
University Of Wales Trinity Saint David’s
School of Engineering






Electronic Ignition & Fuel Injection Systems
Electrical Control Systems ACHA4010







Student Name – Joshua Todd
Student Number – 2005986
June 2022


Contents
1	Introduction	1
1.1	Aims	1
1.2	Objectives	1
2	Literature Review	2
2.1	Vauxhall Motronic	2
2.2	Vauxhall LE3	3
3	Methodology	5
3.1	Safety concerns	5
3.2	System testing	6
4	Wave pattens	8
4.1	Idle and ignition	8
4.2	Acceleration	10
4.3	Deacceleration	11
5	Analysis and comparison	13
6	Development	14
7	Conclusion	15
8	References	16

Figure 1 Scope pattern showing the primary coil stages	8
Figure 2 Shows the regular pulse for the injectors while idle	10
Figure 3 Showing the pulse wave under acceleration	11
Figure 4 Shows the decrease seen in fuel pulse timing after acceleration when deaccelerating as the throttle is shut off	12

Table 1 Table showing Motroic ECU pins and voltage with ignition on and off	2
Table 2 Voltage reading of LE3 with ignition off and on	4

2

[bookmark: _Toc109216117]Introduction
[bookmark: _Toc109216118]Aims
The aim of this report is to show an understanding of different electric control systems involved in the operation of an ICE (internal combustion engine).  The systems that will be covered are the ignition and fuelling systems.  Using different operating conditions to show the different cycles that these systems go through at different stages of an ICE operations.  These stages will be prior to ignition, cold engine cranking, engine warm-up, acceleration, deacceleration, and idle at temperature.  Two engines will be used due to different systems being employed on each engine.  And to highlight the safety concerns with testing such systems.
[bookmark: _Toc109216119]Objectives 
Once the aims have been met in this report the objective will be to take one of the systems that has been shown and to state a development that could be made to make the ICE more efficient in a chosen area.  This will be done using research of currently employed systems on the engine and an understanding of new practices and technology.  By doing so it will be shown the disadvantages of the current system used on the system and the advantages that the new development will bring.  


[bookmark: _Toc109216120]Literature Review
[bookmark: _Toc109216121]Vauxhall Motronic 
The Vauxhall motronic engine uses a 55-pin system, out of these only a total of 33 pins are used.  The number 18 and 36 pins are the only ones that have a constant feed from the battery.  Number 18 pin keeps the memory function of the ECU active, this pin will always draw a voltage from the battery and should show a value similar to the battery voltage.  Pin 36 is the feed to the control circuit to the support auxiliary systems and the ECU.  Table 1 shows the notation of all the pins in the ECU along with the voltage values with ignition on and off.  

[bookmark: _Toc109051611]Table 1 Table showing Motroic ECU pins and voltage with ignition on and off
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Pin 1 is the negative side of the ignition coil, this shows a voltage prior to cranking due to it priming the ignition coil ready for cranking.  

Pins 2,10,14,19,24,26,42, and 55 are all earth pins.  Pin number 55 is slightly different as it is the pin for the diagnostics earth.  All the earth pins are important as they close the circuit for the various systems that are running in the ECU.  These systems such as the fuelling system works separately from the ignition systems but are housed inside the same unit, this is so that communication can happen simultaneously and can make more accurate timings for fuel and ignition.  As such systems are independent they require their own earth feed.  

[bookmark: _Toc109216122]Vauxhall LE3

The LE3 uses a split control unit system.  This means that there are 2 separate units that control the 2 main systems, much like the Motronic but the control units are not joined in one unit but are near to the components that they control.  This means that there is an ecu that controls the ignition timing and another separate unit that controls the fuelling of the system.  This has the advantage of easier fault finding and cheaper repair, as half of the system can be removed from fault finding quickly, along with replacing only half of the system.  Where’s the motronic system is more difficult and may need the whole ecu to be replace. 
As the systems are separate this causes a slight delay in information transport, due to a longer connection from unit to unit.  This is a very small delay but when the system is operating in the time frame of milliseconds, this delay becomes more apparent and detrimental when power and efficacy are pursued.  A difference of a couple of milliseconds in an injectors open and close time can be a big difference and can even end up with catastrophic engine failure.  

Table 2 shows the voltage for both control units of the LE3 with the ignition both off and on.  One of the comparisons to be made with the motronic ecu is the lack of any voltage draw by the units when the ignition is off.  This is due to there being no programable memory on the units.  This means that the LE3 units will only ever use the data it gathers from its sensors in it raw format.  While the motronic ecu can have stored programs to help with running and efficacy while running.  
[bookmark: _Toc109051612]Table 2 Voltage reading of LE3 with ignition off and on
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[bookmark: _Toc109216124]Safety concerns 
When testing the various components on a running engine there are several safety concerns to be considered.  There are several dangers that pose an imminent danger to those participating in the test along with other unseen dangers that can have a lasting effect.  The Imminent dangers are as follows.

High voltage and amperage, due to the nature of the ignition cycle a very large voltage is generated in very short intervals.  If proper safety procedures are not followed there is the chance of the tester to receive a very large electric shock, this depends on the system as to how high the voltage could be.  

Rotating parts, as the engine and all its components are in an engine rig this means that items such as fans and belts are exposed.  This can pose a very real risk of snagging the testers clothing and dragging them into the engine.  All jewellery should be taken off and hair tied up, along with tighter fitting clothing to be worn.  Due care should also be taken so as not to reach across exposed moving components when possible.

Fuel and exhaust systems, as this is a fully operational ICE in a rig, it also has its own fuel supply.  Care should be taken so as not to unnecessarily expose the tester to exposed fuel and ensure that refuelling is carried out in a controlled environment and with the proper equipment.  There are several extraction systems installed inside the test area, these should be used at all times that the engine is running, this is so that the tester is not exposed to carbon monoxide from the burning of hydrocarbons or NOS which are both very hazardous to human health.  

Heat, as this is an operational engine It will be producing heat of various levels.  Due to the requirements of the data capture, the ICE will have to reach full operational temperature.  This will require the tester to manoeuvre around the ICE while it is at full temperature this increases the risk of burns to the tester.  An engineer’s coat with long arms should be worn to protect the tester from accidental burns.  

There are several other general safety concerns that should be recognised, these refer to the environment that the rig is stationed.  Due to the test area being inside a working workshop normal safety precaution should be observed, this includes safety boots.  

[bookmark: _Toc109216125]System testing
The testing of the system underwent a few different processes.  Initially the use of a multi meter was used, this was used to find any current to any of the pins to the ECU (electronic control unit) while the ignition was switched off.  On the Vauxhall motronic the ECU controlled both the ignition and the fuelling as it is a 55-pin system, but on the LE3 there was two separate units, one to control the ignition and one to control the fuel systems. Once this was tested the same procedure was then repeated but with the ignition switched on.  This was done to find which pins in the ECU related to what components, some components require priming before ignition and cranking can commence while others are axillary components that will be activated once the ICE is running.  

Resistance was also measured in certain components these were the fuel injectors, coolant temperature valve, throttle switch, and axillary air valve.  This was to ensure that condition of the components and to make sure that the valves and sensors would be working as intended.  

An oscilloscope was then used to gather data on the behaviour of the engine at different temperatures.  The initial reading was from cold cranking then at 10°C intervals starting at 20°C till the engine was at operating temperature. This being 60°C for the LE3 and 80°C for the motronic.  A probe was inserted into the oil reservoir by removing the dipstick and using this as a channel to read the oil temperature as this would give the closest reading to the overall temperature of the engine.  

Depending on the engine being tested different components would be tested, for the LE3 these were pin 3 pin 8 and the resistance of the NTC2 sensor.  Pin 3 gives a reading on the injector on time and would be measured with the engine running.  Pin 8 is a voltage reading and would be taken with the engine stopped and so would the resistance of the NTC2 sensor.  Once these reading were gained then the engine would be run again to the next temperature threshold and the same measurements taken.

With the Motronic the same principle was repeated but additional pins and components were tested.  These pins are, pin 4 which is connected to the rotary idle valve, Pin 5 connected to the charcoal cannister and pin 28 which is connected to the lambda sensor.  Pin 44 was also tested as it was connected to the NCT1 this was only tested at 20°C and 80°C.  








[bookmark: _Toc109216126]Wave pattens
The graphs that are produced are known as wave scope pattens. The reason that they are used is due to the ability to show dynamic data, being a snapshot of a period in the cycle or to be used continuously and helping with fault finding.  When used continuously it can show any inconsistencies in the electronic system.  This can range from a sensor that is out of specifications to problems with a programmed memory in the ecu.  Care must be taken when testing though, this id due to certain components can influence the readings.  Things such as the HTC cables that go to the spark plugs from the coil pack to the distributor can cause high levels of back electric magnetic field (back EMF) to be read when the measuring devices are close but not attacked to the ignition system.  This is reduced with soe systems such as distributor less direct ignition.  This is due to the coil pack is directly attached to the sparkplug meaning that the high levels of voltage do not have to travel along cables to distributors and then to the spark plugs.  
[bookmark: _Toc109216127]Idle and ignition 
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[bookmark: _Toc109051607]Figure 1 Scope pattern showing the primary coil stages
From figure 1 there can be seen that there are 4 distinct stages to ignition.  These are as follows.  1 This is known as the dwell time, this is where the primary coil is earthed building up charge ready for ignition.  As there are primary and secondary coils in the coil pack there needs to be a period for the primary coil to build charge to then be amplified and sent to the distributor or spark plugs by the secondary coils.  The time that this takes place in can vary depending on the type of system and how advanced it is, but the standard is to take between 3-6ms.  This dwell time can change depending on certain factor such as temperature and humidity.
2 Marks the moment of ignition, this is shown with a very large spike going well over 150 volts.  This voltage then drops down quickly, but this is still inside the ignition window and the last upturn is the resurgence of the voltage going to the spark before closing off ignition.
3 This is known as the resonance period, this happens due to the collapsing of the electric magnetic field that was generated due to the magnification of the coils to produce the ignition spark.  This occurs in any electric circuit that generates its own electric magnetic field.  
The last part, part 4, is the neutral time when the circuit is not active, when its not preparing for the act of ignition.  This is the only part of the cycle that will vary in length significantly.  This is due to when the engine is under acceleration the process of combustion will be needed to be achieved faster.  This will shorten the time between ignition acts, and the same will apply but the other way when deaccelerating with no load will lengthen the time between ignition acts.  

When the engine is first starting with a cold start the engine will require more fuel for combustion.  This is due to vapourised fuel burns better at a higher temperature and is ‘sluggish’ to combust at lower temperatures.  The way that this is combatted by the ECU is by increasing the on time of the injectors to get more fuel into the combustion chamber.  The drawback from this system is the chance to flood the chamber with fuel and halting combustion.  A sensor that would help with this process is a lambda sensor, this senses the amount of oxygen is left exiting the combustion chamber.  Less oxygen leaving means a more complete burn of the fuel.  The motroni is fitted with a lambda sensor but it is an old version.  This means that it is not affecting the start-up process due to lambda sensors need to get up to an operating temperature.  New lambda sensors are self-heating and can be efficiently used a much earlier point, also allows mounting away from the engine reducing thermal load (Hella, 2022).
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[bookmark: _Toc109051608]Figure 2 Shows the regular pulse for the injectors while idle
Figure 2 shows the standard pulse for an injector at idle speed and load.  The spacing between the pulses is very regular and standard.  
[bookmark: _Toc109216128]Acceleration 
There are 2 things that go towards consistent acceleration that the ECU looks for.  These 2 things are increased load and throttle.  Without both of these present the ECU will keep reverting back to an idle running program.  This is, with out load then the engine would be acceleration faster without any resistance and would end up ripping itself apart with ever growing forces.  And without a demand of more throttle then the engine will face increased resistance and will slow and come to a stop.  In both examples the ECU steps in to stop this from happening.  Such as restricting the fuelling and ignition timing to stop the engine destroying itself or increasing these systems to keep the engine running.  
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[bookmark: _Toc109051609]Figure 3 Showing the pulse wave under acceleration
When both load and throttle demand are increasing together the ECU will read this as a moment of acceleration and will adjust appropriately.  The way this is done is by the increase in time that the injectors are pulsed along with the frequency.  This can be seen in figure 3 where the frequency has increased.  

[bookmark: _Toc109216129]Deacceleration 
Deacceleration is controlled much the same as acceleration is but the other way around.  If there is a decrease in throttle demand or load, then the ECU will reduce the injector on time and frequency, this depends on the ECU.  This will result in a longer time between injector pulses and shorter pulse times.  The LE3 system that is shown only reduces the injector pulse time before total shut down.  

If the demand is completely shut off, then the fuelling will be completely stopped in till a suitable time or conditions.  This will normally be when the engine is just above idle speed, due to the added load that would be required to catch the engine from stalling if normal operations were resumed at idle speed so the process is started just before to ensure a seamless take over.  The other time would be when there is an increase in throttle demand.  In figure 4 the throttle has completely been shut off but has yet to return to idle speed in the engine.
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[bookmark: _Toc109051610]Figure 4 Shows the decrease seen in fuel pulse timing after acceleration when deaccelerating as the throttle is shut off




[bookmark: _Toc109216130]Analysis and comparison 
There are many similarities between the 2 systems this is mainly due to the fact that the motronic is the new improved version of the LE3 system.  The improvements that the motronic has over the LE3 come down to the increase of sensors giving the ECU a more complete picture of what is happening at various stages in the ignition and fuelling process.  Along with improvements in the ECU itself enabling there to be a stored memory in the ECU, help with processing the data that the sensors relay to the ECU.  This has then made it possible to more accurately produce a spark at the required time.  With this development it is possible to change the ignition delivery from a mechanical application, as seen in the LE3 with a mechanical distributor arm and points, with the use of the wasted spark system.  The wasted spark system, though still relatively basic, is a vast improvement over a distributor system.  This is due to the reduction of mechanical parts after the coil pack.  This means that the voltage that the coil pack needs to generate is lower as it is jumping fewer gaps to get to its final destination.  This is a great improvement for the longevity of the system.  

The 2 systems are quite old in the present time of writing, this is because of the lack of a knock sensor.  The knock sensor in a modern system is there for one main reason which has a great effect on the engine and its efficiency.  The way this is achieved is due to the data that the knock sensor can relay to the ECU.  The most common understanding is that the sensor will alert the ECU as to when premature detonation is occurring in the combustion chamber and give an engine fault.  The main focus is to give very precise data in real time to the ECU so that it can alter the timing of ignition.  Depending on speed and load the angle in witch the piston should be for the most efficient ignition changes.  This means that the timing of the ignition needs to change to adhere to this change in angle.  Older systems take a happy median and run with what they have, some used more advanced systems like vacuum timing, where taking the pressure from the engine would enable weights to spin out and alter the timing slightly along with the load and speed of the engine.  What the knock sensor enables the ECU to do is to advance the ignition timing to its peak.  Then with one step over the knock sensor will alert the ECU, after with it will immediately retard the ignition timing by several points and then once again begin to advance the timing.  This cycle will repeat itself many times per second, meaning that the engine is running at its most efficient ignition and fuelling timings for as long as possible in any conditions.  

[bookmark: _Toc109216131]Development 
The main development that would be looked at is the development to the ignition system.  The best way to do this would be to upgrade the system to a coil on plug direct ignition system.  This would give the best performance to the ignition system.  The biggest down side to this would be the large cost that is associated with this system.  To make best use of this system there would be other substantial alterations that would be needed.  These would range from different sensors, of better ability’s and applications, to the possible alteration of the cylinder head.  For these reasons this improvement would be very beneficial to either system but would be a total overhaul, but is not useful as an upgrade to the existing system.  

Taking the LE3 system and its existing components and system capability’s, alterations to the ignition system would still be an improvement.  This would be done by upgrading the system to a wasted spar system such as that on the Motroinc system.  This would be a relatively simple alteration, due to the current system sensors and spare pins.  This would still work of the existing crankshaft sensor for the ignition timing, but would lose one large coil pack and a distributor and be replaced with 2 coil packs.  With a reduction in voltage needed the longevity of the system would be increased, the timing would need less adjustment as well as there are fewer mechanical parts to wear over time.  



[bookmark: _Toc109216132]Conclusion 
Both of these ECU systems were efficient for their times, they have failed to stand up to the passing of time well.  This in itself is difficult in any industry in the constantly changing environment that the world has found itself in.  Even through these systems are now deemed as inefficient by todays standards, 2022, the basic systems are still being used today admit in a more advanced delivery.  It would be hard to retro fit either of these systems to meet the required standards for automotive systems today.  One of the biggest hurdles these systems face in meeting the standards is down to other hardware in the engine and not necessarily their capabilities.  

There are certain areas where these systems fall down and this is down to the processing power of the ECU in the system.  No matter how many different sensors are installed the main system would not be able to keep up with the flood of data that would be passed its way.  It is important though to keep trying to make improvements to these systems considering new stricter regulations and to try to increase the longevity of said systems.  With the possibility of tighter regulations to come along with the eventual ban on petrol and diesel vehicles (Pole, 2022).  

The report has gone into the various areas that an ECU controls, more detail and depth could have been achieved in each individual system with more comparison between the two systems.  This could have been achieved with comparison to other systems on the market as well.  Safety concerns were adequately met, any more would then divert away from the main points of the report.  
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Pin Ign Off (V) Ign On (V)

Purpose

1 0.00 12.14

Negative side of coil

2 0.00 0.03

Earth

3 0.00 12.07

Control circuit for fuel pump 

4 0.00 9.75

Pulsed side of Rotary Idle Valve

5 0.00 12.05

Pulsed side of Tank Vent Valve

6 0.00 11.34

4WD ECU – Unused Pin – Fuel Tell-Tale lamp

7 0.00 0.31

Load signal output from air-low meter

10 0.00 0.00

Earth

12 0.00 5.06

5V supply to air-flow meter & throttle potentiometer

13 0.00 10.12

Diagnostic socket supply

14 0.00 0.03

Earth

16 0.00 12.04

Pulsed side of 2 injectors 

17 0.00 12.04

Pulsed side of other 2 injectors 

18 12.46 12.05

Permanent live 

19 0.00 0.02

Earth

22 0.00 0.92

Engine tell-tale warning light

24 0.00 0.03

Earth

26 0.00 0.06

Earth via ECU

27 0.00 12.12

Ignition feed

28 0.00 0.45

Output from Lambda sensor

32 0.00 11.33

Output to on-board computer

36 12.13 0.29

Control circuit for auxiliaries & ECU

37 0.00 12.06

Supply to ECU & to on-board computer

40 0.00 0.06

Aircon

41 0.00 0.06

Aircon

42 0.00 0.03

Manual transmission earth

44 0.00 3.7

Output from NTC 1

45 0.00 3.64

Output from NTC 2

46 0.00 0.10

Octane plug input

48 0.00 0.06

Output from crankshaft sensor

49 0.00 0.10

Output from crankshaft sensor

53 0.00 0.66

Output from throttle potentiometer

55 0.00 11.02

Earth for diagnostic socket
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Pin Ign Off (V) Ign On (V)

1 0.00 0.03

2 0.00 0.03

3 0.00 1.91

5 0.00 0.06

6 0.00 0.02

7 0.00 1.90

8 0.00 0.95

10 0.00 0.03

11 0.00 0.03

12 0.00 0.06

13 0.00 0.14

14 0.00 5.00

15 0.00 0.15

Spark Advance ECU
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Pin Ign Off (V)Ign On (V)

1 0.00 0.06

2 0.00 11.98

3 0.00 0.00

4 0.00 0.02

5 0.00 0.02

8 0.00 1.44

10 0.00 0.15

12 0.00 12.04

14 0.00 5.00

15 0.00 0.02

Pin Ign Off (V)Ign On (V)

1 0.00 11.92

2 0.00 0.02

3 0.00 11.92

4 0.00 0.13

Fuel ECU

Amplifier
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11 0.00 0.03
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13 0.00 0.14

14 0.00 5.00

15 0.00 0.15

Spark Advance ECU
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Pin Ign Off (V)Ign On (V)
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14 0.00 5.00

15 0.00 0.02

Pin Ign Off (V)Ign On (V)

1 0.00 11.92

2 0.00 0.02

3 0.00 11.92

4 0.00 0.13

Fuel ECU

Amplifier
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