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3. [bookmark: _Toc512249922]Introduction 
The aim of this assignment is to evaluate and analyze the operation of two different types of electronic ignition and electronic fuel injection systems. This will be completed as a member of a group using selected standard and dedicated test equipment. Enabling the group to work to achieve a common goal. Through the group activity live data will be collected to form an analysis of the different characteristics of two different engine management systems. 
This data will be used to produce this report on the outcomes of the test results on the two different types of electronic ignition and electronic fuel injection systems. This report will contain information on the safe working practices of the group during the tests, procedure of carrying out the test and the results gained from the test. The report will also assess the reasons for choice in testing equipment. 
This report will compare the main system operational differences in the respective ignition and fuel injection systems. Comparison will be explained through technical analysis and evaluation the signal waveforms attained during testing. 
This report will conclude after complete comparison of the two different types of systems. After which one of the systems will be picked and modifications to improve the system will be suggested and reasons for the modifications will be given justified explanations.  

4. [bookmark: _Toc512249923]Equipment 
4.1 Digital multi-meter. 
A digital multi-meter is one of the pieces of testing equipment being used in the group testing. One alternative to a digital multi-meter is an analog multi-meter. Henceforth the reason for using a digital multi-meter is the advantages it has over this alternative. A digital multi-meter is more accurate than an analog multi-meter. An analog multi-meter has a needle and scale system relying on the user to take the reading. Whereas the digital multi-meter has a LCD screen where the valve being read is given. Smaller values are harder to interoperate on the analog multi-meter. Also a digital multi-meter has an auto-ranging feature which assists in measuring by changing the shown scale of values. An analog multi-meter requires the user to set the scale themselves and if the scale is incorrect the values displayed could be incorrect. Also having the scale set incorrectly on the analog multi-meter can cause damage (shock failure) to the multi-meter giving more false readings. As the analog multi-meter has moving parts which means it’s subjected to wear over time meaning they become less reliable. Analog multi-meters put a higher load on the system being tested compared to a digital multi-meter which puts significantly less load. There is a huge range of more benefits to using a digital multi-meter such as the auto-polarity function and zero adjustment is not needed. 
There are some drawbacks to a digital multi-meter such as cost to buy is very high and extensive use in a short period of time can cause heating up of components inside the multi-meter. This heating up can give false readings. However the facilities being used to conduct the test already own digital multi-meters and to prevent heating of components inside the multi-meter there will be short breaks (6.2. time between taking results and waiting for engine to reach the next temperature). 

4.2 Dedicated diagnostic centre (Bosch BEA 850).
The Bosch dedicated diagnostic centre (Bosch centre) is an essential piece of kit for the systems testing being undertaken.  The Bosch centre has multiple sensors and analyzing equipment to assess the performance of an engine. This Bosch centre can measure loads of inputs at once including but not limited to- exhaust gas values, lambda, speed measurement, oil temperature, battery voltage, signal waves and voltages changes. The Bosch centre has the ability to produce graphs based on oscilloscope readings which can also be recorded. During testing recording these graphs will be necessary to point out information like ignition on time and overrun characteristics. 
In terms of alternative equipment there is other dedicated diagnostic center brands on the market. These are all relatively the same however Bosch is the most recognizable brand and the biggest. The model of Bosch centre in the facilities being used (BEA 850) is the second newest model available after the BEA 950. However for the tests being conducted the BEA 850 is more than capable in giving the values required. The BEA 950 is more for when euro 7 emissions come in to force. For the purpose of this assessment the BEA 850 is going to be used. 

4.3 PPE
Appropriate Personal Protective Equipment (PPE) will worn during static and live testing of the systems on the two engines. This includes steel toe boots, dust coats and gloves in the conditions where applicable. The engines being tested are mounted to frames and have a low risk of injury however the testing is conducted in a workshop where other testing can take place. For this reason steel toe boots are mandatory during testing. 
The dust coat will be worn during testing to prevent harmful materials coming in contact with the skin. This can be done by deflecting (e.g. hot piece of metal) or absorbing (e.g. oil) the harmful material. A dust coat will be able to offer some protection against fire, even if the dust coat starts to burn. This will allow the user time to prevent injury or a less serious injuries. 
Gloves will be used where applicable. For instance when inserting and removing the oil temperature probe. Reason being that it prevents the user coming in to contact with the hazardous substance or the heat from it (especially after the testing). The gloves also prevent and debris from the user getting in to the engine. 


4.4 RPE
Respiratory Protective Equipment (RPE) will not be used during this testing as the facilities have exhaust extraction systems. This will be used throughout live testing. CO and CO2 alarms are fitted in the facilities and are tested weekly so in the case of the extraction system not functioning this will alert the user to the hazardous gas. 
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https://www.brighthubengineering.com/consumer-appliances-electronics/113975-pros-and-cons-of-digital-multimeters/ 
https://uk-ww.bosch-automotive.com/en_GB/products_workshopworld/testing_equipment_products/emissions_analysis/bea_350_1/bea_350  
https://www.nottingham.ac.uk/safety/documents/lab-coats.pdf 
https://www.ngk.de/en/technology-in-detail/ignition-cables/diagnosis/testing-of-ignition-cables/
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[bookmark: _Toc512249926]6.1	Preparation before live testing 
6.1.1 	Preparation before live testing on both engines consisted of wearing PPE (See 4.2) and an inspection of the engines to see if there were any obvious faults. Faults such as leaking oil, cracks in hoses, disconnected sensors or anything to this nature.
6.1.2	 Before live testing static testing was done on both the engines using a digital multi-meter (See 4.1). This consisted of taking required values (voltage V and resistance Ω) from pins, sensors, leads and the battery. A table of all the pins for both the engines were produced with the results of ignition being on and off.  The values of all these for both engines will be seen in a results table (7.1). 
6.1.3 	After this the engines were prepared for live testing. This was done by opening the garage door to the facility also attaching and turning on the exhaust extraction system (See 4.4). The dedicated diagnostic centre (see 4.2) was connected to the engine for testing, by connecting the battery and inserting the oil temperature probe (using gloves see 4.2). The battery is connected to the dedicated diagnostic centre so that the equipment has a reference of the values of results, this makes the results more valid. The oil temperature probe acts like a NTC 2 and gave us the temperature of the engine so the results could be attain in 10˚c increments. The exhaust extraction system was then turned on for live testing.  
6.2  	Live testing 
6.2.1 	The first data to collect was cold cranking collecting the temperature of the engine from the oil temperature probe and the time the Darlington’s were grounded for to produce the spark.  
6.2.2	A table was then produced in increasing 10˚c increments of temperature to this table the values for NTC2 voltage and resistance, NTC1 voltage, injector pulse time, and idle value ratio. For one engine (LE3) the temperature only goes from 20˚c to 60˚c whereas the other engine (Motronic) goes from 20˚c to 80˚c. 
6.2.3 	For the Motronic engine there were additional pins to watch values for. These included pins responsible for lambda (pin 28) and the charcoal canister (pin 5). The reason being is that these components will affect the performance of the engine so the pins need to be checked for when they get used (Table 11). Once the pins were tested and was seen as active the temperature of the engine was be taken at this point.   
6.3 	Why live testing 
6.3.1	 There were a few ways that the testing could have been carried out including simulating the results on a computer. So why wasn’t this done? Well a simulation is just a simulation and doesn’t justify real world results. Whereas the engine is a real world live test. The values collected are as reliable as the way in which they are collected. Hence using the best means to collect the results (best equipment) will give a more reliable outcome. 
A simulation has pros and cons. Programming a simulation is difficult even for an engine but if done right the result can be very accurate and produce lots of increments of results. However there are loads of external variables and setting up work to consider. Whereas conducting the live test means less difficult setting up and variable control but then the data is limited to the number of increments that can be attained. A benefit to a simulation is the cost for simulation software is low compared to the cost of an engine and testing equipment which runs in to thousands of pounds. However as the facilities being used already has this equipment it’s not a problem directly. 
So simulations can produce loads more (e.g. 5˚c increments) results that are just as accurate as real world results. However there is a lot of set up and too many variables to be programmed whereas the equipment for live testing is available to us and for this testing little set up is needed and it provides plenty of data. These are the reasons for live testing over simulation.   
7 [bookmark: _Toc512249927]Results 
7.1 	In this section a side by side comparison will be made of the results from both engines, which are named LE3 and Motronic.  
7.2 	Resistances of sensors, leads and battery voltage 
7.2.1 	Below is Table 1 showing the static battery voltage on both the engines before starting the tests. 
	
	Motronic
	LE3

	Battery static 
	12.45v
	12.57v


[bookmark: _Toc512249867]Table 1
The voltage values shown in Table 1 are consistent to what you would expect to see for a battery.  Below is Table 2 showing the resistances of the HT (High Tension) leads on each of the engines. Both the LE3 and the Motronic are 4 cylinder engines meaning one lead for each of the cylinders and a king lead. 
7.2.2
	
	LE3
	Motronic

	HT lead 1
	8570 Ω
	1870 Ω

	HT lead 2
	8490 Ω
	1770 Ω

	HT lead 3
	7330 Ω
	1470 Ω

	HT lead 4
	5440 Ω
	1270 Ω

	HT lead king
	5620 Ω
	faulty 
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From the data in Table 2 it can be seen that the resistance is much higher in the leads on the LE3 engine. This would be down to the material the leads are made from. Based on these values and research (5.4), I would presume that the LE3 has leads with inductive resistor which can range from 2200 Ω and 8000 Ω. This is a close approximate to the values shown in Table 2. The Motronic engine has resistances much lower and the LE3 values and from research (5.4) I would say the leads have a copper core on this engine. Leads with copper core have readings ranging from 1000Ω to 6500Ω and this meets the same criteria of the values found on the Motronic engines leads. One note that is clear is the king lead on the Motronic was faulty when tested (would not sustain a reading). 
7.2.3	 Table 3 below is the results for the resistance between the two terminals on the injectors. 
	
	LE3
	Motronic

	Injector valves 1
	16 Ω
	15.9 Ω

	Injector valves 2
	16 Ω
	15.8 Ω

	Injector valves 3
	16 Ω
	15.9 Ω

	Injector valves 4
	16.1 Ω
	15.9 Ω


[bookmark: _Toc512249869]Table 3
The hand book for each of the engines stated the values for the injector terminals resistance had to be between 15Ω and 17Ω (see appendices). The results shown in Table 3 show that all the injectors achieve the standard. Also all the injectors from the same engine had a difference of only 0.1 Ω on both engines. The reason why there small difference between the two engines could be down to the size, age or brand of injector. What matters in this case is all the resistances are consistent.  

7.2.4
	
	LE3
	Motronic

	Throttle valve 
	Pin 2&18
	0 Ω
	Pin 1&2
	2000 Ω

	Throttle valve 
	Pin 3&18
	Infinity
	Pin 1&3
	2560 Ω


[bookmark: _Toc512249870]Table 4
Table 4 shows the values of resistance for the throttle valve on each of the engines. The throttle valve is different on each of these engines. The LE3 has a throttle valve switch which has a micro switch within, whereas the Motronic system has a throttle potentiometer. The potentiometer superseded the throttle switch as the switch only gives values to the ECU when throttle is closed or open fully. Whereas the throttle potentiometer gives values throughout the whole range of the throttle movement. The values are as expected with an understanding of how the valves work. The LE3 result of no resistance at pins 2 and 18 is due to the micro switch which would be closed. The connection at this micro switch sends a signal to the ECU that there is no throttle at the moment. Now pins 3 and 18 are the full throttle micro switch. This has an infinite resistance because the switch is not touching, hence no connection means infinite resistance.    
The Motronic throttle valve required looking in the engines manual (see appendices). Pins 1 and 2 is throttle closed with an expected value between 1900Ω and 2000Ω, Pins 1 and 3 is throttle open with an expected value between 1000Ω and 2000Ω. From the data collected it can be noted that throttle closed is good while throttle open has a higher resistance than expected. This could be due to various factors such as the throttle potentiometer could be damaged or faulty. However the potentiometer could be good and it might have been a misreading by the person taking down the notes at the time. 
  7.2.5
	Motronic
	 

	Air Flow sensor

	Pins 2&4
	30 Ω

	Pins 3&4 
	560 Ω

	 
	 

	Air Temp Ω static 
	2650 Ω

	 
	 

	Idle control valve
	7.9 Ω
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Above is Table 5. Unlike the previous tables this table (Table 5) is only for the Motronic system. The Motronic system is the more advanced system of the two engines hence it has more sensors. The air flow sensor measures the volume of air flowing in to the engine. It works on the same potentiometer technology as the throttle valve. Based on the workshop manual for this engine the values Pins 2 and 4 should be around 8Ω and 2500Ω and show the position of the air flow sensor. Pins 3 and 4 should be around 300Ω to 550Ω and this based on what I could research myself (pin 3 supply and pin 4 is earth) this represent the resistance inside the air flow sensor. Pins 2 and 4 result are not exactly as expected as 8Ω would be fully closed. So this could be because there could be some debris on the surface of the sensor potentiometer preventing it from fully closing.  Pin 3 and 4 result is also slightly higher than expected which leads me to believe the sensor is a bit faulty or the notes taken could be slightly incorrect.   
The air temperature sensor is expected to have a value between 1500Ω and 3300Ω between 15˚c and 30˚c. So with the result that was attained it can be said the air temperature sensor was working very well as the temperature was around 18˚c on the day of testing.  
Lastly for table 5 the idle control valve maintains a base idle for the Motronic engine. The resistance that this valve should be is 8Ω and this is rear enough the same as the reading that was attained in the groups result. 

7.3	Pin testing
	Pin LE3 
	Fuel
	 
	Ignition 
	 
	Amplifier 
	 

	 
	off 
	ignition on 
	off 
	ignition on 
	off 
	ignition on 

	1
	0
	0.11
	0
	0.8
	0
	12.28

	2
	0
	12.41
	0
	0.28
	0
	0.02

	3
	0
	0
	0
	12.11
	0
	12.28

	4
	0
	0.02
	-
	-
	0
	0.35

	5
	0
	0.03
	0
	0.18
	 
	 

	6
	-
	-
	0
	0.02
	 
	 

	7
	-
	-
	0
	1.49
	 
	 

	8
	0
	0.81
	0
	1.08
	 
	 

	9
	-
	-
	-
	-
	 
	 

	10
	0
	0.15
	0
	0.33
	 
	 

	11
	-
	-
	0
	0.21
	 
	 

	12
	0
	12.44
	0
	0.24
	 
	 

	13
	0
	4.64
	0
	0.28
	 
	 

	14
	0
	5
	0
	5.02
	 
	 

	15
	0
	0.02
	0
	0.16
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The table (table 6) above shows the pins on the ECU’s on the LE3 system. The reason there are different columns is due to the fact the LE3 has two separate ECU’s for fueling and ignition and an amplifier. 
The data for the ECU’s pins when the ignition is off shown no data. This means for the LE3 system when the engine is turned off there is no permanent live to maintain a system memory. Hence why this system doesn’t have a system memory. When the ignition is on the some pins can be mentioned based on the values. Pin 2 and 12 on the fuel ECU represents the live battery voltage. Looking at the diagram (see appendices) the supply is from the fuel relay and pin 12 is the live from battery. Pin 2 however is the fuel relay switch and once the key is turned for cranking a supplied power in the relay turns on the switch and opens it, this shows the ECU that the fuel relay is running. Pin 3 is the injectors and the reason the value is 0 is as the vehicle has not started cranking, only when cranking and running the engine the injectors will show a voltage. 
On the ignition ECU pin 3 is the live and this is confirmed by looking at the engine diagram.  The values of supply voltage on these two ECU’s is lower that the measured voltage at the battery (table 1) because the supply is being used to power the ECUs. Another pin to mention on the ignition ECU is 14 which is the throttle switch. As explained in 7.2.4 there are two micro switches and as 14 is showing the voltage this must be connected to pin 2 of the throttle switch on Table 4 as the throttle is closed.  On the amplifier pin 3 is the supply.  



















	Pin 
	Off 
	Ignition on 
	Pin 
	Off 
	Ignition on 

	1
	0
	12.3
	28
	0
	0.42

	2
	0
	0.04
	29
	-
	-

	3
	0
	12.18
	30
	-
	-

	4
	0
	9.86
	31
	-
	-

	5
	0
	12.15
	32
	0
	11.4

	6
	0
	11.41
	33
	-
	-

	7
	0
	0.34
	34
	-
	-

	8
	-
	-
	35
	-
	-

	9
	-
	-
	36
	12.1v
	0.34

	10
	0
	0
	37
	0
	12.1

	11
	-
	-
	38
	-
	-

	12
	0
	5.09
	39
	-
	-

	13
	0
	10.2
	40
	0
	0.07

	14
	0
	0.03
	41
	0
	0.07

	15
	-
	-
	42
	0
	0.03

	16
	0
	12.1
	43
	-
	-

	17
	0
	12.1
	44
	0
	3.75

	18
	12.4v
	12.1
	45
	0
	3.7

	19
	0
	0.01
	46
	0
	0.2

	20
	-
	-
	47
	-
	-

	21
	-
	-
	48
	0
	0.07

	22
	0
	0.95
	49
	0
	0.11

	23
	-
	-
	50
	-
	-

	24
	0
	0.04
	51
	-
	-

	25
	-
	-
	52
	-
	-

	26
	0
	0.09
	53
	0
	0.65

	27
	0
	12.2
	54
	-
	-

	
	
	
	55
	0
	11.05


[bookmark: _Toc512249873]Table 7
Table 7 is the list of pins for the Motronic ECU (table only fits on one page). The Motronic system has a single ECU with both fuel and ignition being controlled from. There are two values when the ignition is off on pins 18 and 36. Looking at the engine diagram (see appendices) the supply is pin 18. This will be used to keep a live memory inside the ECU to store faults or engine maps.  Pin 36 is suppling auxiliaries with power. Pins 2, 10, 14, 19, 24, 26, 42 and 55 are all according to the diagram earths for various components on the car. All the voltages on these are low when the ignition is on which shows they are good earths. However pin 55 is a large values as it’s the testing diagnostic earth for the ECU. Pin 12 supplies 5 volts to the air flow meter and throttle potentiometer. 

7.4 	Cold Cranking

	
	LE3
	Motronic

	Cold cranking at 
	16.9˚c
	17.9˚c

	Cold cranking at 
	195ms
	194ms
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Above is table 8 showing the cold cranking time and the temperature the engine was started. Both of these values are similar with 195ms and 194ms to each system. This allows that amount of time in fuel to be injected in to the cylinder to aid in cold cranking. Also the time gives additional time the Darlington’s would be grounded for to produce a bigger spark which will also aid in cold cranking.  
7.5 	Collecting engine results
	Temperature ˚c
	Pin 8 resistance
	Pin 8 voltage 
	pin 3 milliseconds

	20˚c
	1786 Ω
	1.5v
	3.8

	30˚c
	973 Ω
	1v
	2.9

	40˚c
	743 Ω
	0.8v
	2.9

	50˚c
	493 Ω
	0.6v
	2.6

	60˚c
	382 Ω
	0.5v
	2.5
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	Temperature 
	NTC2 fluid Ω
	Pin 45 Voltage
	Pin 44 
	Pin 16 milliseconds
	Pin 4

	20˚c
	1660 Ω
	3.1v
	3.4v
	3.5
	46%

	30˚c
	1090 Ω
	2.6v
	-
	3.6
	44%

	40˚c
	650 Ω
	2v
	-
	3.1
	43%

	50˚c
	440 Ω
	1.6v
	-
	3
	42%

	60˚c
	300 Ω
	1.2v
	-
	3
	44% (open thermostat)

	70˚c (fan on) 
	240 Ω
	1v
	-
	2.9
	44%

	80˚c
	250 Ω
	1v
	3.7v
	3.1
	45%
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Above is table 9 (LE3) and table 10 (Motronic) engine testing results. Firstly the as previously stated the Motronic has more sensors hence why here there is addition information. The LE3 results for pin 8 resistance is the resistance of sensor (NTC 2) for the coolant temperature. This is the same sensor being looked at in the Motronic table (table 10) NTC2 fluid Ω. For both of these sensors are virtually the same and this shows in the results. Both sensors start at a high resistance and has the engine warms so does the sensors and therefore reduces the resistance required to pass through the sensor. 1404Ω (ohms) are dropped between 20˚c and 60˚c on the LE3, while the Motronic dropped by a similar 1360Ω between 20˚c and 60˚c. Further showing the similarity of these sensors. 
Pin 8 voltage results on the LE3 table (table 9) and Pin 45 Voltage results on the Motronic table (table 10) are the voltages from the NTC2 just discussed. These voltages from the sensor would indicate to the ECU on each system the fuelling and manipulate the speed control for cold running. Similar to that of the resistance the voltage also decreases going up in temperature.   

Pin 3 milliseconds column on the LE3 table (Table 9) and Pin 16 milliseconds column on the Motronic table (Table 10) are the same component. This component is the injector and the values of results is the time the injectors are pulsed for, meaning the bigger the time the more fuel. In the case of the LE3 as the engine gets warmer the amount of fuel pulsed from the injector drops as the time is decreased. This is due to the vehicle being at operating temperature and not requiring additional fuel to maintain a higher base idle. In the case of the Motronic system however the same pattern can’t be said. As the value goes up and then down as temperature increases it can be noted that either the 20˚c value is to low or the 30˚ value is too high as an error. The very small change in the higher temperature it would suggest that the 30˚c temperature is too high. In to the higher temperature results for the Motronic the injector pulses longer on the 80˚c temperature than the previous. As seen in the table the fan is turned on at the previous temperature and the cooling must have caused the injectors to supply more fuel to maintain a base idle.  

Pin 44 on the Motronic table (table 10) is the air temperature results. The reason there is only a result at the start and end is to show the difference the engine made to the air temperature around the engine. As shown the voltage only changed by 0.3v over the 7 increments of data collection showing how little this effected the temperature. However if in a car the engine would be more encase and the air can get a lot hotter if the air flow around the engine is slow or still.  

Lastly pin 4 on the Motronic system (table 10) is the rotary idle valve percentage. This shows the percentages how much the idle air valve is open to allow more air in to the engine to maintain idle. The idle valve slowly closes as the temperature increases and this ties in with decrease in fuel on pin 16 on table 10. Once the thermostat opens on the engine the idle increases and so does the fuelling. 
7.6 	Other data witnessed (Motronic)
	Pin 28 (Lambda)
	36⁰C

	Pin 5 (charcoal Canister) 
	62⁰C
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As stated in 6.2.3 this table above (table 11) is the additional data that was being watched during testing. The lambda (pin 28) came in to use with a waveform on the oscilloscope when the pin was tested at 36⁰c. The same process can be said for finding when the charcoal canister (pin 5) started to work at 62⁰c.  
7.7 	Signal Waveforms (LE3) 
In this section I’ll be going through each of the signal waveforms for the LE3 system and evaluating them. Each of the waveforms can be found in the appendices. 


7.7.1 	Supply (pin 3) and Earth (pin 2) 
On this scope there are two waves on the scope. The top wave is the supply (pin 3) as the wave maintains around 12.25 volts but then drops (used by the engine to spark). The amount the voltage dropped is reflected in the Earth’s wave (bottom of scope) which receives the voltage and its wave increases. The flick at the end of the supplies drop is the systems constant energy replenishing the lost voltage.  
7.7.2  	Primary (pin 1)  
Presented on the scope is the wave for the primary. The wave has a supply and then drops, this is the dwell period caused by the Hall Effect trigger sending a signal diverting the voltage in to the coil.  The once the dwell is over caused by the trigger stopped sending signal the voltage increases highly. This is the voltage leaving the coil and sparking. The short line coming off the high voltage is the sparks duration. The voltage drops and the wave does a up and down motion. This is the end of the spark and the coil oscillating with the voltage left inside that couldn’t overcome the resistance to maintain the spark. 
7.7.3	Injector idle 
In this wave the voltage is constant then gets limited. There is a short period the injector is grounded to build up the voltage. The longer the injector is grounded the longer it will pulse. Then the injector is un-grounded and the voltage rise causes the injector to pulse until the voltage drops back down to the base value.  
7.7.4 	Acceleration 
In this scope the wave is the same as 7.7.3 however the frequency of the wave is a lot higher and there is less base voltage. As the acceleration brings the frequency closer together the grounded time for the injector will get effected and soon the pulse would need more time to build hence acceleration would seize. 
7.7.4 	De-acceleration 
This pattern show the pattern of the wave seen in 7.7.4. However as seen the frequency of the wave stops. This is an overrun characteristic of the engine as the engine has stopped pulsing fuel. This benefits the user and the environment.  
7.7.5 	Secondary voltage 
The dip at the start of this wave is the points closing and turning on the primary coil. Then there is the spike in voltage called the firing line. From the dip until this point this is dwell time of the system. From the firing line to the next peak is the spark time, then from that peak to the next dip is the coil oscillations and condensing time. On this a constant energy system the points can be advanced and means the dwell time can increase.  


7.7.6 	Speed reference fuelling 
Unlike other waves this wave is a square wave (analogue signal). This signal is converted inside the ECU once it has been taken from the crank sensor. In a square wave this can control the fuelling by measuring the frequency of the wave. 
 7.7.7	Crank signal 
This is the original signal used in 7.7.6 that is converted in to an analogue wave. This gives reference to the Rpm of the engine and the TDC (top dead centre). 
7.8 	Signal Waveforms (Motronic)
The descriptions for most of the waveforms in the LE3 section 7.7 will match waveforms for the Motronic system however some are different. Also there are waveform for components the LE3 doesn’t have which shall be explained.   
7.8.1	Crank signal 
The crank signal on the Motronic differs from the LE3 system. This wave is a consistent wave and then does the double wave shape in the middle. This shape is the sensor taking a reading from a missing tooth on the crank. This the frequency these appear gives the engines speed and the position they arrive tell the engine the TDC reference.  
7.8.2 	Lambda Sensor 
This waveform shows the engine trying to maintain the lambda of 1 (14.7:1 air to fuel). Taken from the exhaust gases it’s sending the signal back to the engine to make the air to fuel mixture go rich or lean.  
7.8.3 	Rotary idle valve
The rotary idle valve is showing the keying ratio the engine is running to maintain idle. The width of the pulse dictates the amount the idle valve closes. As the valve is spring loaded the valve remains open and the ECU pulses the valve to stay open a certain amount. 
7.8.4 	Load signal and throttle
  This wave proves that the load is dictated by the throttle potentiometers output. Both of the waves are near identical.  
7.9 	Modifications to the chosen engine. 
I have decided to pick the LE3 system to suggest modifications.  
Firstly I would implement a lambda sensor on to the system. This will help with fuel burn quality and improve the environmental impact the engine has. Also save the used money in fuel. 
Next I would replace the bio-metallic idle actuator with a solenoid idle valve one like the Motronic engine. The Bio-metallic actuator will stay closed until the engine is warm but if the base idle needs to increase (acceleration) then the solenoid one is more suitable as the idle valve can open and supply more air and not just aid with cold stating and warm up. 
I would also suggest removing the rotor arm that controls the points and replace this whole section to a coil on plug system. This change is more expensive. However the physical rotor arm technology get worn out over time causing misfires and other ignition issues. Coil on plug has the advantage of interchangeable individual delivery which can be varied whereas with the rotor arm this is a fixed variable.  
I would also modify the throttle switch to a throttle potentiometer for reasons explained in 7.2.4. Its gives a ranges of values throughout the travel of the throttle and not just two fixed points like the switch. This will give a better load reference for the engine to work to. 
 
8 [bookmark: _Toc512249928]Conclusion 
The Motronic is the more advanced system. But saying that the LE3 has a lot of room for improvement. The separate ECU layout has come back to the norm now as more car have more ECUs and if it breaks you can replace just one section and no the entire ECU for the car. 
[bookmark: _GoBack]I concluded that the LE3 needed four modifications which I have explained to a degree of accuracy and explained why.   
9 [bookmark: _Toc512249929]Evaluation 
To my knowledge I believe that the completed assignment fulfills the aims stated in the introduction. The two engines have been evaluate and analyze in terms of the operation of electronic ignition and electronic fuel injection systems.  
I worked in the group and the all results collected are all shown in the appendices. The explanations for the methodology I’m happy with to a high quality. Evaluation of the result included the waveforms I’m less than happy with however they have been done to the best of my knowledge. I submitted my own modifications to the Le3 that I believe would allow the engine to run more efficiently and gain less wear. 
This for me was a difficult assignment as electronics is not my strongest knowledge. However taking many notes in lectures and keeping organized help find any info I need.  
The research is for the equipment used mainly as I feel the information attained in lectures was satisfactory to the completion of the assignments. Any research I did other than equipment was for a further understanding of the system in terms of explaining how it worked in this assignment. 
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Tasks 
1.	was done in group 

2.	
(a) Live voltage waiting to be grounded. (b)  there is a long pulse from cracking because of the cold speed reference (under 300RPM)  (c)  see 7.3 (d)  pulse time decreases but frequency increases 7.7.4 (e)  pulse stop engine in overrun 7.7.5 (f)7.7.3

3.
(a) – see section 6
(b) -see section 6 and references 
(c) – see section 4
(d) –see 4.3 and 4.4  

4.	see sections 7 to 7.8.4 

5.  modifications see 7.9
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