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[bookmark: _Toc38883716]Introduction 
This report will focus on two different internal combustion engine ignition systems, LE3 Jetronic and Motronic. This report will cover the experimental procedure of obtaining the results from the running engines. The engines were tested for voltage and resistance for various components such as throttle potentiometers and HT leads. An oscilloscope was used to produce engine schematics that display information such as fuel injection on time. These results are evaluated and compared between the two engines and improvements are to be suggested to the experimental procedure and changes to the engine running system.


[bookmark: _Toc38883717]Background research   
Motronic systems are is a Bosch design system that uses a single ECU. Data is collected around the engine every few milliseconds via multiple sensors sending real time information to allow the ECU to optimises ignition and fuelling. The ECU mapping can be altered to suit different driving climates and requirements, motronic systems also are compatible with the legal requirement to allow for on board diagnostics.  (Dietsche and Reif 2018, p. 617) motronic systems feature a closed loop 
Jetronic is also a Bosch designed multi point fuel injection system, it features multiple sensors including a mass air flow sensor and a closed loop lambda sensor. A second control module is tasked with adjusting fuelling while the main ecu monitors ignition.  A fuel pump provides constant pressure and is regulated by a fuel pressure regulator, on cold stating an auxiliary cold start valve injects additional fuel into the engine. (MaischRobert, W. 1982)  
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Ecu pin tests 
· With the ignition turned off test voltage at each pin using a multimeter and also check earth qualities.
· With ignition tuned on test all ecu pins using multimeter and also check earth qualities.
Ignition off tests 
· Test throttle potentiometer for resistance 
· Test injectors for resistance 
· Test air flow sensor for resistance 
· Test coolant temperature sensor for resistance 
· Test air temperature sensor for resistance 
· Idle speed control valve for resistance 

Test engine warm up phase 
· Create a table to record results 
· Probe the oil dip stick for temperature readings 
· With ignition on test pin 45 for voltage and resistance 
· Start engine and test pin 16, pin 4, pin 5 and pin 28 
· hold at part throttle for the scope to read pin 5
· monitor the scope to see when pin 5 and pin 28 are detected, testing is done on these pins.
· warm up engine to 30 degrees c and test the pins 
· continue to test engine every 10 degrees c until the max temperature of 80 degrees C is met 
· record results, turn engine off and end test 

[bookmark: _Toc38883720]LH2 Jetronic
Ignition off
· Using a multimeter test the ECU for voltage and resistance 
· Test adapter voltage 
· Test the fuel control ECU for voltage 
Ignition on 
· Test ECU for voltage and resistance 
· Test adapter voltages 
· Test the fuel control ECU for voltage 
Ignition off 
· Using a multimeter test the resistance of the throttle position sensor 
· Coolant temperature sensor 
· Auxiliary air valve
· The four injector valves 
· Primary and secondary coil
· Test the four spark plug leads 
Test with engine warm up phase 
· Turn on oscilloscope and connect it to the battery 
· Place temperature probe in the dip stick hole 
· Place probe into fuel ECU pin 8 
· Measure resistance of coolant temperature sensor 
· Select universal on the oscilloscope and then select test
· Crank the cold engine and turn off immediately 
· Record crank measurements from the recorded results 
· Start engine and warm up to 20 degrees C and turn off
· With the ignition on probe pin 8 and record voltage by pausing the oscilloscope screen
· Start engine and pause the oscilloscope screen to measure fuel injector on time 
· Warm up engine to 30 degrees C and turn it off
· Measure resistance of coolant temperature sensor 
· Turn on engine and probe pin three, pause screen and measure injector on time 
· warm up engine to 40 degrees C and turn it off
· measure resistance of coolant temperature sensor 
· with ignition on and probe in pin 8 measure injector average 
· turn on engine and measure injector on time
· warm up engine to 50 degrees and turn it off
· measure coolant temperature resistance 
· ignition on probe pin 8 measure injector average 
· turn on engine and measure injector on time 
· warm up engine to 60 degrees and turn it off
· measure coolant temperature resistance 
· with ignition on and probe in pin 8 measure injector average 
· turn on engine and probe pin 3 and measure injector duration 
Engine at operating temperature 
· start engine and turn on radiator fan
· probe pin 3 to view injector schematic and rev the engine.  Record injector duration and average 
· probe pin 12 on fuel ECU and crank engine and observe the signal, rev engine and see the changes
· with engine running place the yellow probe into pin 1 and the red probe into pin 4, compare signals
· probe pin 3 and 2 and view signals 
· probe pin 5 and view secondary injector signal
· with engine temp at 66 degrees C measure coolant temperature resistance 
· place probe into pin 8 and measure average voltage 
· turn on engine, place probe into pin 3 and measure injector duration
· turn off engine and end test 
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Multimeter- A multi meter is used to measure the resistance and voltage of different circuits and components on the engine. A digital multimeter was used over and an analogue one as the digital screen is easier to read as it will display an exact number and can be easily changed between scales. An analogue multimeter is harder to read and may provide discrepancy’s in the results  
Oscilloscope- Bosch FSC 740 digital oscilloscope. A digital oscilloscope allows for more accurate reading of the recorded waveforms due to variable scales and the ability to pause a reading and analyse it in detail. Digital oscilloscopes allow for quick and easy printing of the schematic for analysing.
Engine test lab- kept at ambient temperature and features a clean and sizable work space to evaluate engines. Exhaust extraction system built in to the lab allows for harmful exhaust gasses to be vented to the atmosphere. 
[bookmark: _Toc38883722]Health and safety 
The engine lab applies to the rules and regulations of the 1974 health and safety at work act. To ensure a safe working environment for engine testing some precautions were applied.
· Safety boots to reduce the risk of foot injuries and slipping on fluids such as oil
· Lab coat to prevent hot surfaces and fluids damaging clothes and injuring wearer 
· Engine covers over components such as hot exhaust manifolds and fast spinning flywheels 
· Engine lab equipped with carbon dioxide and carbon monoxide sensors to warn people if the concentration in the air is becoming too high
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Table 1: motronic pin values 
	Temperature (degrees C)
	Pin 45 ntc2 
(Ohms)
	Pin 45 ntc2 
(Volts)
	Pin 16 injector (milliseconds) 
	Pin 4 idle control valve %
	Pin 5 emission control valve 
	Pin 28 lambda 

	20
	2230
	3.6
	4.6
	46
	
	

	30
	1010
	2.52
	3.1
	42
	off
	Off

	40
	660
	2
	3.3
	40
	off
	Off

	50
	450
	1.6
	2.9
	42
	off
	On(30-38)

	60
	320
	1.3
	3
	42
	off
	

	70
	260
	1.1
	3.1
	42
	On (50-60)
	

	80
	250
	1.03
	3.1
	44
	
	



Table 2: motronic component values 
	
	Manufacture values (ohms)
	Recorded values (ohms)

	Throttle potentiometer 
	Throttle closed= 1900-2000 
Throttle open= 1000-2000
	Throttle closed= 1994
Throttle open= 2550

	Air flow sensor 
	4 & 2= 8 – 2500il
4 & 3= 300 - 550
4 & 1= 270 - 520
	4 & 2= 34.6
4 & 3= 566
4 & 1= no reading


	Injector values 
	15 – 17 
	 1= 16.3
 2= 16.1
 3= 16.3
 4= 16.1

	Coolant temperature sensor 
	20 degrees= 2200 - 2800
40 degrees= 1000 - 1400
80 degrees= 270 – 380 
	20 degrees= 2230

	Idle speed control valve 
	8 
	8.1 

	Air temperature sensor 
	15 – 30 degrees c= 1500 - 3500
	2750
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Table 3: Jetronic pin values 
	[bookmark: _Hlk38867379]Temperature (degrees c)
	Pin 8 NTC2 (ohms)
	Pin 8 NTC2 (volts)
	Pin 3 Injector pulse (milliseconds)

	20
	2030
	1.7
	4.3

	30
	1130
	1.2
	3.1

	40
	730
	0.9
	3

	50
	510
	0.7
	2.8

	60
	390
	0.5
	2.6

	66-operating temp
	568 
	0.7
	2.6



Table 4: Jetronic component values 
	
	Manufacture values (ohms)
	Recorded values 
(ohms)

	Throttle switch
	2&18-closed-0
3&18-closed-infinity                   
	2&18-closed-0
3&18-closed-infinity                   

	Auxiliary air valve
	40
	45.8 

	Injector 
	15-17
	1 = 15.7
2 = 15.7
3 = 15.8 
4 = 15.8 

	Coils 
	
	Primary = 0.8
Secondary = 7333

	Lead resistance 
	
	1 = 8640
2 = 8770 
3 = 7700
4 = 5500 
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[bookmark: _Toc38883727]Table 1 motronic
 pin 45 NTC2. Figure 1 and figure 2 show that the temperature sensor is working as it should be. As the temperature rises the resistance reduces along with voltage. Due to the less resistance the voltage required to power the temperature sensor reduces allowing the ECU to understand what temperature the engine is running at and make adjustments accordingly. 
Pin 16 injector on time. Figure 3 shows the average of injector on time for all four injectors that are reading correctly as can be seen on table 2. The graph shows that when the temperature increases the injection on time decreases. Starting at 4.6 milliseconds at 20 degrees C to 3.1 milliseconds at 80 degrees C. The reason for the longer injection time when the engine is cold is due to the fuel condensing at lower temperatures creating a less homogenous mixture of fuel and air, therefore more fuel must be injected to compensate. Zhu, R. (2016) the ecu uses pin 45 and pin 28 to control injection on time. Between 60 and 80 degrees C there is a small increase of injection on time by 0.1 milliseconds due to the extra load from the alternator as the radiator fan turns on.
Pin 4 idle control valve. Table 1 shows the percentage open of the idle control valve. When the engine is colder the idle control valve is more open than when it is warmer, the table shows this. For example, 46% open at 20 degrees and 40% open at 40 degrees, 44 % at 80 degrees.  There is only a 6% difference between the most open and the most closed from the results recorded, this is due to the warm ambient temperature of the engine lab. The warm temperature means the engine is running more efficiently and does not need as much air and fuel compared to if it was at a much lower temperature. As the temperature increases the idle control valve increases in percentage this is due the radiator fan turning on and creating more load on the engine so the idle valve must compensate by opening more. (SAE. International. 1988). 
[bookmark: _Hlk38822545]Pin 5 emission control valve. The charcoal canister is part of the fuel system and traps fuel vapours from the fuel tank and stores them ready to be burnt. The emission control valve under certain operating conditions vents the fuel vapour, table 1 shows the emission control valve opening up at 70 degrees C. (SAE. International. 1988).
Pin 28 lambda. A lambda sensor is located in the exhaust system and monitors the fuel mixture to detect weather it is slightly rich or lean. “The output is used to modify the injection time calculated out of the air flow and engine speed as the fundamental control parameters for fuel flow calculation.” (SAE. International. 1988). Lambda sensors often need to be at least 300 degrees C to start operating which is why they are located close to the exhaust ports so that it heats up as quickly as possible. This heat up time is shown in table 1 as the lambda sensor turns on at 50 degrees C.







[bookmark: _Toc38883728]Table 2 Motronic 
The throttle potentiometer reads three different throttle positions, idle, part load and full load. It also reads throttle movement for greater accuracy. As the switch moves through its range of motion one of three contacts will ground causing a signal to be sent to the ecu informing it of throttle position. The resistance values measured do not match the book values due to the throttle switch not being a standard Bosch item. This will cause the switch to be calibrated differently which can affect running conditions such as idle.
The air flow meter measures air flow and air temperature entering the engine so that fuelling and ignition can be optimised. 
[bookmark: _Toc38883729]Table 3 Jetronic 
Pin 8 ntc2, Figure 4 and 5 show how as temperature increases the voltage and resistance from the temperature sensor decreases. Both figures show and increases at 66 degrees C due to the thermostat opening. 
Pin 3, Figure 6 shows that as temperature increases the injection on time decreases. At 20 degrees C injection time is 4.3 and at 60 degrees C it is 2.6. A reduction in injection on time is due to the fuel not condensing at lower temperatures and because the engine is up to temperature therefore it is running more efficiently, this efficiency can be due to the reduced viscosity of oils as they heat up. Between 60 and 66 degrees C the injection on time stays the same due to the max operating temperature. 
[bookmark: _Toc38883730]Table 4 Jetronic 
The results recorded suggest that there is an issue with the number four HT lead as it is showing far lower resistance than the other HT leads when tested. HT leads are designed to have a certain resistance that the rest of the ignition system is designed to comply with, when one lead is giving an incorrect resistance reading it can produce a weak spark. 
[bookmark: _Toc38883731]Analysis of engine schematics 
[bookmark: _Toc38883732]injection on time motronic and Jetronic 
Figure 7 shows the motronic system pin 16 injection on time at 80 degrees C, the drop from 16v to 0v at 11 milliseconds is due to the injector switching to ground and actuating. The injector stays on for 6 milliseconds before turning off, the spike in voltage is due to the injector suddenly switching back to supply voltage.
Figure 8 shows the Jetronic system pin 3 injection on time at 66 degrees C, there is a slight increase in voltage before the injector is switched to ground, the injector is on for 3 milliseconds before being turning off with a voltage spike of 150v. (Genzale, C. 2011)
Both schematics show the engines functioning as they should be, the injection time for the Jetronic engine is shorter than the motronic engine due to the smaller engine capacity (1.8 for motronic and 1.5 for Jetronic) requeuing less fuel to maintain idle. 




[bookmark: _Toc38883733]Injection on time for acceleration 
Figure 9 shows that as the motronic engine accelerates the frequency of the injection pulses increases. The injection on time also increases form 6 milliseconds at idle to 8 milliseconds, this is expected as when the engine accelerates more fuel is required. 
Figure 10 shows that as the Jetronic engine accelerates the frequency of the injection pulses increase. the injection on time increases to 6 milliseconds.
Both engines are increasing injection on time under acceleration by 2 milliseconds suggesting that the fuel injection systems act similar under acceleration conditions. 

  
 






[bookmark: _Toc38883734]Discussion 
From analysing the results both engines have shown to run within similar perimeters to each other when taking into account engine displacement. The motronic engine features an idle control valve, emission control valve and a lambda sensor whereas the Jetronic engine does not. These differences allow the motoric engine to be more efficient in various running conditions relative to its larger displacement. This is why the results do not show this conclusion as clearly as expected, this is likely also due to the limited testing that was conducted in a temperature-controlled environment. A wider range of testing environments and scenarios would help in demonstrating the advantages of the motronic system over the Jetronic. (National Academies Press, 2011)
Both engine management systems could be improved by the addition of a wasted spark ignition system, this would remove the need for an ignition distributor. The disadvantage of a distributor is it has more mechanical components that can wear out leading to incorrect ignition timing. A wasted spark system uses a crank sensor to monitor engine speed along with other sensors to optimise ignition timing. this leads to more of the fuel mixture being burnt and requiring less injection on time resulting in a more efficient and environmentally friendly engine. (Denton, T. 2014)





















[bookmark: _Toc38883735]Conclusion 
This report displays the similarities and slight differences between the Le3 Jetronic system and the Motronic system. Overall, both engines performed similarly where the results could be compared, slight differences where consistent between the two engines and are due to the different displacements of each engine not allowing for a direct comparison. To improve this investigation in the future two engines of the same displacement should be used to identify the differences more clearly. A more rigorous test environment such as colder and warmer temperatures would also highlight the benefits of a more advanced engine management system. The defected components found on the engines should also be changed to help gain more accurate comparable results. 
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Motronic Pin 16 injection on time vs engine temperature  
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Pin 8 Ntc 2 ohms vs temperature 
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Jetronic Pin 8 Ntc Volts vs Temperature 
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Jetronic Injector On Time vs Temperature 
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Motronic Pin 45 NTC2 Resistance vs Temperature   

20	30	40	50	60	70	80	2230	1010	660	540	320	260	250	Temperature (degrees C)


Resistance (Ohms)



 Motronic pin 45 NTC2 Voltage vs Temperature 
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