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[bookmark: _GoBack]Introduction- 
This report will look at the analysis of two ignition and fuel systems, LE3 Jetronic and Motronic. A number test will be performed in each system using a Bosch Oscilloscope, accompanied by a multimeter. Injection and fuel characteristics, and their management system will be investigated of both systems allowing a deep understanding and comparison to be made between the two. They a potential improve will be investigated in to how it would affect and benefit one of the two systems. 
Method- 
Operation tests were completed in the workshop, it was of the upmost importance that health and safety was taken into consideration throughout. All tasks completed in the workshop must be done within the guidelines of The Health and Safety at Work Act (1974), also good general working practise should also be observed these were controlled by good housekeeping of equipment, wires and components. The engine was running is loud, Noise at Work Regulations (2005) should be reviewed and if required ear protection should be worn. The loud noise can also make communication between members of group difficult, therefore extra care was taken when discussing and performing tasks. Ventilation was used to extract the fumes from the running engines, using an extractor clamped straight on the exhaust and fresh air supply from open workshop door. The correct PPE was to be worn at all time, requiring steel toed boots and dusk coats. 
Validation of the tests is a larger factor to consider when performing the tests. The same equipment being used for tests on both engines will help keep results accurate for comparison. The first test must be taken with care as the group is new to using the equipment. For further accuracy more than one test could be done for each engine to show up any anomalies, performing both engine tests on the same day will make the results more accurate for comparison, the workshop door should be closed to allow the test cell to stay stable with temperature and humidity. 
The equipment used to perform the tests consists of a Bosch Oscilloscope, Multimeter. These will monitor the sensors, actuators, outputs, and operating conditions of the engine.
LE3 Jetronic- Aynalisis 
 The testing for the Jetronic engine system can be split up into three separate tests, all collecting key and essential data. 
Test 1 looks at the operating temperatures of the engine. This includes looking at start up at 20°c up to 65°c in 10°c increments. The test will look at oil temperature, NTC 2, and the injector duration. 
Test 2 will consist of testing the voltage of all components, this will be achieved by measuring the voltage from the pins for the engine control units and using the schematic to identify the component. This will be done with the ignition on and off. 
Test 3 will investigate the components and their resistance. This can then be directly to compared to the Bosch guidelines which will allow the components efficiency to be evaluated. 
Test 1 wad the first test after entering the workshop, this meant the oscilloscope needed to be set up. This required the oil temperature probe being placed in the dip stick shaft and set to the length of the dip stick, then the battery probe being connected to the battery negative and positive, so the scope can monitor the battery voltage during the test. The scope display was set so channel one was reading voltage and milliseconds. The engines temperature was then taken from the oil temperature probe which was 17.8°c. The resistance and voltage (Pin 8) of NTC 2 was measure at this temperature with the results being recorded in the table below. The engine was cold cranked to start at 17.7°c, the engine took 600 milliseconds to start, the injectors were open for 50 milliseconds during this time. The engine was started and ran for 10 seconds, this allows the engine to settle, the scope screen was then frozen to show the injector duration. Then the engine was tuned off. The injector duration was recorded, but the screen will show when the injector opened and closes. When the injector opens the voltage will suddenly drop to 0v as the injectors are earth switch. The switch of the earth, induces voltage to build, resulting in a spike in voltage as the injector closes this is back EMF. (Pico Technology , 2018) The tests above were then repeated at 10°c increments up to 65° as the engine warmed up the results are shown in the table below. 
	Oil Temp °c
	NTC 2 Resistance Ω
	NTC 2 Voltage V
	Injector Duration ms

	20°c
	1650
	1.5
	3.6

	30°c
	892
	1
	3.1

	40°c
	719
	0.8
	3

	50°c
	534
	0.63
	2.6

	60°c
	404
	0.5
	2.6

	65°c
	
	
	2.6



The results collected from Oil temp and NTC 2 share a correlation. As the oil temperature increases the resistance and voltage of the NTC 2 drops. Due to negative temperature coefficient which is a decrease in resistance with there is an increase in temperature, the ECU can use the varied voltage to calculate the engine temperature by comparing the voltage value gained against stored data of a temperature for that exact voltage. (Gibson, 2014) The injector duration decreases as the temperature increase, but at 50°c it then stays the same this is because the engine has reached operating temperature and requires less fuel then it does when it is cold. (Hillier, 2014) The auxiliary air system supplies extra when the engine is cold and idling, the extra air when mixed with the extra fuel being injected so the greater friction of a cold engine can be overcome. The more the engine warms up the less air the valve lets through until it closes at operating temperature. (Bosch, n.d.)
Test 2 looks at the voltage of components, the voltage was measured using a multimeter using the Pins from the ECU. Each pin was checked with the ignition on and off, then a wiring schematic was used to Identify the components which the pins are connected to. The results obtained are displayed in the table below. 
Injection Control Unit
	Pin
	Component
	Voltage Ignition Off
	Voltage Ignition On

	1
	Spark Advance Unit
	0
	0.08

	2
	Fuel Pump Relay
	0
	12.4

	3
	Injectors
	0
	0

	4
	Earth
	0
	0

	5
	Earth
	0
	0

	8
	NTC 2
	0
	0.67

	10
	Spark Advance Unit communication feed
	0
	0.13

	12
	Fuel Pump Relay 
	0
	12.44

	14
	Throttle Switch
	0
	4.97

	15
	Throttle Switch
	0
	0


Not all the pins from the ignition control unit are shown in the table this as the pins which aren’t listed are not used with this engine but manufactures make ECU’S to fit multiple cars to save money. Pin 1 is a wire linking the Ignition control unit and the Spark advance unit. Pin 2 is the fuel pump relay, the replay is being supplied with 12.4v this is to prime the injector ready for cranking. Pin 3 is the feed for the injectors this has a voltage of 0v as the injectors only fire when the engine id cranking or running. Pin 8 is NTC3 and the voltage is correct as the engine was warm when the results were taken. Pin 10 is a communication link between the Ignition control unit and the Injection control unit, this allows the two control units to send signals to each other. Pin 12 is the fuel pump relay, the replay is being supplied with 12.4v this is to prime the injector ready for cranking, when looking at the schematic pin 12 looks like a return voltage from the replay. Pin 14 is a feed for throttle switch that’s why its 5.01 v. Pin 14 and 15 are used as signal wires for the throttle Switch. This is done as the throttle switch, switches the earth between 14 and 15 depending whether the throttle is open or closed. 
Ignition Control/Spark Advance Unit
	Pin
	Component
	Voltage Ignition Off
	Voltage Ignition On

	3
	Ignition feed
	0
	12.37

	5
	Injection Control Unit
	0
	0.09

	6
	Throttle Switch 
	0
	0

	7
	Oil temperature sensor
	0
	1.21

	8
	Octane Plug
	0
	0.96

	10
	Octane Plug
	0
	0.09

	11
	Crank Position sensor
	0
	0.12

	12
	Crank Position sensor
	0
	0.21

	13
	Ignition Amplifier Communication Wire
	0
	0.29

	14
	Throttle Switch
	0
	5.01

	15
	Injection Control Unit Communication Wire
	0
	0.13



Pin 3 is a ignition feed to the Control unit, providing it with power once the ignition switch has been turned on. Pin 5 is a wire linking the Injection control unit and the Spark advance unit. Pin 6 and 14 are used as signal wires for the throttle Switch. This is done as the throttle switch, switches the earth between 6 and 14 depending whether the throttle is open or closed.  Pin 7 is the NTC oil temperature sensor which measures the temperature of the engine and allow the control unit to make decisions based on its reading. Pin 8 and 10 is for the octane plug which is used to alter the octane level registered in the control unit as it affects the running of the car. Pin 11 and 12 both go to the crank position sensor, one will be a feed and one a return. Pin 13 is communication wire to Ignition amplifier so the control units can sent signals to each other. Pin is a communication wire to the Injection control unit.
Ignition Amplifier
	Pin
	Component
	Voltage Ignition Off
	Voltage Ignition On

	1
	Rev Counter
	0
	12.31

	2
	Earth
	0
	0

	3
	Ignition feed
	0
	12.31

	4
	Ignition Control Unit Communication Wire
	0
	0.13


 
Pin 1 is the fed to the tachometer, the voltage will change as the engines rpm changes, but as the engine was not running when the voltage was measured this shows that battery voltage is sent to the tachometer when the engine isn’t rotating. Pin 2 is an earth. Pin 3 is an ignition feed to supply power to the amplifier. Pin 4 is a communication with the Ignition control unit. 
Test 3 was use a Bosch manual to check the resistance of components against optimum working resistance in the manual.  
Throttle Switch- The first check is the resistance between pins 2 and 18 with the throttle closed giving a resistance of 0Ω, when it was measured it gave 0Ω. The next check of resistance is between pins 3 and 18 with the throttle open giving a resistance of infinite, when it was measured it gave infinite. This show the throttle switch is full working order. 
Auxiliary Air Valve- Between the two thermals measure the resistance should be given as 40Ω, when it was measured it was 46Ω this means the component could have some wear which had built up a resistance in the component. 
Injector- The resistance of the injector is measure between the two terminals, the resistance should range from 15-17Ω . 
	Injector 1
	16Ω

	Injector 2
	16Ω

	Injector 3
	15.9Ω

	Injector 4 
	16Ω


All the injectors have resistance which is within the tolerance of the manual therefore the injectors show as being in good working order.
Coolant Temperature Sensor- The coolant temperature gives 3 different temperature to measure the resistance at, the temperature it was measured at was 20°c were is should have a resistance between 2100-2900Ω. When measured the resistance was 1650Ω, this quite a bit lower than the tolerance meaning the sensor may not be operating correctly and could result in the control unit receiving the wrong information. 
High Tension Leads- The leads allow the spark to travel from the coil to the spark plug and high resistance may result in a weakened spark. The resistance of the leads should be as low as possible and they should all be the similar.
1- 8.2Ω
2- 8.5Ω
3- 7Ω
4- 5.2Ω
King Lead- 5.2Ω
The resistance of the leads is not extremely high meaning they are still in good working order, the drop resistance is due to the leads getting shorter as they get nearer to the distributer. 
Motronic- Analysis 
The testing for the Motronic engine system is same as the Jetronic and can be split up into three separate tests, all collecting key and essential data. 
Test 1 looks at the operating temperatures of the engine. This includes looking at start up at 20°c up to 80°c in 10°c increments. The test will look at oil temperature, NTC 2, and the injector duration. 
Test 2 will consist of testing the voltage of all components, this will be achieved by measuring the voltage from the pins for the engine control units and using the schematic to identify the component. This will be done with the ignition on and off. 
Test 3 will investigate the components and their resistance. This can then be directly to compared to the Bosch guidelines which will allow the components efficiency to be evaluated. 
Test 1 
Test 1 is the second test in the workshop, this meant the oscilloscope needed to be set up again but it would take less time as the group is already familiar with the equipment. This test still requires the oil temperature probe being placed in the dip stick shaft and set to the length of the dip stick, then the battery probe being connected to the battery negative and positive, so the scope can monitor the battery voltage during the test. The scope display is set so channel one is reading voltage and milliseconds. The engines temperature was then taken from the oil temperature probe which was 17.2°c. The resistance and voltage (Pin 45) of NTC 2 was measure at this temperature with the results being recorded in the table below. The engine was cold cranked to start at 17.2°c, injectors were open for 28.5 milliseconds during cold cranking time. The engine was started and ran for 10 seconds, this allows the engine to settle, the scope screen was then frozen to show the injector duration. Then the engine was tuned off. The injector duration was recorded, but the screen will show when the injector opened and closes. When the injector opens the voltage will suddenly drop to 0v as the injectors are earth switch. The switch of the earth, induces voltage to build, resulting in a spike in voltage as the injector closes this is back EMF. (Pico Technology , 2018) The tests above were then repeated at 10°c increments up to 80° as the engine warmed up the results are shown in the table below. 
	Oil Temperature °c
	NTC 2 Resistance Ω
	NTC 2
Voltage V
	Injector Duration ms
	Rotary Idle Valve % opened
	Tank Vent Valve
	Lambda Output

	20
	1430
	3
	3.4
	45
	Off
	Off

	30
	950
	2.5
	2.9
	43
	Off
	On

	40
	650
	2.1
	3
	43
	Off
	On

	50
	400
	1.5
	2.9
	44
	On
	On

	60
	260
	1.1
	2.7
	43
	On
	On

	70
	240
	1
	2.9
	44
	On
	On

	80
	250
	1
	2.7
	45
	On
	On



Similar to the Jetronic system there is a clear correlation between oil temperature and NTC 2 resistance and voltage. As the oil temperature increases the resistance and voltage of the NTC 2 drops. Due to negative temperature coefficient which is a decrease in resistance with there is an increase in temperature, the ECU can use the varied voltage to calculate the engine temperature by comparing the voltage value gained against stored data of a temperature for that exact voltage. (Gibson, 2014) The Lambda sensor does not start operating till 30°c, the sensor must warm up to be able to respond quick enough. Therefore, when the sensor is at temperature its read the amount of unburnt fuel and creates a voltage which is read by the ECU. The ECU can then alter the fuel to air ration to try and create 14.1 stoichiometric ratio which is where the engine is running at its most efficient. (Gibson, 2014) The effect of the lambda sensor turning on can be seen to influence on the injector duration, when the lambda turned on the injector duration went from 3.4ms to 2.9ms. The injector duration then stayed between 2.7 and 3 for the rest of the operating temperature of the engine, this is due the lambda sensor allowing the ECU to achieve stoichiometric ratio.  The tank vent valve starting pulsing between 40 -50°c, the purpose of this valve is to allow fuel vapour taken from the tank to be burnt in the combustion chamber. The valve only started to operate between 40-50°c as fuel vapour is harder to burn and would not benefit the engine during the warm up period. (Hillier, 2014) The Rotary idle air valve allows air to travel into the intake manifold when the throttle butterfly is closed but there is load on the engine. This allows the idle to be set much lower as when load is put on the engine it is not likely to stall, this helps reduce emissions as it allows the engine to run at a lower idle which produces less hydrocarbons and use less fuel. 
Test 2 looks at the voltage of components, the voltage was measured using a multimeter using the Pins from the ECU. Each pin was checked with the ignition on and off, then a wiring schematic was used to Identify the components which the pins are connected to. The results obtained are displayed in the table below. 
	[bookmark: _Hlk512704367]Pin
	Component
	Ignition Off Voltage
	Ignition On Voltage

	1
	Negative side of coil
	0
	12.38

	2
	Earth
	0
	0.03

	3
	Fuel Pump Circuit Control
	0
	12.22

	4
	Rotary Idle Valve
	0
	9.9

	5
	Tank Vent Valve
	0
	12.2

	6
	Fuel Tell-Tale lamp
	0
	11.49

	7
	Load signal from airflow meter
	0
	0.37

	10
	Earth
	0
	0

	12
	5v supply to airflow meter & Throttle potentiometer
	0
	5.07

	13
	Diagnostic socket supply
	0
	10.24

	14
	Earth
	0
	0.02

	16
	Injectors (bank of two)
	0
	12.19

	17
	Injectors (bank of two)
	0
	12.18

	18
	Permanent live- keep alive memory
	12.55
	12.18

	19
	Earth
	0
	0.02

	22
	Engine tell-tale warning light
	0
	0.42

	24
	Earth
	0
	0.03

	26
	Earth via ECU
	0
	0.12

	27
	Ignition feed
	0
	12.31

	28
	Output from Lambda
	0
	0.45

	32
	Output to on-board computer
	0
	11.46

	36
	Control circuit for supply to auxiliaries and ECU
	12.21
	0.29

	37
	Supply to ECU & on-board computer
	0
	12.2

	40
	A/C
	0
	0.06

	41
	A/C
	0
	0.06

	42
	Earth For manual transmission
	0
	0.03

	44
	Output from NTC 1
	0
	3.64

	45
	Output from NTC 2
	0
	3.67

	48
	Output from crankshaft sensor
	0
	0.06

	49
	Output from crankshaft sensor
	0
	0.1

	53
	Output from throttle potentiometer
	0
	0.68

	55
	Earth for diagnostic socket
	0
	11.14



Pin 1 is the feed from the negative side of the coil, the ECU will earth this pin then collapse the coil which will sent a voltage from the secondary windings of the coil to the spark plug. Pin 2 10 14 19 24 26 & 42 are all earths and have 0v when the ignition is off, and when the ignition is on there is a very small voltage this is interference from other pins when testing. Pin 3 is the fuel pump circuit control which is 12.22 v when the ignition is on as it will be priming the injectors ready for cranking. Pin 4 is the rotary idle valve which has a voltage of 9.9 as the valve will not be fully open or closed as its getting ready for cranking, the varied voltage will change it position. Pin 5 is the tank vent valve has 12.2 V which chows that it is opened with a switch earth as the valve will not be open unless the engine is running at optimum operating temperature. Pin 6 Fuel tell-tale lamp, this a lamp which will be illuminated when the ECU senses a low amount fuel available in the tank. Pin 7 is the load signal from the airflow meter the is voltage is very low as the sensor will not be reading until the engine is running. Pin 12 is a 5v supply to the airflow meter and throttle potentiometer as the units need a voltage to operate. Pin 13 is power for the diagnostic socket, so a diagnostic tool can use the power to operate when plugged into the socket. Pin 16 and 17 are the two banks of injector this both have a voltage of 12.18 as they open when the earth is switch. Pin 18 is a permanent live which has battery voltage when the ignition is on and off, this is the keep alive memory which stores information in the ECU and makes sure it doesn’t get forgotten when the engine is turned off.  Pin 22 is the engine tell-tale warning light this has a very low voltage, which suggests the light is turned off and there some interference. Pin 27 is an ignition feed to the ECU to show that the ignition is one, this means the ECU then prepares itself for cranking and running. Pin 28 is the output from the lambda which the ECU will process to be able determine the stoichiometric ratio, as the sensor is warm it in sending a signal of 0.45 which is between its operating voltage of 0.1 and 0.9 V. Pin 32 is the output to the on board computer, this a supply of 11.46 v which is supplied when the ignition is turned on. Pin 37 is voltage supply of 12.2 to the ECU and on-board computers which is only supplied when the ignition is on. Pin 40 and 41 are for the air conditioning not voltage is sent to the unit as it isn’t turned on and can’t operate when the engine isn’t running. Pin 44 is the output from NTC 1 which is for the oil temperature and reading 3.64 which the ECU can use to determine the temperature of the engine. Pin 45 is for NTC 2 coolant temperature sensor and operates the same as NTC 1. Pin 48 is the output from the crank position sensor, this will change as the engine is cranked and ran as the sensor changes it voltage to supply the ECU with information. Pin 53 is the output from the throttle potentiometer and this is very low as the throttle is closed there for it isn’t producing any voltage. Pin 55 Earth for diagnostic plug back to the ECU. 
Test 3 was use a Bosch manual to check the resistance of components against optimum working resistance in the manual.  
Throttle Potentiometer- First tested was pins 1 and 2 with the closed throttle, the reading should be between 1900-2000Ω. The reading gained was 2000Ω this means that the component is within the working tolerance. Pin 1 and 3 with open throttle should read between 1900-2000Ω, the reading taken was 2560Ω this show that the component isn’t within the manufactures tolerances and it could be giving inaccurate information to the ECU. ECU pin 53 and earth was then checked, to measure the throttle potentiometer output voltage. With closed throttle it should measure 0.12-1.22 V, 0.67 V was measured showing that its reading to the ECU are within manufactures tolerances. With open throttle it should measure 3.90-4.95 V, 4.43 V was measured showing that its reading to the ECU are within manufactures tolerances.
Air-flow Meter- Pins 4 and 2 measured 33Ω, this is well with in the tolerance which is 8-2500Ω. Pins 4 and 3 measured 559Ω, this slightly higher than the tolerance which is 300-550Ω. 
Coolant temperature sensor-
	Temperature °c
	Resistance Measured Ω
	Resistance Tolerance Ω

	0
	N/A
	4800-6600

	20
	1430
	2200-2800

	40
	650
	1000-380

	80
	250
	380-270


The resistance at 20 and 80°c is not within the tolerance which could affect the accuracy of the sensor, but at 40°c the sensor is within tolerance.
Injectors- 
	Injector
	Resistance Ω

	 1
	15.9

	2
	15.9

	3
	16

	4
	15.9


The resistance should be between 15-17Ω, all injectors measured with in the tolerances set, the injectors should function correctly. 
High Tension Leads- The leads allow the spark to travel from the coil to the spark plug and high resistance may result in a weakened spark. The resistance of the leads should be as low as possible and they should all be the similar.
1- 1890Ω
2- 1736Ω
3- 1550Ω
4- 21500Ω
This engine has a constant energy system which is able to overcome the higher resistance of the leads when compared to the Jetronic engine. Lead 4 has much higher resistance when compared to the other 3 this suggest the lead is breaking down and needs to be replaced, as the high resistance could weaken the spark.  
Comparison of NTC 2 Sensors- 

At 20° the Jetronic system has a resistance of 1650 Ω, this is 220Ω more than the Motronic system which had a resistance of 1430Ω. Both sensors resistance decreases as the temperature decreases. The Jetronic system quite a large reduction at 30°c where the resistance was 58Ω less than the Moronic system. The Jetronic system is only measured up 60°c, whereas the Moronic system is measured up 80°c but after 60°c the resistance becomes stable, fluctuating by 10Ω.

The graph show that the two systems use different voltage across the operating temperature of the engine. The Jetronic’s range is from 1.5 – 0.5 V, whereas the Moronic system ranges from 3 – 1 V. The Jetronic has quite a constant drop in voltage with only one change in gradient at 30°c. Whereas the drop-in voltage on the Moronic system changes it rate of drop in multiple places, before levelling out at 70°c but this is due to the fan turning on stopping the temperate of the engine increasing. 
Comparison of Systems and Waveforms –
The Jetronic and Motronic systems are both manufactured by Bosch, the systems were manufactured at different times. The Motronic is an evolution of the Jetronic system therefore it has diffuseness of its components and function. The Ignition systems are different, the Jetronic system uses a distributer to deliver the spark to the correct cylinder. The Moronic system uses a coil pack which sends the spark to the correct cylinder, the system uses a trigger wheel on the crank shaft and crank piston sensor to identify when the cylinder is at TDC. The injection system is different as well, the Jetronic system used simultaneous injection which is where the injectors all open at the same time. The Moronic system uses semi-sequential, there are two banks of injectors, so only two injectors fire at the same time. The Moronic as had additional components add, this includes a lambda sensor which allows the ECU to control the air to fuel ration more accurately. The system has the addition of a Charcoal canister and fuel vent system, the system stops fuel vapour form the petrol tank entering the atmosphere and then burns it in the combustion chamber. The Motronic system also has Rotary Idle valve which allows the idle to be lowered. 
Attached at the Bottom of the Document in the appendix their copies of waveform schematics which were taken when various components were tested on the two systems. Below the waveform have been analysed and compared across the two systems. 
Figure 9 and 20 are the wave forms of the secondary voltage of the coil. Both the Jetronic and Moronic systems have identical wave forms. The schematics show the coil being discharged show a drop-in voltage to start with which is the ‘negative polarity peak’ due to the switching of the primary current. Then there is a spike in voltage this is caused by the voltage to jump the plug gap to reach the electrode. Then the voltage after that is the ‘burn time’ which is how long the spark is in the combustion chamber. Then the voltage drops back down to zero when the coil is at rest. (Pico Technology, 2018)
Figure 18 is the wave form for the lambda sensor on the Moronic system. The wave form is of the sensor switching on and off, this signals to the ECU whether the engine is lean or rich. 
Figure 11 is of the Rotary Idle control valve on the Moronic system. The wave form shows earth being switch to open and close the valve to maintain or alter the idle speed. 
Figure 8 is of the crank signal on the Jetronic system. The wave form shows signalling of the position of the engine by the drop and raise in voltage.
Figure 19 is the waveform of the crankshaft sensor for the Moronic system. The wave form shows where it senses a tooth and a gap, then there is a extended gap which is where there is two teeth missing on the trigger wheel so the ECU can identify the engines position and speed. 
Figure 2 is of the amplifier on the Jetronic system. The wave form shows the voltage drop as the earth is switching to trigger it. 
Figure 17 is of the ignition feed voltage for the Motronic system, the wave form form shows the voltage drop as the earth is switching to trigger it.
Figure 1 and 10 is the wave form for the primary circuit on both engines. The first drop in current on the wave form is the dwell period of the ignition then followed by the induced voltage which the magnetic flux of the coil collapsing across the primary windings. The voltage then shows coil oscillation at the end. (Pico Technology, 2018)
Figure 7 is the wave form for the speed reference for the Injection ECU using the crank position sensor on the Jetronic system. This wave form is of a digital signal of a hall effect sensor. 
Figure 6 is of the wave forms of the Primary circuit and spark advance signal for the Jetronic system. The wave form shows the spark advance signal is sent at the same time the dwell period starts and is turned off as induced voltage is generated. 
Figure 12 is the waveforms of the throttle potentiometer and the output signal from the air-flow meter. Both waveforms have varying voltage as the conditions change in the engine, but they have the same wave form, as when the throttle is opened the voltage raised for both wave forms and then drop back down at the same time when the throttle is closed. 
Figures 3 4 5 13 14 15 and 16 are wave form for the Injection system of the Jetronic and Moronic systems. Figures 5 and 13 are the wave form for the injector duration at idle. The Injector has a constant voltage when the engine is cranking or running, the earth is then switching to open the injector. This can be seen when the wave goes to 0v when the injector opens. The time that the voltage is at 0 is the injector duration. The voltage then spikes when the injector closes, this is due to a voltage being inducted into the injector when the earth is switched, and it is realising the voltage when the earth is reinstated. (Pico Technology, 2018) Figure 14 is the wave form of the injector duration at 80° for the Motronic system, the injector duration is 2.5ms when compared to the duration when the engine was cold after it had been first started at 20°c where the injector duration was 100ms. This represent how the engine uses more fuel when the engine is cold when compared to it at operating temperature. Figure 15 and 3 are the wave form of the injector duration when the engine is accelerating. The time between the injectors firing has reduced quite considerably and the injector duration has double for the Motronic system from 25ms to 50ms, this is the same for the Jetronic system. Figure 16 and 4 are the wave forms of the injector duration when the engine is deaccelerating. The injector duration has reduced to less that the injector duration at idle, this is due the engine only needing enough fuel to keep it running but the momentum and speed of the engine is reducing it doesn’t need a lot of fuel and air. 
System Modification- 
The Motronic system is the newer of the two systems but compared to systems fitted to modern car the system is quite out-dated. I would improve the system by fitting coil on plug to the engine. 
The system would replace the coil pack system which good but doesn’t get the optimum spark which could be achieved. Fitting coil on plug would optimise the spark and combustion of the engine. Coil per plug allows for a longer dwell between sparks as the coil is only operating once for every 4 strokes instead of twice. The longer dwell time allows the coil to re-charge for long which allows a stronger spark to be produced. The removal of HT leads means that there is not current lost thought resistance built up in the lead. Coil per plug are maintenance and are not a wearing part. The spark timing can also be controlled better, resulting the combustion being more efficient. Coil per plug also can be used in tangent to an over-run system which will cut the ignition when the engine maintaining speed itself, or systems where a cylinder is turned off whilst under low load situations to improve fuel economy. 
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NTC 2 Resistance

LE3 Ω	20	30	40	50	60	70	80	1650	892	719	534	404	Moronic Ω	20	30	40	50	60	70	80	1430	950	650	400	260	240	250	Temperature °c 


Resistance Ω




NTC-1 Voltage

LE3 V	20	30	40	50	60	70	80	1.5	1	0.8	0.63	0.5	Moronic V	20	30	40	50	60	70	80	3	2.5	2.1	1.5	1.1000000000000001	1	1	Temperature °c


Voltage V
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