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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 fo
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.1)-

An ELECTRIC PUMP (item I) supplies fuel to
the circuit and a PRESSURE REGULATOR
(item 2) located in the fuel loop, keeps the
pressure at 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.
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|. 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 I) 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 sucTion

RELIEF VALVE D 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 tumed on
again and remains running as long as the
engine does.

TO 1IGNITION
TO BATTERY

10. MAIN RELAY

puMp 11,

PUMP RELAY
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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. Y4

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.

FIG.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. é) 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 info 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.
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1. RELAY 7. COLD 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 COIL 4, seaL

. 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 FUEL CIRCUIT (28.l4ps))
SENSOR

DISTRIBUTOR
TRIGGER
POINTS

v

SWITCH

THROTTLE
SHAFT
T

ELECTRONIC INJECTION

_—_’H CONTROL UNIT —:’ VALVES

WATER
TEMTERATURE
SENSOR

AIR
T;MTERATURE
SENSOR
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|. 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 to 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 tumn, 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.

8
FIG.10 6. ARMATURE
8. core
1. FULL LOAD STOP 9. VACUUM CHAMBER
2. DIAPHRAGM 10, ATMOSPHERIC CHAMBER
4. evac.ceLLs vACUUM
5 ootk ATMOS PHERE

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

FiG.11

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=-
ufor,

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

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

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 rppm, the valves are energized
again by the control unit even though the
contact swifch 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.

FlG. 14

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

06551482

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 I50°F.. The
ohmic resistance value of the sensor lessens
progressively with decreasing water temp-
perature,

FIG.16
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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.17

5. As final correction measure, an

AIR TEMPERATURE SENSOR (Fig. 18)
located in the air filter housing causes
a fuel enrichment up to an air temper-
ature of 70 F.. The sensor works on the
same variable resistance principle as the
water sensor.

FIG.18

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

Pressure Sensor

. Trigger Points

. Throttle Switch

. Water Temperature Sensor

. Air Temperature Sensor

oA WN —

All this data is fed into the ELECTRONIC
CONTROL UNIT (Fig. 19) 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.

FIG.19 COVER REMOVED
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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 a second.
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C. MAINTENANCE

Contrary to 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. 21) 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.

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

FlG.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.

MBNA-TPT/ Electronic Injection-7/73
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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

F1G.26 2 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 ).

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

" OO to "O". Move switch from this
position by % graduation mark (I9) counter
clockwise and tighten. Recheck adjust-
ment.

R 07/6160

F1G.27 1 THROTTLE VALVE
2 THROTTLE SWITCH
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 modemn
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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Plug board (control unit)
Pressure sensor

Trigger points of the

distributor

Temperature sensor (coolant)
Temperature sensor (air)
Throttle valve switch

Injection valves (cylinders 1-8)
Fuel pump

Ignition switch

10

11
12

13

15

Main relay for power supply

to control unit

Pump relay

Adapter plug for connection

to vehicle's main wiring harness
Battery

Harness ground

Twelve pin plug for tail light
harness under dash
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LOCATION OF RELAYS

TYPE 116

Key No. 1 Relay fual pump 1 Main relay, electronmic fuel injection system
Key No. 2 Relay cold start valve 2 Plua connection, automatic antenna

TYPE 107 TYPE 108/109

R-4725

‘Q;\I Relay for electric fuel 10 Time delay switch for lay for auxiliary lan 4 Rel age supply of
pump heated rear window for cold start valve eiectronically controlled
e 3 Cable connector between injeclion systom
4 2 Relay for starting valve !
LQ—\ = ¥ s main ang additional cable 5 Relay for fuel pump

3 Relay for electronic
control unit
4 Relay for starter
terminal 50
+ 9 Fusebox

6 Regulator for three-phase
conltroiled injection system aiternator
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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 locatfe the following:

A. Certain faults in the sending units.

B. Injection wiring harness problems.

C. Fuel system problems.

D. Priming system problems.

R-434%

Important Points

A.

B.

The test program must be done in sequence.

Any problem found must be corrected before continuing with the test.

To find faulty connections, move the pertinent cables and connections, while

performing the test. ?

%

. 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.

I

2.

Disconnect coil high tension lead and ground.

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

Install fuel pressure gouge.
Caution! Fuel system is under pressure!!

Turn Ignition on for the entire test program.
Switch "A" at "Measuring" .

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 AVA|LABLE
FOR THE INJECTION
SYSTEM.

11 70 12.5 ON VOLT SCALE

VOLTAGE 11|

IGNITION ON (ENTIRE TEST
PROGRAM)

VOLTAGE AVAILABLE
FOR THE INJECTION
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

e

PRESS BUTTON "GROUND

TNSULAT TON OF
PRESSURE SENSOR
AND CABLES

(o o]

PRESS BUTTON "PRIMARY"

RESISTANCE OF
PRIMARY WINDING OF
PRESSURE SENSOR
INCLUDING CABLES

0.5 TO 1.0 ON OHM SCALE
(APPROX. 90 .0 )

PRESS BUTTON "SECONDARY"

RESISTANCE OF
SECONDARY WINDING
OF PRESSURE SENSOR
INCLUDING CABLES

3 TO 4 ON OHM SCALE
(APPROX. 350 )

DISTRIBUTCR

CONTACT |
THEN 3]
THEN 111
THEN v

CRANK ENGINE

TRIGGER CONTACTS
IN THE DISTRIBUTOR

HAND OF INSTRUMENT
REGISTERS DURING CRANKING.
(IT DOES NOT STAY

AT O OR ©< )

THROTTLE VALVE
SWITCH I
THEN i

SLOWLY DEPRESS
ACCELERATOR PEDAL

FUEL ENRJCHMENT
FOR ACCELERATION

HAND OF |INSTRUMENT
0SCILLATES FROM "0" TO

" O 1 APPROXIMATELY 10
TIMES. WHEN RELEASING
ACCELERATOR, THE HAND OF
INSTRUMENT MUST STAY

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

THROTTLE VALVE
SWITCH i

THROTTLE VALVE AT [IDLE
(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 ION: YOU ARE TESTING: CESIRED RESULT:

TEMP. SENSOR | RESISTANCE OF AIR (F®)  OHM SCALE*
(INTAKE AIR) TEMPERATURE SENSOR 105° 0.5 TO 2.5
IN RELATION TO AIR 85° 1703
TEMPERATURE 70° 2 10l
50° 3705
327 5.5 T0 7.5

*ACTUAL VALUE =
SCALE VALUE X 100

TEMP, SENSOR Il RESISTANCE OF WATER (FC) OHM SCALE®
(COGLING WATER) TEMPERATURE SENSOR 2120 0.1 T0 0.3
IN RELATION TO 180° 0.2 TO 0.4
WATER TEMPERATURE 1400 0.5 TO 0.7
105° 1.0 T0 1.5

70° 2703
320 5.5 T0 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:

i\

BUTTON U =
BUTTON 2 = 9 e
amons = @ O
BUTTON 1 = @_@
{FRONT )
REPEAT PROCEDURE FOR SAME
VALVES ON OTHER SIDE OF
ENGINE

(SWITCH "B" TESTS CONCLUDED - POSITION OF SWITCH Ugh pAS NO |NFLUENCE ON SWITCH "A")
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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 psi

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 IS NOT GROUNDED,

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

PRIMING VALVE AND
CABLES

PRESSURE ON GAUGE SHOULD
DROP INDICAT ING VALVE
OPENS.,

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

ENGINE FOR ONE SECOND.

PRIMING SYSTEM
THERMO-T IME SWITCH
OPERAT |ON BELOW
95° F.

PRESSURE ON GAUGE SHOULD
DROP INDICATING SYSTEM
OPERATES,

TESTING WITH CONTROL UNIT CONNECTED

ON NEXT PAGE
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B. TESTING WITH CONTROL UNIT CONNECTED

1. SWITCH OFF IGNITION,

2, REMOVE PRESSURE GAUGE,

CAUT |ON!

3. PLUG CONTROL UNIT

SYSTEM UNDER PRESSURE.

BEING PLUGGED INTO TESTER PLUG.

INTO BOSCH TESTER PLUG

IN ADDITION TO WIRING HARNESS

SWITCH "A" AT:

OPERAT | ON:

YOU ARE TESTING:

DESIRED RESULT:

DISTRIBUTOR

CONTACT I
THEN 11
THEN 111
THEN v

START ENGINE IN

"DIS. CON. I" POSITION.

RUN AT APPROXIMATELY
20C0 RPM. SWITCH FROM
POS. | THROUGH IV.

TRIGGER CONTACTS
IN THE DISTRIBUTOR

HAND OF |NSTRUMENT
OSCILLATES AT A CERTAIN
VALUE.

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

PRESSURE SWITCH

4.5 LTR ONLY!

OPEN THROTTLE ALL THE
WAY BY SLOWLY DEPRESSING

PEDAL INSIDE CAR.

FULL THROTTLE
ENRICHMENT [N
THROTTLE VALVE
SWITCH.

A READING OF 2 TO 5 VOLTS
AVAILABLE, 5° 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
EF1 system to pin point a problem in the circuit.

Specifically, this test program begins where an EFI 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 text 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.
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MAIN VOLTAGE SUPPLY TO EFI SYSTEM
S 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 volimeter to trs. 11 and 24. Key on.
If battery voltage is not available,
cable #24 is defective.

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.
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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

s\«
2

Reloy
Spin  Plugs dpin

8% ©210 (87 7|00 |30
861 0+:0 (30 g4lo:0 |85
Fot
.

engine running.

ch

No

eck fuse for fuel] pump
X7 YEs

replace fuse

with

The following testing is done
Comtrol Unit (brain) Plusged in

tester removed anol

— Pum e motor
Cereuit

000000 Pymp relay
Circyct

tk/rod- 1/6+107
blg/gm-108
it 4. o Ehe Waih relay (16) Ond Ehe ouniR Velay (i) When the Koy cs turned on,
Can ’:/aoﬁf::{fjr main yelay €nerge3e and 2he PP rélay epfriie o g:/f J;a;,;,/nqa?
s e NEITHER ENERGIZE i, R 1269
l 3 Velay YoM Ko LS
Tentove pump velay Pl (11);, Unplis & vela.y oo Know (5 Unplug a 2t 3
bn'd;z J:’ J0 ang 87, ,(‘2/ o "‘/ z;f;f_k:? #ﬂyfgojt in place of the ';;ﬁ; A ua;;vp ,5;1 ’1’ 243 pluce
No Doespump RN 7 YES NO  Does Purp RuN ? YES NO Dogs PumPRON? YES
|1Zf)m&(«lwmpffﬂ [Reptace deectuenain reloy] | Repascdiseetivepome ey
N 2 C ‘% pl
Refer t-oT EoUBLE SHOOTIAIG: ‘E‘; qve Copécal qus ’,;o?
“MAIN VOLTAGE SyPPLY Plugboqrd,Key on.
To EFL SYSTEM' NO Does Pump RUN 2 YIESA
1Y
[Replace depective Cotro) |
check vel +4r.30, v injection havness Coble connector (12)and
“Bmove Pomp reley Plig Oid Voltaye at 430, beyon ?er’:fw L Lot b it ey

No

TFATTERY NOLTAGE P

YES No

Does PuMP CUN ?

YES

Defect incabled)

|
[Depect incasle ® |

Voltage at Coble @ng, Key

NO

Kemove Cable ® ot fuel pormp Ond chec K
BATTERY VOLTAGE FoR ONE Seconp? YES

Fenmove Pustp Ye)
Yoltage at 5

NO

oM.

BATTER Y VOLTAGE 7.

plug andg ChPek
86, Key on
Y£S

[erect o cavie ® | [iE7ec! frar
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I
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FUEL SUPPLY TO EFI SYSTEM
PROBLEM: FUEL PRESSURE INCORRECT

Capacity test

fuel pressvre
/ here

resulatoY :
1‘1/stm¢"'

goes here

in-)ine fige
fuel filter

)

44”7‘«./5{ the foe) pressore r&ulator & 28.5 psi
Yes AOJusTHEUT PossIBLE 7 NO

IFengine performance (ndicotes o lean Conditcon with the Covrect fue)
Pressuve ) Periorm the FUEL CAPACITY TEST out)ined lbolow .

Try A new Pressore regdlator. Asmel) cdjustment may be necessary to proride
26.5psc . IF 0 lavger ad jusiment Ls dndficateyd s
To0 HIgH PeESSURPE INDICATED IS : 700 Low

l

Festrict o, ossible tn thefue) return Cirevit between Zhe pressureé regilator
o0utlet on At’?t"ﬂk/{ reborn inlet . Eleminete before adgosiing pressuve regulazor

FUEL CAPACITY TEST — Pertorm to determine Lf fue) delivery s Sufficcent.
Meo-sureing Condition g EVgincat idle with 12 Yoits ova iloble atfue) Pump anol
suel tanlt at least holf Fo2.
Meosoyeing point § I the return Clucvit o the Foe) taunk after the pressur
regulator
Messyreing velue Gt least one Jiter (one ?4.»/-) Lk B0 secssols
CAPACITY O.K. 7 NO
“Repeast-the test with the foc) tank filler Co.p vemoNad ]
L es CaPAcTyY 0.k 2 No

Faeltank venting System not Opereting . Cleck vent hole ,
vestriction, CHECK venting Contro) Yo)ve andlines.

Check a)l £0e) lines for restvict ions OF Ky P:fnt the tesd agter replocins (n-dine foe) fier
NO PROBLEM LocATED ? (] CAPACITY O.K. 7

I‘fry Newfuel pomp . Aclfust pressure regviator As necessavy to 28.5p5¢ and chakx Cerocity
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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 build up pressyre.
Irmmedligtely after pumpStops,clamp
Fuel lineshut gt redoyrn Odtlet of

Pressure requlotor leaKs.
NOTE: Notervitical, Fuel
returns to fuel tank

pressdre feﬁula.'l'of /
NO  Does PRessURE Hoonow @  YES

[

Run fuel pvmp to build vp pressvre.
Immediately ofter pump stops, Clamp
Fu €l line shot ot fue? filter

No DoES PResSSURE HoLp Now? YES

l

Fue) pump Check valve lewks.
NOTE: Notcritical, fuel
returns fv tank.

Ruw fuel pumpto build vp pressure.
Tmmedictely after pump Stops Clmp
fve))ine shvt at priming valve.

Pn'minj valve leaks . Replace|

Priwiq§ velve.

NO  Dofs Pecssuee woro Now? YES /

Lnyection valvefs leak. To fend leak: ) ra.h/e/s, vemoye volyes
From €ngine leaving them Connected fothe fue) sysiem.
Pun fuel pomp and sbserve valves. \relye Lip may become
mocst, but no more than 2 dvops of fuel per minvte

wo.y leaK ovt . Replo.ce leaking valves.,
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2 B % s %6 W o8 w0 2 2 Connect ohm meter to trs. #12 and other as
: i S et e B e noted above. If the hand of the instrument
¥ 3 does not oscillate during cranking and/or
£ = stays in position O or oo, check:

)

1/pIK

red/b)

¢}/ Whi

® yerlarn

DISTRIBUTOR CONTACTS WHILE CRANKING
Four contact sets circuits individually via:
Cables #12 and 13 Cables #12 and #21
Cables #12 and #14 Cables #12 and #22

+

= L Lt B

il DISTRIBUTOR CONTACTS AT REST
(Connections as above)

Bump starter to close contact set (0.02).

'
\ S S S No apparent resistance should register
3

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.
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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 meter 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:
Bl o=l 3
it s i = READING
below 2 above 3
L e | |
@ (] UHP?lli valve InterUfé:.‘an,brwl,e ,a)y’
s showhn
neteo PEADING °© READIG _not O

[Detect in vaive
Coble

31 : : Defect iu valve
— : : Co-ble

lVo.va defective _I [ Velve defective —[

see ‘Adelitional hints regarding ‘he
Injection Valves'" (peyt paje)
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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 EFl 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.
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AIR TEMPERATURE SENSOR
Circuit via cables 11, 1 and A

e > Connect ohm meter to trs. 11 and 1.
R AL If the ohm reading of the air temp.
1[- R S SR T SR e A sensor is not correct in relation to
‘r" Eme i ol e Uy the air temperature:
3 3 READING
O,or incorrect valye oo
© |
Remaove pl vg from aiy demp.Sensoy
hotoo PEADING oo
@ H Cable @or@ Air temp. sensor
S R . . s =y defective defective
rn
5(./ :Ef)'l FO temp. = ohm value Remove ,:;ug Franr o Leps.
H Sensor an bridse as shown
LT 320 =640 0 READIN. noto
=t 500 =400 , ¢
68° =300 “ |
86° =210 14 G- Airtemp. sensov Cable Dor @
104° =150 _ defective defective
,@\ WATER TEMPERATURE SENSOR
L,/ T Circuit via cables 11, 23 and B
= \
7 \
ol S
{L‘; ':_—‘:{ E___-,z"_z:_zi—} Follow the same trouble shooting
[ % procedure as above for the air
£ E temperature sensor, except cables
o

32° = 5900
68° = 2500
104° = 1200
140° = 600
176° = 325
212° = 190

23 and B apply. (see schematic)

See Mdd:‘{wna_,] hints resarding the
temperature Sensors’ (nend pase)
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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 plug from throttle
\E,] Va.)vpswul chanol
20 w 12 bridge as shown
3 5 lér —>| (9+;z then 20+12.)
4 Siir READING notO

I

Throttle valve Cable inguestion
Switeh clefective ls defective

THROTTLE VALVE SWITCH
Idle circuit via cables 12 and 17

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

Pull plug from throttle
o ] o | \|:| VaIVeswdch anol
9 0 » w12 brvidge as shown
35 H'r
4 L ‘ O READING notO

[ Replace switeh J [Derect incable @or@)

IF © is not indicated by I° of
throttle valve opening %

Pul) plug Ffrom throttle valve switeh.
not oo READING by 1° o0

l |
| Detfect in cable@ or @7)] [ Replaceswitch |
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THROTTLE VALVE SWITCH (4.5 ltr.)
Full Toad enrichment via cables 12 and 2

Connect ohm meter at trs. 12 and 2.
At 5° before full throttle, 0 ohms should

et N = register. |f 0 ohms do not register at
4 il iab Rl X 5° before full throttle:
= RO * e L=
2 3 & 5 6 7 8 9 10 n 12
e s e o e i 7
=
? F Pull p/uy From Lhrotdle
@ . = vajre switch and bridze
B 2 w7 2| trs. 12 aud 2
@_-. O READING wito
. 1
l&place’ throtle valye swilch ]
) 1 ! 1 3l 4 + )

[ Deseet in cabte I2or?|

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

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

READING
0O to 500 more than 100 0 oo
Pul) ph:j From pressure | /-/igh resistence. Check
S€nsove Plug and terminals of
notoo READING oo Caples @and@
[D”“éﬁf;’:'@"’"’] [Rep]a.(',é’ pressure sen Sorl
- I"{(rupfio}?. Eemove sensor
P?u§ o,n/bn‘dg e as showwn.
B FE1E
5. 0. & T o READING not O

chﬂM‘-P Pressure sensor] Loefrd in cable F)or

cl

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:

READING
0to 3000 more thand 00 L2 oo
Pull plug from pressure
Sensor,

High restistance. Check

rlug and terminols

hotoo READING oo | |of cables @and @D

I |

[De{ect inCable Borla] [Rep?a.ee préssure Ssensor {

Intenyption. Remove Sensor
P?Ui and bridge 0s Showh -
(=R = 2 ==l =

% 0 & 7

o READING

not O

l&f’h-ce Pressure sensoy ] ’be/ec{ ;'ﬂ cable @) or (10) ]
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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
e automatically is checked by some EFI testers.
If not, it can be checked for leaks by attach-
ing a hose fo 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| testers. 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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Primins velve Soes net- Premc

PRIMING SYSTEM

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

Operate at cony temper—
ature

valve pperates for a-
period while cramding, but not
in covreet Yelationship to tEmp-

Friming valveoperatesa))
of the time while cranking .
(does not skut o#a,ﬂ'en.f{;

A Check £us¢s

l YE: 6.K.2

wo |

]mm Lime switeh Jddwrl

Unplus the therms tem e

SwitTh oug ¢ ranK?n;im
Yes Does THE PRIMING Ty
€5  yalvg STILL ORCATE?

Unplug the thermo time switel
Aund Gyvound the *W* termine.)
Of thie pluy - Crank theengine.
VES  peiMinG vALvE operares? NO

8.

W

ov cable @ orPen

l‘l‘hmo Lime switch Jeﬁt‘ﬁ"i

Cable @ 5 romfecs

F‘/mmm tine Switeh oleFective I

(see wireins fiag o)

Reploce thermo time switeh pl .(l.,pz‘-,'?
the Primins valve and apply bottery +
directly o onetermivial) of the Valve while

YES Pemng VALvE oreeares? NO

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

Grevnding the other terminia).

L Priming valve defective

fos  ligye
I Sedans RELAY

Plug priwing valve in. Unplug priming Velve
Pelay end Yeploce reloy with one Yol
Kitows Ls woRKcins - Cronk engine.

YEs PeMNG VALYE OPERATES BELow %% ? NO

I

[ Piming vowe relasy defective ]

Cable tn 5ystent OPEN. Rrecede 6.5 foltowss 2
Below 95°F ensine temperature’ pvt your
hauwd o the Priming Vadlve vedwy and
Crauk engine.

Yes CaN You FEFL THE RELAY ENERGIZE?

L Cable @ or® opeﬂl [Co.ble @ or ® open J

¥ or 7raum/ ‘W' tenmina) of Lhermo -
time switeh F}uj i

15154

Wiring diagram of starting device
1 Relay

3 Thermal time switch
2 Starting valve




