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Introduction;
In this report the results of two tests conducted on two separate Vauxhall engines. These engines had different fuelling and ignition systems, one being Motronic, the other being Jetronic.  During the testing many components of the fuel and ignition systems will be probed with a scope and multimeter. The values recorded were noted and will be set out in tables and graphs, so they are clear to read and analyse. The aims of this report are to gain a better understanding of how these systems communicate and what differences in running there are. This will also be a good opportunity for discovering any faults in the system.

Methodology;
The testing was undertaken in a controlled environment, with suitable equipment and safety regulations were followed. The following equipment was used to conduct the test;
Multimeter
BOSCH diagnostics machine
Exhaust ventilation 
PPE (Personal Protection Equipment)
The multimeter was used to take readings of voltage and resistance across various sensors and on the ECU. The sensors probed by the multimeter included NTC2 (Temperature Sensor). The NTC2 is a thermistor that reacts to changes in temperature by changing the resistance (Hampson, 2016). The multimeter is also used for probing the ECU to check the voltages whilst ignition is on, this is to test if there are any faults in the system. The ECU is also probed with ignition to test that the correct voltage is being sent through the correct components. 
During testing the BOSCH diagnostics machine is used for testing components in ways that a multimeter could not. A temperature probe that is connected to the scope replaces the dipstick so that the engine temperature can be monitored during the experiment. The injector on time is also measured during initial start-up at each operating temperature recorded. 
A ventilation pipe is connected the exhaust to release fumes created by the engine, these fumes are ventilated out of the workshop, the workshop door is also kept open to provide extra ventilation. By doing this it reduces the risk of poisoning or illness. 
PPE was a necessity during this test as it was a live test and there are many open and moving parts that could cause injury. Dust coats were provided so that our clothing would be protected from oil or other substances. Steel toe cap shoes / boots were also required for testing as it is a live workshop as there a possibility of tools or parts being dropped that could cause injury.
Test 1 – LE3 Jetronic;
Before the live testing begins, static testing of the engine is done to obtain results of voltage and resistance across all pins on the ECU, this will show any imperfections in the system or it will show that the system is correct, with voltages in the correct places. This is done with ignition on and off to determine if there are anomalies. The NTC resistance must be noted before the first start up. It is essential that is done as a reference resistance is needed as well as resting temperature. With the engine at resting temperature, the injector on time is measured using the BOSCH scopes, to do this pin 3 of the ECU is probed whilst the engine is idling. By doing this a wave pattern is produced and the time that the injector pulses for can be compared at various temperatures. The testing phase repeats but with the engine being run up to specific temperatures to compare values and gain a greater understanding of how the control systems are working. The values were recorded every 10°C up to 70°C. 
As well as these primary tests, secondary tests of the throttle switch, HT leads, injector, auxiliary air valve. The figures recorded from these tests were then compared to factory figures given by a manual.  By comparing these values, it will be possible to determine if the components are fully working and are still effective or if a replacement is needed. 

Test 2 – Motronic;
To conduct the test on the second motronic engine, the same steps were taken. The difference with this system is the ECU had a considerable amount more of pins to test. To do this a custom-made panel had been fabricated so that the pins were more accessible. The reason behind the higher number of pins are down to the system being more advanced. With the addition of a throttle potentiometer, signals are sent to the ECU to read, stating what position the throttle is at. By doing this the ECU may enrich the fuel to air mixture if it can read that the throttle is wide open. Whereas if it was closed and at idle the mixture would be leaner. The addition of this will also indicate the kind of load that the engine is experiencing overdrive, where the throttle is in a closed position, but the RPM is above idle, the ECU will shut off fuel to the injectors until the throttle is reopened or the engine reaches idle RPM. This information is supported by (AutoDitex, 2016). 
Again, the ECU is probed with ignition on and off to determine if there are any clear faults. Various sensors and essential parts of the ignition and fuelling system are probed, these include the throttle potentiometer, airflow sensor, injector, idle control valve, HT leads and the primary and secondary coil. These will then be compared to factory values to dictate if there are any worn parts.  Once this data has been noted down, the NTC2 resistance will be taken before the cold cranking phase and warm-up. During the cold cranking phase, the initial injector pulse time is noted to compare with later pulsing times. The addition of a catalytic converter in the exhaust system on this engine therefore warrants a lambda sensor, this sensor operates by measuring the amount of unburnt oxygen that passes through the exhaust. The ECU can create a leaner or richer mixture. The lambda sensor does not begin transferring data while the engine is in warm-up phase. Once active, if a high voltage is read by the ECU, it means there is too much fuel therefore will lean the mixture, this does not apply if the throttle is fully open as the ECU will ignore the command to lean the mixture. If a low voltage is transmitted it means that the mixture is too lean therefore more fuel is added. This information is supported by (AutoTap, 2012). The engine is once again taken to running temperature with the data being collected every 10°C.

Analysis;
Engine 1 – LE3 Jetronic;
The first section of testing begins by measuring the temperature of the engine at rest before initial cranking. The resting temperature was 17.8°C. The engine was then started and warmed to 20°C to begin then up to 65°C, where the following results were recorded;
Oil temperature (°C)	Pin 8 (Ω) NTC2	Pin 8 (V) NTC2	Pin 3 (Ms) Injector on time 
20			1650		1.5		3.6
30			892		1		3.1
40			719		0.8		3
50			534		0.63		2.6
60			404		0.5		2.6
65					2.6
Figure 1 
The data collected confirms that the relationship between temperature, resistance and voltage. NTC2 works by reducing the voltage and resistance that flows through it as the temperature rises. By doing this it informs the ECU that less fuel is required to keep the engine at idle at higher temperature as it is easier to burn. At lower temperatures, more fuel is required as it is harder to burn. This is confirmed by the data as at lower temperature the injector is pulsing for 3.6Ms, the time decreases as the temperature rises the time the injector is on decreases as a leaner mixture is able to keep the engine running. Once the engine has reached 50°C the injector is pulsing for 2.6Ms, it continues to pulse at this rate even at 65°C, this is the leanest mixture that is required to keep the engine running at idle without reaching detonation. 





The second part of this test that was to take voltage measurements on the fuel ECU as well as the spark advance unit. This was done by using the multimeter and probing the pins and obtaining a reading with the ignition on and off. The following table shows the results; 
Pin number 	Ignition off	Ignition on
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
Figure 2
As can be seen from the data collected, all pins have no voltage flowing with the ignition, which is to be expected. Note how pin 6, 7, 9,11 and 12 are let blank, this is due to there being nothing connected to them. This would be down to this engine having less features than an another produced at the same time. Notice how there is a small amount of voltage being transmitted through pin 1, this pin is connected to the spark advance unit. The minimal amount of voltage that is being seen could been down to interference in the multimeter. This applies to any voltage reading that is under 1 volt. As can be seen in pin 2 and 12, this is a battery voltage, which according to the wiring diagram leads to the fuel pump relay. The reason there are two voltages is down to a back EMF, which is caused by any form of EMF. 



The following table shows the pins tested in the spark advance unit;
Pin number 	Ignition off 	Ignition on
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
Figure 3 
As can be seen in this table as well, the spark advance unit also has no power supplied with ignition off. Pin 3 which Is receiving battery voltage, taps into the cable leading to the amplifier, which will also be receiving battery in preparation for cranking. Again, the smaller values recorded in pin 5, 8, 10,11, 12, 13 and 15 will be showing interference. Pin 7, which according to the schematic drawing, is the fuel pump, the reason it is receiving voltage with ignition as it is priming the injectors with a small amount of fuel to aid in the start-up phase. Pin 14 is connected to pin 14 of the fuelling ECU, this leads to the throttle switch, this voltage will indicate what position the throttle is at. 






The final unit tested was the Ignition amp, the following table shows the results;
Pin number 	Ignition off 	Ignition on
1		0		12.31
2		0		0
3		0		12.31
4		0		0.13
Figure 4
Again, there is no voltage with the ignition off in this unit. The only pins with voltage with the ignition on are pins 1 and 3. Pin 1 is connected to an ignition live, meaning this will always and should always receive battery voltage in preparation for the starting sequence. If this were not to receive battery voltage, then the engine would not receive spark. Pin 3 is also receiving battery voltage, except this leads to the revolution counter on the dashboard as this is how the data for engine speed is displayed to the driver of the vehicle. 


















The third and final section of this test was to test some of the sensors and compare the values taken to the values given by a manual. The following results were obtained;
Throttle switch; 
Terminals: 2 + 18 Throttle closed = 0Ω
	       3 + 18 Throttle closed = OL
Auxiliary air valve;
Resistance between terminals = 46Ω (Should be 40Ω)
As can be seen by the reading, the measured figure is higher the than the recommended figure, although not a massive difference, it could still mean a defect or damage in the wires. This could lead to a false reading being given to the ECU and effect the running of the engine if the terminal were to deteriorate any further. 
Injectors;
Resistance between terminals; (Range 15 – 17 Ω)
injector 1 - 16
Injector 2 - 16
Injector 3 – 15.9
Injector 4 – 16
All injectors are within factory recommendations meaning there is no clear signs of wear or deterioration. The only injector which sits lower than the others is injector 3, this difference is negligible as it is so small. 
Coolant temperature 
-10°C = 7000 – 11600 Ω
20°C = 2100 – 2900 Ω
80°C = 270 – 390 Ω
HT lead resistance 
1 = 8.2 Ω
2 = 8.5 Ω
3 = 7 Ω
4 = 5.2 Ω
King lead = 5.2 Ω

Engine 2 – Motronic;
On the second engine tested there is only one central ECU, compared to the first where there was one controlling fuelling and one for the spark advance unit. The first test was to probe all the pins on the custom-made panel that tapped into the ECU. The following table shows the data collected. 
Pin number 	Ignition off	Ignition on 
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
10		0		0
12		0		5.08
13		0		10.24
14		0		0.02
16		0		12.18
17		0		12.17
18		12.56		12.18
19		0		0.02
22		0		0.94
24		0		0.02
26		0		0.12
27		0		12.34
28		0		0.45
32		0		11.47
36		12.24		0.29
37		0		12.19
40		0		0.06
41		0		0.06
42		0		0.02
44		0		3.64
45		0		3.63
46		0		0.06
48		0		0.06
49		0		0.1
53		0		0.68
55		0		11.14
Figure 5
The first noticeable difference with the data collected for this engine is with the ignition off. In the Jetronic system, there were no pins with a voltage, in this there are two. The first one displaying a voltage is pin 18. This pin is connected to the permanent live. The reason this pin is powered by permanent live is because it has a live memory of the data of the ECU, meaning this vehicle would have a digital display for mileage, trip mileage, clock etc. This memory is so that the user would not have to input the same data each time the ignition is turned on. Pin 36 also receives permanent live through the control module for the auxiliaries and ECU. This will also be a memory bank for the settings applied to these features. 
When the ignition is turned on, there is a voltage sent across most pins of the ECU, the only one not receiving is pin 10 which is an earth, along with pin 2, 14, 19, 24, 26, 42 and 42. There is an anomaly with pin 42, this value should follow the other earths and be below 1 volt, although this is not the case. A voltage of 11.14 volts is read across this pin, this means that the earth is not performing its task and there is damage to the wiring.
The voltage seen on pin 1 is battery voltage across the negative side of the coil this is done to create a current flow through the primary coil and creates a magnetic field. This current prevents the magnetic field from collapsing. Once the car is in cranking phase, the magnetic field is broken, and the current is sent through the secondary winding which is then sent through the distributor and to the plugs, creating spark (Gunnell, 2005). Pin 3 which is also receiving battery voltage is to the fuel pump. This is for priming the pump and sending a small amount of fuel to the injectors in preparation for cranking. Pin 4 which is for the pulsed side of the rotary idle valve is showing a voltage of 9.86. This voltage that is transmitted to the ECU indicates the position of the valve and how much air is being allowed through. Pin 5 that is also reading battery voltage is for the tank vent valve (Charcoal canister) it is at full battery voltage as the valve is not yet open and will not open at idle, this valve will only open under throttle and release fumes from the petrol tank into the intake to be burned. Pin 6 which measured a voltage of 11.48 is for the fuel warning lamp on the dash board. Pin 12 which is reading 5.08 volts is the 5-volt supply to the air flow meter and throttle potentiometer, this reading confirms that power is reaching the sensors therefore should be working correctly. Pin 13 displays a voltage of 10.24, which is to the diagnostic socket, although it is receiving voltage the earth is not functioning correctly which may lead to the socket not working. Pins 16 and 17 are for the injectors which are reading 12.17 and 12.18 volts, the injectors are paired as this system uses a semi sequential injection system where two injectors are pulsed simultaneously. Pin 32, output to the onboard computer, is receiving 11.47 volts, this is for the data that will be displayed on the dashboard. Notice how pin 36, the control circuit for supply to auxiliaries and ECU, was receiving battery voltage with ignition off to preserve the memory, but now the ignition has been turned on, it longer need this voltage as the ECU is now being powered by the battery, this is proven by the voltage in pin 37, which powers the ECU and on board computer. Pins 44 (Output from NTC 1) and 45 (Output from NTC 2) are showing a voltage of 3.64 and 3.63. This informs the ECU of the temperature of the coolant and oil temperature. 

The second section of the test was to test various sensors and components. The following results were compared to factory recommended values to see if there were any anomalies. 
Throttle potentiometer;
Terminal 1 + 2 throttle open = 2000 Ω (1900-2000 Ω recommended)
Terminal 1 + 3 throttle open = 2650 Ω (1000-2000 Ω recommended)
Voltages across the terminals;
2 + earth (throttle closed) = 5.08V (0.12-1.22 recommended)
2 + earth (throttle open) = 5.1V (3.90-4.95 recommended)
As can be seen by the resistance measured, the terminal 1 + 3 with the throttle wide open shows a slight discrepancy being slightly over the factory recommended, this would not affect the running of the engine. However, there is almost no difference in the voltage between the throttle being open and the throttle being closed. This means that the ECU is unable to determine what position the throttle is at. This is a clear fault in the system that would affect the engine and would certainly need replacing. 

Air flow sensor;
Terminals	Resistance (recorded)	Resistance (recommended)
4 + 2	32.9	8 – 2500
4 + 3 	536	300 – 550
4 + 1 	-	270 – 520 
Figure 6
As can be seen all the measurements were in range of their recommended parameters meaning that the air flow sensor is working correctly.

Coolant temperature;
Temperature	Resistance (recorded)	Resistance (recommended)
0			-			4800 - 6600
20			2500			2200 – 2800
40			980			1000 – 1400
80			250			270 – 380
Figure 7 
The sensors recordings are slightly lower than the recommended values set. This could be down to wear in the sensor. The sensor may not need replacing yet as the recorded figures are not extremely lower than what they should be. 

Injectors (15.7 Ω recommended)
Injector 1 – 15.7 Ω
Injector 2 – 15.8 Ω
Injector 3 – 15.7 Ω
Injector 4 – 15.7 Ω
The injectors are all working to standard and exactly on the value that they should be on. 

HT leads;
4 = 22000 Ω - shortest lead 
3 = 15000 Ω
2 = 18800 Ω
1 = 19700 Ω - longest lead
Kinglead = Overload



By looking at these figures measured, it is clear there is a major fault in lead number 4 and in the kinglead. Lead 4 being the shortest lead would theoretically have the lowest resistance as the current travelling through it has a shorter distance to cover. This is not the case as the shortest lead has the highest resistance. This will be down to deterioration in the lead that could have been caused by water ingress and by age. The king lead is also producing a resistance so high that the multimeter cannot measure. This also is not working correctly because of this. This will affect how the engine runs as the spark will be duller 

The third part was to conduct live testing on the engine and running it up to temperature. The following table is for the results taken;
Temperature	NTC 2 (Ω)  NTC 2 (V)  Injector (Ms) Rotary idle valve(%) Charcoal canister (V)                                                                                                                       	                    
20		2500		3.6		3.8		49		Off		
30		980		2.5		3.5		45		Off		
40		630		2		3.1		44		Off	         
50		420		1.6		3.2		42		On (40-53°C)	
60		310		1.3		2.8		42		-	
70		230		1		3.2		44		-	
80		250		1.1		3		46		-	

20	Off
30	Off 
40	On (30 -45)			Lambda 
50	-
60	-
70	-
80	-
Figure 8
The figures shown here are similar to the figures in the first test. They are also expected from this test to a degree. The resistance in NTC 2 decreases as the temperature increases, but only until 70°C, where it increases. This pattern is also seen in the injector on time and the rotary idle valve, both of which follow the pattern of decreasing values but then increase towards the end. As can be noted for all data, the figures rise when the vehicle reaches 80°C. This was due to the throttle position sensor not functioning therefore the ECU cannot determine where the throttle is at, so the idle was rough and uneven. 
The rotary idle valve readings are measured in a percentage as the figure given is how open the valve is. Notice how the valve is 49% open during cold cranking but then decreases to 42% by 60°C. This is to aid the engine in the warm-up phase, along with a longer pulse from the engine and extra air being let through via the valve.
The charcoal canister is used to ventilate fumes from the petrol tank and then feed it into the intake to be burned. The results show that the charcoal canister doesn’t engage during warm up phase, only when the car reaches between 40 and 53°C. Even then the charcoal canister will not release the fumes whilst the car is at idle, only when throttle is applied then the fumes will be released. Now that the charcoal canister is active there is no need for further testing of it. 
The lambda sensor was also probed to determine when it starts pulsing.  As can be seen it begins pulsing between 30 - 45°C. Again, the lambda sensor requires throttle to be activated and does not pulse at idle. No further testing is required now that the lambda sensor is active.

















NTC2 graphs;

Figure 9







As can been seen by the following graphs, the NTC 2 patterns are very similar and show the same tendencies. These being that as the temperature rises, the resistance falls. With exception to 70°C - 80°C on the motronic system, where a sight anomaly appears, the both systems sensors act the same way. 

Figure 10





Signal waveform comparisons;
Referring to appendices 1 and 5, which are secondary wave patterns. Appendix 1 shows the jetronic engine and appendix 5 being the motronic appendix. The secondary wave form can be broken down into 5 sections, section one is where the coil receives current and creates a magnetic field. The sudden drop in voltage is where the beginning of the dwell period is, when the magnetic field is broken, and voltage begins to build up in preparation for spark. Section 3 is where the voltage is released from the secondary coil and a very high voltage is produced, as can be seen in both appendices where the chart spikes. This is due to back EMF. Section 4 where the voltage drops is the firing time of the spark plug. The last section is where there is no longer enough voltage to continue sparking and the remaining power is fed out and the cycle repeats. It is notable that the second engine 2 (appendix 5) has a higher voltage upon spark, reaching 4 volts, whereas engine 1 (appendix 1) only reaches 2.8 volts. This indicates that the spark provided in engine one is considerably weaker. 

Appendices 2 ad 6 refer to the injector idle. This shows how long the injector is pulsing whilst idling and also how much voltage the injector is taking. By reviewing the two wave patterns produced the dwell time is very similar on both but the voltage again is higher on engine 2. This may be down to the malfunctioning rotary idle valve which is giving an inconsistent and rough idle.

Appendices 3 and 7 are wave forms refer to the injectors under acceleration. It can be noted that the injectors are pulsing considerably quicker now with the rest time between each pulse greatly reduced. The wave form produced from appendix 3 appears to show a slower rate of injection this is down to the motronic having a semi sequential injection sequence therefore only two injectors can be seen on the wave pattern.

The final appendices, 4 and 8, show the injectors under deceleration. Again, only two injectors were recorded on the motronic system hence the difference between the two wave forms. As the throttle is increased the injector pulse time is increased but once the throttle is released and fully closed, the wave stops, and the voltage stays constant. This is because the ECU registers the RPM over idle but as there is to throttle then it assumes overrun, typically this would happen when a vehicle would be rolling in gear above idle RPM without throttle. The ECU cuts the injectors off therefore no fuel is wasted during overrun.





Engine modification;
With all the data analysed and the age of the engines tested it was necessary to make a modification in order to improve the system. The current ignition system on the LE3 Jetronic uses a distributor system which works by a battery current being sent to the negative side of the coil. This current creates a magnetic field in the primary coil, when the engine begins cranking, the magnetic field is broken, and the current is sent through the secondary coil and then distributed to each spark plug via HT leads. As has been proven in the tests conducted, the HT leads can deteriorate and lead to loss of spark and affect the running of the engine. 
The proposed modification to the ignition system is to change to a coil on plug system. This system differs to the distributor ignition by placing the coil winding on each cylinder rather than one central one and distributing spark through leads. By doing this it eliminates the need for leads, therefore de-cluttering the engine bay and cutting down on excess weight. This also reduces the resistance between the coil and the plug. By reducing this resistance, the coil will use less energy to create a spark, leaving more room for improvement or to direct more power through the system and create a stronger spark. Having the location of the coil above each cylinder reduces the recharge time greatly between each firing. This means there is no loss of efficiency through higher RPM ranges as some conventional distributor systems run from the speed off the camshaft, half speed of the engine. These systems had a tendency of becoming less effective at higher RPM as the distributor simply could not advance enough or have a sufficient charge time to create a powerful spark.  This information is supported by (AutoTap, 2012)


Conclusion;
In conclusion to this report, the testing was conducted successfully, and the results obtained were accurate and supplied a good insight to the systems. The experiments were conducted proffesionally and all precautions were taken to ensure safe testing. Careful testing meant that all results taken were accurate and there are no large human errors to note. By taking this level of care it was possible to notice the faults found in system two, the motronic system. Clearly some components of the system were worn and were in need of replacement, this was also reflected in the idling issue of the engine. The aims of this report were to measure voltage, resistance, temperature and current through different sensors throughout both systems. This was successfully achieved with the wide selection of data collected accurately outlining how the sensors communicate with the ECU to display information. The data collected was similar to pre-testing predictions and almost all sensors conformed to their factory recommendations. 


Bibliography
AutoDitex, 2016. autoditex. [Online] 
Available at: http://autoditex.com/page/throttle-position-sensor-tps-22-1.html
[Accessed 20 04 2018].
AutoTap, 2012. AutoTap. [Online] 
Available at: http://www.autotap.com/techlibrary/understanding_oxygen_sensors.asp
[Accessed 20 04 2018].
Electronics, B., 2012. autotap. [Online] 
Available at: http://www.autotap.com/techlibrary/understanding_multi-coil_ignition_systems.asp
[Accessed 22 04 2018].
Gunnell, J., 2005. Hagerty. [Online] 
Available at: https://www.hagerty.com/articles-videos/articles/2005/10/11/ignition-coil-basics
[Accessed 22 04 2018].
Hampson, G., 2016. How a thermistor works. [Online] 
Available at: https://www.kitronik.co.uk/blog/how-a-thermistor-works/
[Accessed 20 04 2018].












Appendix;
[image: ]Appendix 1


Appendix 2




[image: ]






















Appendix 3

[image: ]


























Appendix 4
[image: ]



























[image: ]Appendix 5




























Appendix 6

[image: ]


























Appendix 7

[image: ]


























Appendix 8


[image: ]














Jetronic NTC2 reading graph

20	30	40	50	60	1650	892	719	534	404	Temperature 


NTC resistance Ω 



Motronic NTC2 reading graph
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