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Introduction
In this assignment I was tasked with analysing different vehicle engine control systems of different types of electronic ignition and electronic fuel injection systems using standard and dedicated testing equipment and as part of a working group. 

Research
In a Wasted Spark ignition systems there are two spark plugs connected to the ends of one coil. Both spark plugs will therefore fire simultaneously. The one spark plug will be fired in the compression stroke of the first cylinder, and the other in the exhaust stroke of the opposed cylinder (wasted). When the time comes for cylinder 2 to fire in compression the 1st cylinder will fire in the exhaust stroke. Since both spark plugs are fired at the same time from the ends of only one coil they have opposed current flow. That is the spark “flows” from the centre to the outside electrode in the one spark plug and from the outside electrode to the centre in the second spark plugs. This can be seen with oscilloscope very clear as the “exhaust sparks” have much lower voltage flowing as there is no need for high energy to bridge the spark plug gap. E.g. no compression. As we said before they also are of opposite (negative) direction to the “power sparks” (positive).

Methodology
The methods used to complete this assignment was first as a group putting on the appropriate (PPE) Personal protective clothing. The first engine to be tested was the motronic and the second was LE3. As a group we decided that it would be beneficial to assign roles to make the process of testing the vehicles engine system smoother. One member of the group was designated scribe to record all of the data during the testing procedure. Another member was tasked with using the oscilloscope and ensuring that the correct parameters are set for when measuring the temperature, injector on time, cold cranking, (NTC2) Negative temperature coefficient and the rotary idle valve. One member was tasked with using the multi meter to test the appropriate ECU pins and other engine control systems and the final member of the groups job was to help the other members to ensure that each member did his job correctly so that we wouldn’t have to repeat the whole process to get the results.
Session 1 (Motronic) 
Before any testing was done using the dedicated testing equipment, appropriate (PPE) Personal protective equipment was put on. The correct safety precautions were taken ensuring that the exhaust extraction system was hooked up to the engine and turned on making sure no harmful gases were released into the atmosphere. The workshop garage doors were opened fully as additional safety precaution to evacuate the harmful gases ensuring a fresh supply of oxygen and ensuring that there is no build up of carbon monoxide from the engine which is extremely harmful.
Before doing any static checks on the ECU pins or testing other components of the engine. A voltage check on the battery was done ensuring correct voltage and that the battery is healthy which common practice is for vehicle technicians when testing any electrical equipment because the battery stores the electrical current, but when the battery fails it can bring up a number of symptoms which can affect other electronic systems. After the battery was checked for a voltage supply and a visual inspection of the battery was made to make sure that it was in good health and suitable for use, we then proceeded to do a static check on the following ECU pins with ignition on and off:1,2,3,4,5,6,7,10,12,13,14,16,17,18,19,22,24,26,27,28,32,36,37,40,41,42,44,45,46,48,49,53,55
To make the testing of the ECU pins quicker we decided instead of testing each individual pin with ignition on and off we would test all the pins with the ignition off then proceed to test all of them with ignition on. After testing the ECU pins we then moved on to testing some of the engine components by using a manufacturers specification handbook which provided instruction on how to properly test each component and what values each component should have. 
The first component we tested was the throttle potentiometer or the (TPS) Throttle position sensor. To test the throttle potentiometer which was located at the top side of the engine attached to the air intake manifold, first the multi plug for the throttle potentiometer had to be disconnected and the ohmmeter was to be connected to terminals 1 and 2 with the throttle closed on the multi plug and compare the data to manufacturers specification to what the resistance should be. After pins 1 and 2 has been tested on the throttle potentiometer multi plug proceed to test pins 1 and 3 with the throttle open and compare to the manufacturers specification to what the resistance should be. 
After testing the throttle potentiometer or (TPS) Throttle position sensor we then proceeded to test the Air flow sensor by disconnecting the multi plug and testing the resistance values between pin 4 and 2. We then tested pin 4 and 3 for its resistance values and compared them to the manufacturers specification, the handbook also asked to test pins 4 and 1 how ether the vehicles engine we tested wasn’t fitted with a catalytic converter. 
The (NTC2) Negative temperature coefficient sensor or rather the coolant temperature sensor was then tested by disconnecting the multi plug and connecting the multi meter between the two terminals for its resistance at room temperature. The air temp sensor was also tested by disconnecting the multi plug and connecting the multi meter to the terminals at room temp for its resistance values and compared to the manufacturers specification. 
The idle speed control valve was also tested located at the top of the engine next to the air intake manifold and injectors. The valve was tested for a resistance by disconnecting the multi plug and connecting the multi meter between the two terminals and compared to the manufacturers data. 
Each injector was also tested by disconnecting each of their multi plugs and connecting the multiplug to each one and comparing the data to the manufacturers specification present by the handbook.
After each of the components were checked for its serviceability and values. We then proceeded to move onto the dynamic checks, but first ensuring that all multi plugs that were disconnected and components were moved was correctly put back and connected back up. The first dynamic check was to test the cold cranking of the engine to see how long it would take for the engine to start.
As a group we then proceeded to the first warm up phase of 20 degrees Celsius and proceeded to test the (CTS) Coolant temperature sensor with a multi meter set to the resistance value and recorded the results. We also tested the coolant temperature sensors voltage with the oscilloscope and the injector opening time using the oscilloscope set to the correct parameters to display the waveform and using the stop option to freeze the waveform and the cursors to measure the on time. 

Session 2 (LE3) 
Before using any of the dedicated testing equipment was used in session 2, first the appropriate (PPE) Personal protective equipment was put on. The correct safety precautions were taken ensuring that the workshop garage doors were fully open allowing a fresh supply of oxygen and the exhaust extraction system was hooked up to the vehicles engine. Just like the first session we also chose roles for each one of the team members.
Once the correct (PPE) Personal protective equipment was put on and the safety precautions were undertaken, the battery was tested before testing the components of the engine and any dynamic tests to ensure that the battery was in good working order. A visual inspection was also done before testing any components. 
For the static checks done on the ECU pins, we repeated the same process done on the first session (motronic) by testing all the pins with ignition off and then testing all of the pins with the ignition on. The amplifier was also checked in the same procedure.
After all the static checks were done on the ECU and the amplifier we proceeded to check the serviceability and resistance values of each component laid out in the vehicle handbook. The first component that was tested by using the multi meter was the throttle switch by disconnect the multi plug and testing for the resistance value across pins 2&18 and 3&18.
The next component that was tested was the auxiliary air valve located on top of the engine next to the intake manifold and injectors by disconnecting the multi plug and connect the multi meter across the two pins.
Each injector was also tested for their resistance values against manufacturers specification to ensure correct working order by disconnecting each of the multi plugs and connecting the multi meter set to resistance. 
Some additional checks were done on the ignition system components to make sure that they were in good working order. The HT Leads and the king lead on the LE3 engine were checked with a multi meter set to the resistance and the values were recorded to compare to the manufacturers specification. 
As a group we then proceeded on to the dynamic checks of the engine testing how long the engine would take to start by connecting the oscilloscope up to the engine and cranking from cold. We then proceeded to the warm up phase of 20 degrees Celsius first disconnecting the multi plug to NTC 2 and testing the resistance values then by using the oscilloscope and selecting the correct parameters test the voltage of NTC 2. The injectors were also tested by using the oscilloscope and selecting the correct parameters and using the stop option to freeze the waveform and using the cursors to measure the injector on time. This process was repeated for every 10 degrees Celsius up to 60 and the data was recorded.
As an addition al side note static checks for voltage do not harm the wiring circuit in any way how ether if you proceeded to do a resistance check 

Results & Analysis
Motronic
Battery voltage – 12.24v
Static Testing at ECU Pins:
	ECU Pins
	Ignition Off

	18 (Permanent live KAM)
	12.4v

	36 (Control circuit for supply to auxiliary)
	12.1v

	All other ECU pins - 0v 
	


From the table above which shows the static testing at the ECU pins with the ignition off and only two values remain live, pin 18 because it’s the vehicles engine (KAM) Keep alive memory which stores the vehicles data such as fuel usage and if the power is disconnected from the battery that data is lost. Pin 36 on the ECU is the control circuit which allows the supply to auxillary systems when the ignition is turned on. All the other ECU pins should not have a reading when the ignition off which was found during the testing procedure.
	ECU Pins
	Ignition On

	1 (Negative side of coil)
	12.3v

	2 (Earth)
	0.04v

	3 (Control circuit for fuel pump)
	12.18v

	4 (Pulsed side of rotary idle valve)
	(9.86v

	5 (Pulsed side of tank vent valve)
	12.15v

	6 (4WD ECU – A/T ECU – fuel tell-tale lamp)
	11.41v

	7 (Load signal output from air-flow meter)
	0.34v

	10 (Earth)
	0v

	12 (5v supply for air flow meter & throttle potentiometer)
	5.09v

	13 (Diagnostic socket supply) 
	10.2v

	14 (Earth)
	0.03v

	16 (Pulsed side of injectors (bank of two)
	12.1v

	17 (Pulsed side of injectors (bank of two)
	12.1v

	18 (Permanent live – keep alive memory)
	12.1v

	19 (Earth)
	0.01v

	22 (Engine tell-tale warning light)
	0.95v

	24 (Earth)
	0.04v

	26 (Earth)
	0.09v

	27 (Ignition feed)
	12.2v

	28 (Output from lambda sensor)
	0.42v

	32 (Output to on-board computer)
	11.4v

	36 (Control circuit for supply for auxiliary’s and ECU)
	0.34v

	37 (Supply to ECU & on-board computer)
	12.1v

	40 (A/C)
	0.07v

	41 (A/C)
	0.07v

	42 (Earth for manual transmission only)
	0.03v

	44 (Output from NTC 1)
	3.75v

	45 (Output from NTC 2)
	3.7v

	46 (Octane plug input)
	0.2v

	48 (Output from crankshaft sensor)
	0.07v

	49 (Output from crankshaft sensor)
	0.11v

	53 (Output from throttle potentiometer)
	0.65v

	55 (Earth for diagnostic socket)
	11.05v


Static tests with the ignition on confirmed the following earth points on the vehicle which is pin 2, 14, 19, 24, 26, 42 and 55. With the help of a labelled wiring diagram it helped pinpoint some of the engines auxiliary’s which shouldn’t be operating or have a voltage value such as pins 7 the load signal for the air flow meter as the vehicles ignition is only turned on and the engine is not turned on or in operation there’s no value. Pin 28 which is the output from the lambda sensor shows a voltage reading of 0.42v usually lambda sensors produce about 0.9 volts when the mixture is rich and about 0.1v when the mixture is lean. Because the ignition is on the lambda reads 0.42v because engine control system is trying to enrich the fuel to start the engine. Pins 40 and 41 is the (A/C) Air con which isn’t being operated therefore it doesn’t have a voltage supply. Pin 44 which is NTC 1 or rather the air temp sensor showed an output of 3.75v which is correct for cold conditions. NTC stands for negative temperature coefficient where colder the temperature is higher the resistance values or voltage reading is and higher the temperature the lesser the resistance and voltage reading. Pin 45 is also a (NTC) Negative temperature coefficient or also allocated as NTC 2 typically known as the (CTS) Coolant temperature sensor and behaves in the exact same way as the NTC 1 where the reading that we got was also similar 3.7v. Pin 48 and 49 is the output for the crankshaft sensor as the vehicles engine ignition is only on and the engine is not in operation there is no voltage values. Pin 48 (Octane plug) and pin 53 throttle potentiometer also have very little voltage readings due to the fact that the vehicle is not in operation or running. 
In the motronic system they have an electronic based ignition system with a signal generator that replaces the contact breaker points because of the limitations:
· Contact bounce at High RPM, causing misfire and emission increase
· Frequent servicing and replacement (approx. every 6000 miles) 
· Wear on the mechanical heel of the CB causing a shift in dwell angle and a subsequent shift in ignition timing
· A reduction in effective dwell angle at higher rpm. 
· A current capacity limit of 3 to 4 amps.

How ether there was voltage readings for the negative side of the coil which is pin 1 for 12.3v because the ignition system is a signal generator which replaces the contact breaker points. The primary circuit/winding goes to earth via a power transistor. A Power transistor are transistors that are used in high-power amplifiers and power supplies. Power transistors are suited for applications where a lot of power is being used- current and voltage. The collector of the transistor is connected to a metal base that acts as a heat sink to dissipate excess power. The permanent magnet/reluctor as a signal generator which produces and AC voltage. It consists of a permanent magnet, a pick up coil and a signal rotor.
Engine Off
When the ignition is switched on the voltage is kept below the base threshold voltage required for transistor operation by voltage dividers R1 and R2. As a result the transistor remains off while the engine is stopped and no primary current flows through the ignition coil. 
Engine On
Once the engine is being cranked, the signal rotor rotates and generates an AC voltage in the pickup coil. If the AC voltage is positive it raises the voltage at the transistor base voltage and take it above the threshold, thus turning it on. 
Dwell control
The time available for the primary current flow decreases at the higher RPM range. This can lead to less induced voltage into the secondary circuit. At low engine speeds the dwell period is reduced to prevent excessive primary current flow and thus the dwell is increased with a rise in engine speed to maintain a sufficient time for the coil to fully charge. 
Current limiting of the circuit
The current limitation of the circuit helps to protect the coil and the wiring associated with the Kettering coil from overloading at low engine speeds and it can also compensate for a fall in battery voltage during engine cranking. The current flowing in the primary circuit of the Kettering coil will always be sufficient to produce H.T. required for the combustion process.
Resistance Tests:
	(TPS) Throttle position sensor
	Resistance Measured
	Manufacturers Specification

	1&2 (Throttle closed)
	2000ohms
	1900-2000ohms

	1&3 (Throttle open)
	2560ohms
	1000-2000ohms



	Air flow sensor
	Resistance Measured
	Manufacturers Specification

	4&2
	30ohms
	8-2500ohms

	4&3
	560ohms
	300-550ohms



	At room temp
	Resistance Measured

	(CTS) Coolant temperature sensor
	2650ohms

	Air temp
	2810ohms



	
	Resistance Measured
	Manufacturers Specification

	Idle control valve
	7.9ohms
	8ohms





	Injectors
	Resistance Measured
	Manufacturers Specification 

	1
	15.9ohms
	15-17ohms

	2
	15.8ohms
	

	3
	15.9ohms
	

	4
	15.9ohms
	


The above tables which shows the testing of the specific components and its resistance measured against the manufacturer’s specification. Each of the components met the required needs of the manufacturers. 
Dynamic Testing 
Cold cranking – It took 19.4ms for the engine to start at 17.9 degrees Celsius
	Engine Temp 
	45 (NTC 2 measured in ohms)
	45 (NTC 2 measured in v)
	44 (NTC 1 measured in v)
	16 (Injector on time in milliseconds)
	4 (%)

	20
	1660
	3.1v
	3.7v (from cold)
	3.6ms
	46%

	30
	1090
	2.6v
	
	3.6ms
	44%

	40
	650
	2v
	
	3.1ms
	43%

	50
	440
	1.6v
	
	3ms
	42%

	60
	300
	1.2v
	
	3ms
	44% (thermostat)

	70
	240
	1v
	
	2.9ms
	44%

	80
	250
	1v
	3.4v (operating temp)
	3.1ms
	45%


From the above table shown we took the vehicles engine through a number of temperatures and we also proceeded to check the following pins, 45 (NTC 2 in ohms), 45 (NTC 2 in v), 44 (NTC 1 in v), 16 (injector on time measured in milliseconds), 4 (rotary idle valve in %). 
As expected the results were consistent and true. NTC 2 or (CTS) Coolant temperature sensor, the resistance and voltage went down when the temperature of the vehicle engine was increased which was to be expected. We only tested NTC 1 or air temp sensor twice at cold and at operating temperature as shown above there was minimalistic difference of 0.3v due to engine warming the air around the temp sensor which was to be expected. The injector on time was also consistent, the on time of the injector reached 3.6ms at 20 degrees Celsius and as expected the injector on time decreased as the extra fuel was no longer needed in the warm up process of the engine. As the results were mainly recorded while the vehicle was idling the idle actuator remained open at around 40% and increased to allow a greater air to fuel mixture for the engine when the thermostat became open at around 60 degrees Celsius. 
Additional electronic system checks
	Plug leads
	Resistance Measured

	1
	1870ohms

	2
	1770ohms

	3
	1470ohms

	4
	20000ohms



King Lead – The king lead was found faulty during a resistance check due to non-stop fluctuations therefore an accurate reading could not be achieved. 
Coil Primary – 600ohms
Secondary – 75000ohm
LE3
Battery voltage – 12.57v
Static testing at ECU pins:
Fuel
	ECU pins
	Ignition On

	1
	0.11v

	2
	12.41

	3
	0v

	4
	0.02v

	5
	0.03v

	6
	-

	7
	-

	8
	0.81v

	9
	-

	10
	0.15v

	11
	-

	12
	12.44v

	13
	4.64v

	14
	5v

	15
	0.02v



	ECU pins
	Ignition Off

	1
	0

	2
	0

	3
	0

	4
	0

	5
	0

	6
	-

	7
	-

	8
	0

	9
	-

	10
	0

	11
	-

	12
	0

	13
	0

	14
	0

	15
	0











Injector
	ECU pins
	Ignition On

	1
	0.8v

	2
	0.28v

	3
	12.11v

	4
	-

	5
	0.18v

	6
	0.02v

	7
	1.49v

	8
	1.08v

	9
	-

	10
	0.33v

	11
	0.21v

	12
	0.24v

	13
	0.28v

	14
	5.02v

	15
	0.16v



	ECU pins
	Ignition Off

	1
	0

	2
	0

	3
	0

	4
	-

	5
	0

	6
	0

	7
	0

	8
	0

	9
	-

	10
	0

	11
	0

	12
	0

	13
	0

	14
	0

	15
	0



	Amplifier pins
	Ignition On 
	Ignition Off

	1
	12.28v
	0

	2
	0.02v
	0

	3
	12.28v
	0

	4
	0.35v
	0



	HT Leads
	Resistance Measured

	1
	8570

	2
	8490

	3
	7330

	4
	5440

	Kind lead
	5620



	Throttle switch
	Resistance Measured
	Manufacturers Specification

	2&18
	0ohms
	0ohms

	3&18
	Infinity
	Infinity



	
	Resistance Measured
	Manufacturers Specification

	Auxiliary air valve
	46.2ohms
	40ohms



	Injector
	Resistance Measured
	Manufacturers Specification

	1
	16ohms
	

	2
	16ohms
	15-17ohms

	3
	16ohms
	

	4
	16.1ohms
	


The above tables which shows the testing of the specific components and its resistance measured against the manufacturer’s specification. Each of the components met the required needs of the manufacturers. 
	Temperature
	Pin 8 (measured in ohms)
	Pin 8 (v)
	Pin 3 (ms) 

	20
	1786
	1.5
	3.8

	30
	973
	1
	2.9

	40
	743
	0.8
	2.9

	50
	493
	0.6
	2.6

	60
	382
	0.5
	2.5
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Discussion 
Improving a chosen engine 
Out of the two engines I’ve decided to improve the Motronic’s ignition system to a wasted spark system as the motronic system is inferior to the LE3 which has improved technology over the motronic. With the wasted spark system which will replace the Kettering coil system and the distributor.
The advantages is that no distributor is needed, so there is no mechanical parts, wear or voltage drops. As a result the coil need less energy so can be made smaller. Usually in a 4 cylinder engine we’ll have two coils in one body – coil pack.
The disadvantage is that there is firing in the exhaust strokes which implies that no fuel mixture may enter at that time because of valve overlap or any other reason. Otherwise the fuel mixture will explode in the cylinder when is it at exhaust stroke and coarse damage to the engine. As result it is not always possible to get an optimum ignition timing. The other disadvantage is that those systems are more difficult to diagnose than the other ignition systems





Conclusions
From this assignment I can conclude that both of the engines tested were simultaneous injection and had dated technology which didn’t benefit the Electronic Ignition and fuel injection of the engines. As opposed to other systems e.g. wasted spark quite commonly used in today’s motor vehicles which is better suited. 
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NTC 2 Comparison

NTC 2 (Motronic	20	30	40	50	60	70	80	1660	1090	650	440	300	240	250	NTC 2 (LE3)	20	30	40	50	60	70	80	1786	973	743	493	382	20	30	40	50	60	70	80	
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