the water temperature sensor

initiates the extra fuel required for a
smooth warm-up of the engine, an ADDI-
TIONAL AIR SLIDE VALVE (Fig. 17) pro-
vides the necessary air up to a water tem=
perature of I50°F. .

On a cold engine the pressure spring
(item 3) pushes the slide valve (item 2)
down. Air can now enter info the intake
manifold.

As the water warms up, the thermostat

(item I) expands pushing the slide valve
shut.

FIG.1T

5. As final correction measure, an
AIR TEMPERATURE SENSOR (Fig. I8)
located in the air filter housing causes
a fuel enrichment up to an air temper-
ature of 70 F.. The sensor works on the

6. The preceding information explained
which devices establish the input data.
They are:

I. Pressure Sensor

2. Trigger Points

3. Throttle Switch

4, Water Temperature Sensor

5. Air Temperature Sensor

All this data is fed into the ELECTRONIC
CONTROL UNIT (Fig. |9) by means of
electrical current signals.

In the control unit, or better known as
"brain box" ,the received information is
processed by various transistors, diodes,
capacitors, potentiometers, etc.

The output data which again consists of
electrical current impulses, controls the
operation of the injection valves.

The control unit also controls the fuel
pump safety circuit, as mentioned
earlier.

R-4898
same variable resistance principle as the
water sensor. FIG.19 COVER SREMOVED
T
z-3703
FIG.18
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7. The ELECTRIC INJECTION VALVES
(Fig. 20) work identical to an electro~
magnetic solenoid. Under current, a
magnetic field is produced by the coil
(item 3) and the armature (item 2) is
pulled against the closing spring (item 4),
thus opening the nozzle needle (item ).

At this moment, the pressurized fuel
(28.4 psi) at the nozzle tip is sprayed into
the intake port.

Depending on the engine's operating
condition, the valve stays open from a
minimum of 2/1000 second, to a maximum
of 10/1000 of o second.

FIG,2C

NOTES
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C. MAINTENANCE

Contrary fo the mechanical fuel injec-
tion system which needed occasional
recalibration because it employed
primarily mechanical components which
are subject to wear, the electronically
controlled gasoline injection system is
virtually service free. The few service
operations which do require periodic
attention are outlined below.

|. During the Ist and 2nd service, all

fuel hose clamps (Fig. 2l) must be checked
for tightness. This should be carried out
with a cold engine and overtightening
must be avoided.

Furthermore, the entire fuel system must
be checked for proper sealing every

10,000 miles.

F1G.21

2. The fuel filter (Fig.22) should be
renewed every 30,000 miles. A more
frequent replacement may be advisable
under unfavorable operating conditions.

On the MII6 engine the filter is
located in the engine compartment,
while on the MII7 engine it is in
the back, near the fuel pump.

Fl1G.22 1 FUEL FILTER

3. In accordance to our cycle services,
the idle speed and CO emission should
be checked with every maintenance
service.

The specified values for idle speed and
CO emission can be obtained from the
exhaust emission tag, located on the
radiator cowl. The procedure calls for
first adjusting the idle speed at the air
screw (Fig. 23), and then adjust the
fuel amount on the electronic control
unit (Fig. 24). Turning the knob
"clockwise" will enrich the mixture.

~ 3 — —
Sx B — :

FIG, 24
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4. Aside from the regular scheduled
maintenance items, it may become
necessary to check and adjust the
fuel pressure. For this purpose, a
pressure gauge is connected to the
fuel loop (Fig. 25). Should the
value be other than 28.4 psi, it can
be corrected by adjusting the pressure
regulator (Fig. 26).

FIG.25

FlG.26

PRESSURE REGULATOR

5. Should the test procedure reveal
that the throttle valve switch

(Fig. 26) needs adjustment, it must
be performed with utmost care. For
easier accessibility, it is advanta-
geous to remove the throttle valve
(item 1),

The switch (item 2) can be moved after
loosening fastening screws (items 3). With
tester (ohm meter) connected and ignition
on, turn switch until needle moves from
"OD" 1o "O", Move switch from this
position by 3 graduation mark (19) counter
clockwise and tighten. Recheck adjust-
ment.

RO7/6160

FIG.2T

1 THROTTLE VALVE
2 THROTTLE SWITEH
3 FASTENING SCREWS

D. DIAGNOSTIC HINTS

Unlike vehicles of yesteryear where an
experienced technician could make an
accurate diagnosis by simply lifting the
hood or driving the car around the block,
current technology, applied in the pro-
duction of automobiles, requires modern
test equipment.

Especially on an unitized system such as
the electronic fuel injection, a malfunction
of one sensor could have the same symptoms
as another.

Following is a test procedure for the Bosch
EFAW 228 Tester which was specifically
developed for this system.

Another tester made by Janbo serves the
same purpose. Since this device comes
with its own instructions, we will not
elaborate any further.

DI
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WIRING DIAGRAM FOR EFI SYSTEM

nod usedon 3.51Er Cagines
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1 Plug board (control unit) 10 Main relay for power supply
2 Pressure sensor to control unif
3 Trigger points of the 11 Pump relay
distributor 12 Adapter plug for connection
4 Temperature sensor (coolant) to vehicle's main wiring harness
5 Temperature sensor (air) 13 Battery
6 Throttle valve switch . 14 Harness ground
7 Injection valves (cylinders 1-8) 15 Twelve pin plug for tail light
8 Fuel pump harness under dash
9 Ignition switch
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Retay fugl pump
Ralay cold start valve

Key No. 1
Keay No. 2

TYPE 107

LOCATION OF RELAYS

TYPE 116

1 Main relay, electrome fuel injection system
2 Plug connection, sutomstic antenna

TYPE 108/109

LQ,‘\I Retay for electric fuel 10
pump
L 2 Relay for starting valve
3 Relay for electronic
control unit
I 4 Relay far starter
1erminal 50
« 9 Fuse box

R-4725

¢ for voltage supply of
tronically. centrolled
clion systom

for fual pump

ulator for threesphase
aiternator

i Helay for auxiliary lan

% Relay for cold start valve

3 Cable connecior between
main ana additional cable
harness for elecironically
controiled injection system

Time delay switch for
heated rear window
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07.4 - 2 BOSCH TESTER EFAW 228 TEST PROGRAM

Tester Application

The following test program using tester and
fuel pressure gauge will locafe the following:

A. Certain faults in the sending units.

B. Injection wiring harness problems.

C. Fuel system problems.

D. Priming system problems.

P-4345

Important Points
A. The test program must be done in sequence.
B. Any problem found must be corrected before continuing with the test.

C. To find faulty connections, move the pertinent cables and connections, while
performing the test. ' ‘g

D. When a problem is located with the tester, refer to:
07.4-3 Detailed Shooting Procedures for the EFl system.

Test Program
A. Control Unit Removed.
1. Disconnect coil high tension lead and ground.

2. Remove control unit and plug Bosch Tester into the plug board of the
injection system harness.

3. Install fuel pressure gauge.
Caution! Fuel system is under pressure! !

4. Turn Ignition on for the entire test program.

5. Switch "A" at "Measuring" .

6. Switch "B" at (see following page)
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SWITCH "B" AT:

OPERATION:

YOU ARE TESTING:

DESIRED RESULT:

VOLTAGE |

IGNITION ON (ENTIRE TEST
PROGRAM)

VOLTAGE AVAILABLE
FOR THE INJECTION
SYSTEM,

11 TO 12.5 ON VOLT SCALE

VOLTAGE 1|

IGNITION ON (ENTIRE TEST
PROGRAM)

VOLTAGE AVAILABLE
FOR THE INJECT|ON
SYSTEM.

11 TO 12.5 ON VOLT SCALE

START ING VOLTAGE

CRANK ENGINE

VOLTAGE TO INJEC-
TION SYSTEM DURING
CRANKING

9 TO 12 ON VOLT SCALE

ADJUST OO
PRESSURE SENSOR

CAL |BRATE INSTRUMENT TO " ©< " BY TURNING BALANCE KNOB

PRESS BUTTON "GROUND™

— —————
INSULAT |ON OF
PRESSURE SENSOR
AND CABLES

(o o)

PRESS BUTTON "PRIMARY"

RESISTANCE OF
PRIMARY WINDING OF
PRESSURE SENSOR
INCLUD I NG CABLES

0.5 TO 1.0 ON OHM SCALE
(APPROX. 90 02 )

PRESS BUTTON "SECONDARY"

RESISTANCE OF
SECONDARY WINDING
OF PRESSURE SENSOR
INCLUD NG CABLES

370 1 ON OHM SCALE
(APPROX. 350 )

DISTRIBUTOR

CONTACT |
THEN I
THEN |11
THEN v

CRANK ENG INE

TRIGGER CONTACTS
IN THE DISTRIBUTOR

HAND OF INSTRUMENT
REGISTERS DURING CRANKING.
(1T DOES NOT STAY

AT 0 OR S )

THROTTLE VALVE
SWITCH |
THEN i

SLOWLY DEPRESS
ACCELERATOR PEDAL

FUEL ENRICHMENT
FOR ACCELERATION

HAND OF |NSTRUMENT
0SC|LLATES FROM "0" TO

" S 1 APPROX IMATELY 10
TIMES. WHEN RELEASING
ACCELERATOR, THE HAND OF
INSTRUMENT MUST STAY

AT " ©<O " yUNTIL THROTTLE
RETURNS TO IDLE.

THROTTLE VALVE
SWITCH 11

THROTTLE VALVE AT |DLE
(CLOSED)

CONTACTS IN
THROTTLE VALVE
SWITCH

O s

THROTTLE VALVE SLIGHTLY
OPENED (ABOUT 19)

CONTACTS IN
THROTTLE VALVE
SWITCH
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SWITCH "B" AT: OPERAT | ON: YGU ARE TESTING: DESIRED RESULT:

TEMP. SENSOR | RESISTANCE OF AIR (F®)  OHM SCALE*
(INTAKE AIR) TEMPERATURE SENSOR 105° 0.5 T0. 2.5
IN RELATION TO AIR 85° 1703
TEMPERATURE 70° 2 1ol
50° 3765
322 5.5 T0 7.5

*ACTUAL VALUE =
SCALE VALUE X 100

TEMP. SENSOR 11| RESISTANCE OF WATER (F®) OHM SCALE®
(COGLING WATER) TEMPERATURE SENSOR 2120 .1 TO 0.3
IN RELAT[ON TO 1800 0.2 TO 0.4
WATER TEMPERATURE 1400 0.5 TO O.7
105° 1.0 70 1.5

70° 2 T0 3
320 5.5 TO 6.5

*ACTUAL VALUE =
SCALE VALUE X 1000

VALVES UNPLUG THE FOUR INJECTION RESISTANCE OF VALVE 2 TO 3 OHM SCALE
(IF REQUIRED, VALVES ON ONE SIDE OF THE WINDING INCLUDING
ADJUST o< ) ENGINE, DEPRESS VALVE CABLES

BUTTONS ONE AT A TIME.

TESTER BUTTON CHECKS:

CYL.
BUTTON W = @
BUTTON 2 = ‘E” 'ii
BUTTON 3 = 2 ‘E'p
BUTTON 1 = (:::)4._____,(::>
(FRONT )
REPEAT PROCEDURE FOR SAME
VALVES ON OTHER SIDE OF
ENGINE

(SWITCH "B" TESTS CONCLUDED - POSITION OF SWITCH "B" HAS NO INFLUENCE ON SWITCH "M
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SWITCH "A™ AT:

OPERAT ION:

YOU ARE TESTING:

DESIRED RESULT:

VALVE CHECK
FOR: FUEL SYSTEM
PRESSURE

FOR: FUEL SYSTEM
LEAK DOWN

FOR: PRIMING
SYSTEM AT COOLING
WATER ABOVE 95 F

FOR: PRIMING
SYSTEM CIRCUIT

FOR: PRIMING
SYSTEM AT COOLING
WATER BELOW 95° F

PRESS BUTTON "Pump"

FUEL PRESSURE
SETTING

28.5 X 0.5 es|

PRESS BUTTON "PUMP"
FOR ‘A SHORT TIME

FUEL SYSTEM FOR
INTERNAL PRESSURE
LEAK DOWN

PRESSURE SHOULD DROP TO
APPROX. 17 PSI AND HOLD,

A. PRESS "PUMP" BUTTON
BRIEFLY TO REGISTER
A PRESSURE ON FUEL
GAUGE.,

CRANK ENGINE FOR
ONE SECOND.

PRIMING VALVE
SYSTEM, THERMO-
TIME SWITCH
ABOVE 95° F.

PRESSURE ON GAUGE SHOULD
NOT DROP INDICATING
SWITCH 1S NOT GROUNDED.

B. GROUND CONNECTION
"Wf OF THERMO-T IME
SWITCH PLUG, CRANK
ENGINE FOR ONE
SECOND.

PRIMING VALVE AND
CABLES

PRESSURE ON GAUGE SHOULD
DROP INDICATING VALVE
OPENS,

PRESS "PUMP" BUTTON TO
REGISTER A PRESSURE ON
FUEL GAUGE. CRANK

ENGINE FOR ONE SECOND.

PRIMING SYSTEM
THERMO-T IME SWITCH
OPERAT I1ON BELCOW
95° F.

PRESSURE ON GAUGE SHOULD
DROP INDICATING SYSTEM
OPERATES.,

TESTING WITH CONTROL UNIT CONNECTED

ON NEXT PAGE
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G, TESTING WITH CONTROL UNIT CONNECTED

1. SWITCH OFF IGNITION.

2, REMOVE PRESSURE GAUGE,
CAUT ION! SYSTEM UNDER PRESSURE.

3. PLUG CONTROL UNIT INTO BOSCH TESTER PLUG
BE ING PLUGGED INTO TESTER PLUG.

IN ADDITION TO WIRING HARNESS

YOU ARE TESTING:

DESIRED RESULT:

SWITCH "A" AT: OPERAT | ON:

DISTRIBUTCR START ENGINE [N

CONTACT 1 "D§S. CON. 1" POSITION.
THEN 11 RUN AT APPROXIMATELY
THEN 111 20C0 RPM. SWITCH FROM
THEN IV POS. | THROUGH 1V.

TRIGGER CONTACTS
IN THE BISTRIBUTCR

HAND OF INSTRUMENT
OSCILLATES AT A CERTAIN
VALUE.

THE VALUE SHOULD BE THE
SAME IN ALL FOUR
FOSITIONS, TWO MARKS
DIFFERENCE ON THE VOLT
SCALE 1S ALLOWED.

4.5 LTR ONLY!

PRESSURE SWITCH OPEN THROTTLE ALL THE
VWAY BY SLOWLY DEPRESSING
PEDAL INSIDE CAR.

FULL THROTTLE
ENRICHMENT IN
THROTTLE VALVE
SWITCH.

A READING OF 2 TO 5 VOLTS
AVAILABLE, 59 BEFORE
REACHING FULL THROTTLE,
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07.4 -3 DETAILED TROUBLE SHOOTING PROCEDURES
FOR THE EFl SYSTEM

The following procedures are a means of checking each circuit of the
EFl system to pin point a problem in the circuit.

Specifically, this test program begins where an EF| tester program ends.
If you have a problem in a circuit, an EFI tester will indicate this, but
it will not show you exactly where the problem is. You must trouble
shoot the problem circuit to locate the specific cause, such as a de-
fective sensor or emitter, bad ground, loose or broken cable, defective
relay, etc. Use this trouble shooting program as follows:

1. When a problem is indicated by your EF| tester, turn off the ignition
and unplug the tester. The trouble shooting will be done with a
standard voltmeter, ohm meter, small probes and jumper lead.

2. Locate the trouble shooting information in this fext which covers
the problem area indicated by your EF| tester. For example, if
your tester indicates a problem in the part of the program which
tests the injection valves, refer to the 'Injection Valves' trouble
shooting procedures. If a problem is indicated in any of the fuel
system checks, refer to the 'Fuel Systems' trouble shooting pro-
cedures, and so on.

3. Follow the testing instructions in each trouble shooting tree carefully
and in sequence. This will lead you to the cause of the problem by
the quickest route.

07.4 = 3/1
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MAIN VOLTAGE SUPPLY TO EFI SYSTEM
Key on via cables 11 and 16
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MAIN VOLTAGE SUPPLY TO EFI

SYSTEM

Key on via cables 11 and 24

Connect voltmeter to trs. 11 and 24. Key on.

If battery voltage is not available,
cable #24 is defective.

g
i

Ignition
switch

r
[ Starter +

Afe clotel
Cut-oud
g réfoy

1o
~

Storter lock-ové
Sw.teh

n 2 13 % 15 % 7 18

E b
e
= Remo.cnder Of Cireuit 3 LY. ¥ T
Checked oluring provivus
htd
MAIN VOLTAGE SUPPLY TO EFI SYSTEM
While cranking via cables 11 and 18
Connect voltmeter to trs. 11 and 18. If battery is fully charged but there is
less than 9 volts while cranking, check feed voltage back through circuit. Test
point where sufficient voltage is available indicates problem is between that test
point and previous test point.
type 108 type 116 and 117
s
L 2o '

e e

wio7 wille

Fuse/relay boy
vnoler hood

Key ¢4 Startes Ale
Clutch cuod-ont

¥ ;;ga,y !

Both relo.ys in _;:

Key #2 primting valye |
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To (,‘vlqp/(’(( el pump i rc‘n'{,

terminads 19 and 17are Connect
throush Time Switch in Controf Init

” B3 w 15 1% 7 18 )

"
;-4—4_¢_+_+—4—4-+—4—
b

£
§@ §
Rela 36
Spin P;:.:,:Y i }‘Li

8 0210 |87 3730

86| 042030 86l0«:0|85

a0 |85

L

e v/07 brmfukt |

ke
/08 blx/unrg. <

FUEL SUPPLY TO EFI SYSTEM
PROBLEM: FUEL PUMP DOES NOT RUN

The fuel pump should normally run
for one second when the ignition is
turned on. It runs continuously with
engine running.

Checkk fuse for fuel pum
No 0K? YES

The following testing is done
with EFI tester removey anol

2
| 8
|
§
sl

w3 bt ~iEe =
Houles ot al Bl 3 iR
el ama0 ke~ If4+107

blk/gm-108

]\ Comtrol Unit (bracn) Plusged in
Ysise — Pum o motor

§ t 19 Cireui €

| | 0000de Pymp relay

LL 1 Civeycdt

Fot yoorhowud on the Main relay (1o) ond
Cau'You fee) the main yrlay €nfrge3e and
BOTH ENERGIZE

Ehe Jounipd Velay (). When the kKey S turnel on,

= A
NEITHEE ENERYIZE f(’gﬁ'*r/'ZV#G (ZEY

Lhe pump rflay enersiie for oneSxond?

| l

ASs DescrtBeD
Risdge o Siand werkiha il

No Doespump RN 7 YES

Femove pompP yp),_{ Pi:z/(?zw Unplosg & veloy Yoo Know €5 u;,,ﬂa :. r;):)/ 7o Kitows L5
’

NO Dos'; Purmp RUN ? YES NO Dogs FumPRN? YES

L wop try it in place
ég"j s ’Ime ey oz the Bump f@gyfl.‘l’

l

2place defective ponp ffﬂ |?ep[a_cz diefectiveNain re)-ﬂ [ Replace dlefective pome mk*
: % p)
Regper toT OUBLE SHOOTING: gﬁ ove Co:f{al];‘:; 1;?
“MAIN VOLTAGE SUPPLY Plug boabd,Kev on.
To EFL SYsTEM' NO Doegs Pump RUN ? YES.

l%nﬂlagedekdave Contro) I

No

Bomoye Pomp Yelay Plug Ouwd ChEcK Voltayeattr30, beyon Bopove Injection harness Coble connector (12)and

TIATTERY NOLTAGE P YES No  Does PuMP EUN ? YES

voomd Cakle ® female terminal

|
[Sefer:t in cn.ble@l

|
[Depect incable ® |

Voltege at

Kemove Cable @ at fvel porp Gud cHecK

Coble @Cng, Key ON.

Tenmove Posp velary plus G CHPEK
Voltage at 1r 86, Key on

Berecemoante ® | e oty it f,',':|' Defect in coble®)  |Defectin casle ©

27
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FUEL SUPPLY TO EFI SYSTEM
PROBLEM: FUEL PRESSURE INCORRECT

Capacity test
/ here

Pressure
90.() e

goes here

n=)ine fiye
fuel §ilter

Adjust Lhe foe) pressore végulator & 28.5 psi
Yes A0JusTHERT PossIBLE ¢ NO

TFengine performance chdicotes o Jean Condition With the Corpect fue)
Pressuve ) Berform the FUEL CRPACITY TEST out)ined lbolow .

Try G new Pressore regulator. Asmel) adjusément may be necessary o proride

28.5psc . Lf 0 Javger ad jusiment Ls cnlicatess

Too Hi4H PPESSURE INDICATED IS 700 Low

l

TKestrict o os<ible L the fue) return Cirevit between Lhe pressure ¥egilator
oqu; en Lf?{-au/( tetorn inled . Eleminete before adgusdin 5 Pressdve regujazor

FUEL CAPACITY TEST — Perform ta determine tf fue) dejivery ¢s Sufficient.

/‘fa».ureing Condition g Engine ot idlewith |2 voits ova ilable artfuve] Pump and

Meosoyeing point § I the retorn Ciwevit o the fue) tauk after tHhe pressur
regulator
Mf’o-fdﬂ’c'ﬁr; velue 3 Gt least one Jeter (one yuau-/-) in 30 secomdls.
CAPACITY O.kK. 7 NO

Full tanl at least half +old.

Yes

“Repeartthe test with the for) tank filler Cop vemoNay
CAPAC/TY O.K. 2 NO

Faeltank venting System ot oﬁf’bﬁn; . CHeck vent hole
vestriction, CHECK venting Contro) valve andlines.

NO

Check a)l] £ue) lines for restrict iops OF Kk P'efﬂvt the Lest agfler replocing (h-line Jue) fiker
(e}

PROBLEM LocATED ? < CAPACITY O.¥. 7

!

Ty Mewfuel PP AJ,'urt Pressure reg vlator Qs Necessavy to 28.5p5¢ and chakK CepPocity
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FUEL SUPPLY TO EFI SYSTEM
PROBLEM: PRESSURE LEAKS DOWN WHEN ENGINE

IS NOT RUNNING
If fuel pressure does not hold at approx. 17 psi after

the pump shuts off, but drops to zero in a short time,
the leakage is at one of the four places indicated:

Run fuel pump to bucld up pressyre. Pressure regulotor leo-Ks.
NOTE: Noteritical Fuel

Irmediately after pumpStops,tlamp
Fuel lineshut pt reduryn 0vtlet of returns fo fuel tank.
pressdre yey ator

NO  Does PRessurRe Hoonow?  YES

Run fuel pump to build vp pressvre. Fuel pump Check valve lewks.
NOTE: Not eritical, Fuel

Immediately aféer pomp Stops) Clamp
returns ¢v tank

?‘LIF/ /Lﬁt’fﬁdl‘ﬁ—(‘{(/t’) £l lter /

NO  Does PRessuRE HoLp wow? YES

Ruw fuel pumpto build vp Pressure Pn:miﬂj valve leak's . Replace

Tmmediotely afet€r pump Stops Clmp Priming Valve.

7( U(} I ine shot at pﬂ""‘.”ﬁ e /

NO  Dofs PRESSURE HoLD Now? YES

|
Lnyjection va.Ive/s leakK.To Find leaki n9 va.lwp/s , remoye volyes
From engine |leaving themwr Connectedd Fothe fue) System.
Pun fuel pomp and shserve valves. valve Lip roy becom e
mocst, but no move thawn 2 dvops of fuel per minvte
woy leaK ovt ., Reploce leakins valves,
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DISTRIBUTOR CONTACTS WHILE CRANKING
Four contact sets circuifs individually via:
Cables #12 and #13 Cables #12 and #21
Cables #12 and #14 Cables #12 and #22

2 B % w8 W 1B W 0 2 2 Connect ohm meter to trs. #12 and other as
1’4—“"—:—“'_ === :‘ noted above. If the hand of the instrument
x s = . . .
R3] & ¥ 3 does not oscillate during cranking and/or
sI¥s 3 Y i iti
£ X £ @) stays in position O or oo, check:
+————+ o

e Y F DISTRIBUTOR CONTACTS AT REST
(Connections as above)

i Bump starter to close contact set (02).
S S No apparent resistance should register
on any contact set. Tap on distributor

at contact set assembly. The reading
should be stable.

ADDITIONAL HINTS REGARDING THE TRIGGER CONTACTS

An intermittent missing in the engine may be caused by the trigger
contacts occasionally not making good contact. This condition may
not be seen during testing with a needle type tester since the instru=
ment needle might not react quickly enough to indicate this occasion=
al problem.

07.4 - 3/8
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INJECTION VALVES

Circuit for injection valves via:

Cables #11 and #3 for cylinders 1 and 5
Cables #11 and #4 for cylinders 4 and 8
Cables #11 and #5 for cylinders 6 and 3
Cables #11 and #6 for cylinders 7 and 2

Unplug all four injection valves on one side
of the engine. Connect ohm metfer to trs.
#11 and #3,4,5,6 respectively. Valves
remaining plugged in are being tested.
Reverse procedure for testing other four
valves.

If the reading of any valve is other than

2 to 3 ohms:

ReADING
below 2 above 3

Unplug velve ﬂvjrsr:;:f::n ’ bn‘d,e ’a)uy

ml.‘oo PeADING o© READ It nTto

Defect (u valve Defect tn valve
Ca-ble Coble

lVam defective —l [ Voive defective T

see ‘Adelitional hints regardin the
Injection Valves" (peyst /)aje)

07.4 - 3/9
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ADDITIONAL HINTS REGARDING THE INJECTION VALVES

There are two conditions to consider when checking the injection valves.

ELECTRICAL:
The winding of the valve, and connecting cables, are checked with
the EFI| tester.

MECHANICAL:

The proper opening, shutting, spraying and delivery of the valves,
is dependent on the mechanical condition of the valve. If there are
indications of mechanical problems with the injection valves, such
as individually sooted or burned spark plugs, or surging or inter=
mittent missing while driving, proceed as follows:

Remove all of the injection valves, leaving them connected to the
fuel pressure circle. Connect your EFI tester to the EFl injection
harness plug so that you can operate the fuel pump and injection
valves via the provisions on the tester.

VALVE LEAKAGE TEST

Operate the fuel pump and observe the valve tips. No more than 2
drops of fuel per minute may leak from any valve.

Place containers under the valves to be checked. Operate the fuel
pump and the respective injection valves via the EF| tester. Some

testers require disconnecting one valve of the pair before the valve
will open. The fuel should spray in an atomized form.

VALVE DELIVERY TEST (at 28.5 psi fuel system pressure)

Place graduated container (e.g., baby bottle) under the valve
to be checked. Disconnect other valve in set.

Operate the pump and the respective valve at the same time.
In 30 seconds, the valve should deliver 200 to 210 cc of fuel.

Replace the valve if below 200 cc delivery amount.

07.4 -3/10
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AIR TEMPERATURE SENSOR

Circuit via cables 11, 1 and A
18

ST e 7] Connect ohm meter to trs. 11 and 1.
Al W IR ICRERE N If the ohm reading of the air temp.
il TR e T S R sensor is not correct in relation to
L\‘f— At s sk - ol the air temperature:
3 H READING
o O,or incorrect valye oo

Remove pl Vg from @iy femp.Sensor
4 hoto<o PEADING o0

|
) L Cable

v Air femp. sensoyr
1 BT s defec@é‘:re@ de;f'cﬁ':/e —
SCJ\'_ )" F© temp. = ohm value Remave plug from aiy temp.
i ’é . [ _é_ E] Sensor and bridse as shown
jLTe 42 =680 0O READING not0
e 50° =400
68° = 300 l I
86° =210 Airtemp. sensov Cable @or B
104° =150 _ defective defective
/@\ WATER TEMPERATURE SENSOR
M Vel Circuit via cables 11, 23 and B
=T \
7 —
/S
I f_‘a F:T___.,z"__zi_zz} Follow the same trouble shooting
b % procedure as above for the air
H £ temperature sensor, except cables

23 and B apply. (see schematic)

See zqa/dt'éiana_,I hints reia_rdin; the
temperature Sensors' (nent pase)

wnn
)
o
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ADDITIONAL HINTS REGARDING THE TEMPERATURE SENSORS

Running problems encountered at certain ambient or coolant temper=
atures indicate the possibility of a defective sensor. Testing of the
sensors at a particular temperature is possible by putting the sensor
bulb into water of the pertinent temperature and testing the resis-
tance in relation to water temperature.

CAUTION! Do not apply direct flame to the sensor. This will ruin it.

Also, remember the following points in regard to temperature-related
running problems:

a. A too lean idle mixture will cause extreme leanness at high
temperatures.

b. The warm-up mechanism sliding piston must be shutting off
properly. Additional air should shut off at approximately 150° F.
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THROTTLE VALVE SWITCH
Acceleration enrichment via:
Cables #12 and #9 - Cables #12 and #20

Connect ohm meter to trs. 12 and 9, then 12 and 20.
Slowly depress accelerator pedal.

If the hand of the instrument does not oscillate
approx. 10 times between 0 and oo , and/or

does not read oo while releasing the throttle

(until idle position):

= Pull p1|/9 From throttle
= m) Valveswiteh ano
9 20 12 W 12 bridge as shown

fe——3.5 ltr. —-’1 (9 +)2. then 20+’Z)
#ltr === 0 REAGING WO

I |

Throttle volve Cable inguestion
Switeh plefective s defective

THROTTLE VALVE SWITCH
Idle circuit via cables 12 and 17

Connect ohm meter to trs. 12 and 17
If 0 isnotindicated at idle:

Pull plug from throttle
e T s T l—:,\}:, valveswitcthoanol
o 20 1 1w i2]pvidye as shown

fe—— 3.5 Itr.
te— 4.5 Itr —— O

READING hot O

[ Replace switeh | [Derext incable @)or@)

IF ©< is not indicatedd br T2 O;L
throttle valve opening %

Pull plug from throttle valve switep.
not oo READING by 1?° o0

l
[ De fect in Ca,ble@ or @J ' Replace switch l
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-———— o

-

THROTTLE VALVE SWITCH (4.5 ltr.)
Full Toad enrichment via cables 12 and 2

Connect ohm meter at frs. 12 and 2.
At 5° before full throttle, 0 chms should
register. |f 0 ohms do not register at

F"""‘ e A D 59 before full throttle:
EEE T
A 4——44—4—-4—4-1—4—
? > %z pq/// F/uy érzp(azlﬁrllﬂ:/
; Va[fre swite u. ridge
?[22031213 2| trs. 12 aud 2 i
@_f O READING wto
- I
Ifeplace throtle valye switch J
A 1 1 7 6 1 e 4 7
i, a4 3 Lﬂl‘kc-é (¥ Cable izorﬂ
sTTE
AL I
(AR
bj;__ SR
ADDITIONAL HINTS REGARDING THE THROTTLE VALVE SWITCH
If the idle fuel adjuster on the control unit has little or no effect
when adjusting the C/O, a possible cause is the throttle valve
switch idle contacts not closing.
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PRESSURE SENSOR
primary winding via cables 7 and 15

=3 Connect ohm meter to trs. 7 and 15
- If reading is other than approx. 90 ohms:
SESS

v

0 to 500 more than 100 0 fove)
5 Pull P’t:j From pressure |
Se€hnsov.

High resistemce. Check

Plug and terminals of
i notes READING oo 00.1;?5@0»14@

[De%ctoirn@bks‘l [Rephx.ee pressure sen sor]

e TIntervption. Remoye sensor
plug and bridg € as shown.

B [EEd
5 10 8 7

o READING net O

[Rcﬂace Pressyre Sens‘orl 'De,lmf in cable (7)or c@ l

PRESSURE SENSOR
Secondary winding via cables 8 and 10.
& \
/

Connect ohm meter to trs. #8 and #10.

. . If reading is other than approx. 350 ohms:
8 9 0
e e
3 T READING
1 5 0t0 3008  more thand00.0 oo
Pyll plug from préssurve High restistance. Check,
Sensor., rlug and terminals
@ hot oo READING oo of cables @and @O

|

[Def'ect inCable aoﬂq [Rep?wee préssuce smsorj

N Intenyption. Remove Sensor

p;ug and bn’dge as Showhn -
== i == (0 == i ===
5 10 8 7

(@] READING not O

l :

[ﬁepln,ce pressure sensoy ] [De/ed incable @) or {9 ]
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ADDITIONAL HINTS REGARDING THE PRESSURE SENSOR

There are three conditions involved in controlling the operation
of the pressure sensor:

A. ELECTRICAL: The primary and secondary windings in the
pressure sensor, and cables, are tested with
all EFI testers.

B. VACUUM: The vacuum diaphragm in the pressure sensor
automatically is checked by some EFI testers.
If not, it can be checked for leaks by attach-
ing a hose to the inlet of the pressure sensor,
applying a vacuum to the sensor, and seeing
if it holds vacuum.

C. MECHANICAL: The movement of the armature in the pressure
sensor is_checked by some EFI festers. Stick-
ing or binding of the armature cannot be
determined with any accuracy if the tester
has no provisions for testing this. If this
condition is suspected, try a new pressure
sensor to see if the problem is eliminated.
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PRIMING SYSTEM

The priming system wiring is included in the EF| system
harness, but is not a function of the EFl system.

Primins velve Foes net- Prime

Operate at cony Temper—
ature

valvepperates for a
period while Crangdvg, bvt not
(v Covrect Velat.onship to temp-

Fri wing Va)veoperatesa))
0f the time while crankin
(does not shut offa,iz‘:(u.fff@

l

r o Ch(og’.fzz;ﬁ's NG ]

['ﬂtcma Lime switeh Jmﬂ

Unplus the Zhevme Eeme
Switeh Qungf Crvank @nsine

[%P/hce fuse l

" Unplug the therwio timesuitel,
And dvound Lthe *W* termine.)
W Of the pluy . Crank the engine.
§  ves | pplMinG VALve oPseares? NO

[ Therrp time Switeh plefeciéive ]

Peploce thermo time switeh ph. .qu?
the Primins valve and 0pply bottery +
directly 4o onetermivial) af the Valve while
grevnding the other terminial.

YES Peming VALVE opeeaTes? NO
I Priming valve defectiveé I

Plug priwing valve in. Unplug priming Veive
belay end VYeploce ré)oy with one yol
Kinow Ls woRrKing - Crenk engine.

Y&Es PeIMING VALYE OPEEATES BELow%*? NO

DoEs THE PEIMING > No

YeS aive st oredre? NO |

THermoLime switch defectivi
ov cable © orPen

Cable @ $ ram Ject

(see IAIIVPI:H} Ju&7 VG-"')

6 reloy in fuse/reluy boy
Key # 2. on harness plug

l

[ Peimting vave reloyy defective [

Cable in 5ystent open. Frecede as followss:
Below 95°F ensine temper ature’ pvt your
haund on the privming volve veluy and
Crouk e’ny"ha.

Ye's CAN Yoo FEEL THE RELAY ENERGIZE?

l
l Cable©or©a;¢8n E:o.b}e @) or (® opent J

¥ or graum/ ‘W' tenmina) of Lhermo -
time Switch F"Jj‘

J

Sicherung

b Kiemma 15154

Wiring diagram of starting device

1 Relay 3 Thermal time switch

2 Starting valve
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