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Figures
Figure 1 illustrates the results from the live testing of the Motronic system.
Figure 2 illustrates the results from the testing of the air temperature sensor on the Motronic system.
Figure 3 illustrates the results from the live testing of the LE3 system.
Figure 4 illustrates the results from the static checks of the injectors on the Motronic system.
Figure 5 illustrates the results from the static checks of the ignition coil on the Motronic system.
Figure 6 illustrates the results from the static checks of the HT leads on the Motronic system. 
Figure 7 illustrates the results from the static checks on the injectors for the LE3 system. 
Figure 8 illustrates the results from the static checks of both ECUs on the LE3 system.  
Figure 9 illustrates the results from the static checks of the HT leads on the LE3 system.
Figure 10 illustrates the results from the static checks of the ignition coil on the LE3 system. 
Figure 11 illustrates the comparison between the NTC2’s on both systems.

Introduction
Within this report, the methodology of the tests carried out on the two systems was discussed, within the methodology a brief description of the engines used was made, from here the report went onto discussing the results found from the testing of the two systems. The Equipment used for the testing of the equipment was then discussed, within this part of the report the reason for why this equipment was chosen was also discussed. An analysis of the results was then made, from here a conclusion on which electronic control system is the most effective. An evaluation was then made, within the evaluation the modifications on which the electronic control systems can undergo to produce a more effective and efficient control system. A justification on the modifications was then made, during the justification the requirements for the electronic control system was discussed and explained. 

Methodology
Engine 1 – Motronic 
Initially, before the engine testing began the setting up of the Bosch engine diagnostics system was done, once this had been completed, the engine temperature probe was inserted into the dipstick tube replacing the dipstick. The first part to testing the electronic control system was to conduct static checks of the ECU, the battery voltage was also measured to ensure that the supply voltage was correct to that of the battery. Once these checks had been completed, the pins on the ECU were then checked with the ignition on, this is to ensure that there are no faults within the system. The temperature for cold cranking was then measured using the engine temperature probe, the time taken for injection on time was then recorded using the oscilloscope on the Bosch engine diagnostics system. 
The resistance of the Potentiometer was then measured using the multi-meter on pins 1 and 2 on the potentiometer with the throttle in the closed position, the specified resistance for this is between 1900 and 2000 ohms, the resistance for the potentiometer tested was within tolerance at 2000 ohms. The resistance in the potentiometer was then measured using pins 1 and 3 with the throttle in the closed position, the specified resistance between these pins is 1000 – 2000 ohms, the measured resistance between these pins was 1040 ohms, thus meaning that it is within tolerance. 
The resistance on the air flow sensor was then measured, this was done using pins 4 and 2 on the air flow sensor, the specified resistance tolerance between the two pins between 8 and 2500 ohms, the measured resistance between these two pins was 30 ohms, thus meaning that it was within the specified tolerance. The resistance between pins 4 and 3 was then measured, the specified resistance tolerance for these pins are between 300 and 550 ohms, the measured resistance between them was 560 ohms, thus meaning that the resistance was just above the upper tolerance that had been specified. The resistance between pins 4 and 1 would then be measured, however, in this case pin 1 is missing as the engine does not have a catalytic converter. 
The resistance for the coolant temp sensor at 20°C was then measured using the multi-meter, the specified resistance for this coolant temperature sensor at this temperature is between 2200 and 2800 ohms, the measured resistance was 2720 ohms, thus meaning that the resistance in the coolant temperature sensor at 20°C was within the specified tolerance. 
The resistance in the air temperature sensor at 20°C was then measured, this was done using the multi-meter, the specified tolerance for the resistance within this sensor is 1500-3300 ohms, the measured resistance at 20°C was 2720 ohms, thus meaning that the resistance in the air temp sensor at 20°C is within the specified tolerance. 
The resistance between the terminals on the idle control valve was the measured using the multi-meter. The specified resistance between these terminals was 8 ohms, the measured resistance between the terminals on the idle control valve was 7.9 ohms, thus meaning that the resistance between the terminals on the idle control valve was just below the specified resistance. 
The resistance between the terminals on the injectors is then measured, the specified tolerance for the resistance is 15-17 ohms, each injector terminal is measured individually, all four injectors had the same resistance, which in this case was 15.7 ohms. The measurements were completed using a multi-meter. The resistance of the injectors tested is within the specified tolerance, thus meaning that the injectors will be working correctly. 
The resistance within the primary and secondary windings of the ignition coils were then measured, the resistance in the primary coil was measured at 9 ohms and the resistance in the secondary coil was measured at 7060 ohms. The resistance in the primary coil was measured by connecting the multi-meter to the negative and positive terminals on the ignition coil. The resistance in the secondary coil was measured by connecting the multi-meter to the centre tower and either the positive or the negative terminal of the ignition coil. 
The resistance within the HT leads, these were measured using the multi-meter, this was done by connecting the multi-meter to both ends of the HT leads. Each HT lead was tested, the results were then recorded. The first lead to be tested had a resistance of 18040 ohms, this was the longest lead, thus meaning that the resistance should be the highest. However, when the shortest lead was tested, the resistance measured as being 20030, this indicates that there was an issue with this lead. 
Once the static checks had been completed the resistance on pin 45 at 20°C was then measured using the oscilloscope and the data was recorded. The voltage on pin 45 at 20°C was then measured using the multi-meter. From here the time taken for pin 16 to complete its duty cycle at 20°C was then measured using the oscilloscope. The percentage of time that the rotary idle control valve is open is then measured at 20°C using pin 4 on the ECU, to do this the oscilloscope is used. The voltage on pin 5 is then measured at 20°C along with the voltage on pin 28. The voltage on pin 44 at 20°C is then measured. These measurements are then repeated up until 80°C except for pin 44 which is only measured at 80°C. 

Engine 2 – LE3
Like the first engine, the initial part of the engine testing began with the setting up of the Bosch engine diagnostics system, once this had been completed, the engine temperature probe was inserted into the dipstick tube replacing the dipstick. Once the Bosch engine diagnostics system had been set up, the pre-test measurements can take place, these measurements begin with measuring the engine temperature for the cold crank, in this case it was 19.6°C, this was measured using the engine temperature probe. The time for the first injection phase was measured using the oscilloscope, the initial injection phase was recorded as being 14.3ms. 
	The static checks of the ECUs can then take place, the initial check is to measure the resistance between pins 2 and 18 on the throttle switch, the specified resistance between these pins is 0 ohms, the resistance was measured as being 0 ohms, therefore it is as specified. The resistance between pins 3 and 18 was also measured, these pins are also on the throttle switch. The specified resistance between these pins is infinite, the resistance was measured as being O.L, this stands for over load, thus meaning that the resistance is infinite.  These values were measured using a multi-meter. 
The next resistance to be measured is on the coolant temperature sensor, this is measured using the Bosch engine diagnostics system, this was measured by probing pin 8 on the ECU, the resistance was measured as being 2523 ohms. This was within the specified resistance for this system.
 The resistance at the auxiliary air valve was then measured, this was measured using a multi-meter, the specified resistance for the auxiliary air valve is 40 ohms, however when measured it came out as being 46.7 ohms. The resistance at each injector was then measured, this was done using the multi-meter. The specified resistance tolerance for the injectors was 15-17 ohms, when measured all four injectors had a resistance of 16.1 ohms, thus meaning that the injectors were all within the specified tolerance. 
	Once these checks had been completed, the voltage on each pin of both ECUs were measured, each pin was measured twice, with ignition off and with ignition on. These checks were done to ensure that there was voltage in the pins that were supposed to have voltage when the ignition on. These measurements were completed using a multi-meter. The next measurements to be done were checking the resistance in the HT leads and the King lead. The resistance in the HT leads were measured using a multi-meter. The longest of the HT leads, which is the first lead, had a measured resistance of 8590 ohms, the second longest had a resistance of 8580 ohms, the third longest had a resistance of 7443 ohms and the shortest had a resistance of 5400 ohms, thus showing that as the leads got shorted, the resistance lowered. The resistance in the king lead was measured using the Bosch engine diagnostics system. The measured resistance of the king lead was 5570 ohms. 
	The final static check to be made was to measure the resistance in the primary and secondary windings of the ignition coil. Like on the first engine, the resistance was measured using a multi-meter, the resistance in the primary winding was measured by connecting the multi-meter to both the positive and negative terminals of the ignition coil. The measured resistance for the primary winding was 0.8 ohms. The resistance in the secondary winding was measured by connecting the multi-meter to the central tower of the ignition coil and either the positive or negative terminal. The measured resistance for the secondary winding of the ignition coil was 7560 ohms. 
	Once these static checks had been completed, the live testing of the ECUs could take place. With the engine at 20°C the resistance and voltage in pin 8 was measured along with the measurement of the injector on time which was pin 3. These measurements were made using the oscilloscope. These values were then measured and recorded at every 10°C intervals until the engine temperature reached 70°C.


Results
Motronic live test results
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Figure 2
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Motronic static check results
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Figure 6

LE3 static check results
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Figure 10

Equipment and Health and Safety
Bosch Engine Diagnostics System
This engine diagnostics system is used to analyse the ignition timing, fuel injection and the engine speed. The engine coolant temperature can also be measured using this diagnostics system, thus allowing for analysis of the fuel injection and ignition timing through the temperature range of the engine. This diagnostics system has a built-in oscilloscope, thus allowing for analysis of graphical data for the ignition timing, crank timing etc. The oscilloscope creates waveforms to ensure that each system is working correctly and efficiently. This engine diagnostics system was chosen for the testing of the two engine control systems as it allows for a large variety results to be produced, from this a technical analysis for each component can be made.

Multi-meter
A multi-meter is a hand-held device used to measure value of an electronic system, whether it is Voltage, Resistance or Amperage. The multi meter can be set to direct current or alternating current. These devices can be used to measure the resistance in the HT leads and the primary and secondary coils within the ignition coil. The voltage for NTC 2 can also be measured, thus allowing for the analysis of the voltage at various temperatures. 

Bosch Motronic 4.1 Engine Control System
The Bosch Motronic 4.1 engine control system, in this case, used on the 2.0 8v Vauxhall engine, uses a singular control unit to control both the ignition and fuel injection of the engine. This form of engine control system was manufactured between 1987 and 1990. 
Bosch LE3 Engine Control System 
The Bosch LE3 engine control system, in this case, used on the 1.8 16v Ecotec Vauxhall engine, used a split engine control system for the ignition and the fuel injection. This form of engine control system was manufactured between 1989 and 1992.

Health and Safety
When undergoing engine testing it is important that the correct PPE (Personal Protective Equipment) is worn, in this case the PPE used was overalls and steel toe cap boots. Along with the correct PPE it is important that any loose clothing, i.e. ties, should be tucked within the shirt and any long hair should be tied up. Items such as jewellery and watches should be removed as they could be caught within moving parts of the engine, for example, the radiator fan. It is also important that the correct form of ventilation is in place for the testing, this is due to the toxic fumes produced by the engine. In this case, extractor fans where used, along with the workshop door being open, thus allowing for the fumes to be extracted and fresh are to enter the workshop from outside. Along with the fumes being produced by the engine, there is also a considerable level of noise being produced. In this case the level of noise produced was not exceeding the level of which hearing protection was needed, however, if this level had been exceeded then it would have been mandatory to wear such PPE. 

Analysis
Motronic
The results from the live testing of the Bosch Motronic 4.1 engine control system (Fig. 1) show the voltage and resistance on the NTC2 (pin 45), the time taken for the injector on time (pin 16), the percentage of time for the rotary idle valve to complete a full rotation (pin 4), the operating temperature for the charcoal cannister (pin 5) and the operating temperature of the lambda (pin 28). The live testing began when the engine temperature was at 20°C, the resistance for pin 45 was 1750 ohms and the voltage was 3.3V. At 20°C, the injector on time was measured as being 3.2ms, the percentage on pin 4 was 47%. Neither the lambda nor the charcoal cannister were operating at this temperature. The engine temperature was then increased to 30°C and the testing continued, the resistance on pin 45 was 1050 ohms and the voltage was 2.6V. The injector on time was 3.7ms at this temperature, thus showing that as the engine temperature increased as did the injector on time, however this should not be the case, the injector on time should decrease as the temperature increases until it the lambda is at operating temperature, at this point the injector on time will average out until the radiator fans are turned on, this is due to the engine being under a higher load when the fan is on. At 30°C the percentage of time for pin 4 is at 45% and neither pins 5 nor 28 are at operating temperature. At 40°C the voltage and resistance of pin 45 are 2.1V and 680 ohms, the injector on time is 3ms and the percentage for pin 4 is 49%. At this temperature, pin 5 is still not at operating, but pin 28 is now at operating temperature, thus meaning that the lambda sensor is now in operation and the injector on time should now average out. The engine temperature is increased to 50°C and the resistance for pin 45 is 472 ohms and the voltage is 1.7V, as expected the injection on time has remained at 3ms, thus meaning that the lambda sensor is operating as it should be. The percentage for pin 4 is 41% at this temperature. The charcoal cannister is yet to reach its operating temperature. As the engine temperature is increased to 60°c the resistance on pin 45 decreases to 311 ohms and the voltage decreases to 1.2V, the ignition on time remains at 3ms and the percentage on pin 4 increases to 45%. At this temperature the charcoal cannister is turned on, thus meaning that it is now in operation. The engine temperature is then increased to 70°C, the resistance on pin 45 is 271 ohms and the voltage is 1.1V, the ignition on time remains at 3ms and the percentage for pin 4 is 47%. Finally, the engine temperature is increased to 80°C, at this temperature the resistance and voltage for pin 45 are 243 ohms and 1.1V, the ignition on time increases to 3.4ms, this is due to the radiator fan being turned on to ensure that the engine remains at this temperature as it is the optimum operating temperature for the engine. The percentage for pin 4 is 46% at this temperature. Along with the live testing, the voltage at the air temperature sensor (pin 44) is also measured (Fig. 2), these voltages were measured at both 20°C and 80°C. At 20°C the voltage at pin 44 was 3.7V, as the engine temperature increased to 80°C, the voltage at pin 44 decreased to 1.1V. 

LE3
The results from the live testing of the Bosch LE3 engine control system (Fig. 3) show the resistance and voltage on the NTC2 (Pin 8) and the injector on time (Pin 3). The testing began when the engine temperature was at 20°C, at this temperature the resistance on pin 8 was 2523 ohms and the voltage was 1.9V. The initial injector on time was measured as being 4.6ms. The engine temperature was then increased to 30°C, the resistance on pin 8 was measured as being 1067 ohms at this temperature and the voltage was measured as being 1.1V. At 30°C the injector on time was measured as being 3.1ms. The engine temperature was then increased to 40°C, at this temperature the resistance and the voltage on pin 8 had both decreased to 753 ohms and 0.8V, the injector on time was measured as being 3ms at this temperature. The engine temperature was then increased to 50°C and the measurements were taken again, the resistance on pin 8 was 533 ohms and the voltage was 0.6V, the injector on time was 2.8ms at this temperature. At 60°C the measurements were taken again, the resistance on pin 8 was measured as being 399 ohms and the voltage was 0.5V, the injector on time was 2.6ms. Finally, the engine temperature was increased to 70°C, at this temperature the voltage on pin 8 was 0.4V and the resistance decreased to 303 ohms, the injector on time increased at this temperature due to the radiator fan being turned on, the injector on time was measured as being 2.7ms. 
NTC2 Graph







Figure 11
From the NTC2 on LE3 vs Motronic graph (Fig. 11), it is evident that the resistance at 20°C is considerably higher on the LE3’s NTC2 compared to the resistance on the Motronic system.  The resistance at 20°C is 2523 ohms on the LE3 and 1750 ohms on the Motronic, this could be due to the sensor being faulty on the LE3’s NTC2, as when the engine temperature increases to 30°C the resistance decreases 1067 ohms which is near enough the same resistance as the Motronic which is at 1050 ohms. When the temperature was increased to 40°C the resistances for both NTC2’s decreased to 680 ohms on the Motronic and 753 on the LE3. The engine temperature was then increased to 50°C and the resistance on the NTC2 on the LE3 was measured as being 533 ohms and the resistance on the Motronic’s NTC2 was measured as being 472 ohms. The temperature then increased furtherly to 60°C, at this temperature the resistance on both NTC’s had decreased further, the resistance on the LE3 was 399 ohms and the resistance on the Motronic system was 311 ohms. The engine temperature was then increased to 70°C, this is the final temperature recorded for the LE3 and the resistance was measured as being 303 ohms, the resistance on the Motronic system was 271 ohms. The final engine temperature recorded for the Motronic system was 80°C, at this temperature the resistance on the NTC2 was 243 ohms.  

[bookmark: _GoBack]Evaluation
The engine that would be chosen to do the improvements/modifications to would be the LE3 engine, this is due to it being a more modern engine and therefore more efficient and the modifications that could be done would be more effective on this engine. The first modification that would be done, would be to covert the ECU type from a twin ECU system to a single ECU to avoid any communication errors that may occur due to having two ECUs (Hillier, V.W.A (2012), Hillier’s Fundamentals of Motor Vehicle Technology, 6th Edition, Oxford University Press, Page 217). The next modification that would be done, would be to convert to engine to use a coil on plug ignition system, thus minimising the resistance that would occur from having HT leads from the ignition coil to the spark plugs. The injectors would be the next component to be improved, if possible the injectors could be converted to direct injection, thus improving the efficiency of the engine and allowing for more accurate and precise fuel metering. The throttle position sensor would also be improved upon, as this would allow for the fuel efficiency and throttle response to be improved (Hillier, V.W.A (2012), Hillier’s Fundamentals of Motor Vehicle Technology, 6th Edition, Oxford University Press, Pages 220-221). A hot film-type air mass sensor could also be one of the modification that could be done to the engine as it would allow for an increase in air flow and fuel injection volume to the engine (Hillier, V.W.A (2012), Hillier’s Fundamentals of Motor Vehicle Technology, 6th Edition, Oxford University Press, Page 220). A further improvement that could be made to this system would be to use a MAP sensor, thus allowing for the absolute pressure within the manifold to be monitored and measured. These improvements to the engine would all contribute to improving the efficiency and therefore can be justified as suitable improvements to make to this engine, these improvements would also allow for the ECU to adjust the operating temperatures and system voltages. The requirements to do these improvements would be to ensure that the efficiency is improved, and that the reliability of the engine would not worsen. 
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