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2. Introduction
Electronic ignitions is a system used to ensure that the engine receives a spark inside the engine at the correct time. A electrode or in this case the spark play is used as a sacrificial electrode which has 20,000+ volts running through it generating a spark at the correct time. A electronic control unit or ECU is used to control the timing of the spark by using speed reference information which is inputted in the ECU where a Kettering coil is triggered to build charge and spark.
Fuel injection is used on all road vehicle no matter if it s petrol or diesel.  The different is the location of the injector.  Diesel is often direct injection where the petrol is injected just after the valves.  A injection system also ensure that the ECU times when to inject atomised fuel into the engine. This system ensures that the fuel is timed correctly in line with the ignition system.
Testing and analysing two different engine systems to identify the strengths and weaknesses. Using dedicate test equipment. This is used to identify the start-up and warm up procedures of each system and its particular traits.  This equipment is also used to test the individual parts in the system to ensure all the components are working correctly. Using the gathered knowledge to identify strengths and weaknesses and to create informed improvement to a selected system.
Engine testing is vital to have a understanding of a system so that improvements and a understanding can be identified. 
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3. Literature review
“There are two types of reciprocating engines depending on the fuel uses: these engines are petrol and diesel. Both of these types of engines share many similar operations and components, but the main fundamental differences are in the way the fuel is delivered, ignited and burnt to provide power.” Hillier, V. (2012). hilliers fundamentals of motor vehicle technology. 6th ed. Oxford: Oxford University, p.31.























4. Equipment
Multi-meter 
A multi-meter is vital the test the voltages of each wire on the ecu.  This is to ensure that each wire on the ecu is outputting the correct voltage and working correctly.  For example certain wires output different voltages like the NTC 2 where the voltage increases and decreases depending on the temperature.  Multi-meters have many different functions but are not used in the testing.  These functions are; continuity, resistance and amps.
A multi-meter is used in this experiment because of its portability and versatility between many different functions.  It incorporates a digital screen to display up to 4 decimal places to ensure accuracy when measuring components.  An analogue multi-meter can be used in this experiment but isn’t as accurate as a digital meter.
Bosch Engine Diagnostic System
The Bosch engine diagnostic system is used to analyse different components and systems on the engine. This machine incorporates universal oscilloscope, ignition oscilloscope and a signal generator signal generator.  In this experiment, the fuel, ignition and crank timing were analysed to ensure that each sensor is working to standard.  The versatility of this machine allows for many different functions to be analysed without changing equipment. The systems especially checks the ecu to ensure that particular signals are being transmitted and received.  The most used program in the system is the oscilloscope which create waveforms of different components up to 50Ms/s for two channels.
 This machine is mainly used due to the amount of testing functions allowing the used to test a multitude of functions without changing a piece of equipment potentially making the experiment void. The accuracy ensures correct measurement to be recorded which helps understand a certain system. Comparing this modern Bosch system to the Sun engine diagnostic system, the sun has basic functions and I quite limited to systems it can test. 
Health and safety
When working in any workshop there are particular health and safety precautions that need to be taken into account. This is to ensure that all persons are not harmed in any way by dangerous equipment.  The main health and safety precaution used is personal protective equipment or PPE for short. This is equipment that will protect the user against any health or safety risk.  In this particular workshop certain pieces of equipment is used. Equipment used is as follows: steel toe caps and lab coat. This is to ensure that the toes are protected against any heavy pieces of equipment falling ton their toes.  The lad coat ensures that all loos pieces of clothing like ties or loos clothes is tucked in.  This ensures that no one is pulled into the machinery.  
When working with running engines, exhaust gasses are expelled out of the exhaust, Extractors are used to take the toxic gases are expelled outside.  Gasses are often odourless and could cause asphyxiation or poisoning. Opening the door also ensure that the room is well ventilated.  Machinery used have hot and moving parts around different areas. This can cause burns and injury so all exposed areas are covered with guards.
5. Research

Bosch LE3 engine
The Bosch LE3 engine is a simplistic design incorporating many basic engine management systems. This system was used between the years of 1983-1991.  This system incorporates a multipoint injection system which uses separate injector to Inject fuel directly into the intake at each individual cylinder. For its time was advanced because years before used a carb or a single injector in the throttle body which was inefficient. Leading to incomplete fuel combustion. 
Air flow sensor was also the most basic system incorporating a flap to determine the amount of air flow. As air is drawn in by the engine a, the air flow forces the flap move which is counteracting a return spring. There is a form of potentiometer which corresponds a certain angle of the flap in relation to the amount of air supplied into the engine.   This changes mad depending on the air flow to maintain a certain equilibrium.  One main disadvantage to this system is the oscillation from the engine from the strokes of the engine.  This can cause irregularities in the system causing false readings.  To counteract this issue, a “compensation” flap is added. The pressure oscillations have the same effect on the two flaps which cancel each other out. 
A throttle switch is used in this system to alert the ecu what position the throttle is located. There are two positions of the switch is “full throttle” which is to alert the ecu that there is full load.  The “idle switch” indicating that the engine idling. 
 
Bosch Motronic 4.1 Engine
The Bosch Motronic 4.1 is an engine manage system that was used between the years 1987-1990. This system was mainly used on Vauxhall/Opel engines but also was used on alfa Romeo and come Peugeots and Citroen. This engine features a fuel enrichment using cold staring which is achieved by adjusting the timing adjustment on the injectors.  This means that and cold start injector is required.  The Motronic system don’t have a knock sensor for timing adjustment but timing and fuel map could be adjusted using a calibrated resistor in the form of a octane plug. This is to ensure that the engine has the correct map for the fuel used. 
The injectors incorporated a single injector output resulting in all injectors firing simultaneously once every revolution. This means to counteract over fuelling, the fuel system injects half the fuel per every revolution. This lead to the excess fuel injected on the back of the valve





ECU
An Electronic Control unit or ECU for is the main computer system that controls a number of modals inside a vehicle. These systems can ranges from the engine to the lights and has to be functioning faultlessly. Without the ECU the engine would work properly at all so ensuring the ECU is developing with the times is very important in car manufacturing. The ECU is just like a computer taking in information and creating outcomes. Typical ECUs often consists of a 8-bit microprocessor, RAM, Rom and input interface/ output interface.  Majority if ECUs control the fuel injection system, ignitions timing, and idle speed control system bases on the information from the input sensors. These sensors. As safety equipment is developed every day, ECUs is obtain the brains in the operation. This is due to different systems like the air bags which is vital to keeping the occupants of the vehicle safe. 




















6. Methodology
LE3
The Le3 goes through a series of testing to ensure all of the functions and sensors perform accurately and efficiently.  Using Different testing techniques to test the LE3 system. 
Testing the operation of the NTC 2 and injector on time.
First the Bosch diagnostic machine is setup with different sensors to ensure accuracy. The battery is connected to the rig and battery voltage is measured. Temperature is recorded using an oil probe which is inserted into the dipstick tube and directly into the oil to ensure an accurate engine temperature reading. Pin no.12 needs to be identified and connected to ensure that the diagnostic has a speed reference of the engine. 
NTC 2 is a coolant temperature sensor which works by alternating the resistance and intern changes the voltage accordingly.  To test NTC2, the wire from the sensor is traced to the ecu which is deemed to be pin no.8.
Starting from 20° while the engine is running the injection on time is analysed by the diagnostic machine on pin no.3 to identify how long the injectors pulsed for. The engine is then switched off and Pin No.8 is checked for ohms and voltage. And is all recorded into a table.  
This procedure is then repeated every 10° until a maximum of 70° reached. This is when the fan is switched on and the engine experiences load.  As the temperature increases, the injection on time should decrease. 
Testing the ecu
Once the temperature and injectors are tested. Static tests of the engine can be done. On each ecu each pin needs to be probed to identify the voltages with ignition on and off.
Starting with the fuel ecu, each pin is tested using the multi-meter.  The negative lead is connected to the negative terminal on the battery and with the ignition off, each pin is tested and recorded.  The ignition is then turned on and each pin is tested for a voltage.  The same procedure is carried out on the ignition ecu.  Pins are tested and recorded with ignition on and ignition off. This is to identify if the two ECUs are getting the correct voltage when powered. 
Checking the resistance of the HT-Leads 
The Multi-meter is then used to measure resistance of each HT-lead. Starting from sparkplug one, the HT-lead is removed and the multi meter leads are inserted and ensured the ohm setting is selected. Measure and record the findings and repeat steps for the remainder of the HT-leads.  The king lead would also be checked and recorded. 



Checking the resistance of the Kettering coil 
Once the resistance of the HT-leads are completed and recorded, the ignition coil needs to be checked for resistance.  Starting with the primary coil, test the tow terminals on positive and negative of the coil. A resistance should be visible and should be recorded. The secondary coil is then tested by inserting the lead into the top of the coil tower and to the positive side of the coil.  This will also give a resistance but is higher than the secondary.
Testing the resistance of the injectors 
The injectors are checks using the multi-meter for resistance. First pull off the wire from the injector and probe the two connections using the multi-meter and measure the resistance. This can be check in the Vauxhall maintenance book to ensure that the injectors are in tolerance and in working order. A good working injector has a resistance between 15-17ohms.
Testing the Auxiliary air valve
There is a multiple ways of testing the auxiliary air valve. One method the to test the general operation is when the engine is cold and the engine is running, if the air hose is squeezed, the engine speed should drop significantly.  The more accurate method is to test the resistance. Remove the electrical plug and probe the terminals with a multi-meter and ensure the meter is set to resistance. Compare the reading to the specification in the Vauxhall auto data book. The resistance should read 40ohms.
Testing the throttle switch.
The throttle switch has two main operating positions which are fully open throttle or fully closed. To test the switch, the electrical connecter needs to be removed. With the throttle fully closed. Probe connector 2 &18 and identify the resistance and compare with the specification which is 0 ohms is meaning the switch is closed.  Still with the closed throttle, probe connectors 3&18 and compare reading with the specification which is infinite.  An infinite reading means that there is an infinite amount of resistance between the two conductors meaning that the switch is open. 







Motronic
There were a multitude of sensors measured in the Motronic system, first of which the testing 5 main function of the warm up phase which are the NTC2, injector on time, rotary idol control valve, charcoal canister and lambda.  Each of these sensors and outputs needs to be measured individually as the engine warms up. 
Setup
 The Bosch diagnostic machine is first set up for the engine. The battery connectors is connected to ensure that there is adequate voltage and to ensure accuracy in the results.  An oil probe is inserted into the dipstick tube so that the engine temperature has an accurate measurement.  The electrical probes are then setup to get ready to measure different components
Cold Crank
Before the engine undergoes analysis of the warm up phase, the cold cranking injection on time needs to be identified.  Ensure the engine is cold, measure and record the internal temperature of the engine. Pin no.16 needs to be identified and measured using the scope probe. The diagnostic machine should be ready and the engine is cranked for a millisecond. An injection waveform should appear and should be paused on the machine.  The waveform can be measured the get an understanding of how long the injector was on for and the result can be recorded.
Measuring and understanding the warm up phase
The warm up phase is vital to ensure that the engine runs properly when the engine warms up to operating temperature. Different sensors and outputs and recorded every 10° interval to ensure an accurate understanding of the system at each point.  First the engine is brought up to 20°and on pin no.45 of the ecu, the resistance and voltage is monitored using a multi-meter.  Injector on time is then measured using the scope by accessing pin no.16 and monitoring the wavelength and pausing it to gain an accurate measurement.  The rotary control valve is next to be tested. By accessing pin no.4 using the same scope, the waveform is monitored and paused, also to ensure an accurate reading. 
The charcoal canister is different from the other sensor.  This is due to fact that there isn’t particular scope reading but there is a wake pattern change. This change can be seen at higher temperatures which indicates that the charcoal canister has activated.  Using the scope, identify and test pin no. 5 and compare the scope pattern to the auto data book to identify if the canister has activated.
Similar to the charcoal canister, the lambda doesn’t have a measurable wake pattern but dose have a certain wave pattern to indicate if the lambda has activated.  To analyse lambda, locate and measure pin no. 28 to identify if the lambda has activated using the auto data book as a reference.  Lambda only activates at a high temperature so wave pattern shouldn’t indicate lambda signals. (Bosch, 2011)



Measuring air temp sensor
Air temperature is vital to ensure that the engine understands the loads applied on it. Pin no.44 which is the air temperature sensor is measured using the multi-meter for voltage. Once the engine reaches 20° the voltage should be measured.  The voltage should be monitored and recorded again once the engine temperature reached 80°.
Testing Throttle Potentiometer
The throttle has a potentiometer to tell the ecu what the throttle position is. This allowed the map to be altered depending on the throttle position. The purpose of testing the potentiometer it to ensure that the component is functioning correctly.  To test the potentiometer, the plug is removed and pins no.1&2 get tested using the multi-meter on the resistance setting ensuring that the throttle is closed. Compare the reading to the auto data book to ensure correct operation.  Pin no1&3 will also be tested with the throttle closed. Results can be compared to the auto data book to also ensure correct operation. 
Testing Air Flow Sensor
The air flow analyses the amount of air that’s entering the engine to ensure that the correct air to fuel mixture stays consistent. To test the sensor, the connector needs to be removes and using the multi-meter on resistance setting, pins 4&2 should be within tolerance cross referencing the auto data book. The same procedure should be repeated for pins 4&3 and Pins 4&1 also checking that it’s between tolerances.  If the components isn’t within tolerance then the engine would resort to a safe map assuming that a fix amount of air flow is entering the engine. 
Testing Coolant temperature sensor 
The coolant temperature sensor or NTC2 is essential to the choosing the engine map. Without this certain parameters may be off. There is a basic procedure for testing the sensor. First the connector is removed and by using a multi meter the resistance is checked between the two terminals. At different temperatures require a certain resistance so when testing the sensor match the engine temperature with the specification that’s in the auto data book. 
Testing the air temperature sensor
The air temperature sensor also plays a factor in the map so it needs to function correctly.  To test the sensor first the connector needs to be removed and the multi-meter is needed to test the resistance of the terminals. Like NTC2 the corresponding temperature produces a certain resistance and should be crossed referenced with the auto data specified tolerance.
Testing the idle control valve. 
The idle control valves lets in air where necessary when idling, this ensure that the engine maintains a certain rpm when idle. This valve can be tested to endure correct operation. To test the valve the connecter needs to be removed and the resistance checked using the multi-meter. The resistance needs to be checked with the auto data resistance tolerance. 

Testing Injector valves
Injectors is essential a solenoid valve and is controlled by an electrical signal.  The coil can eventually wear down and operation limited. By removing each connector of the injector, the resistance can be checked to ensure that the coil is still functioning, Check each injector one at a time and resistance compared to the auto data specified tolerance. 
Testing the Kettering coil 
The Kettering coil is essential for the spark plugs to generate an adequate spar. The coil composes with two separate coils, a primary and secondary.  12V is sent to the primary could which increases the voltage to 20,000+ volts through the secondary coil. This is needed to ensure a clean spark for ignition of the fuel. These coil can determinate and increase resistance which causes reduced voltage or excess heat.  To test the primary coil resistance is checked between the positive and negative terminals. This resistance is checked to be within tolerance. The secondary could is checked by checking resistance between the positive and the central tower of the coil and is also check to be within tolerance. 
Testing HT leads
To enable the Kettering coil to send the 20,000+ volts to the sparkplugs, the HT leads transfer this energy. This means that resistance needs to be kept to a minimum to maximise efficiency and to reduce an increase of heat.  The HT leads experience resistance differences because the length of the leads creates more or less resistance. For example a longer lead had a higher resistance than a shorter lead.  Using a multi-meter, the resistance can be identified and compared to the auto data tolerance.







7 . Motronic Testing Components
Fig 1: Throttle Potentiometer
All of the resistance values are within tolerance.
	
	Auto data specification
	Measured Data

	Terminals
	Resistance (ohms)
	Resistance (ohms)

	1&2, throttle closed
	1900-2000
	2000

	1&3, throttle open 
	1000-2000
	1040



Fig 2: Air Flow Sensor
The air flow sensor is to tolerance for pins 4&2 but 4&3 is out of tolerance by 10Ω. This isn’t a problem but could deteriorate further down the line. 
	
	Auto data specification
	Measured Data

	Terminals
	Resistance (ohms)
	Resistance (ohms)

	4&2
	8-2500
	30

	4&3
	300-550
	560



Fig  3: Coolant Temperature sensor
Temperature is only measured at 20°c due to the fact that is unpractical to get the engine to 0°c or 80°c.
	
	Auto data specification
	Measured Data

	Temperature °c
	Resistance (ohms)
	Resistance (ohms)

	0
	4800-660
	-

	20
	2200-2800
	2720

	40
	1000-1400
	-

	80
	240-380
	-



Fig 4: Air temperature sensor
Air temperature sensor is only measured between 15°and 30°cbecause it is in partible to rise the conditions to suit the higher temperatures.
	
	Auto data specification
	Measured Data

	Temperature °c
	Resistance (ohms)
	Resistance (ohms)

	15-30
	1500-3300
	2730

	80
	280-360
	-





Fig 5: Idle speed control valve
The idol control valve is just in the tolerance.
	
	Auto data specification
	Measured Data

	Resistance between terminals Ω
	8
	7.9



Fig 6: Injector valves
The injectors is within specified tolerance.
	
	Auto data specification
	Measured Data

	
	Resistance (ohms)
	Resistance (ohms)

	Injector 1
	15-17
	15.7

	Injector 2
	15-17
	15.7

	Injector 3
	15-17
	15.7

	Injector 4
	15-17
	15.7



Fig 7: HT leads 
The HT leads is as expected. The first cylinder has the least resistance due to it being shorter relative to the longest lead.
	Cylinder No.
	Resistance (ohms)

	1
	18040

	2
	17700

	3
	15000

	4
	20030



Fig 8: Ignition coil 
The ignitions coil is what is expected and isn’t out of the ordinary.
	Coil winding 
	Resistance (ohms)

	Primary 
	9

	Secondary
	7.060








8 . LE3 Testing Components 
All of the components tested are compared to the specification to ensure it’s within tolerance. 

Fig 9: Throttle Switch
The date collected revealed that the throttle switch is within specification. 
	
	Auto data specification
	Measured Data

	Terminals 
	Resistance (ohms)
	Resistance (ohms)

	2&18 throttle closed 
	0
	0

	3%18
	infinity
	Infinity




Fig 10: Coolant temperature sensor 
The coolant isn’t recorded at -10°cand 80°c isn’t measured because the temperatures are extreme and it would be difficult to get the engine to these conditions.  The resistance is taken at a more reasonable 20°c which is within tolerance.
	
	Auto data specification
	Measured Data

	Temperature °c
	
	

	-10
	7000-11600
	Na

	20
	2100-2900
	2523

	80
	270-390
	Na



Fig 11: Auxiliary air valve
The auxiliary air valve is over tolerance by 6.7Ω which could mean that the bi metallic strip is which opens and closes the valve is damaged.
	
	Auto data specification
	Measured Data

	Resistance between terminals(ohms)
	40
	46.7









Fig 12Injector valves 
All 4 injectors will work within specification.
	
	Auto data specification
	Measured Data

	
	Resistance (ohms)
	Resistance (ohms)

	Injector 1
	15-17
	16.1

	Injector 2
	15-17
	16.1

	Injector 3
	15-17
	16.1

	Injector 4
	15-17
	16.1



Fig 13: HT leads 
	Cylinder No.
	Resistance (ohms)

	1
	8560

	2
	8500

	3
	7460

	4
	5070



Fig 14: Ignition coil 
	Coil winding 
	Resistance (ohms)

	Primary 
	8.5

	Secondary
	6.95



9 . Motronic Analysis
In the Motronic system is a vast improvement over the LE3 system.  It used many sensors that is used in modern cars having extra control measure so ensure a smooth running vehicle. These improvements shaped the modern vehicle ensuring that every aspect of a vehicle is monitored and controlled.  An example of sensor used in modern cars is the hot wire air mass meter, throttle potentiometer and lambda.  
The hot wire air mass meter is a modern way of monitoring the mass of air entering the engine. The operation is quite simple incorporating a heated thin wire.  This wire is heated to 100°c above the intake temperature.  As the air travels past the wire, it is cooled down causing the wire to loose heat.  As the temperature drops, the resistance will also drop.  This will create voltage change. The ECU knows the voltage of the amount of air and uses this information to understand the amount of air flow. Using this date the engine can then adjust the fuel depending on the amount of air entering the engine. 
This ECU incorporates all functions into one unit, unlike the LE3 system where it has two dedicated ECUs, this system reduced the risk of communication failure between the two systems.  It is apparent by looking at (Fig 15) that there is a memory chip to save any data. This is proven by pin no. 18&36 where there is constant voltage event thought the ignition is switched off.  The rest of the functions are switched off to conserve battery.  When the ignition is switched on, different sensors feed the ECU different sensor inputs to control the running of the engine. 
Fig 15: Table with the Motronic static test results
	Pin No.
	Voltage Ignition off
	Voltage Ignition on

	1
	0
	12.31

	2
	0
	0.03

	3
	0
	12.2

	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
	3.7

	45
	0
	3.7

	46
	0
	5.07

	48
	0
	0.05

	49
	0
	0.09

	53
	0
	0.62

	55
	0
	11.15









Fig 16: Table of results for the Motronic tests

	Oil temperature 
	NTC2   
	NTC2  
	Injector On time 
	keying rotary idol control valve 
	Charcoal solenoid
	Lamba

	°C
	(Ω)
	(V)
	(ms)
	%
	ON/Off
	ON/OFF

	
	Pin 45
	Pin 45
	Pin 16
	Pin 4
	Pin 5
	Pin28


	20
	1442
	3
	3.5
	45
	OFF
	OFF

	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
	-
	-


Cold cranking
When the engine is started additional fuel is injected into the engine to help the engine start.  In the Motronic systems there was two types of systems.  The first type is 1st gen which used a cold start valve.  This is to help the injectors inject the fuel into the engine, this is due to the fact that fuel may condense on the wall of the intake at lower temperatures.  This means that most of the fuel is wasted and isn’t injecting all fuel into the cylinder.  The second gen used the injector to inject the extra fuel into the engine. This means that the injection on time is increased to cater for the extra fuel demand.  In the table below (fig 17) the indicated the injection on time and temperature at the time. At 17.8°c the injectors was on for 80ms. This meant that the second gen Motronic system is used.  This is evident of the lack of the cold start valve and the higher injection on time to compensate for the fuel condensation.  
A starting program is used when the ignition is turned on. If the engine dropped below a specific limit the starting program is called up again. Different factors depends on the following factors: coolant, engine speed and number of cycles after starting. When the engine has started, the fuel injection time is factored but analysing the engine temperature.
The Motronic system incorporates a multi-point injection system which fires two bank of injectors half every 360°.  This system is used to reduce amount of waited fuel and to reduce emissions.  Every half revolution, two injectors activate spraying fuel inside the engine.  These injections usually are cylinder 1&4 or 2&3.  One disadvantage to this system is some of the fuel is injected behind the valve and not into the cylinder. 
Fig 17: Table for cold crank temperature and injection on time. 
	Cold crank temperature
	17.8°c

	Injection on time 
	80ms



Warm up phase 
The warm up phase injects different amount of fuel depending on the engine temperature, engine speed and load. This ensures that the engine warms up quickly so that the engine has a more efficient throttle response and quicker engine temperatures.  Looking at the results from the warm up phase (Fig 16) at 20°c the injection on time is 3.5ms.  Less fuel used due to the idle control valve controlling the keying ratio which adjusts the amount of air entering the engine. As the coolant temperature increases, the injection on time decreases because less fuel is needed to maintaining a constant engine speed and low load.  
The Lambda sensor is used to reduce the engine emissions, idling smooth running and full load performance by creating an optimum mixture for the engine. Once the engine reaches 40°c the lambda activates.  This is because the lambda sensor is most effective after 40°c. Due the more fuel being injected into the cylinder to help starting, more emissions are exhausted. This will interfere with the lambda sensor giving false reading and could make the engine react erratically. As the engine warms up, the emissions reduce and the lambda become accurate enough to take over and is an added control measure to ensure a smooth running engine. 
The charcoal canister is a vapour holding device used to hold any unburnt raw fuel vapours.  It contains a piece of activated charcoal which has been treated with oxygen to increase the absorption of fuel vapours.  This is a form of emission reducing device designed to ensure that all the fuel is burnt.  The charcoal canister is only activated to expel at a certain temperature. Looking at the table (Fig 16) the charcoal canister opens at 50°c and ensures that all of the excess fuel vapour is fully burnt off.  If the vapour is released before 50°c, it will interfere with the lambda sensor.














10. LE3 Analysis
The lE3 systems has many different voltages and signals entering the system. These voltages are signals from different sensors which are used to control different elements of the engine.  When the ignition is off there is no voltages entering the ECU. This is to reduce battery drain on the system.  Newer vehicles have memory in which a constant supply is used to maintain the memory.  When the ignition is turned on, many different sensors feed the device.  In the table (Fig 18) shows the pins that were tested to identify the voltages of the system.  This is can be used to see if the sensors are working. For example pin no.14 where the throttle is closed and shows 5.01 volts being supplied indicating a closed throttle.  
Fig 18: Ignition ECU Pin voltages of the LE3 system
	Pin No.
	Voltage ignition off
	Voltage Ignition on

	1
	0
	0.07

	2
	0
	0.17

	3
	0
	12.24

	4
	-
	-

	5
	0
	0.19

	6
	0
	0.02

	7
	0
	1.32

	8
	0
	1.20

	9
	-
	-

	10
	0
	0.18

	11
	0
	0.12

	12
	0
	0.18

	13
	0
	0.26

	14
	0
	5.01

	15
	0
	0.16



The fuel ECU was also tested to ensure correct function of each sensor.  Same as ignition ECU, each pin was tested with the ignition on and ignition off.  In the table below (Fig 19) when the ignition is off, pins showed zero volts. When the ignition is on, the voltages from different sensors are shown to be functioning.  
Fig 19: Fuel ECU Pin voltages of the LE3 system
	Pin No.
	Voltage ignition off
	Voltage Ignition on

	1
	0
	0.32

	2
	0
	12.30

	3
	0
	0

	4
	0
	0.01

	5
	0
	0.03

	6
	0
	0

	7
	0
	0

	8
	0
	0.82

	9
	0
	0

	10
	0
	0.15

	11
	-
	-

	12
	0
	12.35

	13
	-
	-

	14
	0
	5.02

	15
	0
	0.02



The LE3 system uses a simultaneous injection system. This system is a bank based system which fires all of the injectors simultaneously. The main disadvantage to this system is that fuel is being wasted because it is getting injected on the back of the valve. The main advantage is that this design is simplistic and easy to set up.
Cold Crank
When an engine is cold start enrichment injects more fuel into the engine for a limited time defending on the temperature.  The main reason for injection enrichment is to compensate for fuel condensation losses.  Using the help of the cold crank valve into the intake which help facilitate for a cold start.  Below is a table (Fig 20) showing the cold crank temperature and the cold crank injector on time. At 19.6°c the injector is on for 14.3ms. This is to allow the engine to have more fuel to help it start. Comparing cold cranking to (Fig 21) at 20°c, the injector on time is 4.7ms but when the engine is running.  When the engine is running the injector on time reduced by 9.6ms. This is evident that the engine doesn’t need as much fuel when running as when the engine is started when cold. The 
 A cold start injectors is also used to help the system overcome the condensation of fuel inside the intake manifold. This ensures that the engine can start efficiently without struggling. This system is directly connected to the fuel system and is only stated when the system is cold.
Fig 20: table showing cold cranking injector on time. 
	Cold cranking
	19.6°c

	First Injector on time 
	14.3ms



Warm up phase 
The warm up phase in the LE3 system precisely meters the fuel according to the engine temperature. This is to ensure that the engine starts quicker and gets to a steady idle quicker.  In the warm up phase the system is given the exact fuel quantity to ensure smooth running and immediate throttle response with a low fuel consumption.   
In the table below (Fig 21) shows the warm up phase starting from 20°c.  The coolant temperature sensor is measured with for ohms and voltage. The ECU is programed to identify certain voltages with certain temperatures. Using this information the ignition selects a specific on injector on time for the temperature. With that in mind the injector on time is 4.7ms signifying that the injector is on for longer giving the cylinder more fuel. As the temperature rises the injection on time decreases by an average of 2.46ms per 10°c.  Looking at the table closer the injection on time between 20°c and 30°c have a difference of 1.4ms. Comparing 30 and 40°c, the injection on time has a difference of 0.1ms.  The injection on times a drastically different between a cold and warm engine because the engine has reached operating temperature and doesn’t have to account for cold fuel enrichment.

Fig 21: Warm up Phase of the LE3 system
	Engine temperature
	NTC2 Resistance (Ω)
	NTC2 Voltage (V)
	Ignition On time (ms)

	20°c
	1822
	1.5
	4.7

	30°c
	1047
	1.1
	3.3

	40°c
	749
	0.5
	3.2

	50°c
	538
	0.6
	2.9

	60°c
	401
	0.6
	2.9

	70°c
	552
	0.6
	2.5



11 . NTC2 Graph Comparison
NTC2 is one of the most important sensor on a vehicle. It ensures that the ECU has an understanding on the engine temperature so the right fuelling can be applied to the engine. Without this sensor the warm up procedure would be non-existent. Below is the engine resistance in relation to temperature for both LE3 and Motronic systems.  Looking at the graph (Fig 22) the Motronic NTC2 line shows a linear progressive line indicating a steady temperature increase. This is wat is expected from the temperature curve ensuring that the start and warm up phase is stable. The LE3 shows a sharper and more aggressive curvature.  At 20°c the resistance is high at close to 2000Ω. This will make the voltage out of the sensor to the ECU lower meaning. At the opposite end of the spectrum, at 70°c the temperature also spikes up which increases voltage.  These spike in the system causes the system at the lower and higher resistances to be unreliable and inaccurate. This can cause a detrimental impact on the start and warm up phase of the engine. 
Fig 22: LE3 and Motronic NTC2 comparison

Comparing both LE3 and Motronic systems show a large differentiation.  There are similarities where the graphs pass each other twice between the temperatures of 25°c and 60°c. After 25°c, the LE3 shows a large deviation from the Motronic system.  This also apparent after 60°c where the resistance increases rapidly.  As pointed out previously, the temperature can disrupt the operation of the engine. 
12. Operational differences between Motronic and LE3
There are many differences when it comes to the two systems, The Motronic system is advanced compared to the LE3 system with many components being used in modern car, this just shows how modern the engine is.  The main differences between the engines is the injection system. The LE3 system incorporates the simultaneous system when the Motronic system has multi point injection. Another noticeable differences between the two systems is the devices used to measure air flow. The LE3 used a flap type air mass meter using the force of the air to turn a ram to measure the amount of air entering the engine. The Motronic system uses a hoe wire system which uses the air to cool and measure the amount of air flow. 

13 . Improvements to the LE3 engine.
The LE3 engine is a good performing engine system for its time but this system can be improved vastly. The system features old technology out dated systems which over time prove to be UN reliable. The fist improve to be made is the utilizing the hot with air flow meter.  This is a more accurate method measuring air flow with no moving parts, the sensor can accurately measure with a reduced possibility to failing. The second improvement is to convert the distributor system with a modern coil over plug design. This features a individual coil per spark, improving spark quality and improving efficiency. This is essential to keep emissions down for the EU regulations. 
The LE3 has two ECUs and a communication link. This communication link can often fail and the communication between the two ECUs brake down. An improvement is to just have one ECU for all of the engine operations. This is to ensure that the there isn’t any faults in communication lines between the two ECUs.  Direct injection can drastically improve the economy and efficiency of an engine.  The LE3 system features simultaneous injections which wastes fuel. Direct injections reducing the fuel hitting the valves so that all of the fuel is used in the engine 
14. Evaluation 
In summery the experiment went successfully identifying several key points which is vital to ensuring a accurate engine testing.  The team work involved in the experiment went successfully and quickly, with every tram member having a particular role. The test revealed the raw data needed to understand and analyse the warm up phases and cold cranking.  




15 . Signal Waveform Analysis
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Injector waveform when accelerating.  The wave become more frequent when load is applied. 
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NTC2 Resistance Comparison
LE3 NTC2 	20	30	40	50	60	70	80	1822	1047	749	538	401	552	Motronic NTC2	20	30	40	50	60	70	80	1442	1090	712	472	354	264	246	Engine temperature
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