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[bookmark: _Toc102377442]Introduction:
The Vauxhall Motronic and LE3 engines have similar ignition and injection systems. The group tested the different ECUs at different operating temperatures and then the results were compared. A Bosch Multimeter with computerised oscilloscope was used to measure the temperatures, voltages and resistance for different pins in the ecu (relating to the different components that were being investigated). This report will look at the procedure the group took to get the results. It will also show the results and waveform analysis.


[bookmark: _Toc102377443]About the Motronic and LE3:
The original Motronic engine was the 4.1 version. Vauxhall updated the engine to the Motronic 1.5 which has a throttle potentiometer rather than a throttle switch. This gives more accuracy with knowing the throttle position. The Motronic has one main ECU that controls ignition and injection at the same time, whilst the LE3 has two separate ECUs for fuel and ignition control. The ECUs are made by Bosch. The injection system is the same for both engines. The ignition has variable dwell angles. The Motronic sensors run on 5V whilst the LE3 run from battery voltage.


[bookmark: _Toc102377444]Methodology:

1. [bookmark: _Toc102377445]Health and safety:
[bookmark: _Toc102377446]PPE:
In the workshops, PPE should be worn at all times. This includes an apron, goggles and steal toe cap boots. If the people testing the engines have long hair, long tie or undone shoelaces, they must make sure they are done up and tucked in. Due to engine noise in a small workshop, ear protection can be worn to protect hearing and prevent future hearing problems. 
[bookmark: _Toc102377447]Heat:
Due to the combustion, engines can get very hot in certain places, therefore, care must be taken when touching and clipping the crocodile clips from the digital multimeter on the engine earths and ECU pins.
[bookmark: _Toc102377448]Heavy equipment:
The engines are very heavy and so the person testing should always stand up just in case it falls on them and so they can move out of the way quickly. When bending over to hold the clips on the ECU pins, the testers’ back should be straight as they will be bent over for a long time. But they should be in a position where they can quickly jump up and move out of the way if anything falls on them. 
[bookmark: _Toc102377449]Moving parts:
There are moving parts on the outside of the engine like the serpentine belt so although there are yellow guards protecting it, hair could still get through and caught in it. Goggles will protect your eyes if anything gets caught in the moving parts and projected up into someone’s eyes. 
[bookmark: _Toc102377450]Fumes:
As the engine was running inside, exhaust fumes are very poisonous as they have carbon monoxide in them. If too much is inhaled, then it could kill someone or cause future respiratory problems. To prevent this, an extractor fan was placed over the exhaust pipe moving the exhaust gasses outside the building. And a Carbon Monoxide detector was used at regular intervals to make sure that the levels weren’t getting too high.
[bookmark: _Toc102377451]Engine checks:
Before using the engine, the user should check over the engine in order to prevent damage to it. This includes checking the petrol, oil and coolant levels as well as any loose electrical connections. Any oil leaks that are spotted should be cleaned up and fixed on the engine before use to eliminate the possibility of someone slipping over.


[bookmark: _Toc102377452]Procedure:
[bookmark: _Toc102377453]Motronic 1.5:
Once everyone had put on their PPE and safety checks were made, different jobs were assigned to different people. One person wrote down the results while one person held the multimeter terminals on an earth and right pins. The first engine that was tested was the Motronic. When the ignition was switched off, all of the volt readings were taken for all of the pins. The schematic electrical diagrams for each of the engines were used to identify what each pin number was for. After that, the group measured the same pins but with the ignition turned on, so the ECU was live, and all of the voltage readings were taken. Next, the throttle potentiometer resistance and voltage were recorded when the throttle was closed and then fully open (terminals 1 and 2, 1 and 3; 2 and earth). The air flow sensor resistance values were taken down next (terminals 4 and 1, 4 and 3, 4 and 1). The group then measured the coolant temperatures throughout the different stages of the warming up (0, 20, 40, 80 degrees Celsius) and their corresponding resistances with the coolant temperature sensor. The resistance between the idle control valve terminals and the Injector valve terminals was recorded after that. 
Cold cranking was at 17.6 degrees Celsius. And the Injection on time was 26.1ms. The fan came on at 70 degrees Celsius. The temperature of the engine was recorded by putting the thermometer down the oil dipstick hole. As the engine is warming up (through temperatures: 20, 30, 40, 50, 60, 70, 80 degrees Celsius), the voltage and resistance is taken from pin number 45 (NTC2 water temperature). The voltage was measured from pin number 44 (NTC1 air temperature). The time (ms) is recorded for pin 16 or 17 (injectors (2 injectors for each pin)). The resistance and ratios (percentage on) are measured from pin number 4 (the rotary idle speed valve). Pin number 5 and 28 (Tank vent valve and the Lambda sensor) were recorded as on or off.

[bookmark: _Toc102377454]LE3:
Cold cranking was at 18 degrees Celsius. The engine warmed up between 20-60 degrees Celsius. The NTC2 and Injection on time were measured for the whole range of temperatures. The resistance of coolant temperature sensor, auxiliary air valves, amplifier and injector were also measured. During the measuring, the resistance of the wires in the multimeter was deducted from the resistance (-0.2ohms). It was important that a good earth was chosen when measuring, along with having with a good connection as if you had a bad earth or connection, this would give invalid results. A good earth is on one of the bolts on the engine block or rocker cover as you don’t want to put it on something with paint on it as it acts as an insulator and won’t give a true reading.

[bookmark: _Toc102377455]Results:
[bookmark: _Toc102377456]Motronic results:
	°C
	NTC2

Ω
	Factory Resistance
NTC Ω 
	NTC2

V
	NTC1

V
	Injector

ms
	Rotary idle
% on
	Lambda
	Tank Vent

	20
	1584
	2200 to 2800
	3.1
	3.76
	3.6
	43
	off
	off

	30
	970
	
	2.5
	
	3.1
	42
	on
	on

	40
	623
	1000 to 1400
	1.9
	
	3
	43
	on
	

	50
	391
	
	1.4
	
	2.8
	41
	on
	

	60
	268
	
	1.2
	
	2.9
	41
	on
	

	70
	274
	
	1.2
	
	3.1
	43
	on
	

	80
	242
	270 to 360
	1.1
	3.3
	2.6
	46
	on
	

	
17.6
	Cold Cranking
	
26.1
	
	
	



NTC 1&2: This is a thermistor… when the temperature increases, the resistance decreases. This also decreases the voltage (V=I*R) as seen on the table. This would send signals to the ECU, so the engine knows what temperature it is at and adjust the idle control valves etc. The data in the NTC2 section is consistently lower than the factory resistance. This could be due to user error or equipment calibration error.
Injector: The injection on time decreases as the engine warms up. The Air / Fuel mixture leans out as the engine warms up.
Rotary idle: The valve closes and then opens up as the engine warms up. During warm up, a bi metal strip is heated with the current which closes the valve and so more fuel goes into the engine when its cold. The idle control valve allows extra air passed the closed throttle. A Thermo time switch operates the cold start valve and stops it when its warm to avoid flooding the engine.
Lambda sensor: This measures the oxygen level in the exhaust gasses and sends signals to the ECU to adjust the A/F ratio for the best emissions. This is switched on after 30 degrees Celsius (0.4 – 0.5V).
Tank Vent: The tank ventilation is turned on at around 28-38 degrees.
	Throttle Position
	Manufacturer
	Tested

	Throttle Closed
	1900 to 2000
	2000 ohms

	Throttle Open
	1000 to 2000
	2580 ohms





	
Throttle position: The resistance for the open throttle is a bit high. This could be caused by corrosion on the connections. (Rxmechanic, symptoms of bad throttle position sensor).

	Pins
	Manufacturer
	Tested

	4 & 2
	8 to 2500
	33.3 ohms

	4 & 3
	300 to 550
	560 ohms

	4 & 1
	270 to 520
	N/A (not used with cat)






	
Air flow sensor (MAF): These are both with in or close to the true values. This was probably down to human error so next time an average should be taken to get a more accurate reading. This is measured with a spring loaded vane attached to a potentiometer or a hot wire sensor.
	Pins
	Manufacturer
	Tested

	Injector 1
	15 - 17
	15.9

	Injector 2
	15 - 17
	15.9

	Injector 3
	15 - 17
	15.9

	Injector 4
	15 - 17
	15.9







	
Injector resistance: It is important that all injectors have the same resistance in order for them to fire at the same time.
Idle speed control valve resistance: This is 8 ohms.


Ignition off voltage: All of the results were 0 volts except for pin number 18 (which is the permanent live for memory) which was 12.3V. The other pin was number 36 (which is the control circuit to auxiliary and ECU) which was 11.98V.
Ignition on voltage: These are all the values when the key is turned to the on position (switched live).
	Pin Number
	Components
	Ignition off (V)
	Ignition on (V)

	1
	Negative side of coil
	0
	12.15

	2
	Earth
	0
	0.03

	3
	Control circuit for fuel pump
	0
	12.04

	4
	Pulsed side of Rotary Idle Valve
	0
	9.72

	5
	Pulsed side of Tank Vent Valve
	0
	12

	6
	4WD ECU - A/T ECU -Fuel tell-tale lamp
	0
	11.29

	7
	Load signal output from air-flow meter
	0
	0.31

	10
	Earth
	0
	0

	12
	5V Supply to air-flow meter & throttle potentiometer
	0
	5.04

	13
	Diagnostic socket supply
	0
	10.06

	14
	Earth
	0
	0.02

	16
	Pulsed side of Injectors (1)
	0
	11.96

	17
	Pulsed side of Injectors (2)
	0
	11.96

	18
	Permanent live (memory)
	12.3
	11.98

	19
	Earth
	0
	0.02

	22
	Engine tell-tale warning light
	0
	0.91

	24
	Earth
	0
	0.03

	26
	Earth
	0
	0.05

	27
	Ignition feed
	0
	12.05

	28
	Output from Lambda Sensor
	0
	0.45

	32
	Output to on board computer
	0
	11.24

	36
	Control circuit for supply to auxiliaries and ECU
	11.98
	0.31

	37
	Supply to ECU and on board computer
	0
	11.97

	40
	Air Con
	0
	0.05

	41
	Air Con
	0
	0.05

	42
	Earth for manual transmission
	0
	0.03

	44
	Output from NTC 1
	0
	3.71

	45
	Output from NTC 2
	0
	3.69

	46
	Octane Plug input
	0
	5.03

	48
	Output from crankshaft sensor
	0
	0.05

	49
	Output from crankshaft sensor
	0
	0.09

	53
	Output from throttle potentiometer
	0
	0.63

	55
	Earth for diagnostic socket
	0
	10.94





[bookmark: _Toc102377457]LE3 results:
	Fuel ECU Pins
	Ignition off (V)
	Ignition on (V)

	1
	0
	0.06

	2
	0
	11.86

	3
	0
	0

	4
	0
	0.02

	5
	0
	0.03

	8
	0
	2

	10
	0
	0.15

	12
	0
	11.89

	14
	0
	5

	15
	0
	0.02



	Spark advanced unit Pins
	Ignition off (V)
	Ignition on (V)

	1
	0
	0

	2
	0
	0.03

	3
	0
	11.83

	5
	0
	0.06

	6
	0
	0.02

	7
	0
	2.5

	8
	0
	0.95

	10
	0
	0.03

	11
	0
	0.03

	12
	0
	0.06

	13
	0
	0.14

	14
	0
	5

	15
	0
	0.15


[image: ]

NTC2: The voltage values are lower than the NTC2 on the Motronic however they still decrease at roughly the same rate as the engine warms up. This could be because this NTC sensor has a different sensitivity than the Motronic one. The resistance if the NTC2 is higher than the NTC2 on the Motronic, however is it still below the manufacturer’s specification.
Injection on time: The injection on time is higher than the ones on the Motronic, but it decreases at a faster rate. This means the A/F ratio needs to be higher at the start, but it leans out quickly. A lot of fuel at the time of cold crank compensates for the condensation.
Cold crank: During cold crank, both engines start at very similar temperatures, however, the Injection on time for the LE3 engine is a lot longer than the Motronic. 
All of the injectors were 16 ohms which fell into the manufacturer’s specifications of 15 - 17.
The resistance of the auxiliary air valves was 40 ohms. This increases idle speed based on the temperature, this only operates with a cold engine.
	Throttle Switch Terminals
	Manufacturer
	Tested

	Throttle Closed (2 & 18)
	0 ohms 
	0 ohms

	Throttle Closed (3 & 18)
	Infinity
	Infinity



[bookmark: _Toc102377458]
Waveforms:
[image: A picture containing graphical user interface

Description automatically generated]
[bookmark: _Toc102375154]Figure 1
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[bookmark: _Toc102375155]Figure 2



	[image: ][bookmark: _Toc102375156]Figure 3




	[image: ][bookmark: _Toc102375157]Figure 4



[image: ][bookmark: _Toc102375158]Figure 5
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[bookmark: _Toc102375159]Figure 6
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[bookmark: _Toc102375160]Figure 7


Secondary wave form: The points open when the big spike in voltage happens. The spike is the firing line. The gradual curve down is the spark line (spark duration). The ripple after this is the coil and condenser oscillating. At the end of this stage the points close and this is the start of the Dwell section. The points are closed (and the coil is charging) until the next spike happens. This section is the Dwell time. The cycle in the LE3 is 0.7 ms and has a maximum voltage of 11kV. The Motronic has a maximum voltage of 6kV. This means that the spark would be weaker. (See figure 2)
Primary wave form: The firing line is when the graph suddenly spikes up. The period after that is the spark duration (just like the secondary wave). The ripple is the coil oscillations. The primary coil is then switched on (start of dwell time). In this period, the small bump is the current limiting signal. The dwell period starts earlier when increasing RPM and lasts for longer. The spike has a bigger voltage in the LE3 than the Motronic and therefore would produce a bigger spark. They both have a similar spark duration (around 1.5 ms). (See figure 1)
Rotary idle valve: It has a dwell time of 2.5 ms. As the engine is at operating temperature (or close to) the signals stay the same each time. (See figure 3)
12V supply and Earth: The graphs are oppositely symmetrical to each other. (See figure 3)
Air flow and Throttle potentiometer signals: they are the same shape with the Air flow sensor producing slightly more voltage than the other. The throttle has been opened and closed. (See figure 4)
Simultaneous Injection: The dip before the spike is the injection on time which is about 3ms. The intake valve opens just before the injection on time. The spike is the magnetic field collapsing. (See figure 4)

Cold crank: The injectors squirt extra fuel into the manifold to create a rich mixture for better starting conditions. The Injection on time will be biggest at this time. 
Cold idle: Injection on time is 3 – 3.5 ms for a rich mixture.
Warm idle: The injection on time decreases as the engine is warmer and the mixture is leaner. The duration is about 2.5+ ms.
Injection on time (idle): The duration is about 3ms for both engines. (See figure 5)
Injection on time (acceleration): When the engine is accelerating, or a load is applied then the injection on time increases to about 4ms and becomes more frequent. This supplies the engine with a lot more fuel. (See figure 6)
Injection on time (deceleration): When the engine has no load on it and is decelerating, the injection on time is a lot less to supply less fuel (about 1 ms). It also occurs more frequently so the engines deceleration is smooth. The mixture is lean at this point (about 17:1). (See figure 7)


[bookmark: _Toc102377459]Discussion:
The groups’ data overall was relatively close to the manufacture’s specification. However, there was some that was above or below the true values which could be a result of a faulty part or human error. To eliminate this in future, results should be taken more than once, and an average is taken just in case there was an anomaly. The sensors on the systems are good as they can adapt to different temperatures and altitude etc. One of the engines had a rough idle but this could have just been down to worn sensors and they could be out of tolerance (load sensors and throttle potentiometer).

[bookmark: _Toc102377460]References:
O.Solomon, Rxmechanic (2021), Symptoms of a bad throttle position sensor, available at: Symptoms of Bad Throttle Position Sensor: Diagnose and Fixes – Rx Mechanic. Accessed on 01.05.2022.
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°C  NTC2  (pin 8)     Ω  Factory  Resistance   NTC   Ω   NTC2  (pin  8)     V   Injector (pin 3)     ms  

20  2020  21 00 to 2 9 00  1.7   4.1  

30  1089   1.1   3 .4  

40  758   0.9   2.8  

50  535   0.7   2.8  

60  375   0.5   2. 6  

  1 8  Cold  Cranking    105  
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