


Abstract
The following report will include research into two separate fuel and ignition systems, one being a LE3 system, which contains a fuel ECU and also a ignition ECU. The otber system is a LH2 motronics system which combines the fuel and ignition into one ECU to improve the fuel and ignition control. The results recorded during the testing will be discussed and inserted in tables, including labelled and unlabelled waveforms from both systems.
Explanations on what happens to the injection on-time during different stages as both engine increase from cold starting up to operating temperature. Both the fuelling and ignition will be explained with great detail, including the relevant components, sensors and actuaters within the engine control system.
Resistance checks will be made on components on both engines, including the manufacturers specification resistance and the resistance recorded during the testing. Graphs comparing the results of both results will be included in the appendix, this aill aid in displaying the difference between both system results.
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Introduction
Investigation and testing was done in a group of four students, the group would be responsible for carrying out the testing in a suitable and safe manner. The first system was a LE3 system that consist of an amplifier, a ECU controlling the fuelling and another ECU controlling the ignition. The results were recorded during the testing sessions, including print offs of the waveforms produced on the day. The results and waveforms will be analysed within the report, including labelled diagrams of the relevant waveforms.
The second engine tested was a later model, which was developed with a motronics system, which combines the ignition and fuelling ECU in to one ECU. This system would be more superior than the LE3 in terms of engine control. The measurements of voltage and resistance were recorded on the day, including print offs of the waveforms produced on the day, these results and waveforms will be analysed within the report, including labelled diagrams of the relevant waveforms.
Graphs would be made from the measurements of the injection on-time and the resistance change as the temperature of the engine increased. The graphs would be compared to give a better insight into the difference between the both systems. 
Both system can be further developed to improve the control available over the fuel and ignition, suggestions on ways to improve this will be explained, giving an in-depth explanation on what can be introduced into the system to improve the control, how the control will be improved, and why. 
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Methodology
LE3
The testing was done in a group of four members, the engine tested was a LE3 Vauxhall Nova 1.6 GTE. There were two test equipment’s used, a digital multi-meter and a Bosch diagnostic centre. The first step was to remove the dipstick and adjust the temperature probe from the Bosch diagnostic centre to the same length as the dipstick. The probe was inserted into the engine via the dipstick entry, therefore displaying the engine temperature on the monitor. The positive and negative battery clamps from the scope were connected to the battery of the LE3 engine.
 The purpose of the testing was to examine and record the change in resistance from the negative temperature coefficient 2 sensor (NTC2), the NTC2 is thermistor sensor made from a semiconductor material, the resistance of the sensor decreases as the temperature increases, as stated by (Hillier, 2014).
The change in voltage at pin 8 of the fuelling ECU was recorded and investigated by using the Bosch diagnostic scope, the probe was inserted into pin 8 projecting the voltage on the monitor. The change of the injection frequency measured at pin 3 of the fuelling ECU was measured by freezing the waveform produced and measuring the frequency to determine the injection on-time every 10oC increment. The results would be recorded at each 10℃ increments of the engine temperature until the engine operating temperature is reached. The operating temperature for the LE3 is 60℃ as the engine was manufactured without a catalytic convertor.
Voltage measurements were recorded from the amplifier and the fuelling and ignition ECU’s, measurements were record with the ignition off and ignition on. See (table 3 and 5). It was important to carry out the appropriate health and safety procedures in the workshop, boots and overalls were worn at all times, barrier cream was applied before beginning, ear plugs were available but not required and extractor pipes were attached to the exhaust outlets of the engines.
LH2 Motronic
The LH2 system has one ECU controlling both the fuel and ignition. The first task was to take voltage measurements using a multi-meter at each pin available on the LH2 ECU, the measurements were taken with the ignition off and then with the ignition on. See (table 6 and 7) in results.
The next step was to insert the temperature probe into the engine via the dipstick entry and take a reading of the current engine temperature, this was found to be 17.5oC. The probe from channel 1 of the scope was inserted into pin 16 of the motronic ECU to be able to examine the injection on time during cranking. The engine was the cranked and started, this produced a live data waveform displayed onto the screen of the scope, the scope was then paused capturing the waveform. The first cursor was then moved to the point at which the injector was grounded, and the second cursor was moved to the point the injector was ungrounded, this gave a measurement in the units of milliseconds for the period the injector was atomising the fuel. The measurement recorded during the cranking period was 28.2ms.
Voltage and resistance measurement were recorded at pin 44 (NTC 1), 45 (NTC2), 16 (Injectors), 4 (Rotary idle control valve), 5 (Evap solenoid), 28 (Lambda) at each 10oC increment of the engine temperature, however the voltage at pin 44 was only recorded at 20oC and 80oC. Pin 5 and 28 were only recorded up to the point that they switch on, this is because the EVAP solenoid would open once the engines rpm rises above its idle rpm, it would only be able to open when the predetermined engine temperature is reached. The lambda would also switch on once the required engine temperature is reached and would not switch off until the temperature decreases below this temperature.
The engine was idling erratically, which caused the injection on time to pulsate, this caused complications trying to capture and pause the live data during the testing. From the results table at 70oC the injector was recorded as being grounded for 3ms, however this was the result of a fault with an engine component which will be explained further into the report.
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(Figure 1 – Waveform produced from the LH2, displaying the potential voltage, back EMF and spark duration)
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(Figure 2 – Waveform produced from the LE3, displaying the primary ignition)
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The waveform displayed in (figure 1) was taken from the primary of the ignition coil of the LH2 system and (figure 2) was taken from the primary of the LE3. Potential voltage is a voltage supplied but not grounded, there is a potential voltage displayed in (figure 1 and 2), once the potential voltage is grounded the circuit completes and enters the dwell period before allowing the spark to commence. Before the spark happens, there is a back EMF, back EMF relates to Newton’s third law ‘for every action there is an equal and opposite reaction’. Lenz’s law is the magnetic corollary of Newtons third law, and Lenz’s law states ‘that whenever there is a change in magnetic field, and electric field is generated to oppose the change, this apposing change is the back EMF, as observed by (Schmitt, 2002)
The spark duration is measured from the point at which the back EMF ends, and the slope as shown in (figure 1 and 2) ends. The voltage recorded at the point of spark decreases due to the voltage being consumed to produce the spark, as the spark comes the end there is a slight voltage increase, which can be described as the spark giving ‘one last burst of energy’. Following the spark is the coil oscillation, there should be a minimum of four peaks, including upper and lower peaks. The waveform returns to the start of the cycle again providing a potential voltage, this process is repeated constantly whilst the engine remains running. 
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(Figure 3 – Waveform produced from the LH2, displaying the voltage of the secondary windings of the ignition coil)
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(Figure 4 – Waveform produced from the LE3, displaying the voltage of the secondary windings of the ignition coil)

The waveform in (figure 3) is displaying the ignition coils secondary voltage of the LH2 system and (figure 4) is displaying the secondary voltage from the LE3, the contact breakers points close and the dwell period follows.
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(Figure 5 – Waveform produced using 2 channels, displaying the supply from the ignition and the earth on the LH2)
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(Figure 6 – Waveform produced using 2 channels, displaying the supply and earth to the amplifier on the LE3)
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(Figure 7 – Waveform produced using 2 channels, on the LH2 system)
Pin 7 on the top of the 2 channel waveforms produced in (figure 7) shows the output signal from the MAF sensor on the top, the sensor is supplied a 5V reference supply from the ECU and the MAF sensor returns a voltage signal up to 4V back to ECU. The higher the voltage signal returned, the higher the air mass flow. Pin 53 on the bottom is the output from the throttle potentiometer, which is a variable resistance sensor and can alter the electrical potential. The sensor receives 5V from the ECU and returns a voltage signal back to the ECU giving information regarding the throttle angle, as observed by (Hillier, 2014). When the throttle is open fully the voltage return is at its highest, when the throttle is closed to its maximum the voltage return is at its lowest.
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(Figure 8 – Waveform produced using 2 channels. Displaying simultaneous injection on the LH2 system)
Simultaneous fuel injection actuates the injectors simultaneous into all cylinders twice during a full four stroke cycle, therefore pin 16 and pin 17 displays identical waveforms in (figure 8) 
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(Figure 9 – Waveform produced from the rotary idle valve at idle on the LH2 motronic system)
Pin 4 displayed on (figure 9) is showing the waveform from the rotary idle valve on the LH2 system, when the circuit is grounded the valve is opening, as you can see the valve is constantly adjusting to try and balance and control the idle speed of the engine.
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(Figure 10 – Waveform produced from the lambda sensor on the LH2 motronic system)
The lambda sensor waveform shown in (figure 10) is from the LH2 system, the sensor sends a voltage ranging from 0.2V to 0.8V to the ECU. This is constantly changing between 0.2v and 0.8V, the 0.2V represents a lean mixture and 0.8V represents a rich mixture. The lambda sensor operates in what is called a closed loop, this means that once the fuel has been burnt in the combustion chamber and the gases pass through the exhaust, the lambda sensor analyses the air/fuel ratio sending the voltage back to the ECU which allows the ECU to alter the amount of fuelling according to information received from the lambda sensor, based on the waveform the lambda sensor used on the LH2 system is a zirconia type as that operates in a 0.2V-0.8V amplitude, where as a Titania (titanium dioxide) sensor has a larger range and receives a 5V feed from the ECU and returns  around 4V, working on the same principal the ECU adjusts the fuelling based on the information received. Both system only switch on once the sensor is exposed to a predetermined temperature, the sensor is inoperative below 300oC, as stated by (Picoauto.com, 2018) 
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(Figure 11 – Waveform produced from the engine speed sensor on the LH2 motronic system)
From the waveform displayed in (figure 11) it shows that the LH2 has a magnetic crank sensor, also known as a variable reluctance sensor, this is known from the constant change in amplitude due to the change that is happening in the magnetic flux intensity. The crankshaft has a reluctor ring fitted to it which is a steel disc with cut out slots around the disc forming teeth around the disc, there would be one tooth missing to provide a reference point of where the engine cycle is, as stated by (Hillier, 2014) this information would be predetermined by the ECU. The crankshaft position sensor (speed sensor) would be mounted next to the reluctor disc allowing a small air gap between the ring and sensor. The sensor produces an increase in magnetic flux as the steel teeth pass the sensor leaving an air gap which increases the magnetic flux, when the sensor passes the reference point (missing tooth) the magnetic flux and the frequency is increased as shown in (figure 11), as confirmed by (Hillier, 2014). Based on this information received from the sensor to the ECU, the ignition can be advanced or retarded.
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(Figure 12 – Digitalised analogue signal waveform produced from the crank angle sensor (reluctant pulse generator) on the LE3 system)
The above waveform in (figure 12) is displaying the signal produced from the crankshaft sensor, the signal produced is a digitalised analogue signal, meaning that the signal received as an analogue signal and it has been converted into a digital form which allows the ECU to understand it.
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(Figure 13 –Waveform produced displaying the speed reference for the fuelling ECU on the LE3 system)
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(Figure 14 –Waveform produced displaying the primary and spark advance signal on the LE3 system)

Ignition on, engine not running – The injectors receive a voltage from the ECU, this is because the ECU is assuming that because the ignition is turned on that the engine will beginning to crank over next. The fuel pump also receives voltage and primes ready for the engine to be cranked.
Engine cranking when cold – The LE3 engine was cranked from cold at a temperature of 17.3℃ and produced a waveform on the scope, the scope was then stopped to capture the waveform. With the waveform now displayed on the scope it was possible to drag the cursor to measure the duration the injector was grounded during the initial point of cranking, this was found to be 51ms. It was also possible to use the cursor to measure the duration of fuelling and cranking until the engine began to start, this was found to be 400ms and a further 200ms until the engine had fully started.
Engine warm up – during the warm up phase the fuel injection frequency would be longer and gradually decrease as the engine temperature rises until operating temperature is reached, as confirmed by (Hillier, 2014). The outcome of atomising more fuel into the cylinders allows a richer burn to take place, this increases the temperature within the cylinders which allows the engine operating temperature to be reached quicker.
Acceleration – When the engine is accelerating the throttle is snapped open causing the fuel injection frequency to increase, this happens because the ECU recognises that the throttle has opened all the way and to prevent the air/fuel ratio to become lean due to an increase in air mass, the ECU assumes that acceleration is happening therefore the amount of fuel flow is increased by allowing the injectors to open more frequently, increasing the frequency of fuel atomising into the cylinder. See (figure 15 and 16) below.
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(Figure 15 – Waveform produced from pin 16 of the LH2 displaying the frequency of the injectors grounding and injecting while acceleration is happening)
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(Figure 16 – Waveform produced from pin 3 of the LE3 displaying the frequency of the injectors grounding and injecting while acceleration is happening)
Deceleration – During deceleration the injection on-time reduces, if the throttle is closed and the engine speed is above idle then the injectors would not atomise any fuel into the cylinder. This is calculated and determined by the ECU, dependant on the information received from the throttle position sensor to confirm that the throttle is closed and the crankshaft position sensor to confirm that the engine speed is above idle, the benefits of this is to reduced fuel consumption and emissions with unnecessary actuation of the injectors. See (figure 17 and 18) below for the waveforms produced on both systems during deceleration.
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(Figure 17 – Waveform produced from pin 16 of the LH2 displaying the frequency of the injectors grounding and injecting while deceleration is happening)
[image: ]
(Figure 18– Waveform produced from pin 3 of the LE3 displaying the frequency of the injectors grounding and injecting while deceleration is happening)










Idle speed at engine operating temperature – When the engine operating temperature is reached the injection on time during idle would be at its least, apart from when the vehicle is decelerating, also the frequency decreases, as displayed in (figure 19 and 20).
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(Figure 19 – Waveform produced from pin 16 of the LH2 displaying the frequency of the injectors grounding and injecting at idle with operating temperature reached)
[image: ]
(Figure 20 – Waveform produced from pin 3 of the LE3 displaying the frequency of the injectors grounding and injecting at idle with operating temperature reached)







Results
[bookmark: _Hlk511757468](Table 1 – Results obtained from live testing of the LE3 system)
	Engine Temperature (℃)
	NTC2 resistance (Ω)
	Pin 8 voltage   (V)
	Pin 3 Injector on-time (milliseconds)

	20
	1822
	1.5
	4.7

	30
	1047
	1.1
	3.3

	40
	749
	0.8
	3.2

	50
	538
	0.6
	2.9

	60
	401
	0.6
	2.7

	65
	552
	0.6
	2.5



The voltage results recorded from cold starting up to operating temperature is above in (table 1). The resistance of the NTC2 decreases significantly as the temperature increases, beginning at 1822 ohms at 20oC and decreasing to 401 ohms at operating temperature. However, the fan comes on once operating temperature is increased causing the resistance to increase up to 552 ohms. The voltage from pin 8 of the ignition ECU decreases as the engine temperature increases, and the injection on-time at pin 3 of the fuelling ECU also decreases. The injection on-time is at its largest when the engine is at its coldest, this is to increase the temperature up to operating temperature as quickly as possible by providing a richer burn within the combustion chamber.
(Table 2 –Amplifier pin number description from the LE3 system)
	Amplifier

	Pin 1
	Primary

	Pin 2
	Earth

	Pin 3
	Supply, ignition live

	Pin 4
	Spark advance signal



(Table 3 – Voltage results obtained from the amplifier during the live testing of the LE3 system)
	
	AMPLIFIER

	Pin #
	Ignition OFF
	Ignition ON

	1
	0
	12.23

	2
	0
	0.02

	3
	0
	12.2

	4
	0
	0.18



Above in (table 3) is the recordings of the voltage found at the amplifier, no voltage was found on all pins when the ignition was off, as there is no permanent live supplied. There was battery voltage found at pin 1 which is the primary, and pin 3 which is the ignition live supply. There was also battery voltage found at pin 2 and 12 of the fuel ECU, one pin is the supply to the fuel pump and the other is the earth return of the fuel pump.
 Displayed below in (table 4) is a brief description of what the pin numbers represent for the amplifier, fuel ECU and the ignition ECU.
(Table 4 –Fuel and ignition ECU pin number description from the LE3 system)
	Pin #
	Fuel ECU
	Ignition ECU

	1
	Signal to/from ignition ECU
	Earth

	2
	Fuel pump
	NTC2 (water) output signal

	3
	Injectors
	Supply, ignition live

	4
	Earth
	n/a

	5
	Speed reference
	Signal to/from fuel ECU

	6
	n/a
	Throttle switch

	7
	n/a
	NTC2 (water) return signal

	8
	NTC2 (oil)
	Octane switch

	9
	n/a
	n/a

	10
	Signal to/from ignition ECU
	Octane switch

	11
	n/a
	Crank angle sensor

	12
	Fuel pump
	Crank angle sensor signal

	13
	n/a
	Spark advance from amplifier pin 4

	14
	Throttle switch
	Throttle switch

	15
	Throttle switch
	Signal to/from fuel ECU




(Table 5 – Voltage results obtained from the Fuel and ignition ECU during the live testing of the LE3 system)
	
	IGNITION ECU
	FUEL ECU

	Pin #
	Ignition OFF
	Ignition ON
	Ignition OFF
	Ignition ON

	1
	0
	0.07
	0
	0.32

	2
	0
	0.17
	0
	12.3

	3
	0
	12.24
	0
	0

	4
	n/a
	n/a
	0
	0.02

	5
	0
	0.19
	0
	0.03

	6
	0
	0.02
	n/a
	n/a

	7
	0
	1.32
	n/a
	n/a

	8
	0
	1.2
	0
	0.82

	9
	n/a
	n/a
	n/a
	n/a

	10
	0
	0.18
	0
	0.15

	11
	0
	0.12
	n/a
	n/a

	12
	0
	0.18
	0
	12.35

	13
	0
	0.26
	n/a
	n/a

	14
	0
	5.01
	0
	5.02

	15
	0
	0.16
	0
	0.02



Above in (table 5) there was no voltage found at all the pins when the ignition is off, this is because there is no permanent live supplied to the either ECU. When the ignition was on there was battery voltage supplied to the ignition ECU at pin 3 which is the ignition live supply, and there is a 5V supply to pin 14 (throttle switch) of the fuel and ignition ECU. Pin 2 of the fuel ECU received battery voltage as it was the output from NTC2, and pin 12 was showing battery voltage as that was the crank angle sensor, this required voltage to receive the crank position prior to cranking.
Resistance checks of components of the LE3
	Component
	Manufacturer specification (ohms)
	Recorded value (ohms)

	Throttle switch (closed) terminal 2 & 18
	0
	0

	Throttle switch (closed) terminal 3 & 18
	Infinity
	Infinity

	Auxiliary air valve
	40
	46.5

	Injector valves
	15-17
	15.8

	Kettering coil (primary windings)
	/
	1

	Kettering coil (secondary windings)
	/
	7450

	HT lead 1
	/
	8560

	HT lead 2
	/
	8560

	HT lead 3
	/
	7460

	HT lead 4
	/
	5070



(Table 6 – Voltage results obtained from the LH2 ECU during the live testing of the system)
	LH2 Motronic System

	Pin#
	Ignition OFF
	Ignition ON

	1
	0
	12.31

	2
	0
	0.03

	3
	0
	12.20

	4
	0
	9.85

	5
	0
	12.18

	6
	0
	11.48

	7
	0
	0.31

	10
	0
	0

	12
	0
	5.07

	13
	0
	10.23

	14
	0
	0.02

	16
	0
	12.18

	17
	0
	12.18

	18
	12.54
	12.16

	19
	0
	0.02

	22
	0
	0.91

	24
	0
	0.03

	26
	0
	0.05

	27
	0
	12.28

	28
	0
	0.46

	32
	0
	11.46

	36
	12.21
	0.28

	37
	0
	12.18

	40
	0
	0.05

	41
	0
	0.05

	42
	0
	0.03

	44
	0
	3.70

	45
	0
	3.70

	46
	0
	5.07

	48
	0
	0.05

	49
	0
	0.09

	53
	0
	0.62

	55
	0
	11.15



Above in (table 6) is the voltage recordings, when the ignition was off there was battery voltage at pin 18 and 36. Pin 18 has a permanent live supply, this is supplied to keep stored memory alive, this includes fault codes. Pin 36 is part of the control circuit for the electrical supply to the auxiliaries and the ECU. Once the ignition is on, there is an equal voltage supply to pin 16 and 17, pin 16 supplies the voltage to two injectors and pin 17 supplies to the other two injectors, this happens when the ignition is turned on, so the voltage is ready when the engine begins to crank. Pin 1 has battery voltage also because it goes to the negative side of the ignition coil for the same reason as pin 16 and 17. Pin 3 receives battery voltage because it is a supply to the control circuit of the fuel pump, pin 5 (pulsed side of tank vent valve) receives battery voltage and pin 6 does.
Pin 12 shows 5V, this is supplied to the air flow meter and the throttle potentiometer, only 5V is supplied as they are sensors that are fed 5V and return up to 4V to the ECU to determine load and throttle angle position. Pin 13 is a voltage supply to the diagnostic socket, pin 27 is the ignition feed and shows battery voltage, pin 32 receives a voltage as it is the output to the on-board computer displayed inside the vehicle for the driver, and pin 37 is the voltage supply to the ECU and on-board computer also. Pin 44 and 45 shows 3.7V because it is the output from NTC1 and NTC2. Pin 46 has 5V because it is the octane switch and works like the air flow meter and throttle potentiometer. Pin 55 is the earth return form the diagnostic socket.
(Table 7 – Results obtained from live testing of the LH2 system)
	Engine temperature (oC)
	NTC1 (Ω)
	NTC2 (V)
	Injector on-time (ms)
	Idle control valve%
	Evap solenoid
	Lambda
	NTC1 (V)

	20
	1442
	3
	3.5
	45
	OFF
	OFF
	3.8

	30
	1090
	2.6
	3.3
	43
	OFF
	OFF
	-

	40
	712
	2.1
	3
	43
	OFF
	ON
	-

	50
	472
	1.7
	2.8
	42
	ON
	-
	-

	60
	354
	1.4
	2.8
	42
	-
	-
	-

	70
	264
	1.1
	3
	44
	-
	-
	-

	80
	246
	0.8
	2.7
	45
	-
	-
	3.7



Above in (table 7) is the results recorded from the LH2 system. Like the NTC2 on the LE3 system, the resistance of NTC1 decreases as the engine temperature increases, the resistance starts at 1442 ohms at 20oC and decreases to 246 ohms until operating temperature is reached at 80oC. The voltage from the NTC2 also decreases from 3V to 0.8V at operating temperature, the injection on time also decreases from 3.5ms to 2.7ms, which displays there is only a 0.8ms change from cold starting to full operating temperature, where the LE3 began at 4.7V and decreased by a whole 2ms at 60oC.
 However, at 70oC the injection on time increases to 3ms, it was found that the engine was not idling smoothly causing the injection on time to constantly change and difficult to freezeframe the scope. The idle control valve at cold start is open 45% and only closes by a difference of 3% once 50oC is reached, this is because the engine is up to temperature and does not require the idle control valve to aid in the flow of air into the combustion chamber.
The EVAP solenoid switches on at 50oC, the EVAP system consists of a charcoal canister, a fuel tank vent line, purge solenoid valve and a purge valve line leading to the intake manifold. The fuel vapour produced in the fuel tank vents to the charcoal canister via the fuel tank vent line, this is to prevent the vapour from entering the atmosphere from the fuel tank. The purge solenoid valve actuates allowing the stored vapour to be vacuumed via the purge line to the intake manifold, as explained by (Aa1car.com, 2018)
 The lambda sensor switches on once the engine temperature reaches 40oC, the ECU is now receiving the lambda reading, and can alter the fuelling according to the air/fuel ratio found at the lambda sensor.
Resistance checks of components of the LH2
	Component
	Manufacturer specification (ohms)
	Recorded value (ohms)

	Throttle potentiometer (open)
	1900-2000
	2540

	Throttle potentiometer (closed)
	1000-2000
	2000

	Airflow sensor terminal 4 & 2
	8-2500
	329

	Airflow sensor terminal 4 & 3
	300-550
	536

	Air temperature sensor (cold engine)
	1500-3300
	2690

	Air temperature sensor (80oC)
	280-360
	246

	Idle speed control valve (ignition off)
	8
	8

	Injector valves (all 4 injectors)
	15-17
	16 on all

	HT lead 1
	/
	1900

	HT lead 2
	/
	1750

	HT lead 3
	/
	1500

	HT lead 4
	/
	2140

	King lead
	/
	Overload

	Primary windings
	/
	0.6

	Secondary windings
	/
	7720



The king lead showed ‘OL’ on the multi-meter, showing that there is a maximum resistance, indicating the lead could be broken. Replacement of the lead is required.

LE3 improvements
Replacing the air volume sensor currently fitted to the system with an air mass meter, the volume flap-type sensor is no longer in production due to the lack of air flow within supplied the intake manifold due to restrictions, as observed by (Hillier, 2014). The air flow volume sensor would be replaced by an air mass flow meter, this eliminate the requirement to convert the air volume into an air mass reading and improves the control and accuracy of the air entering the intake manifold and the accuracy of the required fuel to be atomised by the injectors.
The hot film air mass meter has an advantage over the hot wire air mass meter as it is not prone to contamination because the elements are made from ceramic aluminium oxide substrate, with a platinum film resistor. The hot wire system operates a burn off period one second after the ignition is turned off, heating the hot wire up to a temperature of 1000oC to burn off any contamination, this causes damage over time to the sensor, as acknowledged by (Hillier, 2014). Based on that information the decision of replacing the current air volume sensor with a hot film air mass meter is confirmed.
The hot film air mass meter works by providing a resistor with an electrical current, heating the resistor up to a constant temperature. As the air flow passes the resistor the temperature naturally attempts to decrease, however more current is supplied to it to maintain the constant temperature. This is monitored by the ECU and based on the amount of current required to maintain the temperature, the ECU determines the amount of air mass entering the intake manifold by a pre-installed (table) within the ECU.
The second improvement that can be made to the LE3 to improve the control is to fit a catalytic convertor which is made from ceramic with a metal catalyst, the internal can be made from platinum, rhodium and or even palladium, as stated by (Hillier, 2014)   equipped with a pre and post cat lambda sensors to control the emissions and fuelling. The pre-cat lambda sensor will be fitted before the catalytic convertor and the post-cat lambda sensor will be situated after the catalytic convertor. 
Both sensors are monitored by the ECU, the post-cat sensor is compared to the pre-cat sensor, which determines the effectiveness of the catalytic convertor converting the harmful emissions that are emitted out the exhaust, as expressed by (Hillier, 2014). The lambda sensor is constantly sending a signal to the ECU, trying to achieve a stoichiometric ratio of 14.7 parts air to 1-part fuel (14.7:1). Based on the air/fuel ratio at that current time, the ECU is constantly altering the amount of fuel inputted into the combustion chamber to either increase or decrease the air/fuel ratio to achieve the cleanest burn possible, this decreases the amount of unburnt fuel and emission leaving the chamber, as stated by (Hillier, 2014)

LH2 motronics improvements
The LH2 engine currently operates a simultaneous fuel injection, replacing with a sequential fuel injection system would improve the control of the combustion, control over the fuel, increasing performance, fuel efficiency and emission. Sequential injection actuates each injector for all cylinders separately in the firing order provided for that engine, each cylinder receives only one injection per cycle as opposed to two injections with the simultaneous injection system.
The second improvement that can be fitted to the engine to improve control is a coil on plug direct ignition system, it has the advantage of removing the need of HT leads which are prone to short circuiting, leakage due to damp operating conditions, radio and tv interference due to operating in AC current. Each cylinder would have its own coil on plug, each with their own primary circuit built into the unit which would be controlled by the ECU, the ECU has the control of switching the primary circuit with the use of an ignition amplifier which would usually be located within the ECU, as confirmed by (Hillier, 2014). 
Conclusion
The conclusion is that the LH2 motronics system is more superior at controlling the ignition and fuelling because it has merged the both together in one ECU, where the LE3 has one ECU controlling the ignition and one controlling the fuel. The components on the LH2 provides more control compared to the LE3, this consists of the rotary idle valve compared to the auxiliary air valve on the LE3. The LH2 has a lambda sensor that is monitored by the ECU and can adjust the fuelling based on the readings given by the sensor, the LE3 has no lambda sensor. The LH2 was fitted with an air mass meter, supplying the ECU with information on the amount of air mass entering the manifold, the LE3 had an air volume sensor, and does not provide an air mass reading without converting the volume to mass.
The engine on the LH2 was idling a little erratically, it is believed that the king lead infinity resistance may be the cause of this, causing difficulty to accurately measure the injection on-time. If the engine tested had no faults at all then the results may have altered and the 3ms of injection on-time recorded at 70oC may have been more accurate at 2.8/2.7ms.
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Appendix
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(Figure 21 – Graph of NTC2 showing the decrease in resistance as temperature increases from the LE3 system)
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(Figure 22 – Graph of the injection on-time, showing the decrease in injection duration as temperature increases from the LE3 system)
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(Figure 23 – Graph of NTC1 showing the decrease in resistance as temperature increases from the LH2 motronic system)
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(Figure 24 – Graph of NTC2 showing the decrease in voltage as temperature increases from the LH2 motronic system)
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(Figure 25 – Graph of the injection on-time, showing the decrease in injection duration as temperature increases from the LH2 system)
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(Figure 26 – Graph of the injection on-time, showing the decrease in injection duration as temperature increases from the LE3 and the LH2 system)

As seen in (figure 26) it is visibly showing that the LE3 provides a largest injection on-time once the engine is started from cold, but as the engine increase to 30oC and above the injection on-time is more like the LH2 system.
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By using the Insert Caption option under the Reference Tab in Microsoft Word, it means you are able
to cross reference to the figure, Figure 4-1, within the main body of the report and also produced a
table of figures if required. For the label, it is acceptable to use either Figure 1 or Fig 1.

Table 4-1- Vehicle data for o selection of models (Bauer Consumer Media Limited, 2017)

Make of | Model of | Engine | 0-60mph | Combined Fuel
Ve Vehicle | size (cc) | _(secs) use (mpg)
Ford | Fiesta 1399|144 67

Peugeot | 208 1308|131 74

Renault_| Clio 161|187 62

W Polo w2 |15 83

Again, it is wise to use the Insert caption option to enable cross referencing and the production of a
table of tables. Any tables or graphs that are included within a report, most include units and
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