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Introduction.
This academic report analyses two engines from different generations and evaluates the operation of their different types of electronic ignition and fuel injection systems using standard and specialised test equipment. The differences between the two engine management systems will be analysed using live testing.
Research
Volt drop is a term used to describe the difference between two points in a circuit. In this way we can talk about a voltage drop across a battery (normally about 12.6 V) or the voltage drop across a closed switch (ideally 0 V but may be 0.1 or 0.2 V). The first secret to volt drop testing is to remember a basic rule about a series electrical circuit: ‘The sum of all volt drops around a circuit always add up to the supply’. The second secret is to ensure the circuit is switched on and operating – or at least the circuit should be ‘trying to operate’. In Figure 2.8 this means that, if the circuit is operating correctly, V 1 ϩ V 2 ϩ V 3 ϭ V s . When electrical testing therefore, and if the battery voltage is measured as say 12 V, a reading of less than 12 V at V 2 would indicate a volt drop between the terminals of V 1 and/or V 3 . Likewise the correct operation of the switch, that is, it closes and makes a good connection, would be confirmed by a very low reading on V 1 . What is often described as a ‘bad earth’ (when what is meant is a high resistance to earth) could equally be determined by the reading on V 3 . To further narrow the cause of a volt drop down, simply measure across a smaller area. The voltmeter V 4 , for example, would only assess the condition of the switch contacts.
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2.5.6 On and off load tests On load means that a circuit is drawing a current; off load means it is not. One example where this may be an issue is when testing a starter circuit. Battery voltage may be 12 V (well 12.6 V) off load, but may be as low as 9 V when on load (cranking a cold engine perhaps). A second example is the supply voltage to the positive terminal of an ignition coil via a high-resistance connection (corroded switch terminal for example). With the ignition on and the vehicle not running, the reading will almost certainly be battery voltage because the ignition ECU switches off the primary circuit and no volt drop will show up. However, if the circuit were switched on (with a fused jumper lead if necessary) a lower reading would result showing up the fault.
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Methodology.
Firstly before testing individual groups were formed consisting of around 4 people. Individuals were designated to different tasks.
· Multimeter
· Oscilloscope
· Scribe
· Engine control
Due to live testing the engines needed to be run so before testing the engines had to be fitted with extractors and the doors to the building were opened.
The person tasked with using the live testing oscilloscopes also had to assist the person starting the engine making sure the temperature was correct for the testing. 
The person using the multimeter had to use wiring diagrams to locate the correct wires and pins to probe otherwise the test would incorrect and irrelevant.
First engine LE3 – 
Before proceeding to test, first check the battery for a suitable charge using the volts setting on a multimeter. The charge of the battery is vital to testing because if the charge is low the results at the pins will be incorrect.
To begin the testing of the LE3 engine we recorded the first injection phase is 80m/s while the engine was cold cranking at 17.8°C
We then proceeded to test each pin of the ECU with the engine ignition on and then off.
Then we used a manufacturers manual for the correct information so that we could test:

throttle switch
disconnect multiplug.
connect multimeter set to ohms between terminals two and eighteen.
also connect the multimeter set to ohms between terminals three and eighteen.
compare with manufacturer.





air flow sensor
Firstly disconnect the battery earth and disconnect the air flow sensor multi-plug. Next remove the sensor from the air intake pipe. Once removed operate the sensors flap by hand checking for a smooth operation over its full range of movement. Next check the resistance between terminals four and two. Proceed by operating the flap once more and the resistance should alter smoothly in correlation to the flap. Next repeat with the multimeter connected to terminals four and three but also four and one. Compare the resistances against the manufacturers specifications.
coolant temp sensor
First disconnect the coolant temperature sensors multi-plug. Then relieve any residual pressure that may be in the coolant system. Remove the sensor and connect the multimeter set to ohms between the sensor terminals. Immerse the sensor in coolant that is of a temperature that’s specified by the manufacturer, then check the resistance values against the specified manufacturers guide.
injector valves.

Second engine motronic –
Firstly test the battery for a suitable voltage.
Once the battery had been tested the next step was to proceed with testing the ECU and all the outgoing components. During standard testing the connecter would remain plugged into the ECU and the wires would be probed from the base of the connecter where the wires enter. For this test it was made easier for testing by an added conduit with allocated spaces for wire probing.  The next step was to probe each wire to check for voltage. This was carried out with the ignition on and then the ignition off and done for each wire but for the purpose of ease the wires were all tested while the engine was off and then all tested when the engine was on.
The next step is to test the throttle potentiometric. 
The first test on the potentiometer was for resistance.
This was done by removing the potentiometers multi plug and connecting a multimeter to terminals 1 and 2 first then 1 and 3 next. The multimeter should be set to ohms to check for resistance and the reading should then be compared to that specified in the manufacturers guide. 
The next step was to test for voltage.
This was achieved by removing the potentiometer multi-plug and connecting a multimeter between terminals one and three in the harness multi-plug, then switch the engine on and the resulting voltage should be 4.9 volts. (if the resultant voltage is not 4.9V then a wiring continuity check is needed between the potentiometer and the ECU.) next reconnect the potentiometer multi-plug and pull back its rubber cover, then connect the multimeter between terminal two and earth and switch the ignition on. Compare with the manufacturers specifications with the throttle closed which is idle position. Proceed to open the throttle and check the voltage progressively changes and compare to the manufactures guide.
Air temperature sensor
To check the resistance of the air temperature sensor a multimeter must be connected between the sensors terminals. Connect the multimeter to terminals four and five and compare the resistance to that of the manufacturers guide.
Coolant temperature sensor
First disconnect the coolant temperature sensors multi-plug. Then relieve any residual pressure that may be in the coolant system. Remove the sensor and connect the multimeter set to ohms between the sensor terminals. Immerse the sensor in coolant that is of a temperature that’s specified by the manufacturer, then check the resistance values against the specified manufacturers guide.
Idle speed control valve
Injector valves
Air flow sensor
Firstly disconnect the battery earth and disconnect the air flow sensor multi-plug. Next remove the sensor from the air intake pipe. Once removed operate the sensors flap by hand checking for a smooth operation over its full range of movement. Next check the resistance between terminals four and two. Proceed by operating the flap once more and the resistance should alter smoothly in correlation to the flap. Next repeat with the multimeter connected to terminals four and three but also four and one. Compare the resistances against the manufacturers specifications.


Analysis.
Results
First engine LE3 – 
Cold cranking 17.8°C
Injection on time 80m/s of fuel cranking.
600m/s of cranking before starting.
Using multi pulse.
NTC 2 notifying temperature.
Measure voltage change at NTC 2 (pins) each time.
	Measure resistance at the temperature sensor with a multimeter.
	Measure at pin 8 of the ECU for NTC 2 voltage
	Injection on time at pin 3 ECU
As temp increases idle speed decreases.
Whatever is monitored is ½ every 360
Speed sensor dictates frequency.
No change in last 3 reading due to auxiliary air valve not activating as engine is up to temp.

Spark advance ECU
Partially digitalised analogue sensor (crank sensor)
Ignition amp.
When the signal enters the amp the primary circuit switches on to initiate dwell time 3-5 m/s
	pin 8 resistance Ω
	pin 8 voltage V
	pin 3 milliseconds Ms

	1650
	1.5
	3.6

	892
	1
	3.1

	719
	0.8
	3

	534
	0.63
	2.6

	404
	0.5
	2.6



	Pin Number Fuel
	ignition on
	ignition off

	1
	0
	0.08

	2
	0
	12.4

	3
	0
	0

	4
	0
	0

	5
	0
	0

	6
	
	

	7
	
	

	8
	0
	0.67

	9
	
	

	10
	0
	0.13

	11
	
	

	12
	0
	12.44

	13
	
	

	14
	0
	4.97

	15
	0
	0

	spark advance.
	
	

	1
	0
	0

	2
	0
	0

	3
	0
	12.27

	4
	
	

	5
	0
	0.09

	6
	0
	0

	7
	0
	1.21

	8
	0
	0.96

	9
	
	

	10
	0
	0.09

	11
	0
	0.17

	12
	0
	0.21

	13
	0
	0.29

	14
	0
	5.01

	15
	0
	0.13



	ignition amp pins
	off
	on

	1
	0
	12.31

	2
	0
	0

	3
	0
	12.31

	4
	0
	0.13



	throttle switch terminals
	readings

	2 and 18 throttle closed 
	0Ω

	3 and 18 throttle closed
	infinite 



Auxiliary air valve.
Resistance between terminals = 46Ω (should be 40Ω)

Injector
Resistance between terminals ranges between 15-17Ω
Injector 
1 = 16
2 = 16
3 = 15.9
4 = 16
Coolant temperature sensor.
-10°C = 7000 -11600Ω
20°C = 2100 – 2900Ω
80°C = 270 - 390Ω

HT leads resistance.
1 = 8.2Ω
2 = 8.5Ω
3 = 7Ω
4 = 5.2Ω
King lead = 5.2Ω
Resistance between windings = 7 . 44 kilo ohms 



Second Engine. Motronic –
	pin number
	ignition on (voltage)
	ignition off (voltage)

	1
	0
	12.4

	2
	0
	0.03

	3
	0
	12.23

	4
	0
	9.86

	5
	0
	12.18

	6
	0
	11.48

	7
	0
	0.37

	8
	/
	/

	9
	/
	/

	10
	0
	0

	11
	/
	/

	12
	0
	5.08

	13
	0
	10.24

	14
	0
	0.02

	15
	/
	/

	16
	0
	12.18

	17
	0
	12.17

	18
	12.56
	12.18

	19
	0
	0.02

	20
	/
	/

	21
	/
	/

	22
	0
	0.94

	23
	/
	/

	24
	0
	0.02

	25
	/
	/

	26
	0
	0.12

	27
	0
	12.34

	28
	0
	0.45

	29
	/
	/

	30
	/
	/

	31
	/
	/

	32
	0
	11.47

	33
	/
	/

	34
	/
	/

	35
	/
	/

	36
	12.24
	0.29

	37
	0
	12.19

	38
	/
	/

	39
	/
	/

	40
	0
	0.06

	41
	0
	0.06

	42
	0
	0.02

	43
	/
	/

	44
	0
	3.64

	45
	0
	3.63

	46
	0
	0.06

	47
	/
	/

	48
	0
	0.06

	49
	0
	0.1

	50
	/
	/

	51
	/
	/

	52
	/
	/

	53
	0
	0.64

	54
	/
	/

	55
	0
	11.14




Throttle potentiometer.
Terminals
1 and 2 throttle closed = 2000Ω (manufacturers specs. 1900-2000)
1 and 3  throttle open = 2600Ω (manufacturers specs. 1000-2000)
2 and earth throttle closed = 5.08V (0.12-1.22)
2 and earth throttle open = 5.1V (3.90-4.95)
Resistance between pin 1 and 3 (throttle open) is too high.
The potentiometer is working incorrectly as shown by the voltage results above.

Air flow sensor
Terminals 	resistance Ω
4 and 2 		32.9 		(8-2500)
4 and 3 		536 		(300-550)
4 and 1 		- 		(270-520)
There’s no test for terminals 4 and 1 because the engine has a catalytic converter.


Coolant temperature sensor.
Temperature. 		Resistance.
0			-			(4800-6600)
20 			2500 			(2200-2800)
40						(1000-1400)
80						(270-380)

Injector Resistance between terminals.
Injectors.	(15-17)
1 = 15.7Ω
2 = 15.8Ω
3 = 15.7Ω
4 = 15.7Ω

Idle control valve
Resistance between terminals 		8Ω	(8)

Air temperature sensor.
Pins 4 and 5 on air flow sensor.
Temp.
15-30°C 		2480Ω		(1500-3300)

HT leads
4 = 22000Ω - shortest lead 
3 = 15000Ω
2 = 18800Ω
1 = 19700Ω
King lead = Overload.
King lead resistance too large for the multimeter to read.
The HT lead compensate for the varying resistance…

Coil resistance.
Primary coil = 0.7Ω
Secondary coil = 7100Ω 

Cold cranking = 19.6°C
1st initiation of injector around 24.3 m/s or greater.
Half the amount of fuel every 360°
Started with in 500 m/s
-pin 16 and 17 are the same. (injectors)
-pin 4 idle actuator
-45 is NTC 2
-44 Air temp. monitor
- 100% of one cycle takes 10m/s (pin 4) idle control
-pin 28 lambda
-Pin 5 charcoal solenoid.
-engine not idling well so injectors fluctuate.
-reading over 70°C fan activates.
-pin 16 3.2 at 70°C due to fan activating.
-2 adaptive modes = lambda and idle control.




	temperature
	pin 45 resistance Ω
	pin 45 voltage 
	16m/s
	pin 4 %
	5V
	pin 28
	pin 44

	20
	2500
	3.6
	3.8
	49
	off
	off
	3.6

	30
	980
	2.5
	3.5
	45
	off
	off
	-

	40
	630
	2
	3.1
	44
	on (30-40°)
	on
	-

	50
	420
	1.6
	3.2
	42
	-
	-
	-

	60
	310
	1.3
	2.8
	42
	-
	-
	-

	70
	230
	1
	3.2
	44
	-
	-
	-

	80
	250
	1.1
	3
	46
	on
	on
	3.4




Wave form analysis.
Appendix 1 is the wave form produced by a speed sensor on a crank shaft. The sensor used is an analogue sensor because it produces a sine waveform. As you can see the oscillations are steady and repetitive until the one irregular oscillation. This irregularity is a due to a missing tooth on the crankshaft. It produces this irregularity so that the engine ECU is notified of top dead sensor or near top dead sensor.
Appendix 2 is the lambda sensor the oscillations are very irregular this is due to the engine reading the output signal of the lambda sensor and adjusting the fuelling mixture between rich and lean. It switches back and forth to increase the chance of keeping the fuel mixture at the stoichiometric ratio.
[bookmark: _GoBack]Appendix 3 is the injectors pulsing under acceleration. The pulses are large and frequent. This is because the engine is being put under load, the injectors are open longer to deliver more fuel to overcome the engine load.





Conclusion.
To conclude both engines have technology that’s out-dated but also have technology that can still compete with the technology of modern engines.
Looking at the two engines both have technology that could be replaced by better options of today’s standards like the motronic engine uses an analogue speed sensor that could be replaced with hall effect sensors these could be used as a better option due to no conversion being needed. The hall effect sensor produces a digital signal which can be instantly read by the ECU due to working on the same platform.
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