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This report will highlight how to investigate technical applications and find solutions for engine electrical and electronic circuits. Data including voltage, current, resistance and power will be evaluated and will show a clear analysis of solutions and operations of sensors, actuators and display them will the aid of computers and software. The gathered data will explain how injection on-time is addressed and how it is to meet certain operational conditions like engine cranking for example.  An overview of the method and equipment that was used to investigate these technical applications will be briefly included, when also explaining data figures and comparing the two different systems that were tested.  Finally, this report will then end by justifying what modifications could be used to improve the system.
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· Digital multi-meter
· Dedicated diagnostic centre
[bookmark: _Toc101770581]3.2 Systems tested
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Description automatically generated]The two system that had a full system operation of was Monotonic and LE3.  The monotonic system is on a Vauxhall 2.0L engine from 1987, which is equipped with a BOSCH monotonic 4.1 engine management system. The sensors of this motronic system operate on a supply around 5 volts. The ignition system operates on the variable dwell angle principle because this allows the dwell period to be correct irrespective of engine speed, supply voltage and current flow. The motonic system has a total of 55 pins however, only 33 are used on the system. There are 6 different sensors in the motronic system being air flow, water temperature sensor, throttle switch, throttle position sensor, crankshaft sensor and co adjuster injectors.






Figure 1.1/1.2 Vauxhall 2.0 Litre motronic injection/ignition system layout and different sensors in a motronic system. 
The air flow sensor measures air flow into the engine and the intake air temperature. This data is then used to work out an indication of load which enables mixture and timing corrections to be made. The water temperature sensor obviously measures coolant temperature. This then indicates engine temperature for fuelling, timing corrections and idle speed control. The throttle switch sensor indicates idle and high load positions of the throttle. This information is used to corrected fuelling and as well as a basic reference for idle. The throttle position sensor is used to show throttle position and throttle movement. This then gives an idea for load to be provided for fuelling and ignition purposes. Finally, the crankshaft sensor is used to give a better idea of crankshaft position as well as engine speed. This is then used for ignition timing. 
The next system that was tested is a LE3 system that had 27 pins tested in total and contains a spark advance control unit with 13 pins, a fuel amplifier wit 4 pins and a fuel management system with 10 pins. 
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Description automatically generated]Figure 1.3 Schematic diagram of ignition system LE3
[bookmark: _Toc101770582]3.3Multi-meter testing 
“A digital multimeter is a test tool used to measure two or more electrical values—principally voltage (volts), current (amps) and resistance (ohms).”
Firstly, to carry out a full system operation on the engine a battery voltage with the ignition off must be recorded. This is a very simple task, as you connect the multi-meter up to the battery with the black lead to negative terminal and red to positive. Cars have a battery voltage around 15-20 volts, so 20 volts max setting on the multi-meter is enough. To know if your battery is functioning probably, you should have a value round 12-13 volts and when running it should be between 14-15 volts. The next step is to measure the voltage of each pin in the system.  When taking values from the motronic system you must test all 55 pins even though, only 33 of these pins are used in the system. Each pin will give a voltage value, you should expect the voltage value for most pins when the ignition is off to be zero. When the ignition is turned off, you should expect to having reading for all pins expect earth pins. When collecting data for the LE3 system you must measure the pins in the spark advance control unit, amplifier and fuel management system. There is a total of 14 pins in this system to be measure with ignition off and on. 
[bookmark: _Toc101770583]3.4 Engine component testing
Montronic system
As this test involves gathering values at different engine temperatures using the oscilloscope and the multi-meter, the oil dipstick must be removed, and the temperature gauge is then placed into the oil sump. Then the engine temperature can be measured. When testing certain components, they will be tested at 10 degrees increments starting from 20 degrees up to 80 degrees. The engine will run until it reaches 20 degrees before testing. 
Injection duration
Firstly, the plastic cover from the long box that covers the injector connections must be removed. Then connected a thin probe to the test lead, to contact the correct injector terminal. The left-hand terminal will provide the readings and waveforms. Then start the engine and check the injection duration. At the start the injection duration may be large but this will gradually reduce to a normal level for a cold engine. If the values are too high or too small check the coolant temperature sensor and the air flow meter for a sticking flap. Before any testing was done, temperature readings were taking all the way up 80 degrees in 10 degrees increments. Once this was done the following tests were taken to work out the following

	Temperature
	20°C - 80°C

	Voltage
	NTC1, NTC2

	Resistance
	NTC2

	On Time
	Injector

	Percentage On
	Rotary Idle Valve

	Switching
	Tank vent valve

	Switching
	Lambda





The following components were then tested during 10 degrees increments, these results are recorded. Voltage values are taken on components NTC1 and NTC2, measured in volts. Resistance is also gathered on component NTC2, measured in Ω. Injection duration is measure in ms and the rotary idle valve is measured as a percentage. Lambda and tank vent value are monitored to see if they are on or off. 
Resistance Testing
Resistance testing took place using a multi-meter on the resistance setting. The pins of the following components were tested throttle potentiometer, air flow sensor, injectors, HT leads and ignition coil. These results were then collected and compared to their factory date, to see if there was a discrepancy in the values. 
Scope patterns 
“An oscilloscope is an instrument that graphically displays electrical signals and shows how those signals change over time. Engineers use oscilloscopes to measure electrical phenomena and quickly test, verify, and debug their circuit designs. The primary function of an oscilloscope is to measure voltage waves”
Scope pattern data was gathered using a BOSCH BEA 850(oscilloscope). Using this equipment scopes were taken on the following:
· Ignition primary wave
· Ignition secondary wave
· Rotary idle valve
· Motronic 12v supply and earth
· Air flow and throttle potentiometer signals
· Injectors(simultaneous)
· Injection on time(idle)
· Injection on time(accelerating)
· Injection on time(decelerating)
· Lambda sensor
· Crankshaft sensor
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[bookmark: _Toc101770585]4.1 motronic injection/ignition ECU static voltage testing
	Pin Number
	Components
	Ignition off (V)
	Ignition on (V)

	1
	Negative side of coil
	0
	12.2

	2
	Earth
	0
	0.03

	3
	Control circuit for fuel pump
	0
	12.06

	4
	Pulsed side of Rotary Idle Valve
	0
	9.74

	5
	Pulsed side of Tank Vent Valve
	0
	12.03

	6
	4WD ECU - A/T ECU -Fuel tell-tale lamp
	0
	11.33

	7
	Load signal output from air-flow meter
	0
	0.31

	10
	Earth
	0
	0

	12
	5V Supply to air-flow meter & throttle potentiometer
	0
	5.05

	13
	Diagnostic socket supply
	0
	10.11

	14
	Earth
	0
	0.02

	16
	Pulsed side of Injectors (1)
	0
	12.03

	17
	Pulsed side of Injectors (2)
	0
	12.02

	18
	Permanent live (memory)
	12.38
	12.01

	19
	Earth
	0
	0.03

	22
	Engine tell-tale warning light
	0
	0.93

	24
	Earth
	0
	0.03

	26
	Earth
	0
	0.06

	27
	Ignition feed
	0
	12.15

	28
	Output from Lambda Sensor
	0
	0.45

	32
	Output to on board computer
	0
	11.3

	36
	Control circuit for supply to auxiliaries and ECU
	12.06
	0.3

	37
	Supply to ECU and on board computer
	0
	12.03

	40
	Air Con
	0
	0.06

	41
	Air Con
	0
	0.06

	42
	Earth for manual transmission
	0
	0.02

	44
	Output from NTC 1
	0
	3.76

	45
	Output from NTC 2
	0
	3.73

	46
	Octane Plug input
	0
	5.05

	48
	Output from crankshaft sensor
	0
	0.06

	49
	Output from crankshaft sensor
	0
	0.09

	53
	Output from throttle potentiometer
	0
	0.62

	55
	Earth for diagnostic socket
	0
	10.9


Table 1.1 motronic voltage testing
This is the data gathered using a multi-meter to test static voltage for all pins in the ECU system. There are a total off 55 pins, but only 33 of these pins are used in the system. This date gives an idea if there are any voltage problems in the system and if certain components are receiving the correct voltage to work efficiently. 


[bookmark: _Toc101770586]4.2 LE3 static voltage testing
	Pins
	static-ignition off
	Static-ignition on
	 
	 

	 
	battery voltage-12.26V
	battery voltage-11.98V
	 
	 

	 
	spark advance control unit(v)
	Spark advance control unit(v)
	Amplifier(v)
	Amplifer(v)

	Pin 1
	0
	0.03
	0
	11.67

	Pin 2
	0
	0.03
	0
	0.02

	Pin 3
	0
	11.6
	0
	11.67

	pin 4
	no connection
	no connection
	0
	0.13

	pin 5
	0
	0.06
	 
	 

	pin 6
	0
	0.03
	 
	 

	pin 7
	0
	2.47
	 
	 

	pin 8
	0
	0.95
	 
	 

	pin 9
	no connection
	no connection
	 
	 

	pin 10
	0
	0.03
	 
	 

	pin 11
	0
	0.03
	 
	 

	pin 12
	0
	0.06
	 
	 

	pin 13
	0
	0.13
	 
	 

	pin 14
	0
	4.97
	 
	 

	pin 15
	0
	0.14
	 
	 


Table 1.2 LE3 voltage testing on spark advance unit and amplifier
	Pins
	Fuel management(v)
	Fuel management(v)

	Pin 1
	0
	0.06

	Pin 2
	0
	11.7

	Pin 3
	0
	0

	pin 4
	0
	0.02

	pin 5
	0
	0.03

	pin 6
	no connection
	no connection

	pin 7
	no connection
	no connection

	pin 8
	0
	1.97

	pin 9
	no connection
	no connection

	pin 10
	0
	0.15

	pin 11
	no connection
	no connection

	pin 12
	0
	11.78

	pin 13
	no connection
	no connection

	pin 14
	0
	4.97

	pin 15
	0
	0.02


Table 1.3 LE3 voltage testing on fuel management sytem
This is date gathered on the LE3 system that contains a total of 27 pins with three different units/sensors being tested. 
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	°C
	NTC2
	Factory Resistance
	NTC2
	NTC1
	Injector
	Rotary idle
	Lambda
	Tank Vent

	
	 
	NTC Ω 
	 
	 
	 
	% on
	
	

	
	Ω
	 
	V
	V
	ms
	 
	
	

	20
	2587
	2200 to 2800
	3.7
	3.76
	4.6
	48
	off
	off

	30
	1890
	 
	3.1
	 
	3.5
	46
	on
	off

	40
	717
	1000 to 1400
	2.1
	 
	2.9
	45
	on
	off

	50
	454
	 
	1.6
	 
	2.5
	45
	on
	on

	60
	327
	 
	1.3
	 
	2.5
	44
	on
	on

	70
	356
	 
	1.4
	 
	2.7
	45
	on
	on

	80
	256
	270 to 360
	1
	3.3
	2.3
	43
	on
	on

	 
	Cold Cranking
	 
	 
	 
	 

	17.8
	
	20
	
	
	


Motronic system
Table 1.4 Engine component testing on a motronic system
Data gathered on different components in the motronic system during warm up phase and cold cranking. Components such as the coolant temperature sensor were measured for resistance and voltage.
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                                                                     Table 1.9

      Table 1.8
Data gathered on different components in the motronic system, compared to manufacturing results. 
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	°C
	Pin 8/coolant temp
	Factory 
	coolant temp

	
	Ω
	resistance Ω
	V

	20
	1830
	2100-2900
	1.5

	30
	1020
	
	1

	40
	770
	
	0.9

	50
	530
	
	0.7

	60
	400
	
	0.5

	70
	
	
	

	80
	
	270-390
	

	18.2
	Cold crank
	
	


 LE3 System







Table 2.0 engine 
component testing on a LE3 system (coolant temp sensor)
Voltage and resistance data gathered on the coolant temperature sensor. These results are also compared to their factory values. 
	ignition 

	switch ms

	3.5

	3.4

	3.2

	2.8

	0.5


	Auxiliary air valve
	Spec

	Ω
	Ω

	45.8
	



	.
	injector 
	Spec

	
	values Ω  
	Ω

	4
	15.8
	15-17

	3
	15.8
	15-17

	2
	15.7
	15-17

	1
	15.7
	15-17



Table 2.3 auxiliary air valve


                                                                Table 2.1 ignition results


                                                                                                                Table 2.2 injector results
Data gathered on ignition speed, injector resistance and auxiliary air valve resistance. These results are also compared to spec values of the LE3 system. 
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Montroic system scope patterns
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              Injection on time (idle)                                       Injection on time (Accelerating)
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LE3 scope patterns
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                   Figure 3.2                                                                    Figure 3.3
Amp, Pin 4 spark advance signal.                                        Pin 3 acceleration
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Figure 4.0 
All scope pattern data was gathered on a BOCSH BEA 850 engine analyser. Different components were tested on both systems 
“An engine analyzer is a complex, mult-function instrument, sometimes called a scope, that can help diagnose engine and engine-related problems or assist in tuning following an overhaul.”
Figure 3.9 shows that peak voltage for the crank signal is at 13volts in the LE3 system and peak voltage for figure 3.8 is 12.5 volts.
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Firstly, we must understand that a NTC reduces resistance with an increase in temperature.  as shown in tables 1.4 and 1.5 NTC2 resistance results in the motronic system are much higher than, the results from the LE3 system during the warmup phase. It seems that the NTC2 component in the motronic system starts off with a much higher resistance values around 10°C, but these values will eventually decrease quicker during the warmup phase compared to the LE3 system NTC2 where at 60°C there is 400ohms of resistance, compared to the 327ohms from the motronic system. The resistance data on the NTC2 from the montronic system seems to be fairly still close to its factory resistance at the end of the warmup phase but seems to be a difference around 300ohms at the start of the warmup phase. The reason for different resistance values compared to its factory specs may be down to, how old the NTC2 is or wiring in the system. As we see in table 2,1 the ignition resistance results for the LE3 system are very much in the range of the spec values given by the manufacturer, where else the figures from the motronic data are higher than spec values. The reason for the resistance being this high is because you want allow amp current to keep the injector temperatures low, which will make it more reliable. So the problem with the motronic values not being in spec may cause the injectors to be less reliable causing more problems for the engine like even misfiring .   
[bookmark: _Toc101770592]5.2 scope pattern analysis
Ignition scope pattern
Looking at figure 2.0 of the primary wave of the ignition, the beck EMF values is around 128v. This reading then highlights the voltage required to start the spark. If this value is higher than normal, this can be caused by lean mixtures or high resistance. The resistance may come from certain components like warm spark plus or plug wires. As stated, the motronic injector resistance values were higher than the spec values meaning the spark plugs are generated more heat. The problem with this is the warmer the spark plugs the bigger the gap is to jump however, as soon as the sparks starts it lowers the resistance. Then there is current flowing, which of course decreases resistance. The scope pattern also shows that around 40v is when the spark has started. After the spark has started there is a decreasing curve which is spark duration and the upwards increase at the end shows the increases in resistance of the mixture during the burn. “The "spark line" is the actual time the spark is moving across the plug gap.” The motronic data has a spark duration of 1.47ms, which is a very healthy spark duration as it should always be above 0.9ms and an ideal spark duration is 1.5ms. The length of the spark is determined by the amount of energy stored in the field when the magnetic field collapse. If there is very little energy, there will be a short spark. If there is a short spark duration, the first things to check should be the primary coil current, spark plug condition, coil condition and if all cylinders are lean check fuel pressure, fuel filter, fuel pump. Now comparing the motronic system to the LE3 system there are a few differences. The LE3 system has longer spark duration of 1.7ms where the first system has a spark duration of 1.47ms. This is still a suitable value for spark duration as it should be in the ranges of 1.5-2ms. A clear difference in THE LE3 system is the curve after the spark has started (spark burn). The curve isn’t as smooth as the first system, this is because there is resistance taking place during the spark duration. This may be caused by the mixture during the burn. In the ignition secondary waves, the dwell time takes place after the spark has finished. When looking at figure 2.7 and 2.8 (Injection on time (idle) and accelerating), this data shows that at ideal there is a much smaller spark burn voltage and a much lower back EMF values of around 70v. Which shows that at ideal a much lower voltage is needed for firing.  The accelerating scope pattern has a similar Back EMF of around 70v. The accelerating spark burn duration is much higher during the accelerating face and there is less high resistance taking place during this process. The deceleration injection scope seems to follow a very similar process as the accelerating scope pattern. 
Rotary idle valve
The rotary idle valve(figure 2.3) has a peak volage of around 17.5v when at idle at 80°, compered to its static voltage of 9.74v. The voltage top peak lasts around 1.5ms only.
Motronic 12v supply and earth
The motronic supply nd earth data (figure 2.4) has a voltage of 14v from the supply from the ignition, this voltage then decreases to 12 voltages before increases to 14v. Ted at from the LE3 system for the supply is very similar as the supply starts of at 12.25 and then decreases to below 11v where it then increases back to the 12.25v. This process is happening because of the voltage need for the spark to fire. The earth return in the motronic system has a much lower voltage of around 0.3v when the ignition process is taking place, compared to The LE3 system which as an earth peak voltage of 0.55.
[bookmark: _Toc101770593]5.3 Modifications to improve the system
A way to improve both systems would be to get more spark from the ignition system. The most common and easiest way to do this, is by changing your spark plugs for better ones. Platinum or iridium are better options. Another ay tom improve spark is by upgrading the wires or even changing timings. This all depends on the system however, by advancing the timing a different fuel or premium fuel may need to be used. Away to advance the ignition timing is by having a centrifugal advance in your system. This is a mechanical system that is built into most distributors. Mechanical advance is just based on engine RPM so it won’t take any other variables in. Another way to improve your system is by having a vacuum advance system. This gives the lean air fuel mixture more time to achieve a complete burn, which also gives better efficiency and fuel mileage. Having an electronic ignition is a lot better as it “helps make for better response and even helps boost fuel economy when used in place of points style distributors.” Electronic ignitions are more durable as well and will need less maintenance during its life. Upgrading the coil in the system is very beneficial as upgrading your coil makes for a hotter spark. The higher the heat the easier it is to burn the fuel and air mixture. 


[bookmark: _Toc101770594]6.0 conclusion
Overall, testing on both systems were successful and loads of data was gathered. Both systems showed healthy readings of spark burn/ spark duration and dwell time. The data that was found by testing were very similar to the spec data as NTC2 values were in range, airflow pins were in range, plus injectors. The was some problems that were found, for example there was some faulty HT leads in the motronic system.  The LE3 system had injector value that were in the range of the spec vales however, the coolant temperature values were just out of range. Overall, both systems still run similar to their factory specifications however, certain component could be changed to improve spark duration and spark burn. Both systems meet the criteria of a good ignition system.
“It should be light, effective and reliable in service. It should have source of electrical energy. A method of producing high voltage from the source to produce a spark across the electrodes of the spark plug and yet limit the current flow to increase the life of spark plug.”
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