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Introduction 

This report will look at two different fuel ignition systems, studying how these systems run along with the possible differences and similarities, this will be achieved by testing the systems within a testing lab and analysing the data collected. When testing, a multimeter and scope were used, this will produce a large range of data. From this data a series of graphs, charts and tables can be produced, this will help the evaluation later on in the report.
The two systems used in this test were the Motronic and LE3 Jetronic, due to their differences a large variety of data can be collected from each system. From this the efficiency of the systems along with its weaknesses can be seen and compared to that of the other, this allows more information to be discovered from data collected.
[bookmark: _Hlk38811562][bookmark: _Hlk38723430]LE3 Jetronic systems uses air flow/mass to calculate the fuel quantity instead of using the intake manifold pressure like its previous model. This helps the system achieve a stoichiometric ratio, along with making the engine more efficient/eco-friendly. This type of system uses two separate ECUs to control the ignition and fuelling of the engine, although separate both ECUs will use the same sensors to monitor running of the engine. For example, the fuelling ECU will use sensors to calculate the needed amount of fuel for the engine, once calculated the fuel injectors will fire twice; firing half the needed amount both times 260 ° apart from one another. Fitted in the intake manifold is a cold start valve, this provides additional fuel to the combustion chamber. Also fitted is an auxiliary air valve, this helps air get to the engine by bypassing the throttle butterfly valve. This helps the engine during cold starts, allowing for the engine to reach operating temperature and reducing the level of pollutants produced (Manger. 1982).
Motronic systems are capable of metering the air/fuel used in the combustion process by using sensors around the engine, this allows the system to perform efficiently and produce better emissions. All information produced by the sensors are processed by a single ECU, this differs from the LE3 Jetronic system which uses to ECUs to control the fuelling and ignition separately. Along with sensors the ignition system also uses the variable dwell angle of the engine, this helps inshore a suitable dwell period for engine speed and voltage to the primary circuit.  The Motronic system controls the idle valve by using sensors previously discussed, allowing the correct idle speed of the engine to be achieved. During cold starts a lambda sensor is used, this will inform the ECU of the poor running conditions of the engine and allow it to go into open loop; this allows for the engine to reach operating temperatures reducing the level of pollutants produced (Gibson 6TH February; Manger. 1982; Denso. 2014/2015).
Testing the engines took place within a test lab and carried out in groups, these factors may come to affect the information collected and there for alter the overall analysis of the data.
The tests performed on these engines should show how the chosen systems run along with their differences. From this the faults of the systems will be seen and possible improvements researched and applied to allow for a better end result. 


[bookmark: _Toc39249649]Literature review 

During this report a range of sources have been used to help back up the testing procedures along with the analysis of data, out of all the sources the most useful was the Vauxhall 2.0 Litre Moronic Injection/Ignition paper by Gibson, A. This paper was used not only for the gathering of information for the relevant sensors and graphs but also gave in site in to the testing methods that were best suited for the relevant sensors. This paper along with the testing manual by Autodata helped greatly when it came to the practical testing and the research section of the report. 

[bookmark: _Toc39249650]Methodology 

[bookmark: _Toc39249651]Health and safety 
[bookmark: _Toc39249652]PPE 
When carrying out testing, PPE was worn at all times. The following is the PPE that was worn:
· Lab coats prevents loose items of clothing from becoming caught on moving components, protects the user from harsh chemicals and open flames and allows users to take off the coat before injury is sustained.
· Safety boots 
This protects the user from harsh chemicals, open flames and heavy objects that could possibly fall and injure their feet.
· Removal of all jewellery 
This prevents loos items on the testers body from becoming entangled on moving parts and causing injury.
(University of Washington. 2017)
[bookmark: _Toc39249653]Gas safety
· Extractor fan 
Used to extract harsh fumes produced by the engine out of the test facility. This prevents the testers from becoming poisoned by harsh gasses such as Co2/Carbon monoxide. 
· Gas sensor 
To inshore that the extractor fan was working effectively a gas sensor was regularly checked to inshore the safety of the testers.
· Fresh air flow 
A steady air flow of fresh air threw the test facility made shore that if the previous two safety features failed there was still a way for harsh fumes to leave the room.
(HSE. 2011)


[bookmark: _Toc39249654]Engine safety 
The test rigs used had three main safety features present, these are as follows:
· Kill switch 
Present on all rigs, this cuts off voltage from the battery and prevented the engine from running.
· Covering of all moving parts 
All rotating/moving parts had safety guards around to prevent injury when running.
· Before starting the engine, a verbal signal was given to inform all testers to stand clear, this was to prevent injury to the testers during start-up of the engine.
[bookmark: _Toc39249655]Equipment 
[bookmark: _Toc39249656]Multimeter  
The use of a multimeter was used for taking voltage/resistance readings on all sensors.
Set up
Setup of the multimeter depends on the unit being measured. For example, if a value of 14 Ohms has to be measured than a setting of 20 Ohms will be used. This applies to measuring voltage. 
Advantages
· It is able to take a range of accurate measurements.
· Ability to be used in tight spaces allows it to be used for the majority of readings needed to be taken around an engine. 
· More accurate than an analog meter.
(Levia. 2017).
Disadvantages  
· only able to produce a numerical value; the meter is unable to produce graphs or take readings of voltages if the time they occur is too small (unable to measure and display fluctuations in data measured). 
(Levia. 2017).
[bookmark: _Toc39249657]Scope reader (Bosh Analyser) 
Set up 
The setup of the scope is dependent on what is being measured. For example, when measuring pin 28 (lambda) the X axis was set to 5 ms and Y to 1 v. This allowed for the wave length measured by the scope to be clearly shown and data to be collected.
Advantages 
· Allow a more accurate range of results to be obtained 
· Able to measure a smaller time period of when voltage occurs, (Fluctuations in voltage) 
· Due to how the scope works more than one reading can be taken at a time. 
· Able to produce graphs/wave forms off relevant data makes it suitable for collecting, comparing and analysing complex readings.
· Able to monitor the engines running condition; this was used when measuring oil temperature of the engine.
Disadvantages 
The size of the scope makes it more awkward to use for smaller spaces due to the length of the testing cables limiting where you can test on the engine.


[bookmark: _Toc39249658]Sensors 
When testing any sensor using resistance, the overall resistance of the leads used with the multimeter must be considered in the final data collected. 
Turn ignition on and proceed to carry out testing:
[bookmark: _Toc39249659]Throttle position
When testing the throttle position sensor, set the multimeter to 2000 Ohms with both the positive and negative leads being used.
LE3 Jetronic
With the throttle closed. 
· Probe pins 2 and 18 of the sensor, this should produce a reading of 0.00 Ohms. 
· Probe pins 3 and 18, this should produce a reading of infinity (1).
With throttle open, repeat the previous steps. 
· Probe pins 2 and 18 a reading of 1 should be expected.
· Probe pins 3 and 18 a reading of 0.00 Ohms should be expected.
[image: ][bookmark: _Toc39249698]Figure 1:Throttle Position Sensor, LE3

Motronic 
With throttle closed.
· probe pins 1 and 2, a reading of 1900-2000 ohms should be expected. 
· Probe pin 2 and earth the second probe, a reading of between 0,12-1,22 Ohms should be produced.
With the throttle open. 
· probe pins 1 and 3, a reading of 1000-2000 ohms should be expected. 
· prob pin 2 and earth the second probe, reading of between 3,90-4,95 Ohms should be expected.
[bookmark: _Toc39249699]Figure 2:Throttle Position Sensor, Motronic

[bookmark: _Toc39249660]Air flow sensor 
When testing the air flow sensor, set the multimeter to 2000 Ohms. Keep one probe on pin 4 and proceed to test the other pins using the second probe.
· probe pin 2, this should produce a reading of 8-2500 Ohms. 
· probe pin 3, this should produce a reading of between 300-550 Ohms. 
· probe pin 1, this should produce a reading of between 270-520 Ohms.
[image: ][bookmark: _Toc39249700]Figure 3:Air Flow Sensor, Motronic

[bookmark: _Toc39249661]Coolant temperature sensor (NTC2) 
When testing the coolant temperature sensor, set the multimeter to 2000 Ohms. This sensor must be bought up to the specified testing temperature before any readings are taken, this is achieved by running the engine and monitoring the temperature of the oil in the sump.
LE3 Jetronic
[image: ]Run the engine until a temperature of 20°C is reached, once reached take the reading from the NTC; this should produce a reading of between 2100-2900 Ohms. Repeat this step at 60°C and 80°C.[bookmark: _Toc39249701]Figure 4:NTC2, LE3


Motronic 
First take the reading of the NTC before the engine is ran, this should produce a reading of between 4800-6600 Ohms. Once taken, run the engine till a temperature of 20°C is reached and take the second reading, doing this should produce a reading of between 2200-2800 Ohms. Repeat this process at 40°C and 80°C, at 40°C a reading of between 1000-1400 Ohms should be expected; when at 80°C a reading of 270-380 Ohms should be expected.
[bookmark: _Toc39249662]Ignition Coil
There are two parts of the ignition coil that need to be tested, the primary and secondary coils. When testing set the multimeter to 200 Ohms.
· When testing the primary coil, place the probes of the multimeter on the two-outside terminals of the amplifier. 
· When testing the secondary coil, keep one probe of the multimeter on one of the previous terminals, place the second probe down the chimney of the amplifier (the part of the amplifier that the HT lead attaches to) till it makes contact with the metal. This should produce your second reading
 (Ruelas, E. 2016).
[bookmark: _Toc39249663]Injection valves 
When testing the injection valves set the multimeter to 200 Ohms. Before testing the valves, first it must be established were the front of the engine is. This is normally the side of the engine which the pulley and belt assembly is located; this can differ from engine to engine so consultation of a manual is advised. This is done so the valve numbers can be established, valve one is at the front of the engine and the rest of the valves proceed back in numerical order.
[image: ]Remove the fuel rail from the valves and disconnect the necessary clips, place the probes of the multimeter on the two pins. All valves should be between 15-17 Ohms. Repeat this process for the Motronic system with the expected values being kept the same.[bookmark: _Toc39249702]Figure 5:Fuel Injection Valve


[bookmark: _Toc39249664]HT leads
As when testing the fuel injection valves it is important to know the front and rear of the engine so the relevant lead can be placed back to its spark plug/combustion chamber. Detach the HT leads one at a time from the coil pack and spark plug and proceed with testing, when testing set the multimeter to 20K Ohms. Attach one probe from the multimeter to either end of the lead, this will produce the relevant reading. Once the lead has been tested, place it back on the engine and proceed to the next lead. Testing this way will prevent the misplacement of leads. 
[bookmark: _Toc39249665]Auxiliary Air Valve
[image: ]Set multimeter to 200 Ohms, place both probes of the multimeter on to the pins of the auxiliary air valve. Doing this should result in a reading of 40 Ohms.[bookmark: _Toc39249703]Figure 6:Auxiliary Air Valve


[bookmark: _Toc39249666]Idle speed Control Valve 
[image: ]Set the multimeter to 20 Ohms and place the probes onto the pins of the idle speed control valve; doing this should produce a reading of 8 Ohms.[bookmark: _Toc39249704]Figure 7: Idle Speed Control Valve


[bookmark: _Toc39249667]Testing of pins 
When testing the two systems, set the multimeter to 20 V and ground the negative probe; proceed to carry out testing the pins using the positive probe. 
[bookmark: _Toc39249668]LE3 Jetronic 
Testing of the pins is as follows:
· Pins 1-15 excluding 6,7,9,11 and 13 of the fuel ECU  
· Pins 1-15 excluding 4 and 9 of the ignition ECU
· Pins 1 – 4 on the amplifier
(Gibson. 23th January)
[bookmark: _Toc39249669]Motronic 
Testing of all pins on the ECU is needed for this system (Gibson. 6th February).
All data and testing methods used previous have been sauced from Autodata 1993 and Gibson. 6th February.


[bookmark: _Toc39249670]Testing of live Data
when carrying out the following experiment data was collected in the following running states
· Ignition on with the engine not running 
· Engine cranking from cold 
· Engine warming-up
· Acceleration 
· Deacceleration
· Idle speed once engine reaches optimum engine temperature
(Gibson. 12TH March)
[bookmark: _Toc39249671]LH3 Jetronic  
Set up 
When setting up the multimeter inshore that it is placed on 20 Ohms, touch the two ends of the leads together to check the multimeter is working properly.
When setting up the scope reader inshore that the Y axis is set to 50 V and the X set to 200ms, this allows the injection on time wave to be shown clearly and readings to be taken. When using the probes from the scope inshore one probe is grounded, use the second to probe the relevant pins on the fuelling ECU.
Insert the oil temperature sensor from the scope down in to the sump, this gives a live temperature reading from the engine whilst running. When inserting the oil temperature sensor use the oil dip stick to inshore that the sensor length is correct, this will prevent the sensor from either being dragged into the engine or not being properly submerged in the oil (figure 8).
[bookmark: _Toc39249705]Figure 8: Oil Temperature Sensor Set up

Methodology 
Place the probe from the scope into the back of pin 3 on the fuel ECU, proceed to switch on the ignition and cold crank, make shore to give a verbal signal to people around the engine. Doing this should produce a set of wave forms on the screen of the scope reader, choose one of the wave forms and measure the duration of on time (Figure 9, A). This will produce a datum so changes in the injection systems performance can be seen. [bookmark: _Toc39249706]Figure 9:Example of Scope reading
A

Once ignition duration for cold crank has been collected, proceed to collect data from the engine during warm up. Run the engine until a temperature of 20°C is reached, switch off the engine and proceed to take readings from NTC2. Place the positive and negative probes of the multimeter onto the two pins of the NTC and take the reading of resistance. Once the NTC is measured proceed to measure the injection on time as previously discussed, this will produce an injection on time reading of the engine during a running temperature of 20°C. During this period use the scope probe to take the reading of pin 8 on the fuelling ECU, this will indicate the voltage signal being sent from NTC2 to the fuelling ECU.
Once all readings have been taken at 20°C, proceed to run the engine making shore to repeat the previous steps for temperatures 30°C to 60°C stopping every 10°C
(Gibson. 23th January)


[bookmark: _Toc39249672]Motronic 
Set up 
When testing the Motronic system different X and Y axis’s need to be used when setting up the scope, these settings are shown in graph 1.
	Pins
	Purpose
	Y axis (V)
	X axis (ms)

	16
	Injectors
	100
	100

	4
	Rotary Idle Valve
	20
	50

	5
	Tank vent valve
	100
	50

	28
	Lambda
	2
	5


[bookmark: _Toc39249734]Table 1:Motronic Scope Axis Set-up
When setting up the rest of the equipment follow the same procedures as the LE3 system.
Methodology 
Place the scope probe into the back of pin 16 on the ECU and proceed to switch on the ignition and cold crank, make shore to give a verbal signal to people around the engine. Doing this should produce a set of wave forms on the scope, choose one of the wave forms and measure the injection duration (Figure 9, A). This will produce a datum so changes in the injection duration can be seen. Once ignition duration for cold crank has been collected, data for engine warm up can be collected. 
Run the engine until a temperature of 20°C is reached, switch off the engine and proceed to take readings from NTC2. Place the positive and negative probes of the multimeter onto the two pins of the NTC and take the reading of resistance. Once the NTC is measured proceed to measure pins 4, 5 and 28 using the probe from the multimeter. after this measure the injection on time as previously discussed, this will produce an injection on time reading of the engine during a running temperature of 20°C. during this period also use the scope probe to take the reading of pin 45 on the ECU, this will indicate the voltage signal being sent from the NTC to the ECU. 
Once all readings have been taken at 20°C, proceed to run the engine making shore to repeat the previous steps for temperatures 30°C to 80°C stopping every 10°C. When a temperature of 70°C is reached turn on the fan, this will prevent overheating. When a temperature of 80°C is reached this is the engines operating temperature, this will be your last data set.
When at temperatures 20 °C and 80°C readings from pin 44 must be taken, this is the output of NTC 1; once these readings are taken, they must be subtracted away from each other.
(Gibson. 6TH February)


[bookmark: _Toc39249673]Testing of spark plugs 
LE3 Jetronic  
When testing the spark plug, ground one scope probe to the body of the engine and use the second to probe pin 1 on the amplifier, this will produce a wave form for the sparking period. This will show the spark duration along with the back EMF created (Gibson. 23th January).[bookmark: _Toc39249707]Figure 10:Testing of Amplifier


Motronic 
When testing the spark plug, ground one scope probe to the body of the engine and use the second to probe pin 1 on the ECU, this will produce a wave form for the sparking period. This will show the spark duration along with the back EMF created (Gibson. 6TH February).

Gibson. 5th December

[bookmark: _Toc39249674]Results A
B
C















[image: ][bookmark: _Toc39249708]Graph 1: LE3 Jetronic Pin 3, Fuel Injectors During Acceleration
[bookmark: _Toc39249709]Graph 2: LE3 Jetronic Pin 3, Fuel Injectors During Deacceleration
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[bookmark: _Toc39249710]Graph 3: LE 3Jetronic Pin 3, Fuel Injectors During Idle
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[bookmark: _Toc39249711]Graph 4: LE3 Jetronic Pin 12, Crank Signal
  
[bookmark: _Toc39249712]Graph 5: LE3 Jetronic Pin 4 and 1, Spark Advance Signal and Primary
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 [bookmark: _Toc39249713]Graph 6: LE3 Jetronic Pin 1, Primary
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[bookmark: _Toc39249714]Graph 7: LE3 Jetronic Pin 3 and 2, Supply and Earth
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 [bookmark: _Toc39249715]Graph 8: LE3 Jetronic Pin 5, Speed References for the Fuel ECU
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[bookmark: _Toc39249716]Graph 9: LE3 Jetronic Secondary Voltage
A
B
C
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[bookmark: _Toc39249717]Graph 10: LE3 Jetronic Injection on Time v Engine Temperature
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[bookmark: _Toc39249718]Graph 11: LE3 Jetronic NTC2 V Engine Temperature
[image: ]
[bookmark: _Toc39249719]Graph 12: LE3 Jetronic NTC2 Resistance's V Engine Temperature
[bookmark: _Toc39249720]Graph 13: Motronic Pin 1, Negative Side of Coil (Amplifier)
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[bookmark: _Toc39249721]Graph 14: Motronic Pin 4, Pulse Side of Rotary Idle Valve at an Idle of 80













[bookmark: _Toc39249722]Graph 15: Motronic Pins 27 and 2, Supply from Ignition and Earth Return
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[bookmark: _Toc39249723]Graph 16: Motronic Pins 7 and 53, Load Signal Output from Airflow Meter and Output from Throttle Potentiometer

[bookmark: _Toc39249724]Graph 17: Motronic Pin 16 and 17, Pulse Side of Injectors
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[bookmark: _Toc39249725]Graph 18: Motronic Pin16, Pulse Side of Injectors at 80°
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[bookmark: _Toc39249726]Graph 19: Motronic Pin 16, Pulse Side of Injectors During Acceleration
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[bookmark: _Toc39249727]Graph 20: Motronic Pin 16, Pulse Side of Injection During Deacceleration
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[bookmark: _Toc39249728]Graph 21:Motronic Pin 28, Lambda




[bookmark: _Toc39249729]Graph 22: Motronic Pin 49, Speed Sensor (output from crank speed sensor)
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[bookmark: _Toc39249730]Graph 23:Motronic, Secondary Wave pattern
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[bookmark: _Toc39249731]Graph 24:Motronic, Injection on Time V Engine Temperature
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[bookmark: _Toc39249732]Graph 25:Motronic, NTC2 Voltage V Engine Temperature

[image: ]
[bookmark: _Toc39249733]Graph 26:Motronic, NTC2 Resistances V Engine Temperature
All Graphs and waveforms were supplied by Gibson, A of the University of Wales Trinity Saint Davids, M4X02197 Engine Control Systems. They were given on the dates of the 13th and 17th of February 2020.


[bookmark: _Toc39249675]Analysis

For the full data collection refer to appendices 1 and 2.
[bookmark: _Toc39249676]Graphs
Graphs 1 to 3 and 17 to 20 all shows the voltage and duration of the fuel injectors firing during specific running conditions. Although all the graphs show different information the basic waveform can be analysed, using graph 1 as an example. 
· Point A on the graph shows the pintle hitting the injector when closing.
· Pont B shows the injectors on time (injector energising), this is normally done by supplying the injector with 12 volts. The drop seen is a result of the injector being pulled to ground, at this point there is almost 0V going through the injector (this is round 8ms). 
· Point C shows the voltage to the injector being cut off and the injectors needle starting to close. This spike is due to as the pin closes a voltage spike occurs coursing a magnetic field to collapse back in to the coils.
Markel. 2017 & Thompson. 2005. A
Graphs 1 and 19 shows the fuel injectors during acceleration.
· Graph 1 shows that the duration of the injectors firing increase with acceleration. This increase is to keep up with the demand for fuel.
· Graph 19 shows the same as 1, when looking at this graph some restraint may be seem. This is because the Motronic system reduces its enrichment during certain periods of acceleration, this prevents Acceleration knocking. This is due to the air flow meters programmed limit being succeeded. 
Gibson. 5th December & Gibson. 6TH February.
Graphs 2 and 20 shows the fuel injectors during deceleration, from these graphs it is seen that the duration of firing is less than that of graphs 1 and 19 (Gibson.  6TH February).
Graph 3 shows the fuel injectors of the LE3 Jetronic system during idle. The throttle switch used on the LE3 Jetronic system has three set positions, these are
· Idle 
· Partial load 
· Full load
Due to this kind of switch being used, during idle the system will default to a preprogramed setting with in the ECU. This is what is shown in the graph 3 (Gibson.10th October).
Graph 10 shows the duration of the fuel injection during specified temperatures, this was for the LE3 Jetronic system.
· Part A on the graph shows that during cold crank (19.2°C) there was 13.7 ms of fuel injection. 
· Once a running temperature of 20 °C was reached, 5.6 ms of fuel injection was seen; this is a decrease of 8.1 ms.
·  After this fuel injection on time drops by 2.8 till a final on time of 2.8 ms was reached.
Graph 24 shows the duration of the fuel injection during specified temperatures, this was for the Motronic system. 
· Part A of the graph shows that during cold cranking (17.8°C) there was 19.2ms of fuel injection. 
· Once a running temperature of 20°C was reached, 3.6ms of injection on time was recorded: this is a decrease of 15.6ms.
· After this there is a spike of 0.2 ms between 20°C and 30°C (B) seen.
· after this the graph follows the same trend as the LE3 Jetronic with a difference of 0.7 ms being recorded between temperatures of 20°C and 80°C.
Graphs 10 and 24 show the decrease in fuel needed once the engine reaches its operating temperature. During warm up the engine needs more fuel (longer injection duration) to help overcome condensational losses long with the cold temperatures of the engine block, once these factors have been overcome the need for extra fuel is unneeded; this means the injection on time will decrees (shorter injection period). This is shown by the drop in injection on time as engine temperature increases (Gibson. 10th October; Gibson. 5th December & Gibson. 6TH February). 
This can also be applied to graph 18, this shows the fuel injectors during a running temperature of 80°, this is the operating temperature of the engine used to test the Motronic system; from this graph the previous points can be seen.
Graph 8 shows the speed reference for the LE3 Jetronic system, this waveform is produced by a hall sensor. The ECU measures the gap in the wave forms to find the position and speed of the engine, this is found by using a toothed signal plate on the fly wheel (Gibson. 5th December).
Graph 22 shows the crank/speed sensor on the Motronic system. One wave on the graph represents a tooth on the reluctor wheel, due to this as engine speed increases the waveforms get closer together; this allows the ECU to know the speed of the engine. When a gap is seen in the wave forms this tells the ECU when the engine is at TDC (A); the meaning of this gap can change between vehicles but is always a type of reference for the ECU. This gap is used to help the engine with injection/ignition timing (Markel. 2018.B & Gibson. 6TH February).
Graph 4 shows the sine wave of the crank position sensor for the LE3 Jetronic system, this type of sensor relays the same information to the ECU as the sensor shown in graph 22. All though they share the same purpose the wave types are not identical; this is due to the size and tooth shape of the reluctor wheel (Autoscope Technology. n.d).
Graphs 9 and 23 show the wave produced by the secondary coil with in the amplifier on both systems. Using graph 9 as an example the following sections of the graph can be identified.
· Point A on the graph shows the dwell period of the secondary coil, this is the period were the voltage from the primary coil saturates that of the second, this causes a sudden drop in voltage along with a small sine wave, this is due to the coil oscillating.
· Point B on the graph shows the discharge of the coil, this is where the spark produced jumps from one electrode to the other. During this period the air resistance between the two electrodes must be overcome by the spark, this can affect the hight of the spike.
· Point C shows the time the spark is burning between the two electrodes, this line can appear to be jagged due to changes in gas density and turbulence within the combustion chamber. After this point further sine waves can be seen, this again is caused by the coil oscillating due to remaining voltage within the coil. 
(Markel. 2018.A).
Graphs 6 and 13 shows the scope reading of the primary coil within the amplifier on both systems. Using graph 13 as an example the following sections of the graph can be identified.
· Point A shows the primary coil being supplied with a current, this causes the voltage to drop close to zero.
· Point B shows the built-up voltage of the coil being released, during this period AMPs drop and voltage increases (this increase is shown as a spike). This is when the secondary coil sparks.
· Point C is the duration of the spark at the plug.  Once the plug has stopped sparking, small sine waves can be seen; this is the remaining power left in the coil.
Graph 13 shows a spark duration of 1.47 ms with a back EMF of 129.2 v.
(Portillo. 2012; Thompson. 2005.B)
Graph 5 shows the wave forms for the primary advance signal and the primary ignition coil used on the LE3 Jetronic system. The sine waves created by the primary coil have been explained in previous points. The second wave that can be seen in the graph shows the current being supplied to the coil.
· Point C shows the saturation period of the coil within the amplifier, at this point current will slowly rise to allow for saturation. 
· Point D shows the demand for current being lost as the coil discharges its voltage.  
(Markel. 2017)
Graph 7 shows the supply and earth of the amplifier of the LE3 Jetronic system. 
· Section 1 shows a supply waveform of 12.25 v (A). 
· Section 2 shows a sudden drop in the supply voltage, this drops the voltage down to round 10v. 
when this happens the earth wave form shows an increase in voltage of round 4.0 v (B). when studying the wave form for the earth the flatter the slope the better the earth return is for the amplifier. 
(Pico Technology. n.d.C.)
Graph 15 shows the supply and earth of the Motronic ignition system. With a constant supply voltage (A) of 14 v, this drops to 12 v when a load is placed on the circuit. When this drop in voltage occurs, there is a rise in voltage on the earth (B) of 0.3 v; this is the primary coil being charged.
Graphs 12 and 26 show the data collected from NTC2 on both the LE3 Jetronic and Motronic systems, when looking at this data it can be seen that the 2 graphs show the same trends. An NTCs resistance will decrees as its temperature increases, this is shown in the graphs (Dale. 2002 & Gibson. 6TH February). 
· When looking at graph 12 the following can be seen, from 20°C to 60°C a drop of 2340 Ohms is shown 
· This kind of drop can also be seen in graph 26, between temperatures of 20°C and 80°C a drop of 1288 Ohms can be seen.
Due to a drop in resistance a drop in voltage needing to passed through the sensor also occurs, this can be seen in graphs 11 and 25. When looking at the voltage drop between the values previously discussed a drop of 1.5V can be seen in the LE3 Jetronic systems and a drop of 2V can be seen on the Motronic system. This drop in voltage is to tell the ECU of the increase in temperature of the engine, this information is than used for metering the fuel and air used in the combustion chamber (Gibson. 5th December). The data collected during this test can be supported by the following references. Dandge. 2010, Ditex. 2016 and Sachs. 2011. In these references the trends seen in the testing of the NTC matches that collected from the NTC of the Motronic and Jetronic systems
Graph 14 shows the pulse side waveform of the rotary idle valve at 80°, this is for the Motronic system. This graph can be split in to two sections.
· Point A is the valve coil switching to battery positive 
· Point B is the valve switching to battery negative 
Pico Technology. n.d.B.
[bookmark: _Hlk38827557][bookmark: _Hlk38809997]This valve allows the ECU to control the amount of air that is going in to the engine during idle, this is done by pulsing two coils to create a magnetic field (this is the wave form seen); this controls the position of the rotary valve (Toyota Technical Training. n.d; Toyota Motor Sales. n.d.B). When comparing the idle valve placement during cold/warm up to when at operating temperature (80°C) the position of the valve would be further open, this is to allow more air in to the engine to help the ignition of extra fuel being injected. This helps with overcoming condensational losses and engine temperature, the altering of the position of the valves would be seen in the frequency of the waves (Gibson. 10th October; Gibson. 5th December). 
	Engine temperature °C
	Rotary idle valve % (pin 4)

	20
	43

	30
	43

	40
	40

	50
	42

	60
	41

	70
	41

	80
	44


[bookmark: _Toc39249735]Table 2: Percentage of Rotary idle

This data can be further backed up by table 2, as the temperature increases the percentage of valve covered increases. When a temperature of 80° is reached the valve starts to close again, this could be due to the fan kicking in and cooling the engine; this would cause the valve to open to allow more air in to the engine (Gibson. 10th October; Gibson. 5th December).
[bookmark: _Hlk38712453]Graph 16 shows the load signal output from the airflow meter and throttle potentiometer, when voltage increases on part B this is mirrored in part A. When accelerating the throttle is opened by the driver to allow more air in to the engine, this is shown to the ECU by the increase in voltage from the throttle. The throttle works by using a potentiometer to tell the position of the butterfly flap, as the throttle opens the voltage produced by this potentiometer increases. (Camilon.2010; Heisler. 1999 & Gibson. 6TH February). This is shown in section B on the graph. During accelerating the throttle opens to let air in, this is shown to the ECU by an increase in voltage; this increase comes from the potentiometer. The air flow meter works by a flap attached to a potentiometer, as the flap moves due to the air intake it will cause fluctuations in voltage; these fluctuations can be seen in the small sine waves on the graph. During sudden acceleration this will cores a spike in voltage to occur, this can be seen in part A (Denton. 2012; Gibson. 10th October & Gibson. 6TH February). As the throttle opens and increase in air happens, this is shown in the spike in voltage from both sensors. This affect can be seen in the mirroring of increase in voltage on both the graphs.
[bookmark: _Hlk38826920]The lambda sensor monitors the levels of oxygen present in the exhaust gas, by doing this the sensor is able to tell the ECU the running condition of the engine allowing it to alter the fuel mixture to make it richer or leaner. Graph 21 shows the output wave form of the lambda sensor, were the waveform rises this is the combustion mixture being rich; if there is a drop in the waveform this is the mixture being lean. From the graph it can be seen that the ECU is constantly switching between the two to get the best emission possible (Denso. 2014/2015).
[bookmark: _Toc39249677]Pins 

[bookmark: _Toc39249678]Throttle switch, LE3 Jetronic 
	Pins 
	Data from book Ω
	Data collected from testing Ω

	2 and 18 (closed)
	0.00
	0.00

	3 and 18 (closed)
	IN
	IN (1)

	2 and 18 (open)
	IN
	IN (1)

	3 and 18 (open)
	0.00
	0.00


[bookmark: _Toc39249736]Table 3: Throttle Switch, LE3 Jetronic 
[bookmark: _Hlk38807850]The throttle switch used on the LE3 Jetronic system only relays 3 forms of information to the ECU, the information sent to the ECU is based on the position of the switch. When carrying out testing only two positions are tested, these are fully open and fully closed. Due to this you can see that in both tests one switch is producing a full voltage and one is not; this test is supported by the testing manual and Pico Technology. n.d.A
[bookmark: _Toc39249679]Throttle Potentiometer, Motronic 
	Pins 
	Data from book Ω
	Data collected from testing Ω

	1 and 2 (closed)
	1900-2000
	1.99

	1 and 3 (open)
	1000-2000
	2.55

	2 and earth (closed)
	0,12-1,22
	IN

	2 and earth (open)
	3,90-4,95
	IN


[bookmark: _Toc39249737]Table 4: Throttle potentiometer, Motronic
The Motronic system uses a throttle potentiometer, this means that as the throttle opens the voltage produced increases (Camilon.2010; Heisler. 1999); this can be seen in the results collected. Comparing the results collected for pins 1, 2 and 3 to that of the manual shows difference between the two sets of data, due to this being a small difference this could be due to the resistance across the cable used to take the readings (Elliott. 2010). When looking at the results from testing the ground side of the potentiometer it can be seen that a reading of IN (Infinity) was taken, this could be due to a ground fault. This fault could be within the ECU (due to pin 26 being used), within the potentiometer or with the wire running between the two.
[bookmark: _Toc39249680]Coolant Temperature sensor (NTC 2), LE3 Jetronic 
	Temperature °C
	Data from book Ω
	Data collected from testing Ω

	20
	2100-2900
	2760

	60
	N/A
	420

	80
	270-390
	N/A


[bookmark: _Toc39249738]Table 5: Coolant Temperature Sensor, LE3 Jetronic 
The readings taken for this graph fall within the specified boundary outlined by the test manual.


[bookmark: _Toc39249681]Coolant Temperature sensor (NTC 2), Motronic
	Temperature °C
	Data from book Ω
	Data collected from testing Ω

	0 (Ambient)
	4800-6600
	N/A

	20
	2200-2800
	1528

	40
	1000-1400
	647

	80
	270-380
	240


[bookmark: _Toc39249739]Table 6:Coolant Temperature Sensor, Motronic

[bookmark: _Toc39249682]Coolant temperature sensor (NTC 1), Motronic
	Temperature °C
	Reading V

	20
	3.7

	80
	3.3

	Change in Voltage
	4

	Pins
	44


[bookmark: _Toc39249740]Table 7: Coolant Temperature Sensor, Motronic
For all NTCs as the temperature increases resistance decreases, this can be seen in the measured results (Dale. 2002). When looking at the measurements taken from NTC2 on the Motronic system, only one measurement falls within the specified boundaries. The rest of the results fall outside of these boundaries with there being an average difference of 762.59. This difference could be due to resistance within the sensor being decreased over time by consistent use and exposure to harsh temperatures (Analog Technologies. 2015).
NTC 2 is the air temperature sensor located within the airflow meter, due to this the difference in voltage between the two temperatures is less than that of NTC2. This is due to the less efficient cooling capabilities of air flowing over the sensor (Gibson. 6TH February).
[bookmark: _Toc39249683]Injection Valves, LE3 Jetronic 
	Injectors 
	Data from book Ω
	Data collected from testing Ω

	1
	15-17
	16.1

	2
	15-17
	16.1

	3
	15-17
	16.1

	4
	15-17
	16.1


[bookmark: _Toc39249741]Table 8: Injection Valves, LE3 Jetronic 
[bookmark: _Toc39249684]Injection valves, Motronic
	Injectors 
	Data from book Ω
	Data collected from testing Ω

	1
	15-17
	16.1

	2
	15-17
	16.1

	3
	15-17
	16.1

	4
	15-17
	16.1


[bookmark: _Toc39249742]Table 9: Injection Valves, Motronic
All the injectors tested on both systems measured within the range specified by the test manual; this shows there are no faults in the system.

[bookmark: _Toc39249685]Auxiliary air valve, LE3 Jetronic 
	Data from book Ω
	Data collected from testing Ω

	40
	45.8


[bookmark: _Toc39249743]Table 10: Auxiliary Air Valve, LE3 Jetronic 
The Auxiliary air valve is part of the LE3 Jetronic system, it is used to get extra air pass the butterfly valve, this is used during cold starting (Manger. 1982). The results collected show there is a 5.8 Ohm increase in resistance compared to that specified, this increase in resistance could be due to the testing cables being used (Elliott. 2010).


[bookmark: _Toc39249686]Air flow sensor, Motronic 
	Pins 
	Data from book Ω
	Data collected from testing Ω

	4 and 2
	8-2500
	IN

	4 and 3
	300-550
	0.03

	4 and 1
	270-520
	0.56


[bookmark: _Toc39249744]Table 11: Air Flow Sensor, Motronic
When testing pin 4 was used threw out, this is due to it being the ground for the sensor. Pin 3 is the 5v supply to the sensor, pin 2 shows the resistances of the load signal being sent to the ECU. Pin 1 shows the output to the CO potentiometer (Gibson. 6TH February).
[bookmark: _Toc39249687]Idle speed, Motronic
	Data from book Ω
	Data collected from testing Ω

	8
	0


[bookmark: _Toc39249745]Table 12: Idle Speed Sensor, Motronic
When testing the idle speed sensor, a resistance of 0 Ohms was measured, this could be due to a brake in the internal wiring of the sensor. By reading 0 Ohms the next step would be to replace the sensor (Gibson. 6TH February).  
[bookmark: _Toc39249688]Testing of ignition coil, LE3 Jetronic 
	Coil winding
	Data from book Ω
	Data collected from testing Ω

	Primary 
	N/A
	0.8

	Secondary
	N/A
	7450


[bookmark: _Toc39249746]Table 13:Testing of Ignition Coil, LE3 Jetronic 
[bookmark: _Toc39249689]Testing of ignition coil, Motronic 
	Coil winding
	Data from book Ω
	Data collected from testing Ω

	Primary 
	N/A
	0

	Secondary
	N/A
	7000


[bookmark: _Toc39249747]Table 14:Testing of Ignition Coil, Motronic
When looking at the reading collected from the primary coil on the LE3 Jetronic system, it can be seen that the reading is close to 0 Ohms. This is due to the primary coil having a low resistance so it can build up charge quickly (Gibson. 17th October). When looking at the reading for the Motronic system a reading of 0 Ohms was collected, this could be a possible short inside of the primary winding.
When looking at the resistance collected from the secondary coil, the readings should fall between 6000- and 10000-Ohm range, this shows that the coil is in working condition (Ruelas. 2016).
[bookmark: _Toc39249690]HT Leads, LE3 Jetronic 
	HTC lead 
	Data from book Ω
	Data collected from testing Ω

	1
	N/A
	8630

	2
	N/A
	8580

	3
	N/A
	7410

	4
	N/A
	5630


[bookmark: _Toc39249748]Table 15: HT Leads, LE3 Jetronic 

[bookmark: _Toc39249691]HT Leads, Motronic 
	HTC lead 
	Data from book Ω
	Data collected from testing Ω

	1
	N/A
	19.65

	2
	N/A
	18.55

	3
	N/A
	15.25

	4
	N/A
	No reading


[bookmark: _Toc39249749]Table 16: HT Leads, Motronic
When numbering the HT leads the order goes
· 1 front of the engine 
· 4 rear of the engine 
Due to this as the numerical order of the leads increase the shorter the leads get; this is due to the distance from the spark to the amplifier decreasing. From the data collected it can be seen that as the length of the lead decrease so does the resistance of the leads, this is because as a lead’s length shortens so does its level of resistance (Heisler. 1999).
When testing lead 4 on the Motronic system no reading was recorded, this could be due to a break in the wire; one way of testing this would be to carry out a continuity test. This fault would cause one cylinder to not fire leading to a loss of power from the engine.  


[bookmark: _Toc39249692]Testing of ECU pins, LE3 Jetronic 
	Pins 
	Ignition on V

	Fuelling ECU
	

	1
	0.10

	2
	0.80

	3
	0.00

	4
	0.03

	5
	0.05

	8
	1.45

	10
	0.25

	12
	0.80

	14
	8.44

	15
	0.04

	Ignition ECU
	

	1
	0.05

	2
	0.05

	3
	0.80

	5
	0.10

	6
	0.07

	7
	2.27

	8
	1.65

	10
	0.05

	11
	0.05

	12
	0.10

	13
	0.23

	14
	8.53

	15
	0.26

	Amplifier 
	

	1
	1.00

	2
	0.03

	3
	1.00

	4
	0.23


[bookmark: _Toc39249750]Table 17: Testing of ECU pins, LE3 Jetronic 
Two tests were carried out on the pins of the ECU, these were with the ignition on and ignition off. When testing with ignition off there was no voltage measured from any of the pins, this is because the Jetronic ECU does not keep a live memory when the engine is switched off (Gibson. 6TH February).


[bookmark: _Toc39249693]Testing of ECU pins, Motronic
	Pins
	Ignition off V
	Ignition on V

	1
	0
	12.27

	2 (Earth)
	0
	0.03

	3
	0
	12.1

	4
	0
	9.8

	5
	0
	12.04

	6
	0
	11.35

	7 (Air flow)
	0
	0.31

	10 (Earth)
	0
	0

	12 (Air flow and Throttle potentiometer) 
	0
	5.06

	13
	0
	10.13

	14
	0
	0.02

	16 (Fuel injection) 
	0
	12.03

	17 (Fuel Injection)
	0
	12.03

	18
	12.4
	12.05

	19 (Earth)
	0
	0.02

	22
	0
	0.91

	24 (Earth)
	0
	0.03

	26 (Earth Via ECU and Air flow)
	0
	0.06

	27
	0
	12.17

	28 (Lambda)
	0
	0.45

	32
	0
	11.34

	36
	12.1
	0.3

	37
	0
	12.06

	40
	0
	0.06

	41
	0
	0.06

	42
	0
	0.03

	43
	N/A
	N/A

	44 (Air flow/ Throttle Potentiometer)
	0
	3.78

	45 (NTC 2) 
	0
	3.81

	46
	0
	5.06

	48
	0
	0.06

	49
	0
	0.1

	53 (Throttle Potentiometer)
	0
	0.63

	55
	0
	11.02


[bookmark: _Toc39249751]Table 18: Testing of ECU pins, Motronic
Two tests were carried out on the pins of the Motronic ECU, these were with the ignition on and ignition off. When testing with the ignition off there were two voltages recorded; these were on pins 18 and 36. Pin 18 and 36 relate to the ECU, power must stay supplied to these pins so the ECU is able to keep live memory and data stored. During this the rest of the pins recorded did not show a voltage.
With ignition on two points can be made:
· The ground pins for the various systems always show a voltage close to 0
· All the other pins show a voltage related to their use; these voltages can be seen as signals to the ECU conveying information; this has been looked at previously in the report.  For example. Pins 16 and 17 are the pins for the fuel injector valves; due to them being used they are showing a battery voltage. 
[bookmark: _Hlk38834432](Gibson. 6TH February)


[bookmark: _Hlk38829188][bookmark: _Toc39249694]Discussion 
Buy studying the two systems the following improvements can be made. These improvements have been chosen to be fitted to the Jetronic system, the changes made will improve the running condition of the engine and will help better the overall performance.
Use of a single ECU
· This will reduce the weight of the wiring loom 
· Allow the ECU to learn the drivers driving style 
· Have better control over the engine due to being able to monitor more sensors
· Produce better fuel usage and decrees the emissions leaving the engine
Lambda sensor 
· This will allow the ECU to calculate a better fuel mixture based off of the running conditions of the engine, this is done by monitoring the level of oxygen in the exhaust gas (Denso. 2014/2015).
Rotary idle valve
· By swapping the auxiliary air valve for a rotary idle valve it allows better control over the air going into the engine during idle and cold starting, this is because of the finer adjustments that can be made to the rotary air valve than the auxiliary (Toyota Technical Training. N.d; Toyota Motor Sales. N.d).
Mass airflow meter 
· Fitting a mass airflow meter allows the ECU to know the mass of air being drawn in to the engine. This works by using a thermistor to measure the temperature of the air entering in to the air intake. This setup uses a heated wire kept at a constant temperature, as air flow increases over the wire the temperature drops. When this happens, the current going to the wire increases allowing it to maintain its temperature, this is achieved by a Wheatstone bridge (Toyota Motor Sales. n.d.A).

[bookmark: _Toc39249695]
Conclusion 

From data collected the impacts of temperature on the engines is clearly shown, this can be seen in both the pin testing and in the scopes collected.
The NTC sensors placed around the engine are used by the ECU to help control fuel injection duration along with air intake, due to this the NTC has a massive part in helping control the engine during cold starts, sudden acceleration and idle. The impact that temperature has on the running of the engine is most apparent when looking at the injection on time. When testing the two system it can be seen how the running temperature of the engine affects the fuel injection duration. The data shows that as the engine starts from cold an increased injection duration is seen, this is to allow more fuel in to the combustion chamber. By doing this the engine is able to overcome condensational losses due to moisture in the combustion chamber, with the adding of more fuel in to the chamber it allows the engine to reach its operating temperature quicker there by reducing the level of pollution produced by the vehicle during an extended period of warm up. Systems like the Motronic that make use of a lambda sensor are able to engage in open and closed loop, this allows the engine to heat up quicker. All this can be seen when studying graphs 1 to 3, 17 to 20, 24 and 10, these graphs show the injection duration during different temperatures/speeds allowing the impacts of both to be seen clearly.
The impacts of engine temperature are further seen when looking at how both engines handle idle. Both systems use a form of idle control valve, with the Jetronic using an auxiliary air valve and the Motronic using a rotary air valve; between the two systems the impact of temperature during idle is best shown when looking at the rotary set up. The rotary idle valve works by rotating a valve to limit the quantity of air that enters into the combustion chamber, the position of the valve is dependent on the temperature of the engine. when testing this, the data collected shows how the ECU reacts to the increase in temperature and how this impacts the metering of air in to the combustion chamber during idle, this is shown when looking at table 2 and graph 14.
There are a number of differences that have been found during the testing of the two systems, the main ones being as follows. 
When looking at the ECU used on both systems a large difference can be seen. The Jetronic system uses pre-programmed settings to control the engine, due to this there is no need for the ECU to store live data; this means a voltage does not need to be supply to the ECU when ignition is off. Along with this the system makes use of two separate ECUs, one for fuelling and one for ignition. This differs from the Motronic system that is more reliant on the sensors fitted around the engine, because of this the ECU learns and adapts to the drivers driving style; the information from this is than stored in the ECU. This means that when the ignition is switched off a live feed must be supplied to the ECU so it is able to maintain its memory.
Gibson. 6TH February
The throttle position sensor used on the Jetronic tells the ECU when it is in one of three states, from this the Jetronic will default to one of its pre-programmed settings. This is due to the sensor being a switch, because of this it means that the sensor only has 3 positions that are recognised by the ECU (Pico Technology. n.d.A).  The Motronic system uses a throttle potentiometer, the ECU uses the changing voltage along with information from other sensors to alter the air/ fuel mixture injected in to the combustion chamber (this is shown when looking at graph 16, B). 

Control of Air during cold starting and idle varies between the two systems. The Jetronic system makes use of an Auxiliary air valve and a cold start valve to inshore that during cold starting the engine is able to get enough air and fuel in to the combustion chamber (Manger. 1982); these systems are controlled by the signals sent by the NTCs on the engine. The auxiliary air valve is also used during idle but is only efficient when the engine is at certain temperatures. During cold starting the Motronic system will default into open loop, this means the engine is able to reach max operating temperature quicker. During open loop the system will alter the amount of fuel injected in to the engine along with the use of a Rotary air valve to alter the amount of air, all this is controlled with the NTCs around the engine along with a lambda sensor; this means the control over the air and fuel is more accurate and results in better emissions.
The metering of air and fuel in to the combustion chamber is important to running the engine efficiently. The Jetronic system makes use of the crank position sensor and the temperature sensor to control the metering of the air and fuel. The Motronic system uses the same sensors as the Jetronic system with the only difference being it also makes use of the lambda sensor; this allows it to monitor the combustion process more accurately, allowing for a better combustion mixture to be calculated.
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