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1.0 INTRODUCTION

1.1 GENERAL DESCRIPTION

The Multipoint Fuel Injection (MPFI) systems used on the 1.6L LOTUS ELAN (Naturally
Aspirated) and the 1.6L TURBO LOTUS ELAN are fully electronic processor controlled
systems supplied by GM.

The main functions of the systems are:

1)
2)
3)

1)

N
~—

w
~

Fuel Management
Spark Timing
Idle (Air) Speed Control

FUEL MANAGEMENT

The engine is equipped with 4 injectors, 1 for each cylinder. The injectors are

solenoid

e driven and generally operated (pulsed) in pairs 12, 2-% once every engine
revolution on the TURBO

e fired all at the time once every engine revolution on the Naturally Aspirated
(N/A) ‘

The injectors are controlled by a processor called “Electronic Control Module”
ECM. This calculates the amount of fuel required by the engine at all conditions
from information supplied by a series of sensors.

SPARK TIMING

e The TURBO engine has a "Direct Ignition” system which is a distributorless type
of system. It contains an ignition module, 2 coils and a cam angle sensor to
determine engine position. The ignition module receives and processes the
signal from the cam angle sensor, interfaces with the ECM, anJ’controIs the
primary currentin the coils. Each coil drives two spark plugs.

@ The N/A uses a distributor. The distributor generates “reference pulses”,
triggers the ignition coil under certain conditions, interfaces with the ECM and
distributes the high ignition volitage.

IDLE (AIR) SPEED CONTROL
The ECM also controls idle speed by means of an “Idle Air Controi” (IAC) motor. It
provides control of bypass air around the throttle plate. If RPM is lower than

desired, the actuator pintle of the motor is retracted and more air diverted around
the throttle plate to increase RPM; if RPM is too high the motor is extended.

PAGE 4
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1.

2 SYSTEM OVERVIEW

y

<

| |

\

1.
2'
3

‘.
S.
6.
7.
8.

[ 4

Key to Schematic Diagram

FUEL TANK

SILENCER

Battexy 9.

Ignition switch 10.
Assesbly Line Diagnostic Link 11.
(ALDL) 12.

Electronic Control Module (ECN)
Manifold Air Pressure (MAP) sensor 13.
Mass Alr Temperature (MAT) sensor 14.

Theottle Position Sensor (TPS) 1S8.
Direct Ignition (DI) module and 16.
coils 17.

SN TN e

D 3 Ly
Ok WARC A SRR SR TR . g
3 RN ‘ DI S SR R D
|

Fuel injector (4 off)

1dle Air Control (IAC) valve

Cam angle scnsor

Exhaust Gas Recirculation (EGR)
valve

Coolant Temperature Sensor (CT8)
Knock sensor

Fuel pump

Pulsator

Fuel filter PAGE 3
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1.3 BLOCK DIAGRAM

OPERATING CONDITIONS
SENSED
Battery voltage
Engine reference signal
Camshaft position
Engine speed
Engine coolant
Air temperature
Throttle position
Manifold air pressure
Bérometric prissure

Vehicle speed

CO-Potentiometer voltage =P>

Air conditioning request ~—P>

Power steering pressure  w=jp

input

Engine detonation
(Turbo only)

SYSTEMS CONTROLLED

EEREERERERR

ELECTRONIC
CONTROL
MODULE
(ECM)

P> Electric fuel pump

Fuel (injector openin
> time) _ 9

3 A/C compressor clutch

= Electronic spark timing

> Electronic spark control
(Turbo only)

—pp Idle air control
=~ Secondary throttles

Turbdcharger wastegate
(Turbo only)

Exhaust gas recirculation
control

v vy

Diagnostics
- check engine light
- data transmission
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1.4 WIRING DIAGRAMS

1.4.1 TURBO O/L

NiE —~T <D Pl .' nCt ‘ ECM
I; BATTERY CONTROL L —o— OY10F - SERIAL DATA
FUSE #A 12 -
F |G | ALDL
............... CONNECTOR
£t jo s ja
TOBATT
TR 878
= uHa
(g WB10E - DIAGNOSTIC REQUEST INPUT
€o- .
POTENTIO - % - SUT1W CO-POT. SIGNAL INPUT
METER -
MAP.CTS - SENSOR,
MANIFOLD A S11H —f A11 |- CO-POTENT. GROUND
ABSOLUTE
PRESSURE <+ SR11G — C11 |- MAP SENSORINPUT SIGNAL
(MAP) SENSOR c $— UO11F —] C14 |- +5VOLTREFERENCE
{HCAS
THROTTLE —"("—""‘—'—‘\
POSITION P -— ° n
SENCOR(TPS) —( —0)— UR11E —{ C13 |~ TPS SENSOR INPUT SIGNAL
~— - *)— 8wi11D 4 D2 | TPS, MAT-SENSOR
} IHCA1Y GROUND .
{HCA1S
COOLANT A IHCA 14
o |
TEMPERATURE M - r— o) — s811c —Jcio |- COOLANT SENSOR
7 INPUT SIGNAL
ey IHCA16
MASS AIR 8 *)- us11s c12
TEMPERATURE [M“ - 7 | M insor
(MAT) SENSOR INPUT
87A A12 |- eNGINE GROUND
01 | ENGINE GROUND
. SCREINED WR1IX st 84 | enGinNE GROUND
Wit INLET D6 I ENGINE GROUND
l CABLE MANIFOLD
= - GROUND
, als
Als lc : TOIGNITION :
Al rRiD —» ANDDI :
AM MODULE |
DIRECT IGNITION CAM B F0n g eng e
“ Dt * MODULE SENSOR c )— Yutin -El— ENGINE POSITION INPUT
o
‘: sjlalsiclolre]r INLET MANIFOLD
— GROUND
INLET =
MAMEOLD WS INLET MANIFOLD
Grouno 260 GROUNO . :
R30 IHCA2
v - *)— vs11L —{ 83 } owecricnTiON GROUND
rown. ] oA g5, varik —os F :\N::‘s‘:suct SIGNAL
AND : IHCAY —_—
CAMANGLE ¥ €)— YG11M — OS5 - svpASS CONTROL
s"‘”'ncm -*)- viy — oa |-esToureur
tesesssacnses IHCAL ~

Figure EMK.4 -5 - ECM Wiring Diagram - 1 .6L TURBO LOTUS ELAN (10f3)
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1.4 WIRING DIAGRAMS
1.4.2 TURBO O/L

ECM FUSE ECM FUSE
#08 #AS ECM
‘ d= + -Q><D\-———(o—— NP11A : 81 | +12VBATTERY
— ECM SUPPLY
BATTERY NPI1A C16 |- (HOT AT ALL TIMES)
#02 ECM RELAY
— 5 MHC?
0—3 .
= ©TO VSV EQUIPM. : 2 )— RG10J ET_— + 12VIGNITION
8O0Y © FUSE#A10 , ECM SUPPLY
- GROUND | " g G10K (SWITCHED)
L1 INJECTOR
GROUND RG10} DRIVERS
- INJECTORS
e (]
NiS <= 1HCRS —
- S A
)— uvior 4 I 28
1HCBS e
-~ ' MHC13
L O><D— P228 -o—_]:—o- wp22€ —’—‘ f!—'('_ WLGiOY —{ e s 12v
—_— FUEL PUMP FUEL PUMP
FUSE #A3 INERTIA SWITCH FUEL RELAY CONTROL
i PUMP
‘ ' RELAY
: ? KS11R | D8 J§ PeAK & HOLD
— . s I, | 013 | JUMPER iU
‘ FUEL PUMP 87A '
- 4 KO11s - D9 J PEAK & HOLD
—LL = r D3 | /UMPERINL.
o E 87A WG220 _
g = L—( 82 JFUELPUMP
.............................. IPHCS 14 MHCI1 SIGNAL INPUT
~r ro IGNITION CONTROL :
: i 4— G26C SPEED |———e ._( VEH. SPEED
: E ; FUSE # A18 : SENSOR )_ 8v102 SIGNAL INPUT
............................... : w—cta INPUT
e '=
Lll_J WHCA T | MHCY
8 nGlos E CHECK ENGINE
i
- CHECK ENGINE LIGHTDRIVER —
- (‘_ IHCB4 N ‘
. 4o °) — NB1OC — “IACCOIL “A” HI
—0 [RARAS— C ) NW100 — IACCOIL "A" LO
&J n ) z NR108 IAC COIL "B8” HI
. a— Lrvl
POV Vo pa | A4 N .
w ' A —e) NY10A — IACCOIL “8” LO
—~m IAC VALVE G-_ ‘
INCBY
o
— Figure EMK. 4 - 6 - ECM Wiring Diagram - 1.6L TURBO LOTUS ELAN (20t 3)
(@) .
= MY
LLd
—_

PAGE 8

.



Administrator


LOTUS TRAINING
1.4 WIRING DIAGRAMS
1.4.3 TURBO O/L

— ECM
KNOCK SENSOR
{HCA12
- KNOCK
................ A/C FUSE W *)— uk11P — SENSOR
: TOBATTERY : # A2 S | INPUT
© VOLTAGE | 4——TO>><(0——
— SRS VA P50G j
| e
‘ (e kG106 - Az f—oo
~ 0 85 A/CRELAY
CONTROL =
DRIVER
AC
CONTROL / ’
— RELAY .
) MHCT
87 3% |
“roswiteH C o—— wuton — 88 b R TAUEST
ASSYAND | ¢—— —lo—
A-CCLUTCH | Ksaj S
_ s
SWITCH, FAN
RELAY AND & €— KU1OH —4
- AC SWITCH
' POWER STEERING
= Ik . o) *) € o—— sutoL C7_} PRESSURE SWITCH
T - INPUT

O - oM LHFHC 12 MHCI8
o POWER STEERING

.o PRESSURE SWITCH £GRSOLEND

LENOID

% glsl\sltm#uxriuf EGR CONTROL SOLENOID DRIVER

L —SEEEEN L«

+—><0— G10K wkiox —jo12 o—:L
I froleNmoN ;e WASTEGATE
H WAST ) A
a ................. STEGATE SOLENO! DRIVER
— G10K ——fm wr11Q Q .—o/oj
('7) . sY10K =
— SECONDARY THROTTLES o f,f'g%'g?&';'
{

- weay  CONTROLSOLENCWO : : SOLENOID DRIVER
o .—%m —e )— wutow —l A4 —./.-:L
L . , -

_m =
O ]
— v

= Figure EMK.4 -7 - ECM Wiring Diagram - 1.6L TURBO LOTUS ELAN (3 of 3)

(@)
=
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1.5 WIRING DIAGRAMS
- 1.5.1 NATURALLY ASPIRATED

<+ N8 —O><O—p1) Muct ECM
o L ATTERY 1. (o OY10F ——E‘ SERIAL DATA
OBATTERY : conTROL  f¢ | lu |1 I«
.12V | FUSE #A12
DR A0 SO 1o lcls |
-— T
878
L e
- —— we10e — A9 | DIAGNOSTICREQUEST INpUT
Coo : . p——
POTENTIO - % ] SU1IW D8 k- CO-POT. SIGNAL INPUT
METER
—~ - MAP,CTS-SENSOR, CO -
MANIFOLD A S11H A11 |- POTENTIOMETER GROUND
ABSOLUTE
PRESSURE «—s SR11G —{ €11 | MAP SENSOR INPUT SIGNAL
— (MAP) SENSOR c UO11F — C1a | +5VOLTREFERENCE
IHCAS
noom o
POSITION < -
- SO orRs) ) URt1E —{ C13 | TPS SENSORINPUT SIGNAL
‘ oAl 0% gwi1D 4 D2 | TPS, MAT,-SENSOR
| - vears e GROUND
) COOLANT A ,>__,
- TEMPERATURE | | " COOLANT SENSOR
SENSOR (CTS) 8 °) SB11C 1 C10} NpuUT SIGNAL
: J IH(A1‘\
- MASS AIR I—M . us11is —{ cn2
TEMPERATURE A 7 ‘ mf §erN°A.L
(MAT) SENSOR =
— 87A ‘ A12 |- eNGINE GROUND
. "gg;t” é D1 | ENGINE GROUND
Q *12VOLTS e
o FROM -
IGNITION INLET - ~—1q D3 B~ ENGINE GROUND
SWITCH MANIFOLD :
»g ...... e GROUND . D10 | ENGINE GROUND
L
A O HEIMODULE
"Lll_-l +C GBRE
z o
— W3A -
T
l_
(0] \
N
% ABCDO INCAL
) L o)—— v11y —{ o4 | ESTOUTPUT
.t HCAS _ DISTRIBUTOR REFERENCE
_m *)— — YR11K 85 ¥ INPUT SIGNAL
o =2 o)— YG11M —1 D5 |- HEIBYPASS CONTROL
D= lead ) Y811L — 83 | OISTRIBUTOR GROUND
- {HCA2
o IGNITION COR.
= -
N Figure EML.4- 5 - ECM Wiring Diagram - 1.6L LOTUS ELAN (10t 3)
-
e ' '
i ‘ P o PAGE 10
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LOTUS TRAINING

1.5 WIRING DIAGRAMS

1.5.2 NATURALLY ASPIRATED

ECM FUSE ECM FUSE
#08 #AS ECM
-+ *——— NP11A 81 | +12VBATTERY
ECM SUPPLY
BATTERY . NP11A cie F (HOT AT ALL TIMES)
Fuse ECMRELAY
— a6 ;c12\§ IGNITION
................... 12V GNITI
8ODY : TO VSV |
GROUND : EQUIPMENT ¢——— G10K (SWITCHED)
| FUSE #A10
GROUND RG10J
HCA 3
o it sl 0
HCBE
RY1ON -,
RW10p -} —/VVY W l INJECTOR
N1B uwioq -OHE— )— Ou10R —l DRIVER "=
INJECTOR OROPPING InCes
RESISTOR MODULE
MHC13
~><0O— r228 -o-:r—o- wp22€ 7] I—-(o-- WLG10Y -l M e — v
3 1
FUEL PUMP
USE # A3 INERTIA SWITCH FUEL , RELAY CONTROL
35n® PUMP
i M INJECTORS
s Ia l
FUEL PUMP o7A
e
In 87A —COD—- WG220 —
“: ------ ;-otooocoo: !ma“ M”c"
{ IGNITION | 4— G26c 9 SPEED ———o)—gviez —¢( VEHICLE SPEED
. CONTROL : INPUT
{ FUSE #A18 : - anl
= IPHCA? MNMCY
PLG10S
CHECK ENGINE bt l
IGHT =
ﬂ— 1HCR4 3
vy o) NS10C IACCON A" Hi
[BARLA~ -c- c)'m NW100D IACCOIL “A" LO
p— 1HCB2 < —
rrreve | L *)— NR108 IAC COW "B~ HI
- Na *) NY10A IACCOR “8° LO
IAC VALVE L
IHCBY
Figure EML.4 - 6 - ECM Wiring Diagram - 1.6L LOTUS ELAN (2 of 3)
'"\,
v PAGE 11


Administrator


FIILE NCST TOIBE RIEDISTII-?IBUTEDSFO(R PR&FIT { !

LOTUS TRAINING

1.5 WIRING DIAGRAMS

1.5.3 NATURALLY ASPIRATED

ECM
ISTRPR A/CFUSE # A2
: TOBATTERY :
. VOLTAGE ;| ¢——C><- p506 —
etV
.................... e
2 (e kG106 { a3 f—o"o
8 A/C RELAY
CONTROL ==
DRIVER
A/C
CONTROL
RELAY
I MHCT1
' 87 86 ] |
— ——— xuton —{ 88 |- MSREQUEST
" ToswiteH e
: ASSYAND @ <€— K50) (-
. A<CCLUTCH :
..... S
SWITCH,FAN !
RELAY AND @ €— KU10H —
A-C SWITCH
EGR SOLENOID
DRIVER
vsgtfsq!u::n‘om EGR CONTROL SOLENOIO
—><O—C———4- a1k OO WK10X -—‘/.—_:L
I TOIGNITION :  mwuc1s =
:OSWITCH =
8Y10K
SECONDARY
SECONDARY THROTTLES M1 THROTTLES
. mcs?  CONTROL SOLENOO SOLENOID DRIVER
< — wuiow { @ —c/o-:L
' N Ve POWER STEERING
_L_ s ‘@ *)— ) S sutoL C7_J PRESSURE swnc»+
E— CEHCY LHFHC12 MHCIS INPUT
POWER STEERING
PRESSURE SWITCH
es——

Figure EML.4-7 - ECM Wiring Diagram -

1.6L LOTUS ELAN (3 0f3)
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2.0 SYSTEM COMPONENTS

2.1 N/A AND TURBO O/L COMMON COMPONENTS
2.1.1 COOLANT SENSOR

The coolant sensor is a thermistor mounted in the coolant stream. The thermistor
changes its resistance with changes of coolant temperature. Low temperature
produces a high resistance, approximately. 25,000 ohms at -20°C. As coolant
temperature increases, sensor resistance decreases to about 185 ohms at 100°C.

The voltage drop across the coolant sensor varies from 0 to 5 volts. This voltage,
measured at the ECM, will decrease as coolant temperature increases; therefore,
disconnecting the coolant sensor simulates a cold engine, and shorting across the
sensor simulates a hot engine.

COOLANT SENSOR

PAGE 13
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COOLANT TEMPERATURE SENSOR CIRCUIT

Circuit Description:

The coolant temperature sensor uses a thermistor to control the signal voltage at the ECM.
The ECM applies a voltage on SB11C to the sensor. When the engine is cold the sensor
(thermistor) resistance is high, therefore ECM terminal “C10” voltage will be high.

As the engine warms, the sensor resistance becomes less, and the voltage drops. At
normal engine operating temperature, the voltage will measure about 1.0 to 2.4 volts at
ECM terminal “C10”.

Coolant temperature is one of the inputs used to control:

® Fueldelivery ‘ ® Exhaust Gas Recircualtion (EGR)
e Engine Spark Timing (EST) ® Air Conditioning
e Idle Air Control (1AC) ® Boost Control (TURBO only)
® Secondary Throttles
n n COOLANT
TEMPERATURE
SENSOR
1l e
[\)Wj ECM
GIa] | O "
1
A : . $811C 10 SV
@b S11H [ an '
T —_ __| sensoRr Grouno
' ‘ TO MAP AND =
CO-POTENTIOMETER :

 PAGE14
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2.1.2 MASS AIR TEMPERATURE (MAT) SENSOR |

The Mass Air Temperature (MAT) sensor is fitted into the inlet of the intake plenum
chamber. The ECM uses this signal in conjunction with others to caiculate air density and
the appropriate fuel delivery for both starting and running.

The MAT sensor is a thermistor (a resistor which charges value with temperature) similar
to the coolant temperature sensor. Low temperature produces a high resistance (100,000
ohms at minus 40°C) while high temperature causes low resistance (185 ohms a100°C)
The ECM supplies a 5 volt reference signal to the MAT sensor, and by measuring the
sensor output voltage is able to calculate the sensor resistance, and thereby the air
temperature.

MASS AIR TEMPERATURE (MAT) SENSOR

PAGE 15
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MASS AIR TEMPERATURE (MAT) SENSOR CIRCUIT

Circuit Description:

The MAT sensor uses a thermistor to control the signal voltage to the ECM. The ECM
applies a voltage of about 5 volits on CKT UB118B to the sensor. When the air is cold, the

sensor (thermistor) resistance is high, therefore, the ECM terminal "C12” volta
the air warms, the sensor resistance becomes less, and the voltage drops. As t

eis high. As
e incoming

air gets warmer, the sensor resistance decreases, causing ECM terminal “C12" voltage to

decrease.

MASS AIR
TEMPERATURE
SENSOR
E}hd] ECM
' TO MAT SIGNAL

Lelal

us118 [z | +sV

BW11D } D2

T — | SENSOR GROUND

PAGE 16
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'2.1.3 MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR

The MAP sensor is mounted in the engine bay at the centre top of the cabin front
bulkhead and is connected by hose to the inlet manifold.

The manifold absolute pressure sensor measures the changes in the intake manifold
pressure which result from engine load and speed changes.

The sensor uses a silicon chip approximately 3mm square. The chip is attached to a
pyrex plate to form a diaphragm approximately 0.25mm thick. Resistors are diffused
into the chip to form a bridge network. When the chip is sealed to a pyrex plate a
vacuum cavity is formed called a reference cavity. As pressure is applied to the
opposite side of the reference cavity, the diaphragm deflects causing the diffused
resistor to change value proportional to the pressure.

The change in resitance causes a change in voltage which is used by the ECM. The
output voltage is approximately 0.7 to 1.0 volts at (idle) and 2.5 volts at 105kPa
(athmospheric pressure). The ECM uses this voltage to compute intake manifold
pressure.

lco Electronics manufactures eight different pressure senors with the same physical
g;gpc:arance. These sensors are not interchangeable and are color coded by the ‘ﬂastuc
insert in the plug. The sensor plug inserts are keyed so they cannot be used in th
wrong system application. The Lotus MAP sensor insert is orange.

PAGE 17
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-— =g

SENSING RESISTORS (4)

DIAPHRAGM EDGE

| METAL BONDING
PAD (4)

Top view

PRESSURE SENSOR CHIP

THIN SILICON
DIAPHRAM

AND BONDING

METAL INTERCONNECT

SILICON DIOXIDE
PIEZORESISTOR
p material —
' " REFERENCE
VACUUM
n-Silicon CAVITY
Section A-A
PAGE 18

e et AR e e e e



Administrator


FILE NOT TO BE REDISTRIBUTED FOR PROFIT

L

LOTUS TRAINING

MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR CIRCUIT

Circuit Description:

The manifold absolute pressure (MAP) sensor responds to changes in manifold pressure
(vacuum). The ECM receives this information as a signal voltage that will vary from about
0.7 to 1.0 voits at idle, when manifold pressure is low (high vacuum), to 4.5 volts at wide
open throttle and full boost on the TURBO application or 2.4 volts on the N/A.

If the MAP sensor fails, the ECM will substitute a fixed MAP value and use the throttle
position sensor (TPS) and other sensors to control fuel delivery and spark timing.

il
MAP SENSOR ==
n &89
u Alslc ' ECM
f e
MANIFOLD I
ABSOLUTE UO11F SV REF
PRESSURE
: v SR11G MAP SIGNAL
S1N l _1 SENSOR
...................................... — GROUND
: TO COOLANT SENSORAND :
: CO-POTENTIOMETER :
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2.1.4 THROTTLE POSITON SENSOR

The throttle positon sensor is a potentiometer fitted to the rear end of the throttle
spindle on the primary throttie body. The ECM supplies S voits to the sensor, and by
monitoring the voltage on a returning signal line, the ECM is able to determine
throttle position and calculate the fuel requirement.

With the throttle closed, the TPS output is low { typical 0.5 volt), but increases as the
throttle is opened until at wide open throttle output voltage is about 4.0 volts. This

- signal is one of the most important infuts used by the ECM for fuel control and for

many of the ECM controlled outputs. If a fault is detected and a trouble code set, the
ECM will substitute an artificial default value for the TPS signal to enable the vehicle

to “ limp home”. This mode may resultin a high idle speed. 7%
T R 45T AT
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" THROTTLE POSITION SENSOR (TPS) CIRCUIT

Circuit Description:

The ECM applies a "reference voltage” of about S voltson CKTUO11F.
The throttle position sensor (TPS) sends back a voltage signal that changes relative to
the throttle opening. Signal voltage will vary from about 0 .40 to 0.70 volt at idle to

‘about 4.0 voit at wide open throttle (WOT).

The Tech 1 tools also have the ability to display the throttle angle and should display
0% when the throttle is closed, and increase smoothly to near 100% at WOT. A failure
in the TPS or circuit should set aCode 21 or 22.

roco | §“r'o Y |
POfEN"OMETER : .........................
........................ : ECM
THROTTLE
POSITION
SENSOR s
(e UOTIF —& —) fc1a |— svrer
IKCA 10
(o— umite — ) C13 |— TPS SIGNAL
‘ |
——~(o— w110 'm," {024 E
— : = SENSOR GROUND
"TOMAT |
: SENSOR :
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2.1.5 VEHICLE SPEED SENSOR (V.S.S.)

Vehicle speed information is supplied to the ECM by the vehicle speed sensor which is
an optical pulse generator incorporated into the back of the speedometer head. The
generator produces a pulsing AC voltage whenever the vehicle speed is over about 2
km/h (1mph) and which increases in frequency with increasing vehicle speed.

This information is used by the ECM in its control of fuel, spark timing as well as the air
conditioning, idle air control valve and exhaust gas recirculation.
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VEHICLE SPEED SENSOR CIRCUIT

Circuit Description:

The ECM provides 12 volts on CKT BY10Z. The VSS driven by the tacho cable grounds
the 12 volts periodically when turning the front wheel.

ECM
"YOIGNITION
CONTROL FUSE IRHCB14 MMHC 14
L3 I VEHICLE SPEED . —
G26C — (M(S)EUNNS'I’OE'I‘) N —0)'— BY 102 (® LAY T VSS SIGNAL
SPEEDOMETER) ]
- B78 l
tocHECK B
: ENGINE LIGHT :
S
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2.1.6 IDLE AIR CONTROL (IAC) VALVE

The purpose of the idle air control (IAC) valve assembly is to control engine idle speed,
while preventing stalls due to changes in engine load.

The IAC valve is mounted on the left hand of the intake manifold and controls an airway
between the upstream side of the primary throttle body (to which it is connected by hose)
and an air rail which connects with each of the four intake ports. By moving a conical valve
(called a Fintle) IN (to decrease air flow) or OUT (to increase air flow), a controlled amount
of air is allowed to bypass the throttle plates. If rpm is too low, more air is bypassed around
the throttle valves to increase rpm. If rpm is too high, less air is bypassed to decrease rpm.

The electronic control module (ECM) moves the IAC valve in small steps, calied “Counts”.
These can be measured by the “Tech 1 tool.

During idle, the proper positon of the IAC valve is calculated by the ECM, based on battery
voltage, coolant temperature, engine load, and engine rpm. If the rpm drops below
specification, and the throttle valve is closed, the ECM senses a near stall condition and
calculates a new valve position to prevent stalls. :

The ECM “learns” the proper positioning of the |AC valve and retains this information in
memory. This means that disconnecting power to the ECM can result in incorrect idle
control after start. Reset of the IAC is necessary.

If the IAC valve is disconnected and reconnected while the engine is running, the resulting
idle rpm may be wrong, and resetting of the IAC valve will be required.

The ECM resets the IAC valve by seating it (all the way out) to establish the zero count
positon and then backing itin to the desired position. o

This occurs:

e Afterignition had been turned off

® When the car is driven above 20mph and no “learned” value is stored in memory (once
every ignition cycle). :

e TECH 1 hasbeen connected for the first time in "FO Data List” mode and engine speed
exceeds 2000 rpm.

When servicing the IAC valve, it should only be disconnected or connected after the
ignition has been "OFF" for at least 10 seconds. This allows time for the ECM to move the
IAC valve to the 80 count position where itis “parked” while the ignition is "OFF”. If this
procedure is not followed, the ECM will lose track of IAC valve positon resulting in starting
or idle control problems.
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IDLE AIR CONTROL (IAC) VALVE

IAC CIRCUIT

The idle air control stepper motor consists of a housing with two coils. The rotor on the
inside consits of permanent magnets. The rotary motion of the 24 pole rotor with
alternating north and south poles is converted to a linear motion with the aid of a worm

gear.

The ECM closes the coil circuits alternately. This results in a torque acting on the rotor,

which then turns in a specific direction.

ECM

5

6

ca

AIR
FLOW
N
§ CONNECTOR s
N \ \
\ § A ) IHCB
\ N N
\ - N 8 *)
% N weaz
N N C 4 (HCBY
§ §\ 0 * )
. ‘Q THROTTLE
§ | s00Y

IACCOIL "A" LOW
IACCOIL "A” HIGH
IACCOIL "B” HIGH
IACCOIL "8" LOW
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2.1.7 AIR CONDITIONING CONTROL.

When the air conditioning is switched on, the ECM receives the signal from the
thermistor control unit requesting operation of the compressor. Before energizing the
A /C compressor, the ECM first amends the idle speed setting via the idle air control
valve to compensate for the extra loading on the engine.

Some engine operating conditions will overide the A/Crequest signal and switch off the
air conditioning. These includes: engine not running; wide open throttle to make
available full engine power; near maximum vehicle speed to increase engine cooling
system margins; very hot engine (to prevent overheating).

ECM
e A/C FUSE # A2
: TOBATTERY :
VOLTAGE @ ¢——C><— ps506
+ 2V :
................... e
" (e 106 Jaz] o
85 | A/CRELAY
CONTROL —
-, DRIVER
A/C b=t
CONTROL . b
[ ]
(— i
o “ A/CREQUEST
— xuton —| 88 |- NBUT
rocu .
. ASSYAND @ <— K50 (o
: A-CCLUTCH :
Yo THERMO
SWITCH,FAN
RELAY AND @ <€— XU10M
AC SWITCH
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2.1.8 EXHAUST GAS RECIRCULATION (EGR) CONTROL

During normal combustion, cylinder temperatures may reach 3500°F (2000°Q). At
approximately 2500°F (1400°C), the nitrogen in the combustible mixture starts to form
oxides of nitrogen. As combustion temperatures increase, so does the quantity of oxides of
nitrogen. The combustion temperature must be lowered in order to lower the emission of
oxides of nitrogen.

The exhaust gas recirculation (EGR) system is used to lower the NO, (nitrous oxide) levels. A
vacuum operated diaphragm valive is used to feed small amounts of exhaust gas back into
the intake plenum chamber in order to reduce combustion temperature. Too much -
recirculation would result in poor combustion.

The EGR valve is mounted on the left hand end of the intake plenum chamber, and
controls the flow of exhaust gas in a pipe connecting the exhaust manifold with the
plenum. The diaphragm valve is normally held closed by spring pressure, and 1s opend by
the application of vacuum to the top of the diaphragm.

sori
controlled Pring
manifold vacuum X '
* - diaphragm
——l
Y] N
SAW\
\
N
N
N
exhaust gas OUT exhaust
' ' asiIN
(to intake manifold) (from exhaust manifold)
. | | | | | B PAGE 28
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EGR CONTROL CIRCUIT

The vacuum line is controlled by a solenoid valve (mounted on the left hand wheelarch),
itself switched by the ECM. The ECM energises (opens) the solenoid valve, to permit the
throttle edge ported vacuum signal to be applied to the EGR valve and allow exhaust gas
to recirculate, under the following conditions:

- above a specified coolant and air (MAT) temperature
- throttle opening above idle

- engine speed above idle

- MAP indicating engine under load

- vehicle soeed above certain limit

ECM
EGR SOLENOID
VSY EQUIPMENT EGR CONTROL SOLENOID DRIVER

+—O><0— G10K W————— wK10x { D12 —o/,j_

" TOIGNITION ' MHC15 —
SWITCH

BY10K
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2.1.9 POWER STEERING INPUT

This switch is fitted into the power steering pump and detects when the pump is under
heavy load (e.g. parkin? manoeuvre). The ECM uses this signal to amend the IAC valve
position to compensate for the increased engine loading and prevent stalls.

POWER STEERING CIRCUIT

The ECM supplies 12 volts on CKT BU10L. When the steering wheel is turned to the far left
or right end heavy load is applied on the power steering pump, the switch closes and

grounds CKT BU10L.

ECM

EGR SOLENOCID

VSY EQUIPMENT £GR CONTROL SOLENOID ORIVER

+—<O0— o——9— G0k W WK10X -—/.1

SWITCH -

BY10K

INTAKE AIR
INTAKE AIR CONTROL - SOLENOID DRIVER
INCB? SOLENOID

/BB o woow [T |+"o—
.. ' Iy , POWER STEERING
_E s —@ °) °) (e BUTOL —-E | PRESSURE SWITCH
= CFNCY LHFHCI2 MHC18 INPUT

POWER STEERING
PRESSURE SWITCH
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2.1.10 SECONDARY THROTTLE CONTROL

The intake system incorporates a water heated throttle body containing a primary
throttle valve; an plenum chamber integral with eight individual intake tracts; and a
lower intake manifold feeding the four bifurcated cylinder head ports. The lower
intake manifold contains a fuel injector for each of the four ports and a secondary
throttle valve controlling one of the two tracts for each cylinder. These secondary
throttle valves are operated by a single vacuum actuator whose vacuum supply is
controlled by a vacuum switching solenoid.

At engine speeds below 4,700 RPM on the TURBO and below 5,200 RPM on the N/A
the ECM energises the solenoid valve.

Vacuum is supplied to the actuator and the secondary throttles are closed. Above
these engine speeds the ECM deenergizes the solenoid, the vacuum feed to the
actuator is vented and the throttles are opened by spring load. ‘

Y Ly N2

gl "
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2.1.11 ALDL CONNECTOR & CHECK ENGINE LIGHT

An "Assembly Line Diagnostic Link” (ALDL) connector plug in the passenger footwell close
to the ECM, is provided for use both at the end of the assembly line to check for correct
system operation, and in service, for diagnostic purpose. A special hand held electronic
scanner tool (Tech 1) plugs into this connector and enables all the sensor readings, other
engine parameters and trouble codes to be stored and displayed. ~

The ECM can also recognize operational problems and alert the driver via a “Check Engine”
tell tale lamp on the fascia, whilst storing a “trouble code” to help the technician make
rapid fault diagnosis. .

When two wires at the ALDL connector are shorted the ECM transmits any stored trouble
codes by flashing the “Check Engine Light” (CEL).

w8 ~O><O 1 e ECM
SR T BATTERY . (o— ovier —— s | seraLDATA
| TOBATTERY : CONTROL [ P
e 12V . FUSE #A12
eeveiareroacoronns . £ ) C 8 A
T
878
<4 -
) — wetoe — A9 | DIAGNOSTICREQUEST
INPUT
seeseseretencanas . ) IPHCR14 MHC12
H T0 :
ifon + e 3T 8, o> wmor —o—— (] smuae
‘ FUSE #A18 : ~ anl
= IPHCA? MHC

PLG10S H AS 4

* CHECK ENGINE
CHECK ENGINE LIGHT DRIVER

UGHT =
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2.2  N/A SPECIFIC COMPONENTS
2.2.1 HIGH ENERGY IGNITION (HEI)

The High Energy Ignition system fitted on naturally aspirated engines, uses a distributor
unit driven off the left hand end of the exhaust camshaft, an ignition coil mounted at the
left hand side of the engine bay, and control circuitry within the ECM.

A four positon reluctor, pick up coil and module in the distributor, provide the ECM with
rpm and crankshaft position information which it uses to control ignition and fuel injector

pulse timing.

The distributor body may be rotated to adjust the basic timing position. If this is set
incorrectly, the whole ignition advance curve will be incorrect, in both module and EST
modes.

Secondary current is received from the igniton coil by the distributor, which uses a rotor
and distributor cap to supply the appropriate spark plug.
(74 I} Cali®  SaNiE MW

b o ST Tmeivy KT TVl

-\

O

1. Distributor rotor
2. Inductive pick up coil and reluctor
3. Ignition module
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HEI CIRCUITRY

The reluctor and pick up coil assembly provides a sine wave signal twice every engine
revolution. This sine wave is converted into a square wave signal in the ignition module
and sent to the ECM on CKT YR11K in order to determine crankshaft position and engine
speed.

Below 800 rpm the ignition module triggers the ignition coil directly, the “bypass” line
voltage will be low.

Above 800 rpm the bypass line voltage on CKT YG11M will be raised to approx. 5 volts, the -
ECM takes over spark timing and sends a square wave signal back to the ignition module
on CKT Y11) which then triggers the ignition coil.

.................. P ECM
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. IGNITION :
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IGNITION COR

L 4 . SACE %2 4


Administrator


{ | l { P 1
FILE NOT TO BE REDISTRIBUTED FOR PROFIT

(

€

A

LOTUS TRAINING

2.2.2 FUELCONTROLSYSTEM

FUEL PUMP

The fuel pump is a roller vane type, high pressure electric pump mounted submerged
within fuel tank. The pump supplies fuel at a pressure of 211 - 379 kPa (30.5 - 55 psi)
dependent on operating conditions, through an in line filter by the fuel tank, to the
fuel rail assembly. A fuel strainer is attached to the fuel pump inlet line and prevents
dirt particles from entering the fuel line and tends to seperate water from the fuel . A
pulsator is fitted above the fuel pump and is connected to its outlet line to reduce
pressure pulsations in the supply line. The whole assembly of pump, strainer and
pulsator is fixed by the supply and return pipes, to a mounting plate secured by cam
ring to the top face of the tank.

The pump is able to deliver 4 - 5 times the engines maximum requirement, so that fuel
is constantly circulated through the fuel rail, and via the fuel pressure regulator, back
to the tank. This fuel circulation helps avoid excessive fuel temperature with
consequent risk of vapour locks.

FUELRAIL + PRESSURE REGULATOR

The extruded aluminium fuel rail receives fuel at its forward end (from the in-line
filter) and supplies all four injectors with fuel, the pressure of which is controiled by
the fuel pressure regulator fitted to the rear end of the rail. The pressure regulator
assembly is a diaphragm operated relief valve with fuel pump pressure acting on one
side of Jw diaphragm, and regulator spring pressure and intake manifold pressure on
the other. The function of the regulator is to maintain a constant pressure differential
across the injectors at all times i.e. a constant difference between fuel pressure
supplied to the injector, and inlet manifold pressure at the injector nozzle. By using an
inlet manifold pressure signal to supplement regulator spring pressure in the valve,
the valve is able to regulate fuel supply pressure in accordance with engine load. The
pressure regulator is not adjustable and is serviced as a complete assembly.

FUEL INJECTORS

The port fuel injector assembly is a solenoid-operated device, controlled by the
electronic control module (ECM), that meters pressurized fuel to a single engine
cylinder. The ECM engergizes the low impedance (2.0 ohms) solenoid to open a
normally closed ball valve and through a recessed flow director plate at the injector
outlet. The director plate has six machined holes that control the fuel flow,
enerating a conical spray pattern of finely atomized fuel at the injector tip. Fuel
rom the tip is directed at the intake valve, causing it to become further atomized and
vaporized before entering the combustion chamber.
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ROLLERVANE FUEL PUMP

l—— 35.5mm —>

Sl d il ldd il L L Ll

B

B >

— .

— WWy0o'SCI : -

11408d ¥04 Q3LNGI¥1SIa3y 38 OL 1ON 1
Tt b b ) )

PAGE 36

L ]

)


Administrator


LOTUS TRAINING
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FUEL INJECTOR
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FUEL INJECTION CIRCUITRY

When the ignition is switched on, the ECM energises the fuel pump which will continue to
run for aslong as the ECM receives ignition pulses from the ignition module (engine
cranking or running). If no ignition pulses are received, the ECM switches off the pump
either 2 seconds (approx.) after the ignition was switched on, or about 10 seconds after a
stall.

The ECM receives an engine speed and crankshaft position signal twice per engine
revolution from the ignition module, and uses these to trigger the injectors.

The ECM uses a single injector driver circuit, controlling all four injectors. The injectors are

pulsed simultaneously once every crankshaft revolution, with half of the fuel necessary for

each cylinders combustion delivered by each injector pulse.
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| 2.2.3 ELECTRONIC CONTROL MODULE (ECM)

The Electronic Control Module (ECM), located on the inboard side of the right hand
footwell, is the controlling computer for the fuel injection and engine management
system. It constantly monitors data received from various sensors and controls engine
operation to provide optimum performance and driveability.

The ECM consists of two principal parts:

- Controller. This is the main body of the ECM and includes the basic control circuits.

- Mem-Cal. Thisisa “Memory and Calibration” cartridge which plugs into the controller.
It contains data specific to particular vehicles, together with the functions of the
EPROM (erasable programmable read only memor¥) and Cal-Pak (calibration package
designed to allow fuel delivery in the event of maifunction in the controller or PROM,
as a 'get you home' facility).

On the Elan, the ECM is a non-servicable sealed unit, which must not be opened.

ACCESS COVER

MEM-CAL

ECM ASSEMBLY
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" 1.6L NATURALLY ASPIRATED (N/A)
PARAMETERS SENSED VS. PARAMETERS CONTROLLED

PARAMETERS CONTROLLED
PARAMETERS
SENSED FUEL oLESPEED | sPaRk TMING | EGrconTRoL | SECONDARY .| CHECK ENGINE
THROTTLES LIGHT
M memcorco 1 x 1 x 1 x | x [ x [ x |
VEHICLE SPEED X X X X X
COOLANT TEMP. X X X X X X
MASS AIR TEMP. X X
MANIFOLD PRESSURE X X X X X X
BAROME TRIC PRESS. X X
THROTTLE POSITION X X X X X X
BATTERY VOLTAGE X X
POWER STEERING SWITCH INPUT X
CO-POTENTIOMETER X X
CAMSHAFT POSITION X
TIME X X X X
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2.3 TURBO SPECIFIC COMPONENTS
2.3.1 DIRECT IGNITION SYSTEM (DIS)

The direct ignition (Di) system does not use the conventional distributor and coil. This
ignition system consists of two separate ignition coils and an ignition module
mounted on a base plate.

A cam angle sensor, related connecting wires and the electronic spark timing (EST)
portion of the ECM make up the remainder of the system.

A distributorless ignition system, such as this one, uses a "waste spark” method of
spark distribution. Each cylinder is paired with its opposite number (i. e. 1 with 4, and
2 with 3 with each pair of plugs being connected to a single, double-ended coil such
that a spark occurs simultaneously in the cylinder coming up on the compression
stroke and in the cylinder coming up on the exhaust stroke.

The cylinder on the exhaust stroke requires very little of the available energy to fire
the spark plug. The remaining energy will be used as required by the cylinder on the
compression stroke. The same process is repeated when the cylinders reverse roles.

CAM ANGLE SENSOR

The cam angle sensor consists of a baseplate and insulated cover mounted on the left
hand end of the cylinder head, containing two electronic sensors, and a reluctor disc
and a vane driven by the exhaust camshaft. _

A magnetic (reluctance) pick-up at the rear of the cam angle sensor, detects the
grooves in the periphery of the reluctor wheel, and enables the igniton module, by
measuring the time interval between these pulses, to interpret engine speed. Twelve
grooves are provided for this purpose, with 2 positional reference pulses provided by
the doubling up of grooves at diametrically opposite points on the disc, which results
in ane reference pulse every crankshaft revolution. These signals are used to provide
electronic spark timing (EST) data.

IGNITION MODULE & HT COILS

The ignition module and HT coils are mounted as a unit at the left hand side of the
engine bay. Each coil provides the spark for two plugs simultaneously.
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DIRECT IGNITION SYSTEM CIRCUITRY

The ignition module monitors the cam angle sensor signals and sends reference signals to
the ECM on CKT YR11K. Below 800 rpm the module controls spark engine speed only.

—  During that time the bypass line voltage on CKT YG11M will be kept low.
Above 800 rpm the ECM controls spark timing (EST) by sending a square wave signal to the
—  ignition module on CKT Y11J which triggers the coils. The bypass line voltage on CKT
YG11M about 5 volts then. .
|
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2.3.2 TURBO FUEL CONTROL SYSTEM

- Different from the N/A system the TURBO ECM uses two injector driver circuits, with one

circuit controlling injectors 1 and 3, and one controlling 2 and 4. Each circuit pulses both
injectors simultaneously once every crankshaft revolution, with half of the fuel necessary
for each cylinders combustion delivered by each injector pulse.

The ECM receives an engine speed signal (reference or REF) twice per engine révo_lution
from the igniton module via CKT YR11K and a square wave signal once every 720 degrees
crankshaft angle from the cam anlge sensor an CKT YU11N. The ECM uses these to trigger

the “alternate pairs” injector timing sequence.

WR 11X —————— '
SCREENED ECM
wity INLET
| CABLE —I MANIFOLD
- GROUND
218 "TOIGNITION
AlB |C ; : :
A [~ R3ID —%» ' ANDDI :
CcAM R, (MODuLE
DIRECT IGNITION ANGLE MCAS
" DI * MODULE SENSOR c )— YU1IN ENGINE POSITION INPUT
[ D
A Als fclofe |r - .
L= INLET MANIFOLD
= GROUND
INLET - =
MANIFOLD WS INLET MANIFOLD
GROUND 260 ‘ GROUND
R3D i : IHCA2
v » *)— vB11L B3 |- DIRECT IGNITION GROUND
' TOIGN. L NP va11k —{ 85 J- REFERENCE SIGNAL
- AND : IHCA1
| CAM ANGLE v - ¢)— YG11M —{ DS |- BYPASS CONTROL
D GENSOR :----hererens N
e TACHO | *)- Y11 Da |- ESTOUTPUT
............. ot _

PAGE 44



Administrator


, { ! | P U S
FILE NOT TO BE REDISTRIBUTED FOR PROFIT

l

LOTUS TRAINING

ECM FUSE ECM FUSE ECM
#D08 # A5 MHCs '
d= + N18 (o—— npP11a 81 | +12vBATTERY
ECM SUPPLY
BATTERY NP11A C16 | (HOT AT ALL TIMES)
#02 ECM RELAY
) 5 MHC1?
+ Tovsyequiem. 7 e Ce—g—ratos {5 |- +r2vicnimon
BODY FUSE #A 10 1 ‘s . ECM SUPPLY .
caoo¥y | e T 10K RIS (SWITCHED)
1 —j—: INJECTOR
— DRIVERS
GROUND

RG10J

IHCB8

’_—BL}
iHCB12  au— .}
——# m::i—— uy1oT —i cis —a/—L b4

INJECTORS :
[ S, m)—uwwa D15 —/I 18..

MHC13

L (><<O— P228 —o——-‘—-—o— WP22C —’l {‘————(o— WLG10Y —{ Af | e s 12v

FUEL PUMP
FUEL PUMP
FUSE #A3 INERTIA SWITCH FUEL RELAY CONTROL
[ | PUMP
’ RELAY

) JUMPER INJ.

3
L(v——[z'wusl. PUMP

IPHCR14 MHC11 | SIGNAL INPUT

KS11R -] D8 | PEAK & HOLD
S I2 513 | JUMPERINJ.
FUEL PUMP ' B7A
=
WG220

[-KO11S -1 D9 § PEAK & HOLD
=P

PAGE 45



Administrator


FILE NOT TO BE REDISTRIBUTED FOR PROFIT

LOTUS TRAINING

2.3.3 ELECTRONIC SPARK CONTROL (ESC) &
BOOST CONTROL

This system comprises an engm‘e "knock” sensor mounted in the right hand side of the
cylinderblock, a turbo boost control solenoid valve, and an ESC module which is
incorporated into the ECM “Mem-Cal” cartridge.

The ignition timing required for optimum performance can lead, under certain
operating conditions, to detonation of the fuel mixture in the combustion chamber,
causing excessive heat and pressures and a characteristic “knocking” noise. If allowed
to continue unchecked, major engine damage can occur. The ESC system allows the
engine to adhere as cIoser as possible to the optimum |gn|t|on timing and turbo
boost settings without a damaging level of detonation.

When the knock sensor detects the onset of detonation, the ECM retards ignition, and
then progressively advances ignition until detonation is again detected and the cycle
repeats.

KNOCK SENSOR

The knock sensor is mounted in the cylinder block, and is able to identify the
detonation "knocking” noise and produce an AC output voltage which increases with
the severity of the knock. The ECM monitors this signal and adjusts the electronic
spark timing (EST) and boost pressure as necessary to reduce detonation.

BOOST CONTROL SOLENOID VALVE

The turbo boost control solenoid valve is located at the left hand side of the engine
bay and is connected to the turbo wastegate capsule control pressure line. When the
solenoid valve is de-energized, the wastegate capsule controls maximum boost
pressure to 0.41 bar (6.0 Ib/sq. m) If the solenoid valve is energised, boost pressure is
vented to atmosphere which will then keep the wastegate shut, wnth boost pressure
limited by the engine control system.
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ELECTRONIC SPARK CONTROL (ESC) & BOOST CONTROL

The solenoid valve functlons as a frequency valve, which is pulsed many times a second by a
square wave signal of constant frequency but varying pulse width (Pulse Width

Modulation). The proportion of time for which the valve is energised controls the amount of
'extra’ boost that may be developed before the wastegate opens. At engine speeds below
2,900brpm), the control pressure line is intact, with boost limited by the capsule to 0.41 bar
(6.0 1b/in2).

At engine speeds above 2,900 rpm with throttle openings greater than 25%, the solenoid
valve pulse width is modulated to allow boost pressure to rise in proportion to th rottle
opening, up to a maximum of 0.65 bar at full throttle.

In all cases the ECM will reduce pulse width to lower boost pressure if the knock sensor
detects detonation. Under wide open throttle transient conditions, a short duration of
overboost may occur. As an engine safeguard, in case of a boost control system failure, the
ECM will switch off the fuel pump if boost pressure in excess of 0.92 bar is detected for more
than 0.5 second. All quoted pressures are approximate and at sea level.

ECM

KNOCK SENSOR

R KNOCK
| )— uk11p {811 | sensoRr
= g O g

EGR SOLENOID

VSV EQUIPMENT EGR CONTROL SOLENOID DRIVER
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2.3.4 ELECTRONIC CONTROL MODULE (ECM)

The ECM is located at the same place as the one on the N/A.

It allows more parameters to be sensed and operated, so the units are not
interchangeable.

The controller contains all basic control circuits.
The Mem-Cal comprises:

- EPROM (erasable programmable read only memory) contains the programme and
data

- Cal-Pak (Calibration Package) contains the back up fuel calibration

- ESC module performs knock control
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1.6L TURBO O/L

PARAMETERS SENSED VS. PARAMETERS CONTROLLED

PARAMETERS CONTROLLED
PARAMETERS
SENSED wee | oweseeeo | seascring | ccncontro | SOOST | SECONOARY L ooy | CHECKLNGNG
ENGINE SPEED X X X X X X X
VEHICLE SPEED X X X X | X X
COOLANT TEMP. X X X X X X X X
MASS AIR TEMP. X X X
MANIFOLD PRESSURE X X X X X X X
BAROMETRIC PRESS. X X X
THROTTLE POSITION X X X X X X X
BATTERY VOLTAGE X X X
POWER STEERING SWITCH INPUT . X X
CO-POTENTIOMETER X X
ENGINE DETONATION X X
A/C REQUEST X X
CAMSHAFT POSITION X X X
TIME X X X X X X
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_ 3.1 FUEL CONTROL MODES

STARTING MODE

- CLEAR FLOOD MODE

RUN MODE

- TRANSIENT FUEL MODES
- ACCELERATION MODE

. DECEL FUEL CUTOFF MODE

- DECELERATION MODE

FUEL CUT-OFF MODE
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3.1 FUEL CONTROL MODES

The ECM uses voltage inputs from the sensor to determine how much fuel to deliver to
the engine. The fuel may be delivered in any one of several different "modes” with
the ECM controlling which mode is appropriate according to the readings it receives
from the sensors at that particular time.

3.1.1 STARTING MODE

When the igntion is first turned on, the ECM turns on the fuel pump relay for two
seconds to pressurize the system ready for starting. The ECM also checks the coolant
temperature sensor and throttle position sensor readings and determines the
appropriate air/fuel ratio for starting. This ranges from approximately 0.8 : 1 at minus
40°Cto0 16.8 : 1 at 104°C engine coolant temperature.

The ECM controls the quantity of fuel delivered by changing the injector pulse width
i.e.length of time the injector is energised and opened. ‘

CRANK COOLANT TEMPERATURE VS A/F RATIO

16 o

14

T T T T TT T T T T T T T T T

40 -28 -16 -4 8 20 32 44 56 68 80 92 104 116 128 140

COOLANT TEMPERATURE
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3.1.2 CLEARFLOOD MODE

Provision is made for clearing a flooded engine as follows:
If the throttie is held fully open and the engine cranked, the ECM will decrease

injector on time for as long as engine speed is below approx. 600 rpm. If throttle
opening becomes less than approx. 70% the ECM returns to the starting mode.

3.1.3 RUN MODE
Above .... rpm the ECM switches to RUN MODE.

The amount of fuel supplied depends:
- engine speed

- manifold air pressure

- athmospheric pressure (baro)

- throttle position

- coolant temperature
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3.1.4 TRANSIT FUEL MODES

3.1.4.1 DECELERATION FUEL CUTOFF

-The purpose of the decel fuel cutoff function is to remove fuel from the engine during

deep deceleration conditions.

3.1.4.2 DECELERATION ENLEANMENT

During light deceleration injector pulse width is decreased depending on change of
throttle position, change of MAP and engine speed.

3.1.4.3 ACCELERATION ENRICHMENT

During acceleration the mixture becomes richer based on engine speed, coolant ;
temperature, TPS and MAP and difference in TPS and MAP readings in a given time. I

3.1.5 FUEL CUTOFF MODES |

There will be'no fuel supplied when
- ignitionisturned off

- RPMisgreaterthan ...
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3.2 ELECTRONIC SPARK TIMING
3.2.1 ELECTRONIC SPARK TIMING MODES

BYPASS MODE

The bypass mode allows the ignition module in the N/A distributor or of the TURBO
DIS to operate independently of the ECM. When the ECM is incapable of providing
the spark timing information such as at low speeds like cranking, low system voltage,
and with certain ECM or system malfunctions, the igniton module has control.

Figure 1 shows a simplified circuit diagram of the ignition module in the “engine
crank” state on the N/A.

The sine wave signal generated by the inductive sensor (1) is converted into
rectangular pulses (REF signals) in the signal converter (2). These rectangular puises
control the final controlling transistor (3) which switches the primary circuit to the

ignition coil.

When the ignition is "ON", the ECM switches the bypass lead Ter.D5 to approx.
ground potential (<0.3V). The "EST” lead from Ter.D4 is switched to ground in the
igniton module. The transistors, which are shown here simply as relays (4), are thus
activated (switches.5 and 6). ‘

83 0S5 Ov 85
- ECM
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ELECTRONIC SPARK TIMING MODES

EST MODE

The EST mode of operation occurs after system voitage is up, engine speed is above
800 rpm and the ECM is computing. At this time the bypass voltage is raised to
approximately five volts, and an EST signal is fed into the module.

Figure 2 shows a simplified circuit diagram of the N/A ignition module in the "engine
running” mode. :

The REF signals on Ter.BS enable the ECM to recognize an engine speed of >800 rpm.
The ECM thus switches the bypass lead Ter.D5S to between 4V and 5V. Relay (4) is
actuated (switches 5 and 6 are switched over). The ECM sends back a square wave
signal on the EST line Ter.D4 which triggers the coil on the falling edge of the pulse.

Figure 3 on the following page explains the timing signal on the TURBO Direct

Ignition System (DIS).

- Be @
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FIGURE 3

ROTATION
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DIS IGNITION TIMING SIGNAL

CAM ANGLE SENSOR
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HALL EFFECT SENSOR'

CAM HI'
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: i
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3.2.2 SPARK ADVANCE

ECM calculates spark timing by adding or subtracting
values from various lookup tables. These tables are
based on the following variables (sensor readings):

-RPM
- Manifold Absolute Pressure (MAP)
- Barometric Pressure

| - Coolant Temperature

- Mass Air Temperature
- Throttle Position

. Knock Det_ection (TURBO only)
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3.3 DEFAULT & DIAGNOSTIC MODES

The system has SELFDIAGNOSTIC capability. In case of a problem
it alerts the driver via the "Check Engine Light”.

In case of a problem the ECM automatically refers to pre-
programmed "DEFAULT" values.

The problem will be stored in ECM memory as a “TROUBLE
CODE". '

A technician can read the code when the ECM “DIAGNOSTIC
MODE" is requested or when a hand held “Tech 1" scanner tool
is connected. ‘

The ECM also transmits sensor readings and other system
parameters to the Tech 1 when “DATA MODE" is requested; this

will aid rapid fault diagnosis.

With the Tech 1 the ECM can be commanded to turn “ON/OFF”
relays or solenoids in various “OUTPUT" checking modes.
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4 0 DIAGNOSTICS
4.1 DIAGNOSTIC CIRCUIT CHECK

ALWAYS START HERE

o IGNITION “ON” ENGINE “OFF”.
® NOTE “CHECK ENGINE” LIGHT.
 § 1
STEADY LIGHT NO LIGHT FLASHING LIGHT
Y ,
1
SEE CHART
e JUMPER ALDL TERMINAL A" TO “B~. EMK . 4-1
. gg;z ‘gr;ecx ENGINE” LIGHT FLASH ERRATIC OR ELASHING
INTERMITTENT AT TIMES CODE 12
| 1 1 I
YES NO CHECK CKT PLG10S FOR " | CHECKX DIAGNOSTIC
I INTERMITTENT CONTACT CXT WB10€ FOR
OOES TECH 1 DISPLAY ECM DATA? SEE CHART TO GROUND. iF OK, SEE SHORT TO GROUND
(IF THERE IS NO TECH 1 AVAILABLE EMK.4-2 “INTERMITTENTS® BETWEEN ALDL CONN.
CONTINUE WITH TESTSTEP 1.) SECTION EMK.6. TERM "B~ AND ECM.
<
| 1
YES NO
X
COMPARE TECH 1 WITH TYPICAL VALUES SHOWN SEE CHART
IN FIGURE EMK. 4-8 “TECH DATA”. ARE VALUES EMK. 4-2
NORMAL OR WITHIN TYPICAL RANGES?
1
YES : NO
X I
DOES ENGINE START? : REFER TO SYSTEM
CHECKS INDICATED IN
] FIGURE EMK. 4-8
YES NO
ARE ANY CODES DISPLAYED? SEE CHART
hF EMK.4-3
1
YES NO
REFER TO APPLICABLE CODE CHART. CONDUCT TEST DRIVE WITH TECH 1IN SNAPSHOT MODE
START WITH LOWEST CODE. REPRODUCING THE CONDITIONS THE CUSTOMER COMPLAINED.
TRIGGER “SNAPSHOT” IN CASE OF PROBLEM BY PRESSING
“ENTER” KEY. CHECK VALUES IF THEY MAKE SENSE UNDER
THE DRIVING CONDITIONS TESTED. REFER TO CHARTS
ACCORDING TO FIGURE EMK. 4-9 TO LOCATE PROBLEM THEN.
IN CASE THERE IS NO TECH 1 AVAILABLE REFER TO
*INTERMITTENTS®, SECTION EMK.6.
b , CLEAR CODES AND CONFIRM NO “CHECK ENGINE® LIGHT.
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4.2 TECH1TOOL
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950 RPM
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4.3 TECH 1 DATA

"ENGINE OFF / IGNITION ON, ENGINE COLD"

Typical Data Value

If Data Out Of

TECH 1 Position | Units Displayed Range,
{Range) ReferTo ...

'Eii ne Speed RPM 0 -

Desired Idle RPM depends on coolant -

Coolant Temp. CF close to ambient Code 14/ 15 Charts
Mass Air Temp. CF ambient Code 23/ 25 Charts
MAP kPa/Vv close to baro Code 33/ 34 Charts
BARO kPa/v dep. on altitude and baro Code 33/ 34 Charts
idle Air Control 0-255 80 -

Engine Speed RPM 0 -

Throt. Position v 0.40-0.70 (closed) Code 21/ 22 Chart
Throttle Angie 0to 100% 0 closed, >95 at WOT Code 21/22 Chart
Oxygen Sensor mV Not used -

Inj. Pulse Width ms depends on coolant -

Spark Advance Degrees 0 -

MPH KPH Units per hour 0 0 -

Fuel integrator Counts Not used -

Block Learn Counts Not used -
Open/Closed Loop Open/Closed Loop Open Loop -

Block Learn Cell No. -~ Not used -

Knock Retard Degrees 0Deg. -

Knock Signal Degrees No -

Battery Voltage Volts 11.0-12.5 Check Battery Voltage |
Purge Duty Cycle Active/ Inactive Not used -

A/C Request Yes/No No Check A/C Select Switch
A/C Control Oonvoff off -

Sync Pulses 0-255 0 .

Park /Neutral , P-N/-RDL -R-DL -

Power Steering High Press./Normal Normal Check Power Steering

Switch

2nd Throttle Sol Active/ Inactive Inactive Check 2nd Throttle Sol
Air Control Sol Active/Inactive Not used -

Exhaust Recirc. Active/Inactive Inactive Check Exhaust Recirc.
CO Adj. Volts Volts 06-4.2 ___Code 54 Chart
Wastegate D.C. % Duty Cycle 0% Check Wastegate

Solenoid

[PROM ID # PROM Specification

Time from Start min:sec 0:00 -

' Figure EMK.4-8 - 1.6L TURBO LOTUS ELAN TECH 1 DATA
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4.4 TROUBLE CODES

THIS TABLE IS A SUMMARY OF POSSIBLE TROUBLE CODES ON THE 1.6L N/A AND TURBO THE “CHECK
ENGINE LIGHT" IS SWITCHED "ON” AND A CODE STORED WHEN THE ECM DETECTS ANY OF THE PROBLEMS
LISTED BELOW. FOR MORE INFORMATION AND DIAGNOSTIC PROCEDURES REFER TO THE DIAGNOSTIC
CHARTS SECTION EMK.4, EMK.5 (TURBO), EML.4, EML.5 (N/A).

CODE COMPONENT / CIRCUIT INDICATION COMMENT
14 |Coolant Temp Sensor High temperature indicated
15 |Coolant Temp Sensor Low temperature indicated
21 | Throttle Position Sensor Signal voltage to ECM high
22 | Throttle Position Sensor Signal voltage to ECM low
23 | Mass Air Temp. Sensor Low temperature indicated
24 |Vehicle Speed Sensor Incorrect signal to ECM
25 | Mass Air Temp. Sensor High temperature indicated
33 |Manifold Absolute Pressure  |Signal voltage high
34 |Manifold Absolute Pressure  |Signal voltage low
41 |Engine Speed Signal Circuit Engine speed signal missing TURBO only
42 |Electronic Spark Timing Ignition module/ circuit fault | TURBO only
43 |Electronic Spark Control Detonation circuit failure TURBO only
51 |MEM-CALError ECM /MEM-CAL fauit
54 |CO-Potentiometer Circuit Signal Voltage high or low
PAGE 63
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4.5 TECH 1 DATA |
“IDLE / ENGINE HOT / THROTTLE CLOSED

Idle / Upper Radiator Hose Hot / Closed Throttle / A/C "OFF”

- N Typical Data Value |if Data Out Of Range,
TECH 1 Position | Units Displayed {Range) ReferTo .

[Engine Speed RPM "950 EMK.4-9 Chart
Desired Idle RPM 950 -

Cooiant Temp. CF 7010 90 Code 14/ 15 Charts
Mass Air Temp. CF 20 to 60 Code 23/ 25 Charts
MAP kPa/v 35t0 45 Code 33/34 Charts
BARO kPA/NV dep: on altitude and baro Code 33/34 Charts
idle Air Control 0-255 10 to 30 EMK.4-9 CHART
Engine Speed RPM 950 -

Throt. Position Vv 0.40-0.70 Code 21/22 Charts
Throttle Angle 010 100% 0 -

Oxygen Sensor mV Not used -

Inj. Pulse Width ms 1.5-19 -

Spark Advance Degrees . 15-25 -

MPH KPH Units per hour 0 0 Code 24 Chart
Fuel Integrator Counts Not used -

Block Learn Counts . Not used -
Open/Closed Loop Open/Closed Loop Open Loop -

Block Learn Cell No. Not used -

Knock Retard Degrees 0 Code 43 Chart
Knock Signal Degrees No Code 43 Chart
Battery Voitage Volts 13.0-15.0 Check Battery
Purge Duty Cycle Active/ Inactive Not used -

A/C Request Yes/No No Check

AJ/C Control Onv/Off Oft -

Sync Pulses 0-255 0 Code 41 Chart
Park /Neutral P-N/-RDL -R-DL -

Power Steering_ High Press./Normal Normal EMK.3-H

2nd Throttle Sol Active/ Inactive Active EMK.3-L

Air Control Sol Active/Inactive Not used -

Exhaust Recirc. Active/lnactive Inactive EMK.3-T

CO Adj. Volts Volts 0.6-4.2 Code 54 Chart
Wastegate D.C. % Duty Cycle 0 EMK.3-R
PROM ID #

Time from Start min:sec depends on time -

Figure EMK.4- 9 - 1.6L TURBO LOTUS ELAN TECH 1 DATA
N
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