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1.0 [bookmark: _Toc101719322]Introduction
The aim of this investigation was to measure engine characteristics via the engine management system, which was undertaken in a group of 5. The system that the test was undertaken on is the Vauxhall 2.0l C20NE engine with the Bosch Motronic management system. The engines with this Bosch management system were introduced in the late 80’s and was used on all of Vauxhalls 2.0l engines.  
[bookmark: _Toc101719323]1.1 Aims and Objectives
This purpose of this investigation is to measure engine characteristics, which includes the electronic fuel injection system and electronic ignition, using live data. By doing this, data sheets and scope patterns can be produced which can be used to analyse the systems characteristics as well as show inconsistences. 


[bookmark: _Toc101719324]2.0 Laboratory Session 
Within this laboratory session in the workshops, the C20NE was measured using a multimeter and oscilloscope to gain readings of the systems characteristics. This included injection on time, show as a scope pattern that was produced by the Bosch BEA850, all ECU pin voltage readings as well as resistance readings of Motronic components to compare to factory resistance. With this data measured tables and scope patterns can be produced to show any inconsistencies that might be within the system. 

[bookmark: _Toc101719325]2.1 Testing Equipment 
The investigation consisted of the following apparatus:
· Multimeter, used to take readings of Volts, Amps and Ohms. The meter must be used on a setting within an acceptable range otherwise it may blow the fuse. (EMS Publishing, 2010)
· PPE, this includes steel toe boots, overalls and safety glasses.
· Bosch BEA 850, this was used to measure voltage over a period using live graphical data, this graphical data will later be used to produce scope patterns that can be analysed. (ADE SYSTEMS LTD, 2012) 
· Engine rig with a C20NE that uses the Motronic Management system, this is the system that is being tested. 








[bookmark: _Toc101719326]2.2 Methodology 
To start, the engine was correctly set up on the engine rig, as well as having the exhaust evacuation system connected for when the engine was running. The team were also wearing correct PPE for within the workshop. 
First off, the Bosch LE3 system was measured for voltage of components, this began with measuring the Spark Advance Control Unit with the ignition off. This was completed using a multi meter set to Volts. Once all pins were measured with the ignition off, they were all measured again with the ignition on. The Spark Advance Control unit is the time in which the spark is initiated before top dead centre, the amount of time can vary depending on the air/fuel ratio, temperature, etc. (William B. Ribbens, 2017).
The Amplifier was also measured with ignition on and ignition off using a multi meter set to volts. The Amplifier takes low current signals and switches them to a high primary current. (Pico Technology)
Live testing of the LE3 Jetronic was then undertaken. This began with checking the temperature of the oil using the Bosch BEA850, the static engine temperature was 18.2°C. readings were then taken throughout the warmup sequence of pins 8 and 3. This was completed by taking readings from cold crank to approximately 60°C. The first cold crank took approximately 500ms of cranking to start as well as the first injection time being 77.1 ms, the normal injection time then lowered to 6.4 ms. Pin 8 resistance (Spark Advance Control Unit) also measured 1830 ohms and 1.5 volts when the engine was roughly 20°C. after that pin 3 was measured with a result of 3.5ms injection on time. With the cold crank sequence completed it was then undertaken again at 10°C intervals up to 60°C. These measurements were taken using live data via the Bosch BEA 850.
Static voltage readings were then taken of all the ECU pins using a multi meter, this was tested with ignition on and off. There are a total number of 55 pins on this ECU and 33 of them are used on the Motronic system. These reading were taken using a multi meter set to volts.
With the ECU pins measured, with ignition on and off, the Motronic components were then tested whilst the engine was running, with 10°C intervals of the engine temperature between 20°C - 80°C. The components were tested throughout the engines warmup phase to show the engines characteristics as well as any inconsistencies. The Bosch engine analyser was used to keep an eye on the engine’s temperature using live data.
The resistance of the components was then measured using a multi meter to compare with factory specification, this allows possible inconsistencies to be shown in the data. As shown in section 3.3 majority of the components are within manufacturer specification and have very little inconsistencies. 
The throttle potentiometer was first measured by disconnecting the multi plug and connecting the multi meter, set to ohms, between terminals 1 and 2 then 1 and 3. After this the injectors were measured for resistance, they were measured by removing the plugs and placing the multi meter between the terminals, this was completed for all injectors. The idle speed control valve was then measured. This was completed by removing the connector and measuring resistance, using a multi meter set to ohms, across pins 4 and to first, then pins 4 and 3. Lastly the air flow sensor was measured, this was completed again using the multi meter set to ohms and measuring between pins 4 and 3 first, then pins 4 and 2 to get a resistance reading. With these resistance readings a comparison to manufacture spec can be made to look for any inconsistencies.
Finally, the Bosch BEA 850 was setup to read live data and show it on screen as a scope pattern. These scope patterns are depicted with the voltage reading on the Y axis and the amount of time on the X axis, these were adjusted accordingly to each component that was being measured. Using the scope pattern, a diagnosis of the engine can then be completed.



[bookmark: _Toc101719327]3.0 Motronic Results
The following data below are the results that have been collected from the workshop session. These results have been displayed into tables so that any inconsistencies can be acknowledged.

[bookmark: _Toc101719328]3.1 ECU Static Voltage
Here are the results of the ECU pins measured voltage using a multimeter. This was completed twice, once with the engine off and once with the engine on. 
	Pin Number
	Components
	Ignition off (V)
	Ignition on (V)

	1
	Negative side of coil
	0
	12.47

	2
	Earth
	0
	0.04

	3
	Control circuit for fuel pump
	0
	12.34

	4
	Pulsed side of Rotary Idle Valve
	0
	9.93

	5
	Pulsed side of Tank Vent Valve
	0
	12.27

	6
	4WD ECU - A/T ECU -Fuel tell-tale lamp
	0
	11.57

	7
	Load signal output from air-flow meter
	0
	0.32

	10
	Earth
	0
	0

	12
	5V Supply to air-flow meter & throttle potentiometer
	0
	5.07

	13
	Diagnostic socket supply
	0
	10.29

	14
	Earth
	0
	0.04

	16
	Pulsed side of Injectors (1)
	0
	12.24

	17
	Pulsed side of Injectors (2)
	0
	12.34

	18
	Permanent live (memory)
	12.67
	12.35

	19
	Earth
	0
	0.03

	22
	Engine tell-tale warning light
	0
	0.92

	24
	Earth
	0
	0.04

	26
	Earth
	0
	0.07

	27
	Ignition feed
	0
	12.31

	28
	Output from Lambda Sensor
	0
	0.46

	32
	Output to on board computer
	0
	11.52

	36
	Control circuit for supply to auxiliaries and ECU
	12.36
	0.31

	37
	Supply to ECU and on-board computer
	0
	12.24

	40
	Air Con
	0
	0.07

	41
	Air Con
	0
	0.07

	42
	Earth for manual transmission
	0
	0.04

	44
	Output from NTC 1
	0
	3.47

	45
	Output from NTC 2
	0
	1.57

	46
	Octane Plug input
	0
	0.07

	48
	Output from crankshaft sensor
	0
	0.06

	49
	Output from crankshaft sensor
	0
	0.11

	53
	Output from throttle potentiometer
	0
	0.69

	55
	Earth for diagnostic socket
	0
	11.21



[bookmark: _Hlk101464657]Table 3.1.1 – Motronic Static Ignition (On & Off)


As shown above, these are the results of measuring all 33 pins that are used out of the total 55 in the system. These pins have been measured for voltage using a multimeter. 
[bookmark: _Toc101719329]3.2 Component testing at 10°C Intervals
With the ECU pins tested, the following engine components were also tested throughout the temperature range of 20°C - 80°C
· Voltage and resistance from NTC2 (Pin 45) – NTC are a type of resistor that allows the resistance to decrease as temperature increases. (Texas Instruments, 2018)
· Injector on time (Pin 16) – The injection on time is the duration in which the injector is spraying fuel into the cylinder. This can be seen and measure as a wave form on a scope pattern. (Christine & Scott Gable, 2020).
· Rotary idle valve (Pin 4) – The rotary idle valve controls the RPMs of the engine when the car is idle, according to the temperature and load on the engine. (Pico Technology)
· Tank Vent Valve (Pin 5) – The tank vent valve works by releasing pressure from the tank due to the tank expanding in heat or to relieve a vacuum. (Tanks Inc, 2004)
· Lambda sensor turning on (Pin 28) – The lambda sensor measures the amount of oxygen within the exhaust and sends a signal to the ECU to process the information to reduce harmful gasses, which results in the air/fuel mixture adjusting. (Autobutler, 2019)








The temperature of the engine was measured by removing the oil dipstick and inserting the oscilloscope into the sump to give an accurate live reading, before any of these tests at specific temperature intervals were carried out the engine was warmed up to 20°C. Here are the results at each correct temperature:
	°C
	NTC2

Ω
	NTC2

V
	NTC1

V
	Injector

ms
	Rotary idle
% On
	Lambda
	Tank Vent

	20
	1830
	3.2
	3.7
	3.3
	43
	Off 
	Off  

	30
	1033
	2.6
	
	3.3
	42
	Off
	On (switching between 28 – 37)

	40
	673
	2.0
	
	3.5
	41
	Off 
	N/A 

	50
	453
	1.6
	
	2.7
	40
	On (Switches between 41 - 50)
	N/A  

	60
	327
	1.3
	
	2.8
	40
	N/A
	N/A  

	70
	247
	1.0
	
	2.9
	43
	N/A
	N/A  

	80
	251
	1.0
	3.3
	3.1
	44
	N/A
	N/A 

	
18°C cold crank
	
20.3 ms Injection on time
	The fan turns on at the 70°C interval
	
	











Table 3.2.1 – Component testing at 10°C intervals


Beginning with pin 45 (NTC2) resistance was measured first, then voltage. It is evident that the increase in temperature results in the resistance and voltage of pin 45 (NTC2) decreasing. it’s also noted that the fan turned on at 70°C as it’s trying to keep the engine at a lower running temperature. 






[bookmark: _Toc101719330]3.3 Factory resistance against measured resistance. 
Using a multimeter components were testing via the connecting wires to measure resistance for comparison to factory resistance. The following Motronic components were tested:
· Throttle potentiometer – this measures the angle on the throttle valve, the information gained through this is send back to the ECU and used to adjust the air/fuel mixture. (Variohm Eurosensor, 2019.) 
· HT Leads – These are the high-tension ignition leads that sends the voltage to the plug. Bad leads may cause a misfire which can been seen on a scope pattern when diagnosing the system for example. (auto:resource, 2021)
· Air Flow Sensor – This measure the mass of air entering the intake, again this information is sent to the ECU and used to adjust the air/fuel mixture. (State Side Auto Repair, 2020) 
· Injectors – The injector send atomized fuel into the cylinders at a specific time, the amount of fuel that is used is adjusted via the ECU and can change depending on the amount of throttle, temperature of the engine, etc. (Holt Lloyd International LTD, 2019)
· Ignition Coil – Lastly the ignition coil is what creates the high voltage to produce a spark at the plug, it works similarly to a transformer as it changes the 12v from the battery into the thousands needed for a spark at the plug. (Autobutler, 2019) 













	Throttle Position
	Manufacturer (ohms)
	Measured (ohms)

	Throttle Closed (1&2)
	1900 to 2000 
	2000

	Throttle Open (1&3)
	1000 to 2000 
	2580






Table 3.3.1 – Throttle potentiometer - measured vs factory resistance

The readings above are taken from the throttle potentiometer using a multimeter set to ohms. It is within spec with the throttle closed on pin 1 and 2, but with the throttle open on pin 1 and 3 it is significantly over spec by 580 ohms. This may be down to wear on the throttle potentiometer connector as the engine is over 25 years old, although whilst testing the engine ran fine and did not show any signs of a faulty throttle potentiometer.
	Pins
	Manufacturer (ohms)
	Tested (ohms)

	Injector 4
	15 - 17
	16.4

	Injector 3
	15 - 17
	16.4

	Injector 2
	15 - 17
	16.4

	Injector 1
	15 - 17
	16.5






Table 3.3.2 – Injectors - measured vs factory resistance

These results show measurements taken of the injectors resistance using a multimeter set to ohms. As displayed, they are all within spec. 






	Idle Speed Control Valve
	Manufacturer (ohms)
	Measured (ohms)

	Give or take 0.2 Ohms for the cables
	8 
	8.4




Table 3.3.3 – Idle Speed Control Valve - measured vs factory resistance

The above results show the resistance of the idle speed control valve. There is a slight anomaly with the measured resistance as its 0.2 ohms above the factory spec, but this is not a concerning amount over. 

	Pins
	Manufacturer (ohms)
	Tested (ohms)

	4 & 2
	8 to 2500
	33

	4 & 3
	300 to 550
	560





Table 3.3.4 – Air Flow Sensor - measured vs Factory resistance 

These results display the resistance of the air flow sensor. Pins 2 and 4 are within spec, but pins 3 and 4 are ever so slightly above spec by 10 ohms, as mentioned with the results in the previous table this is not a concerning amount.










[bookmark: _Toc101719331]3.4 Bosch LE3 Readings
The measuring began with the throttle switch, the readings are as followed:
	Pins
	Tested (Ohms)

	2 & 18
	0 

	3 & 18
	Infinity 





Table 3.4.1 – Throttle Switch - measured vs Factory resistance 
These above readings are correct and true to spec. It was measured using the multi meter set to ohms across both pins 2 and 18 as well as 3 and 18, with the ignition off and with the throttle closed. 

	Pin Number
	Measured Voltage (Volts) Ignition Off
	Measured Voltage (Volts) Ignition On

	1
	0
	0.03

	2
	0
	0.03

	3
	0
	11.60

	5
	0
	0.06

	6
	0
	0.03

	7
	0
	2.47

	8
	0
	0.95

	10
	0
	0.03

	11
	0
	0.03

	12
	0
	0.06

	13
	0
	0.13

	14
	0
	4.97

	15
	0
	0.14










Table 3.4.2 – LE3 – Spark Advance Control Unit 

The above tables display the measurements taken of the Spark Advance Control Unit and the Amplifier using a multi meter. Evidently, they all read 0 volts with the ignition off as no power was being sent, whereas with the ignition turned on there were significant readings. When measuring the Spark Advance Control Unit pins 4 and 9 had no connection. With the ignition off the battery voltage measured 12.26, whereas when the ignition was on it measured 11.98 because the engine was not running so the alternator was not recharging the battery.



	Pin Number
	Measured Voltage (Volts) Ignition Off 
	Measured Voltage (Volts) Ignition On

	1
	0
	11.67

	2
	0
	0.02

	3
	0
	11.67

	4
	0
	0.13




Table 3.4.3 – LE3 – Amplifier  

The above table of results show the resistance readings of the Amplifier. The Amplifier voltage was measured using the multimeter set to volts, and voltage was measured across all 4 pins. These results are all correct and there are no inconsistencies. 

	Pin Number
	Measured Voltage (Volts) Ignition Off
	Measured Voltage (Volts) Ignition On

	1
	0
	0.06

	2
	0
	11.70

	3
	0
	0

	4
	0
	0.02

	5
	0
	0.03

	8
	0
	1.97

	10
	0
	0.15

	12
	0
	11.78

	14
	0
	4.97

	15
	0
	0.02











Table 3.4.4 – LE3 – Fuel Management   

These results show the measured voltage of the fuel management system with ignition on and off. There were no connections on pins 6,7,9,11 and 13. Again these were measured across each one of the pins on the fuel management system using the multi meter set to volts.



 
	Temperature 
	Pin 3 (Injection On time - ms)
	Pin 8 (resistance - Ohms)
	Pin 8 (voltage - Volts)

	18.2
	6.4
	1830
	1.5

	30
	3.4
	1020
	1.1

	40
	3.2
	770
	0.9

	50
	2.8
	530
	0.7

	60
	2.8
	400
	0.5







Table 3.4.5 – LE3 – Warm up Sequence    

Lastly the above results show the warmup phase. Measurements were taken using the Bosch BEA 850. It’s evident that injection on time, resistance and voltage all decrease as the engine warms up due to there being less load on the engine. There are no inconsistencies within this data.

[bookmark: _Toc101719332]4.0 Scope Patterns
[image: A close up of text on a black background

Description automatically generated]These scope patterns were gained using the Bosch BEA 850 engine analyser, this way live data can be read, and graphs can be made of injection on time, Ignition wave patterns, the 12v supply and earth etc. Figure 4.1.1 – Spark Duration (Primary Wave)

These scope patterns were taken using the same engine but on a previous date before the workshop session. 
Figure 4.1 – Motronic Primary Wave Scope Pattern 
4.1 Motronic Scope Patterns

This scope pattern displays the spark duration of the Motronic system. This waveform doesn’t show any abnormalities or inconsistencies. The nose of the spark line doesn’t rise too high which is a good sign, as if it did this would be a sign of a lean mixture within the cylinder. In some severe cases if an engine is running extremely lean the nose of the spark line will be as high as the firing voltage spike. (Rick Ede, 2015)






Figure 4.2 – Motronic Secondary Wave Scope Pattern 
[image: A picture containing text, device

Description automatically generated]This scope pattern displays the rather large dwell time after the coil oscillations. Throughout this dwell time the current will begin to flow through the primary windings of the coil again before reaching the firing line. This waveform doesn’t show any major abnormalities although there is a bit of noise, this could be down static interference. 


Figure 4.3 – Motronic Rotary Idle Valve Scope Pattern 
[image: Diagram, engineering drawing

Description automatically generated]This scope pattern shows the waveform of the rotary idle valve with the engine idling at 80°C. The time that the earth path is changed is determined by the ECU and will result in lower or larger frequencies depending on how much load is put on the engine. Engine temperature will also affect the frequency. 


Figure 4.4 – Motronic 12v Earth and Supply  
[image: Diagram

Description automatically generated]This scope pattern displays the 12v supply from the ignition on top, along with the earth return below. There doesn’t appear to be any inaccuracies within this data, although the signal does have a bit of noise on the signal. 



Figure 4.5 – Motronic Throttle Potentiometer  
[image: Diagram

Description automatically generated]This scope pattern displays the throttle potentiometer as a wave form, as stated in the previous scope pattern there doesn’t seem to be any inaccuracies although the signal does have a lot of noise. Peak voltage for pin 7 is around 4 volts whereas peak voltage for pin 53 is around 2 volts. Although they are similar in that they both take less than 0.5 seconds to change from a high to low voltage.










Figure 4.6 – Motronic Injector Banks 
[image: Diagram

Description automatically generated]The scope pattern above shows the injector banks waveform. It is evident that they are almost identical and when looking back to the voltage reading within the Motronic result there is only a .10-volt difference. There are no issues with this waveform.


Figure 4.7 – Motronic Injection on Time (Idle) 
[image: Diagram, engineering drawing

Description automatically generated]
This scope pattern exhibits the injection on time at idle. Depending on the engine’s temperature the on time may increase if cold or decrease if warm. Again, there are no abnormalities within this scope pattern, apart from there being a slight bit of noise on the signal which could be down to interference. 











Figure 4.8 – Motronic Injection on Time (Accelerating) 
[image: Diagram, engineering drawing

Description automatically generated]This scope pattern displays the injection on time whilst accelerating. In comparison to the previous scope pattern, it is evident that the on time is much larger due to the injectors putting more fuel into the cylinder due to the engine being under load. It is evident that when the injector is energized the voltage falls to around zero, if this did not happen it could be due to a weak connection within the wiring. For the most part all the on-time patterns are identical, again there is a small amount of noise on the signal.

Figure 4.9 – Motronic Injection on Time (Decelerating)  
[image: Diagram

Description automatically generated]This scope pattern displays the injection whilst decelerating, it is evident when in comparison to the two previous scope patterns that the on time is a lot smaller, this is because the engine is experiencing overrun. Both on times appear to be similar, with little to no inconsistencies. As mentioned previously there is a small amount of noise on the signal.





Figure 4.10 – Motronic Lambda Sensor 
[image: Diagram, schematic

Description automatically generated]This lambda sensor scope pattern shows a quite uniform waveform with little to no discrepancies. The voltage out put varies between 0.15 volts and 0.7 volts and voltage changes are all similar in that they take no longer than 0.5 of a second to change. 

Figure 4.11 – Motronic Crankshaft sensor 
[image: Diagram, schematic

Description automatically generated]Lastly this scope pattern shows the wave form of a crank sensor. It is evident that voltage switches from 10 volts to 10 volts at approximately 0.2 of a second. There aren’t any abnormalities or any excessive amount of noise on this signal either. 




[bookmark: _Toc101719333]5.0 Analysis 
From the results taken in the workshop session and the scope patterns gained it is apparent that the results were correct with few inconsistencies, for the most part. Though there were few resistance measurements taken that weren’t quite within spec, this may be down to the fact that the engine is over 25 years old, indicating that there is a lot of were and connection may have begun to wear and corrode. If the test had been completed on a more modern system with less years of wear and tear its more than likely that there would be little to no abnormalities at all.

5.1 System Improvement 
A good place to start with improvements for the system would be onboard diagnostics, this way reading can be taken and compared to manufacture spec so that anything that is out of spec can be sent to the ECU and stored as a fault code. By using on board diagnostics emissions can be greatly reduced and more well controlled as all emission related components can be observed and flagged up for failures. An OBD port may also be used to alter the cars ECU map, by doing this the fuel economy of the vehicle can greatly be improved. (Allen Lyons, 2015)
Distributor-less ignition system may also be an effective way to improve the system. The way this system works is that the coil sits on top of the spark plug so there are no HT leads, its all controlled by the ECU. This way the characteristics can all be monitored as live data and any issues will be sent to the ECU. (Your Mechanic, 2015)

[bookmark: _Toc101719334]6.0 Conclusion
To conclude, this report has measured and reviewed the ignition and fuel characteristics of an engine management system. This was completed by creating tables with measurement taken from the laboratory session as well as scope patterns produced in the laboratory session, using this an analysis was made where the abnormalities were acknowledged and discussed as well as the correct results being recognised. 
Comparisons have also been made where measured results are compared to manufacturer spec, by doing this a diagnosis is able to be made to identify the probable causes of why the measured readings are over or under spec. Within the section where the laboratory session was detailed, the apparatus used has been listed as well as how they operate. It is important that the correct equipment is used for the most accurate possible results. 
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