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This report will be comparing the electronic ignition and fuel systems on two different engines. The two engines that will be looked at are both made by the General Motors group under the Vauxhall and Opel brands, the oldest engine was a 1.6 litre 4-cylinder engine with the LE3 electrical control system, the engine is called the General Motors C16NZ2 engine. The second and newer engine that was assessed was a 2.0 litre 4-cylinder engine using the BOSCH motronic electrical control system more specifically the Motronic ML 4.1 engine control system, the name of this engine is the 20NE.
Both engines were tested with a full systems operation test with the different readings from each of the engine’s record and discussed below. 
The aims of this report are to provide students with some background knowledge and a basic understanding of vehicle electrical and electronic systems, circuits, and components. Another aim of this report is to develop the ability of the student to be able to evaluate these systems with computers as an aid for solving problems.


[bookmark: _Toc101735108]Methodology
[bookmark: _Toc101735109]Testing Equipment 
Both engine tests were completed using a BOSCH BEA 850 digital oscilloscope, the reason for using a digital oscilloscope over an analogue one is because the digital oscilloscope can translate the readings to numbers so the computer can store then and allow the user to look back at them whereas an analogue one cannot do this (Circuits Today, 2017)
A multimeter was also used in both tests.
[bookmark: _Toc101735110]Health & Safety Procedures 
Generally speaking, the operational processes carried out during an engine test do not present more hazards than the hazards experienced by mechanics in real life (Martyr and Plint, 2007, p.5), the only real difference is the engine is not in its designated area and allows people to get close to the moving parts of the engine, such as the flywheel and fan which to prevent any serious harm to anyone testing the engine they are encased in a bright yellow metal cage.  
However, there is still the risk of a lose pipe or reservoir cap being loose resulting in very hot fluid potentially becoming airborne. The eyes could be protected with safety glasses as a precaution or the various pipes and multiple reservoir caps could be checked and tightened before conducting the tests.
The test was conducted in a workshop with other thing going on, due to this Personal Protective Equipment or PPE was required. Dust coats must be worn to avoid chemicals from the engine getting on your skin in case of a failure. Steel toe capped boots must be worn at all times in the workshop as there is heavy objectives and moving objects which can easily cause damage to an inhabitant’s foot. 
The exhaust fumes from the engine were taken care of by an extraction unit connected directly to the exhaust pipe, this is then safely removed from the workshop and released into the atmosphere. The workshop is fitted with a carbon monoxide alarm just encase the parts per million level gets to a harmful level.
[bookmark: _Toc101735111] Engine Testing of the LE3 System
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Figure 1 - Engine Used in the Test with the LE3 Control System

The 1.6 litre engine was the first engine tested. The test was conducted in an open workshop with an ambient temperature of around 17.5° – 18.2°C. The oscilloscope was used on cracking to measure the injector on time, using pin 3, the time was measured to be 106ms which is long, but this is due to the excess fuel needed on cranking. The engine was then left to run until the temperature was measured to be 20°C this temperature reading was also taking with the oscilloscope, once the 20°C was reached using the oscilloscope in pin 8 the NTC2 was measured giving out a voltage and a resistance reading, this was then repeated for 30°, 40°, 50° and 60°C.
The injector on time was also recorded, using the oscilloscope on pin 3 the duration the injector is on while the engine is idling at 20° 30°, 40°, 50° and 60°C. The on time was also recorded using the same pin but while the engine was at around 60°C with the fan on, the injector on time for acceleration and deceleration was recorded.
A few more readings were taking from the LE3 engine this was all static date taking while the engine was hot, around 60°C. The throttle switch was recorded using pin 2 & pin 18 and also pin 3 & pin 18 you can get the resistance reading and compare it with the data from the Autodata book for the engine. The coolant temperature sensor was also monitored at -10°, 20° and 80°C and compared to the same Autodata book as aforementioned the final two readings taking were the injector resistance using pins 15-17 and the auxiliary air valve using pin 40 which would give you the resistance between the terminals. 
The oscilloscope was used through the test to generate 9 different scope patterns. These scope patterns represent the; Primary voltage, Secondary voltage, Crank signal, Spark advance signal, Crank angle sensor amperage, Crank angle sensor under acceleration, Crank angle sensor under de-acceleration, Ignition switch injector idle, Speed revolutions for the fuel ecu and finally the Amplifier and Ignition switch supply and earth. Each of these scope patterns can be found below.
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Figure 2 - Engine Used in the Test with the Motronic Control System

The 2.0 litre engine was the final engine tested; the test was completed after the LE3 test in the same workshop meaning the ambient temperature of 17.5° – 18.2°C applied to this test too. 
The first thing tested on the motronic system was the pins of the ecu when the ignition was switched off and when the ignition was switched on, in the table below you can see the readings for each pin from the ecu. There are 55 pins however, not all of them are used some are left as a reserve, others are earth’s each pin has been named in Table 1 below.


Table 1 - A Table to Show Each Pin from the Motronic ECU & it’s Purpose 
	Pin no.
	Purpose

	1
	Negative side of coil

	2
	Earth

	3
	Control circuit for fuel pump (from relay pin 85B)

	4
	Pulsed side of Rotary Idle Valve

	5
	Pulsed side of Tank Vent Valve

	6
	4WD ECU – A/T ECU – Fuel Tell-Tale lamp

	7
	Load signal output from air-low meter

	8
	Reserve, no use

	9
	Speedo, mileage frequency sensor

	10
	Earth

	11
	Reserve, no use

	12
	5v supply to air-flow meter & throttle potentiometer

	13
	Diagnostic socket supply

	14
	Earth

	15
	Reserve, no use

	16
	Pulsed side of injectors (bank of two)

	17
	Pulsed side of injectors (bank of other two)

	18
	Permanent live

	19
	Earth

	20
	Earth (for catalyser)

	21
	Earth (for A/T)

	22
	Engine tell-tale warning light

	23
	Reserve, no use

	24
	Earth

	25
	Reserve, no use

	26
	Earth via ECU

	27
	Ignition feed

	28
	Output from Lambda sensor

	29
	Reserve, no use

	30
	Reserve, no use

	31
	Reserve, no use

	32
	Output to on-board computer

	33
	Reserve, no use

	34
	A/T ECU

	35
	Reserve, no use

	36
	Control circuit for auxiliaries & ECU (from relay pin 85)

	37
	Supply to ECU & to on-board computer

	38
	Reserve, no use

	39
	Reserve, no use

	40
	A/C

	41
	A/C

	42
	Earth (manual transmission only)

	43
	CO potentiometer output (not fitted w/ catalyser)

	44
	Output from NTC 1

	45
	Output from NTC 2

	46
	Octane plug input

	47
	Earth (for 4WD vehicles)

	48
	Output from crankshaft sensor

	49
	Output from crankshaft sensor

	50
	Reserve, no use

	51
	A/T ECU

	52
	Reserve, no use

	53
	Output from throttle potentiometer

	54
	Reserve, no use

	55
	Earth for diagnostic socket



Once the readings were taken from each pin some static readings were taken from the engine. The first reading taken was from the throttle potentiometer, which was found to be faulty as discussed below. Two readings were taken one with the throttle closed and the other with the throttle open. Then the airflow sensor was measured using pins 4 & 2, 4 & 3, and 4 & 1 to get the resistances. After the airflow sensor the resistance across each injector was measured using pin 16 and 17. 
The engine was then started and the cold cranking injector on time was measured followed by the next rotation up until the engine was running and the injector pulse returns to standard. Once the engine warmed-up to 20°C where readings from pin 4, 5, 16, 17, 28 and 45. The engine was then warmed up to 30°, 40°, 50°, 60°, 70° and 80°C with each of the aforementioned pins (4, 5, 16, 17, 28 and 45) tested at each temperature. At 20° and 80° a voltage reading was taken from pin number 44.
Through the test the oscilloscope would have been used to generate 11 different scope patterns. These patterns will represent; Ignition primary wave, Ignition secondary wave, Rotary idle valve, Motronic 12v supply and earth, Air flow and throttle potentiometer signals, Injector banks, Injection on time at idle, Injection on time under acceleration, Injection on time decelerating, Lambda sensor and finally the Crankshaft sensor. Each of these scope patterns can be found below.

[bookmark: _Toc53042802][bookmark: _Toc101735113]Results & Findings 
[bookmark: _Toc101735114]Results of the LE3 Engine Test
Table 2 - A Table to Show NTC2 Voltage and Resistance at Different Temperatures
	NTC2
	Pin 8
	Pin 8

	Temperature (°C)
	Voltage (V)
	Resistance (Ω)

	20
	1.7
	1940

	30
	1.1
	1070

	40
	0.9
	770

	50
	0.7
	538

	60
	0.5
	392


Table 2 is a representation of how the voltage and resistance changes across the NTC2 sensor as the temperature of the intake air increases the resistance of the NTC2 sensor decreases. NTC stands for negative temperature coefficient thus explaining the decrease in resistance, this sensor is monitoring coolant temperature in order to compensate for temperature helping to keep the circuit ‘in tune.’ (Hillier, 2001, p.101)
	Cranking Injector on Time

	Pin
	Duration (milliseconds)

	3
	106


 Table 3 - A Table to Show Injector on Time During Cranking
In table 3 you can see how long the injector was on for while the engine was cranking. Of course, starting the engine is more labour intensive and requires more fuel which explains why the duration is much longer than in table 4.
Table 4 - A Table to Show Injector on Time While the Engine is Running at Different Temperatures
	Engine Running Injector on Time

	Temperature (°C)
	Pin
	Duration (milliseconds)

	20
	3
	3.8

	30
	3
	2.9

	40
	3
	2.9

	50
	3
	2.9

	60
	3
	2.7


Table 4 shows how long the injector is on for while the engine is idling at different temperatures as you can see the hotter the engine gets the injector on time becomes smaller. This may be due to the engine block being warmer meaning less energy will be lost through thermal conductivity resulting in less fuel needed.
Table 5 - A Table to Show Injector on Time Whilst the Engine is Accelerating & De-accelerating
	Injector on Time Under Acceleration/De-acceleration

	Condition 
	Duration (milliseconds)

	Acceleration 
	8.4

	De-acceleration
	Narrows during deceleration once engine is in over run conditions the injectors shut off until Idle or Anti-stall


Table 5 above shows how the injector on time differs when the engine is accelerating and de-accelerating. Under acceleration the injector is on for a longer time than when idling as seen in table 4, this is because the injector pulse width is longer at higher RPMs as more fuel is needed in the combustion process. However de-acceleration is different as its scope pattern, which is shown in figure 8, shows the injector gradually narrows until the engine realises it is in overrun and the injectors turn off until the engine begins to idle or enters anti-stall.

Table 6 - A Table to Show How Recorded Resistance Across the Throttle Switch Compares to the Autodata Value
	Throttle Switch Resistance

	Throttle Switch
	Autodata (Ω)
	Recorded Data (Ω)

	Pin 2 & Pin 18
	1.50
	1.48

	Pin 3 & Pin 18
	Infinity (OL)
	Infinity (OL)


In Table 6 you can see how the recorded throttle switch resistance compares to the Autodata recommended result. The tested throttle switch seems to be relatively close and exactly the same to the recommended number, so it is in working order. 
Table 7 - A Table to Show Autodata Resistance Values for the Coolant Temperature Sensor
	Coolant Temperature Sensor Values from Autodata

	Temperature (°C)
	Resistance (Ω)

	-10 
	7,000 - 11,600

	20
	2,100 – 2,900

	80
	270 - 390


Table 7 is the recommended Autodata coolant temperature sensor resistance values at three different temperatures, as you can see the colder it is the more resistance the temperature sensor is. This happens because when the engine cold the data from the coolant temperature sensor allow it to calculate the injection duration and the ignition advance. (Auto Ditex, n.d.) 
Table 8 – A Table to Show the Recorded Resistance Values for the Coolant Temperature Sensor at 60°C
	Recorded Coolant Temperature Sensor Value at 60°C

	Resistance (Ω)
	960


In Table 8 the recorded resistance value from the coolant temperature sensor at 60°C is displayed. Being 960Ω and comparing it to table 7 you can see that the value looks to be within specification.
	Auxiliary Air Valve Resistance (Ω)

	Autodata Value
	Recorded Value

	40
	46.5


Table 9 - A Table to Show how Autodata Values Compare to the Recorded Values of the Auxiliary Air Valve Resistance
Table 9 is a comparison of the auxiliary air valve resistance, again the recorded figure is being compared to the Autodata value. As you can see the recorded value is slightly higher than the Autodata value this could be temperature related as the Autodata book does not mention temperature.
Table 10 - A Table to Show how Autodata Values Compare to the Recorded Values of the Injector Resistance
	Injector Resistance (Ω)

	Autodata Value
	Recorded Value

	15 – 17 
	16


Again, the same in table 10, the recorded value for the injector resistance is compared to the Autodata value. The recorded value of 16 ohms is in the middle of the Autodata value so the injector is in perfect working order.
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Figure 3 - A Scope Pattern of the LE3 Secondary Voltage

[image: ]Now in figure 3 you see the scope pattern obtained with the digital oscilloscope. It shows how the voltage decreases and increases during a cycle of cylinder 1. The peak of the voltage is right before the power stroke as the fuel needs to be ignited so more power is needed. In the middle of the pattern, you can see the initial drop in voltage as the Kettering coil begins to charge and build current. After that, the feel time begins until the computer requests the spark for the combustion process, the spark duration on 1.7ms shows the engine is idling.









Figure 4 - A Scope Pattern to Show the Crank Signal on the LE3 System

In figure 4 the scope pattern of the crank signal sensor is shown, this was obtained via pin 12. The signal has two peaks this is representative of top dead centre and bottom dead centre. This sensor is incredibly important as without it the computer would not know where in the 4-stroke cycle it is [image: ]supposed to be.









Figure 5 - A Scope Pattern to Show the Speed Reference for the Fuel ECU on the LE3 System


[image: ]Figure 5 is the speed reference that the fuel ecu uses to know how much fuel is needed. The scope pattern is showing the engine at idle put under acceleration you would expect the gaps to become smaller as more fuel is needed.









Figure 6 - A Scope Pattern Showing the Injector at Idle


In Figure 6 the scope pattern for the injector at idle not much fuel is used while idling hence the single trace, if you compare this to figure 7 below you can get an understand on how these changes when accelerating. The initial drop is caused by the increase in current and the peak is caused by the injector being switched on, the trace then decreases until it returns to its usual voltage this is the amount of time the injector is open for.
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Figure 7 - A Scope Pattern Showing the Injector While Accelerating

[image: ]As mentioned above the scope pattern in figure 7 shows a lot more traces while the engine is accelerating, this is due to more fuel being needed at a faster rate as a result of the increases of the revolutions per minute hence the blue trace showing the injector is open for longer.Figure 8 - A Scope Pattern Showing the Injector While De-accelerating












In Figure 8 the injector scope pattern can be see, this time it is under de-acceleration. As previously mentioned, the injector gradually narrows until the engine knows it in over run conditions which is denoted by the line becoming almost flat. At this point the injectors are off to help save fuel and increases fuel efficiency. 
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Figure 9 - A Scope Pattern to Show the Primary Amperage 


In Figure 9 the primary ignition of the system can be seen, the initial drop is the current building in the coil which is then released sending the voltage to extreme highs which is what you can see on the scope pattern. Then the spark occurs, and the remaining power is grounded, and the process will begin again. (Auto Ditex, n.d.)
[image: ]Figure 10 - A Scope Pattern to Show the Spark Advance & the Primary Amperage












In Figure 10, there are two traces the blue line represents the spark advance, and the red trace represents the primary ignition which is discussed above. The spark advance is responsible for keeping the electricity flowing and the timing of the ignition outputs depending on the crank angle. (Kawahara, 2008, p.369) As you can see when the current it is building in the coil and the voltage drops the spark advance increases the voltage until the ecu opens the switch and the voltage drops to normal levels. 
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Figure 11 - A Scope Pattern to Show the Supply Voltage and the Earth Voltage


In Figure 11 again there is two different traces this time the blue represents the voltage supply, and the red trace represents an earth. As expected, when the voltage drops on the blue trace the red trace does the opposite with an initial increase in voltage and it grounds the voltage which is shown by the lowest peak on the red trace before returning to its normal voltage of 0.

[bookmark: _Toc101735115]Results of the Motronic Engine Test
At the beginning of the Motronic testing some static voltage testing was completed, using the digital multimeter all 55 pins from the ECUs were tested with the ignition on and off. In the Table 11 below you will see the results from this test.
Table 11 - Static Voltages from the Motronic System
	

	Pin 
	Ignition OFF (V)
	Ignition ON (V)
	Purpose

	1
	0
	12.15
	Negative side of coil

	2
	0
	0.04
	Earth

	3
	0
	12.04
	Control circuit for fuel pump (from relay pin 85B)

	4
	0
	9.74
	Pulsed side of Rotary Idle Valve

	5
	0
	12.01
	Pulsed side of Tank Vent Valve

	6
	0
	11.31
	4WD ECU – A/T ECU – Fuel Tell-Tale lamp

	7
	0
	0.33
	Load signal output from air-low meter

	8
	-
	-
	Reserve, no use

	9
	-
	-
	Speedo, mileage frequency sensor

	10
	0
	0
	Earth

	11
	-
	-
	Reserve, no use

	12
	0
	5.08
	5v supply to air-flow meter & throttle potentiometer

	13
	0
	10.1
	Diagnostic socket supply

	14
	0
	0
	Earth

	15
	-
	-
	Reserve, no use

	16
	0
	12.1
	Pulsed side of injectors (bank of two)

	17
	0
	12.1
	Pulsed side of injectors (bank of other two)

	18
	12.4
	12.1
	Permanent live

	19
	0
	0
	Earth

	20
	0
	0
	Earth (for catalyser)

	21
	0
	0
	Earth (for A/T)

	22
	0
	0.93
	Engine tell-tale warning light

	23
	-
	-
	Reserve, no use

	24
	0
	0
	Earth

	25
	-
	-
	Reserve, no use

	26
	0
	0
	Earth via ECU

	27
	0
	12.09
	Ignition feed

	28
	0
	0.45
	Output from Lambda sensor

	29
	-
	-
	Reserve, no use

	30
	-
	-
	Reserve, no use

	31
	-
	-
	Reserve, no use

	32
	0
	11.3
	Output to on-board computer

	33
	-
	-
	Reserve, no use

	34
	-
	-
	A/T ECU

	35
	-
	-
	Reserve, no use

	36
	12.07
	0.31
	Control circuit for auxiliaries & ECU (from relay pin 85)

	37
	0
	12.03
	Supply to ECU & to on-board computer

	38
	-
	-
	Reserve, no use

	39
	-
	-
	Reserve, no use

	40
	0
	0
	A/C

	41
	0
	0
	A/C

	42
	0
	0
	Earth (manual transmission only)

	43
	-
	-
	CO potentiometer output (not fitted w/ catalyser)

	44
	0
	3.69
	Output from NTC 1

	45
	0
	3.69
	Output from NTC 2

	46
	0
	0.25
	Octane plug input

	47
	-
	-
	Earth (for 4WD vehicles)

	48
	0
	0.07
	Output from crankshaft sensor

	49
	0
	0.11
	Output from crankshaft sensor

	50
	-
	-
	Reserve, no use

	51
	-
	-
	A/T ECU

	52
	-
	-
	Reserve, no use

	53
	0
	0.66
	Output from throttle potentiometer

	54
	-
	-
	Reserve, no use

	55
	0
	10.99
	Earth for diagnostic socket



As you can see out of the 55 pins on the ECU only 33 are in use as some are reserved and others are used for things such as an automatic transmission which our system did not utilize. Only two pins have a voltage reading one is a permanent live and the second is for the control circuit of the ECU which needs voltage to power things such as the alarm on.
The voltage of the battery was tested before starting, it was found to have 12.4V and with the ignition on the voltage at the battery dropped to 12.26V which is expected as more objects are drawing power. 
The engine was then started and the injection on time was measured during the cranking phase. At around 18°C the injection on time was 21.3ms followed by 18.2ms. It took 300ms for the engine to be running and the injector pulse time returns to the idle setting.
Once the static testing was completed various components of the engine were tested during the warm-up phase of the engine. The components tested were:
· Injection on time
· Rotary idle valve 
· Tank vent valve
· Lambda switching 
· NTC 2 voltage and resistance
The results from the testing of these components can be found in table 12 below. As mentioned previously the throttle potentiometer was an aftermarket part and was found to be faulty so this should be accounted for when looking at the results of the test. 



Table 12 - Engine Component Testing During Warm-up
	Engine Temperature (°C)
	NTC 2 (Ω)
	NTC 2 (V)
	Injector on Time (Milliseconds)
	Rotary Idle Valve (On Time, %)
	Tank Vent Valve (Actuation)
	Lambda (Actuation)

	20
	1900
	3.3
	3.1
	44
	OFF
	OFF

	30
	1020
	2.5
	2.8
	42
	OFF
	PARTIAL

	40
	660
	2.2
	3.2
	41
	OFF
	30° > 39°C

	50
	450
	1.6
	2.9
	42
	PARTIAL
	ON

	60
	340
	1.4
	2.9
	41
	40° > 52°C
	ON

	70
	240
	0.9
	2.6
	40
	ON
	ON

	80
	250
	1.0
	2.8
	43
	ON
	ON



Then some resistance values were tested using the digital multimeter on the pins or the end of the wire from the selected component. The first part tested was the throttle potentiometer which can be seen in table 13 below, with the part not working correctly these resistance values may not be correct and a working throttle potentiometer should be tested if the test was to be recompleted. 
	Throttle Position 
	Tested Resistance (Ω)

	Open 
	2.68

	Closed
	1.48


Table 13 - Throttle Potentiometer Resistance Values


Table 14 - Airflow Sensor Resistance Values
	Pins
	Expected Resistance (Ω)
	Tested Resistance (Ω)

	4 & 2
	8 to 2500
	320

	4 & 3
	300 to 550 
	560

	4 & 1
	270 to 520
	N/A


In table 14 the airflow sensor resistance values are shown. One of the results is above the expected resistance by 10 Ω this could be down to many reasons as the engine is over 20 years old so some slight wear may have caused the over reading. Pin 4 and 1 was not able to be tested as the engine tested had a catalytic converter.
Table 15 - Injectors Resistance Values
	Pins
	Expected Resistance (Ω)
	Tested Resistance (Ω)

	Injector 1
	15 - 17
	16.6

	Injector 2
	15 - 17
	16.5

	Injector 3
	15 - 17
	16.5

	Injector 4
	15 - 17
	16.6


In table 15 you can see the results from the injector resistance testing. All four are within the expected resistance with 1 and 4 and 2 and 3 having the same values due to the fact that on this engine these injectors are in pairs hence the same resistance values between them.
Now similar to the LE3 testing there are some oscilloscope scope patterns which can be found below.



[image: ][image: ]In figure 12 the scope pattern for the primary igniton can be seen. It is similar to the one from the LE3 with the drop in voltage as the current builds with the dwel time before the big spike of voltage as the ecu switch opens. The duration of the spark was 1.47ms so this scope pattern is of the engine at idle.Figure 12 - A Scope Pattern to Show Primary Ignition Wave of the Motronic System

      Figure 13 - A Scope Pattern to Show Secondary Ignition Wave of the Motronic System
In figure 13 the secondary ignition wave scope pattern is shown. This is much different to the primary ignition wave because it is using the secondary windings of the Kettering coil. 



[image: ][image: ]In figure 14 the rotary idle valve scope pattern can be seen; this is at idle with a coolant temperature of 80°C. The role of the rotary idle valve is to regulate the engine idle speed according to the temperature and the load of the engine. Looking at the scope pattern you can see how the switched earth module is working, every 10ms the signal goes down to around 2.5v which is when the signal gets earthed before returning to its usual voltage. (Pico Technology, 2010)Figure 15 - A Scope Pattern to Show the 12V Supply and Earth of the Motronic System
Figure 14 - A Scope Pattern to Show the Rotary Idle Valve at Idle on the Motronic System












Figure 15 shows the scope pattern of the 12 volts supply from the ignition and the earth return it uses. This scope also looks like the LE3 one shown in Figure 11. As the voltage supply drops the earth uses it and grounds it to 0 volts so this system is working.



[image: ][image: ]Figure 16 is the Air flow on the top and the throttle potentiometer on the bottom, they are showing some correlation which is good as they should be working together in order to keep the engine running correctly. When the throttle input increases the air flow increases which is supported to happen even with the malfunctioning throttle potentiometer.Figure 15 - A Scope Pattern to Show the Air Flow & Throttle Potentiometer Signal from the Motronic System


Figure 17 is the two banks of injectors scope pattern. They are both firing at the same time with the same amount of dwell time and the same peak voltage, so all four injectors are working correctly. Figure 17 - A Scope Pattern to Show the Injector Banks on the Motronic System
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[image: ]Figure 18 - A Scope Pattern to Show the Injection on Time at Idle on the Motronic System

Figure 18 is the injection on time at engine idle. This is fairly similar to figure 17 with an almost identical trace, this means that the injector is working correctly when the engine is idling. The dwell time is no longer in figure 18 than in figure 17 it just looks bigger in 17 as the scope is more zoomed out. (Pico Technology, 2010)










Figure 19 - A Scope Pattern to Show the Injection on Time Under Acceleration on the Motronic System

In figure 19 the injection on time scope patter while the engine is accelerating is shown you can immediately see how this compares to figure 18 above. As expected, when the engine RPM increases more fuel is needed so the injector would be firing more often, and the injector would be open for a longer time shown by the longer line after the peak on the scope pattern. 
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[image: ]Figure 20 - A Scope Pattern to Show the Injection on Time Under De-acceleration on the Motronic System

Figure 20 again is a scope pattern showing the injection on time however, this time it is showing de-acceleration. The result of the de-acceleration is the injector will gradually start to slow down until it realises it is in overrun conditions which it will then shut the injector off as you can see on the scope pattern. It will remain off until the engine begins to idle, or the user begins to accelerate again. 









Figure 21 - A Scope Pattern to Show the Lambda Sensor on the Motronic System

In Figure 21 the lambda sensor scope pattern can be seen, looking at the trace the engine is running the correct air fuel ratio as the pattern is in the middle of the voltage range if it were too high or too low then the engine would be running too rich or too low, respectively. 

[image: ]
Figure 22 is the scope pattern for the crankshaft senor showing its signal using the digital oscilloscope. Most of the trace is the same except for a slight increase in power for a longer time period, this is the crankshaft sensor switching back to the start of the 4-stroke cycle.
Figure 22 - A Scope Pattern to Show the Crankshaft Sensor on the Motronic System


[bookmark: _Toc101735116]A Conclusion on the Tests

After conducting the test successfully and observing the results you can see both the engines are remarkably similar. The results from the produces are almost identical if you account for the faulty throttle potentiometer on the motronic system, mainly because they were both General Motors Family II engines. 
Looking at the aims from the introduction I think students would have gained valuable background knowledge and understanding of vehicle electrical and electronic systems, circuits, and components. Also, I Believe that the tests completed to obtain these results should have developed their ability of completing the tests with use of a computer aided system to a basic level.






[bookmark: _Toc101735117]Further Work
[bookmark: _Toc101735118]Improvements That Could be Made

An obvious improvement for the motronic system is to replace the faulty aftermarket throttle potentiometer, however, this is not an upgrade but more of a repair. If you were to modify the motronic system to improve it you could add is a standalone ECU like one made by Motec, these ECUs enable the user more control over every variable the standard ECU has to deal with. The use of a standalone ECU also means you can make changes to how these electrical control systems work to try and make the engine run in a better way where it be for power, reliability, or economy. This would also apply to the LE3 system
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