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Introduction   
The aim of the assignment is to carry out test on two electronic control systems that control the electronic ignition and electronic fuel injection system. The systems that will be tested are LE3 and Motronic, using dedicated equipment collect raw data and compare the data collected from the two system and chose one of the systems to make improvements and explain the reasons for the making the improvements.           

























Methodology 
System 1 is LE3 
The first thing that was done was setup the oscilloscope and the oil temperature probe then using the oscilloscope capture the cold cranking waveform take down the injection on time in millisecond and using the oil temperature probe take the oil temperature from 20-65oc record the resistance and voltage values of NTC2 and record the injection on time from pin 3 as the temperature increases the resistance, voltage and the injection on time will decreases you can see this in the table in the results section. As the fan comes on at 65oc the resistances, voltage and the injection on time values increases to companies for the demand by fan.            
The static testing was done after the engine was at operation temperature with the ignition on, testing the fuel ECU, ignition ECU and amplifier checking the pins for a voltage, record all voltages in a table to see the results section for the voltages. The coli primary and secondary resistances are within specification.    
    
System 2 is Motronic 
The static testing was done before the engine was at operation temperature, the ECU pins where tested for voltage and the results were put in a table with the manufactures specification beside the live dater results, the injectors were tested and the results were put in a table. The resistance in the HT leads (high tension) number 4 lead had potentially damaged the resistance was to high than the other 3 leads but the system will put more voltage thought the lead that still always the lead to carry the spark, the king lead on the volt meter the reading was overload. 
Using the oscilloscope and oil temperature probe for the temperature of the oil is 17.2oc and in pin 16 the injection on time for the cold cranking is 28.5m/s and after that injection on time is decreased to 3.4m/s but the injector pulses more often and after fan comes on at 60-70oc the injection on time rising to compensating for the fan being on, the injectors are in two banks of 2. The lambda sensor is does not work until 27-36oc and the sensor is a closed loop system can control the ignition and fuel system and adjust the two when needed. The charcoal filter pulsing between 40-50oc the filter sends fuel vaper in to the intake when the engine is at a constant speed this is now as crews. Pin 49 crank sensor this is for the ignition system to advance and retarded the ignition time to get closer to the detonation point of the engine.             







Results
LE3 system tables      
	 
	 
	NTC2 
	 

	 
	Ω
	V
	M/S 

	Temperature oc
	Pin 8
Oil Temperature
	Pin 8
Oil Temperature
	Pin 3
Injection on time 

	20
	1800Ω
	1.5v
	3.6m/s

	30
	965Ω
	1v
	3m/s

	40
	743Ω
	0.8v
	3m/s

	50
	548Ω
	0.6v
	2.7m/s

	60
	402Ω
	0.5v
	2.6m/s

	65
	553Ω
	0.7v
	2.6m/s


 Table: 1


	Fuel ECU
	Voltage output from pins  

	Pin 2 fuel pump relay
	12.5v

	Pin 3 injectors 
	0v

	Pin 4 ground 
	0v

	Pin 5
	0v

	Pin 8 NTC2
	0.6v

	Pin 10 ignition ECU
	0.1v

	Pin12 fuel pump relay
	12.4v

	Pin 14 throttle switch idle
	5v

	Pin 15 throttle switch full throttle
	6.2v











Table: 2







	Ignition ECU
	Voltage output from pins 

	Pin 1 ground 
	0v

	pin 2 NTC2 
	0.1v

	Pin 3 live to Amplifier 
	12.2v

	Pin 5 communicate to fuel ECU
	0.2v

	Pin 6 link to throttle switch Idle
	0v

	Pin 6 link to throttle switch full throttle 
	6.2v

	Pin 7 NTC2 
	1.3v

	Pin 8 octane plug 
	1v

	Pin 10 octane plug 
	0.2v

	Pin 11 crank angle sensor 
	0v

	Pin 12 crank angle sensor 
	0.2v

	Pin 13 amplifier 
	0.2v

	Pin 14 throttle switch full throttle
	0v

	Pin 14 throttle switch
	5v

	Pin 15 coms link to fuel ECU
	0.2v


Table: 3




	Amplifier 
	Voltage output from pins 

	Pin 1 
	12.1v

	Pin 2 ground
	0v

	Pin 3 ignition on 
	12.1v

	Pin 4 coms to pin 13 ignition ECU
	0v





Table: 4







Motronic system tables  

	Throttle Potentiometer 
	manufactures specification

	Pin 1 + Pin 2
	2000 Ω
	1900-2000 Ω

	Pin 1 + Pin 3
	2560 Ω
	1000-2000 Ω

	Pin 53 + earth 
	Closed throttle 0.67v
	0.12-1.22v

	Pin 53 + earth 
	Open throttle 4.43v
	3.90-4.95v

	       Air flow sensor 
	 
	 

	Pin 4 + Pin 2 
	33 Ω
	8-2500 Ω

	Pin + Pin 3
	559 Ω
	300-550 Ω

	Pin 4 + Pin 1 
	 no potentiometer
	270-520 Ω

	Coolant Temperate sensor 
	 
	 

	0c
	 
	4800-6600 Ω

	20c 
	1430 Ω
	2200-2800 Ω

	40 c
	650 Ω
	1000-1400 Ω

	80c
	250 Ω
	270-380 Ω

	Idle speed control valve 
	 
	 

	 
	8 Ω
	8 Ω

	Injector valves 
	 
	 

	1
	15.9 Ω
	15-17 Ω

	2
	15.9 Ω
	15-17 Ω

	3
	16 Ω
	15-17 Ω

	4
	15.9 Ω
	15-17 Ω














Table: 5

	temperature 
	NTC2 Ω
	NTC2 voltage 
	Injector m/s 
	air flow sensor %
	charcoal filter 
	lambda sensor 

	20
	1430 Ω
	3v
	3.4m/s
	45%
	off
	off

	30
	950 Ω
	2.5v
	2.9m/s
	43%
	off
	on

	40
	650 Ω
	2.1v
	3m/s
	43%
	off
	 

	50
	400 Ω
	15v 
	2.9m/s
	44%
	on
	 

	60
	260 Ω
	1.1v 
	2.7m/s
	43%
	 
	 

	70
	240 Ω
	1v
	2.9m/s
	44%
	 
	 

	80
	250 Ω
	1v
	2.7m/s
	45%
	 
	 



Table: 6





	Pins 
	Ignition on 
	Ignition off 
	battery voltage 

	1
	12.38v
	0v
	12.36v

	2
	0.03v
	0v
	

	3
	12.22v
	0v
	

	4
	9.9v
	0v
	

	5
	12.2v
	0v
	

	6
	11.494v
	0v
	

	7
	0.37v
	0v
	

	10
	0v
	0v
	

	12
	5.07v
	0v
	

	13
	10.24v
	0v
	

	14
	0.02v
	0v
	

	16
	12.19v
	0v
	

	17
	12.18v
	0v
	

	18
	12.18v
	12.55v
	

	19
	0.02v
	0v
	

	22
	0.92v
	0v
	

	24
	0.03v
	0v
	

	26
	0.12v
	0v
	

	27
	12.31v
	0v
	

	28
	0.45v
	0v
	

	32
	11.46v
	0v
	

	36
	0.29v
	12.21v
	

	37
	12.2v
	0v
	

	40
	0.06v
	0v
	

	41
	0.06v
	0v
	

	42
	0.03v
	0v
	

	44
	3.64v
	0v
	

	45
	3.67v
	0v
	

	46
	0.25v
	0v
	

	48
	0.06v
	0v
	

	49
	0.1v
	0v
	

	53
	0.68v
	0v
	

	55
	11.15v
	0v
	


Table: 7






	NTC2 Ω Motronic 
	Temperature oc
	NTC2 Ω LE3 
	Temperature oc

	1430 Ω
	20
	1800 Ω
	20

	950 Ω
	30
	965 Ω
	30

	650 Ω
	40
	743 Ω
	40

	400 Ω
	50
	548 Ω
	50

	260 Ω
	60
	402 Ω
	60

	240 Ω
	70
	553 Ω
	65

	250 Ω
	80
	
	


Table: 8

Graph: 1
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Evaluation 
[image: ]Crank signal waveform 
The signal will inform the engine control unit (ECU) of the speed and position of the engine, if the engine does not get the signal the engine will not start, the signal must be within the ECU parameters too weak signal may be a sensor fault or a positioning error.  


[image: ]Secondary waveform  
The secondary waveform shows the length of time for with the HT flows across the spark plug after the initial peak of voltage to jump the plug gape, this is the spark duration, after the voltage drops sharply into the oscillations, after the oscillations the coil as at rest there is no voltage in the coil   
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The dwell period is measured as an angle is the number of degrees of rotation, a 4-cylinder engine has a dwell of 45 degrees this is 50% of one cylinder’s complete primary cycle. The dwell period is controlled by the ignition amplifier and the length of the dwell is determined by the time taken to build up 8 amps. The back EMF is 129.2 volts. 


Deceleration waveform 
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The length of time the injector is open will depend on the input signals by the ECU from the various engine sensors, the injector duration will vary to compensate for the cold start of the engine and the warm-up period, under acceleration the injector frequents is increase but the on time will decrease as the injector will pulse more and under deceleration the injector will shut off during the overrun period.   

The modifications will be done to the LE3 system starting with the map sensor this will be replace with a hot wire air meter because the hot wire system does not use the mass of the air but is uses the air temperature. Replace the distributor for coil on plug this is more expressive but requires less maintenance and is more reliable and will give a stronger spark. 
      


























References 
Closed-loop Engine Control System (Automobile) (no date). Available at: http://what-when-how.com/automobile/closed-loop-engine-control-system-automobile/ (Accessed: 29 April 2018).
NGK - Maintenance - Diagnosis of ignition coils using resistance measurement (no date). Available at: https://www.ngk.de/en/technology-in-detail/ignition-coils/maintenance/diagnosis/ (Accessed: 28 April 2018).
NGK - Testing of ignition cables (no date). Available at: https://www.ngk.de/en/technology-in-detail/ignition-cables/diagnosis/testing-of-ignition-cables/ (Accessed: 28 April 2018).
Engine control unit Opel GM 16234829 NQ D97002 BTPP Astra-F C14NZ X14NZ, 145,00 € (no date). Available at: http://www.tav-autoverwertung.de/shop/Engine-control-unit-Opel-GM-16234829-NQ-D97002-BTPP-Astra-F-C14NZ-X14NZ (Accessed: 30 April 2018).
Multi-point Injectors (Voltage) - How to test - Pico Technology (2018). Available at: https://www.picoauto.com/library/automotive-guided-tests/multi-point-voltage/ (Accessed: 30 April 2018).
Primary Voltage vs Currrent - Pico Technology (2018). Available at: https://www.picoauto.com/library/automotive-guided-tests/primary-voltage-vs-current/ (Accessed: 30 April 2018).
Testing Secondary voltage of well screened Coil-on-plug systems (2018). Available at: https://www.picoauto.com/library/automotive-guided-tests/secondary-mv/ (Accessed: 30 April 2018).
Inductive crankshaft position sensor testing (2018). Available at: https://www.picoauto.com/library/automotive-guided-tests/crankshaft-inductive/ (Accessed: 30 April 2018).




LE3 NTC2 

Temperture oc	1800 Ω	965 Ω	743 Ω	548 Ω	402 Ω	553 Ω	20	30	40	50	60	65	Ohmas (Ω)
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Motronic NTC2

Temperture oc	1430 Ω	950 Ω	650 Ω	400 Ω	260 Ω	240 Ω	250 Ω	20	30	40	50	60	70	80	ohmas (Ω)


Temperture (oc)
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