[bookmark: _Hlk96904091]Automotive engineering
ACHA4010
2103608
Jordan-Michael Harley
Electronic Ignition & Fuel Injection Systems













































Contents page:


Introduction
(3)
Methodology
 Equipment used
 (4-5)
Results
 LE3
 (6-16)
 Matronic
 (17-30)









































Introduction

    During this assignment I was tasked to investigate technical applications and solutions for engine electrical and electronic circuits. The aim of this investigation was to evaluate voltage, current, power and resistance in a range of automotive circuits. During this investigation I was also tasked with interpretating circuit symbols and diagrams while also carrying out systematic testing of vehicle electronic systems with test equipment. To further understand the investigation and my findings I was tasked to analyse data find solutions and operations of actuators, sensors and displays. The aim of this was to be able to determine principles of operation and electrical characteristics of vehicle sensors and vehicle actuators using the computer hardware which was provided during the investigation. To also aid in this investigation I was tasked to carry out multi-meter and oscilloscope tests so it could be then analysed to find solutions to the systems that were being testing on.
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Methodology 

The equipment that was used during the investigation included a multi-meter which was used to read resistance and electrical current and an oscilloscope which is a device used in system testing, it can be used to detect electrical current and display them digitally on a screen. Do to the investigation needing on hand indolent protective wear such as overalls and steel toe capped boots were warn to prevent any hazards.

To be able to fully conduct an investigation on the electronic systems and circuits of an engine a series of tests needed to be carried out. The series of tests that were conducted were tested on two Vauxhall motors one being a Nova 1.6L GTE motor LE3 and the other being a Vauxhall Frontera Sport 2.0L motor Motronic . The first test that was carried out was on the Vauxhall Nova 1.6L GTE which included testing the ECU static voltage . The first series of tests were carried out on the Vauxhall Nova 1.6L GTE LE3 testing the ignition circuitry of the system when the ignition of the motor was off which was done by testing each ECU pin using a multi-meter. The first pin that was tested was pin one, this was done by connecting the multi-meter to pin 1 and reading the data it gave. These steps were repeated throughout all the pins to pin 14. Then the fuel circuitry of the system had to be measured while ignition of the engine remained off, this was done by testing from pin 1 to pin 14 of the ignition circuitry of the motor. Some of the pins did not have wires connected to them meaning that some results for the pins could not be collected. 

Once all data for the Ignition and fuel circuitry had been collected while ignition was off it was then time to turn the ignition on and collect the data now for the ignition and fuel circuitry while the ignition of the engine is on. This was done again by starting with the ignition circuitry of the motor again testing from pin 1 to pin 14. Once the ignition circuitry of the system had been tested next came the fuel circuitry of the system which was also done by testing each pin 1 to 14 once again. With the ignition and fuel circuitry data recorded while the ignition was off and on further tests of the motor had to be conducted which included tests for throttle resistance for the throttle switch, the coolant temperature sensor which was measured in ohms, the Auxiliary air valve measured in ohms and the injector valves measured ohms. To conduct the throttle switch test as illustrated by Autodata, ISBN: 0-85666-678-5 “Disconnect switch multi-plug, connect ohmmeter between switch terminals 2 and 18” this gave the first reading for the throttle switch then to get the other reading for pin 3 and 18 the ohmmeter had to be connected switch terminals 3 and 18. 

With the data for the throttle switch collected, the coolant temperature then had to be measured this was done by as stated by Autodata, ISBN: 0-85666-678-5, “disconnect sensor multiplug and release any residual pressure in cooling system, unscrew sensor, connect ohmmeter between sensor terminals, immerse sensor probe in coolant of specified temperature” once this had been done readings could be taking for the coolant temperature sensor. For the auxiliary air valve as stated by Autodata, ISBN: 0-85666-678-5”disconnect valve multiplug, connect ohmmeter between valve terminals” with the ohmmeter connected between the terminals, readings could be taking. To gather data for the injector valves as stated by Autodata, ISBN: 0-85666-678-5 “ disconnect injector multiplugs, connect ohmmeter between injector terminals” once these steps had been completed readings for the injector valves could be gathered. All the data that was gathered was compared to the manufacture’s specifications to see if everything should be as it was. The ECU of the LE3 had a total number of 15 pins of which 13 were being used on the system. 

Once the LE3 had been fully tested upon testing the ECU static voltage and engine component testing the motronic system the Vauxhall Frontera Sport 2.0L could then be tested. The first test that was carried out on the LE3 system was also the ECU static voltage testing. Like the LE3 each pin of the ECU was tested, both when the ignition was off and when the ignition was on. The ECU of the motronic system had a total of 55 pins of which only 35 are in use within the system. Once the ECU of the system had been tested, some of the engine components were then tested upon. These tests of the components included testing the throttle potentiometer, the airflow sensor, the coolant temperature sensor, and the injector valves. To first test the throttle potentiometer the multi-meter was plugged in between terminals 1 & 2 while the throttle was closed, this would give the first set of results, then by connecting the multi-meter to pins 1 & 3 while the throttle was closed would give you the second set of results. To gather results for the airflow sensor the multi-meter was plugged between terminals 4 & 2 this would give the first set of results then by plugging the multi-meter between terminals 4 & 3 would give the second set of results, the final set of results could be obtained by connecting the multi-meter between terminals 4 & 1. To obtain results for the coolant temperature sensor the multi-meter was connected between sensor terminals, in intervals of 20 from 0 to 80 degrees Celsius results were taking from the sensor, which was give us the data we needed, for the injector valves test the multi-meter was plugged between the injector terminals, which would then give us all the results we needed for this stage of the investigation. All data that was gathered from testing the given components for the investigation were then compared to the manufacture’s data to see if the data collected from the components had any discrepancies compared to the manufacturer’s data 

The next stage of the investigation was the warm phase of both systems the LE3 and Motronic. The warm phase included testing both system’s components at different temperatures. The temperature data for the motronic system was recorded in intervals of 20 degrees starting from 20 degrees which was the room temperature rising to 80 degrees. This was done so that a clear outline of how the temperature of the system effects the given components in the investigation. The components of the Motronic system that were tested upon included the NTC 2 voltage and resistance values, injection on time, Lambda switching, Tank vent valve switching, and Rotary idle valve keying ratios. For the LE3 the components that were tested upon included the NTC 2 voltage and resistance and the injection on time. For the LE3 system data was recorded when the temperature of the system increased in intervals of 10 degrees Celsius, so the system started at 20 degrees where base results were recorded then by increasing the temperature 10 degrees each time until the system reached 60 degrees Celsius.

To be able to test both systems during the warm phase an oscilloscope as well as a multi-meter was required to perform this phase. An oscilloscope is a device that visually displays changes in electrical signals overtime. Both the oscilloscope and multi-meter were used to record data for the NTC resistance. To be able use the oscilloscope certain steps needed to be taken so that the device could read the temperature of the system while in operation. This was done by removing the oil dipstick of the system, then by placing the oscilloscope temperature gauge into the oil sump. Once the gauge had been placed into the system readings for the temperature and components could be made.
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Fig 2 of LE3 system	fig 3 of Motronic system 

Results 
LE3
Battery Voltage for LE3: 12.23V

	Ignition on
	Ignition
(V)
	Fuel
(V)

	Pin 1 : Earth
	0.03
	0.6

	Pin 2 :
	0.03
	11.67

	Pin 3 :
	11.57
	0

	Pin 4 :
	Nothing
	0.02

	Pin 5 :
	0.06
	0.03

	Pin6 :
	0.02
	No wire

	Pin 7 :
	2.42
	No wire

	Pin  8 :
	0.95
	1.94

	Pin 9 :
	No wire
	No wire

	Pin 10 :
	0.03
	0.16

	Pin 11 :
	0.03
	1

	Pin 12 :
	0.06
	11.75

	Pin 13 :
	0.13
	No wire

	Pin 14 :
	4.98
	4.98

	Pin 15 :
	0.06
	0.02


Table 1: ECU Static voltage testing of LE3 
	Ignition off
	Ignition
(V)
	Fuel
(V)

	Pin 1 : Earth
	0
	0

	Pin 2 :
	0
	0

	Pin 3 :
	0
	0

	Pin 4 :
	Nothing
	0

	Pin 5 :
	0
	0

	Pin6 :
	0
	Nothing

	Pin 7 :
	0
	Nothing

	Pin  8 :
	0
	0

	Pin 9 :
	Nothing
	No wire

	Pin 10 :
	0
	0

	Pin 11 :
	0
	0

	Pin 12 :
	0
	0

	Pin 13 :
	0
	No wire

	Pin 14 :
	0
	0

	Pin 15 :
	0
	0








		


Components testing for LE3 system with comparison of manufacture 

Table 2: fuel injectors 
	Fuel injectors:
	
	

	Initial reading
	
	Corrected for multi-meter resistance

	15.8(ohms)
	-0.2
	15.6

	15.8(ohms)
	-0.2
	15.6

	15.8(ohms)
	-0.2
	15.6

	15.8(ohms)
	-0.2
	15.6


	Pins
	Manufacturer (ohms)

	Injector 1
	15-17

	Injector 2
	15-17

	Injector 3
	15-17

	Injector 4
	15-17









	Throttle resistance
	
	Corrected for multimeter
Resistance

	Pin 2+18 throttle closed
	0.2(ohms)
	0(ohms)

	Pin 3+18 throttle closed
	1(ohms)
	Infinite reading on multimeter


Table 3: throttle resistance





	Throttle resistance
	Manufacturer (ohms)

	Pin 2 & 18 throttle closed
	0

	Pin 2 & 18 throttle closed
	Infinity










	Water temperature sensor (Celsius)
	Resistance (ohms)

	20
	2690


	Manufacturer water temperature sensor (Celsius)
	Resistance (ohms)

	-10
	7000 - 11600

	20
	2100 - 2900

	80
	270 - 390



Auxiliary Air Valve tested = 45.9 (ohms)
Auxiliary Air Valve manufacturer 40 (ohms)



LE3 warm up phase 

	Engine temperature (Celsius)
	Resistance (ohms)
	Pin 8 NTC2 ignition on (V)
	Pin 3 injection on time (ms)

	20
	1940
	1.7
	1.42

	30
	1070
	1.1
	2.9

	40
	770
	0.9
	2.9

	50
	538
	0.7
	2.9

	60
	392
	0.5
	2.7





































LE3 Wave forms

Acceleration pin 3
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Deceleration pin 3
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Injector idle pin 3
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AMP pin 3 supply & pin 2 earth
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Secondary voltage
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Crank signal pin 12
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Amp pin 4 spark advance signal
Pin 1 primary 

[image: A picture containing diagram

Description automatically generated]



















































Amp pin 1 primary
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Speed ref for fuel ecu pin 5
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Matronic
Battery Voltage for Motronic: 12.4V
Table 4: ECU Static voltage testing of Motronic
	Pin no.
	Ignition off (V)
	Ignition on (V)
	Purpose

	1
	0
	12.15
	Negative side of coil

	2
	0
	0.04
	Earth

	3
	0
	12.04
	Control circuit for fuel pump

	4
	0
	9.74
	Pulsed side of rotary idle valve

	5
	0
	12.01
	Pulsed side of tank vent valve

	6
	0
	11.31
	4WD ECU-A/T ECU-fuel tell-tale lamp

	7
	0
	0.33
	Load signal output from air-flow meter

	8
	-
	-
	Reserve, no use

	9
	-
	-
	Speedo, mileage frequency sensor

	10
	0
	0
	Earth

	11
	-
	-
	Reserve, no use

	12
	0
	5.08
	5v supply to air-flow meter & throttle performance

	13
	0
	10.1
	Diagnostic socket supply

	14
	0
	0
	Earth

	15
	-
	-
	Reserve, no use

	16
	0
	12.1
	Pulsed side of injectors (bank of two)

	17
	0
	12.1
	Pulsed side of injectors (bank of other two)

	18
	12.4
	12.1
	Permanent live

	19
	0
	0
	Earth

	20
	0
	0
	Earth (for catalyser)

	21
	0
	0
	Earth (for A/T)

	22
	0
	0.93
	Engine tell-tale warning light

	23
	-
	-
	Reserve, no use

	24
	0
	0
	Earth

	25
	-
	-
	Reserve, no use

	26
	0
	0
	Earth via ECU

	27
	0
	12.09
	Ignition feed

	28
	0
	0.45
	Output from Lambda sensor

	29
	-
	-
	Reserve, no use

	30
	-
	-
	Reserve, no use

	31
	-
	-
	Reserve, no use

	32
	0
	11.3
	Output to on-board computer

	33
	-
	-
	Reserve, no use

	34
	-
	-
	A/T ECU

	35
	-
	-
	Reserve, no use

	36
	12.07
	0.31
	Control circuit for auxiliaries & ECU (from relay pin 85)

	37
	0
	12.03
	Supply to ECU & to on-board computer

	38
	-
	-
	Reserve, no use

	39
	-
	-
	Reserve, no use

	40
	0
	0
	A/C

	41
	0
	0
	A/C

	42
	0
	0
	Earth (manual transmission only)

	43
	-
	-
	CO potentiometer output (not fitted w/ catalyser)

	44
	0
	3.69
	Output from NTC 1

	45
	0
	3.69
	Output from NTC 2

	46
	0
	0.25
	Octane plug input

	47
	-
	-
	Earth

	48
	0
	0.07
	Output from crankshaft sensor

	49
	0
	0.11
	Output from crankshaft sensor

	50
	-
	-
	Reserve, no use

	51
	-
	-
	A/T ECU

	52
	-
	-
	Reserve, no use

	53
	0
	0.66
	Output from throttle potentiometer

	54
	-
	-
	Reserve, no use

	55
	0
	10.99
	Earth for diagnostic socket



Components testing for Motronic system with comparison of manufacture

Throttle potentiometer
Resistance measure 8 Ω		
	[bookmark: _Hlk102143704]Throttle position
	Manufacturer (ohms)

	Throttle closed
	1900-2000

	Throttle open
	1000-2000


Lead resistance 0.2 Ω
0.5 @ 2k Ω
2k Ω bang on
Wide open 2.68 Ω
Throttle close 1.48 Ω
Ign. ON: 5.08v @ pin2

Airflow sensor pin
	Pins
	Manufacturer (ohms)

	4 & 2
	8-2500

	4 & 3
	300-350

	4 & 1
	270-520


Pins 4 > 2 potentiometer
Ω 8 – 2500
Pin 4>3 exp. 300-550	
Recorded 320 Ω
Pin 3 560 Ω +10 more(?)
Pin 4 null/void
Nominal 270-520 Ω
For the CO mixture

Coolant Temperature Sensor
	Temperature()
	Manufacturer (ohms)

	0
	4800-6600

	20
	2200-2800

	40
	1000-1400

	80
	270-380


At 0°C 4800-6600 Ω
At 40°C 1000-1400 Ω	
At 80°C 270-380 Ω
Recorded @ 17.6°C: 2530 Ω


Injector resistance

	Pins
	Manufacturer (ohms)

	Injector 1
	15-17

	Injector 2
	15-17

	Injector 3
	15-17

	Injector 4
	15-17


Pin 1 = 16.6	
Pin 2 = 16.5
Pin 3 = 16.5
Pin 4 = 16.6













Matronic warm up phase

	Engine temperature (Celsius)
	Pin 45
(ohms)
	Pin 45
(omhs)
	Pin 16/17
(ms)
	Pin 4
(On time)
	Pin 5
(actuation)
	Pin 28
(actuation)

	20
	1900
	3.3
	3.1
	44
	off
	off

	30
	1020
	2.5
	2.8
	42
	off
	partial

	40
	660
	2.2
	3.2
	41
	off
	30° > 39°C

	50
	450
	1.6
	2.9
	42
	partial
	on

	60
	340
	1.4
	2.9
	41
	40° > 52°C
	on

	70
	240
	0.9
	2.6
	40
	on
	on

	80
	250
	1.0
	2.8
	43
	on
	on
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Rotary Idle Valve pin 4 at idle 80 Celsius


























Figure 1: Motronic Rotary Idle Valve Scope Pattern

























[image: ]Ignition Primary Wave pin spark duration 1.47m/s back emf 129.2 volts 





























Figure 2: Motronic Primary Wave Scope Pattern
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Ignition Secondary Wave 




























Figure 3: Motronic Secondary Wave Scope Pattern
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Description automatically generated]Motronic 12v Supply and Earth pin 27 supply from ignition pin 2 earth return


































Figure 4: Motronic 12v Supply and Earth 
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Description automatically generated]Air Flow & Throttle Potentiometer Signals pin 7 pin 53


































Figure 5: Motronic Throttle Potentiometer
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Figure 6: Motronic Injector Banks 
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Figure 7: Motronic Injection on Time (Idle)


















[image: ]Injection on Time (Accelerating)



























Figure 8: Motronic Injection on Time (Accelerating)























Injection on Time (Decelerating)
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Figure 9: Motronic Injection on Time Scope Pattern (Decelerating)
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Figure 10: Motronic Lambda Sensor Scope Pattern























Crankshaft Sensor
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Figure 11: Motronic Crankshaft Sensor 
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