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1. [bookmark: _Toc53041646][bookmark: _Toc53041688][bookmark: _Toc101760995]Introduction 
This report analyses ignition and fuelling characteristics of two different engine management systems, and the data obtained from live engine testing, the test data will then be compared and analysed. Finally, the engine systems will look to be improved/modified by researching improvements to the existing components to improve the engine. This will in turn increase the life cycle of the engine and increase the efficiency of the system. The modifications suggested are vitally important as the future of internal combustion engine vehicles is currently unclear after the ban of new petrol and diesel cars is to be implemented by the government in 2030 (Government takes historic step towards net-zero with end of sale of new petrol and diesel cars by 2030 - GOV.UK [2020]). As the engines tested in this report are of the age of cars still on the road today it is important with their unclear future to maintain and refurbish older engines such as the ones tested to keep them on the road and updated, in lieu of being scrapped altogether causing millions of cars to be wasted as they are no longer viable. Additionally, this is beneficial to the environment as it would be a form of recycling older vehicles into more modern systems rather than buying new. 
1.1 [bookmark: _Toc101760996]Live Engine Testing 

Live engine testing is important as it lets engineers view the performance of the engine being tested live, this can lead to diagnosing problems as and when they happen and then resolving then using the data gathered. It also allows adjustments to be made to increase the engine’s efficiency through testing at varying temperatures and loads and adjusting for better performance. Furthermore, it allows engineers to fix problems diagnosed thus increasing the lifespan of the engine.
1.2 [bookmark: _Toc101760997]Engines tested   

Testing was carried out within the university workshop, on two engine testing rigs and testing was performed as a group. The two engines tested were the 2.0l Vauxhall Motronic system and the 1.6l LE3 Jetronic system.



  
2. [bookmark: _Toc53041647][bookmark: _Toc53041689][bookmark: _Toc101760998]Literature review 

[bookmark: _Toc101760999]2.1 Vauxhall/Opel Motronic system  

The Vauxhall 2.0 litre engine was introduced in the 1987 model year, it was equipped with a Bosch Motronic 4.1 engine management system. Fuel management and ignition systems execute individual tasks, the Jetronic system controls the fuel metering function, and electronic ignition enhances the ignition. The Motronic system combines both of these functions electronically using a sole ECU. Unlike older systems such as the LE which uses 2 ECUs to separately control fuel management and ignition. (Motronic - Wikipedia 2022)
[bookmark: _Toc101761000]2.1.1 Advantages of Motronic 

As aforementioned the Motronic system combines both of these functions electronically using a sole ECU rather than two, therefore more is achieved in one system and thus decreases the cost due to less components being needed to operate fuel and ignition. This advantage is the reason for Bosch’s development of the Motronic system. (Bosch Motronic handbook (1985)) 
Optimum ignition advance and fuel metering during start-up leads to dependable starting and cold start behaviour. Additionally, due to the ignition and fuel timing being electronically controlled the system is relatively free from maintenance as there will be no change in ignition characteristics over the engines lifespan.  A major advantage of the Motronic system is fuel savings, as fuel is precisely metred during the warm-up phase, and ignition timing can also be adjusted appropriately. In addition, the system possesses an overrun fuel cut off to further reduce the consumption of fuel. Finally, Motronic has a reduction in fuel consumption whilst meeting the emission regulations due to tailored ignition advancement in all operating conditions also leading to low emissions. (Bosch Motronic handbook (1985)).  Due to the use of a lambda sensor and the integration of lambda control, the Motronic system can already comply today with the exhaust-gas regulations of tomorrow. States the Bosch Motronic handbook (1985) and is therefore another reason why the Motronic’s emissions are kept low.


  

[bookmark: _Toc101761001]2.2 Bosch LE3 Jetronic system 

The name Jetronic is a trade name of a manifold injection technology for automotive petrol engines, developed by Bosch from 1960 onwards, there were several versions produced offering technological advancement and refinement. (Jetronic Wikipedia (2022)) 
The L Jetronic is an electronically controlled fuel injection system, which requires no form of drive to inject fuel intermittently into the intake manifold.  Since the operating conditions of the engine are susceptible to change, a quick adaptation system is required therefore the electronically controlled injection is used many sensors pass signals to the control unit and then the control unit calculates the exact amount of fuel to be injected.  (Bosch Technical Instruction, L-Jetronic (1982))
The system tested was a 1.6 litre whereas the motronic system was 2.0 litres 
[bookmark: _Toc101761002]2.2.1 Advantages of the LE Jetronic system 

The Jetronic series of systems is older than that of the motronic and is in fact is its predecessor. The main advantage of the L Jetronic system was the elimination of the carburettor, this allowed induction paths to be better designed for fuel delivery. Fuel is also delivered directly in front of the inlet valve and only air is delivered through the intake manifold. To achieve the optimum distribution of air filling the cylinder. Additionally, the L-Jetronic system provides only the correct amount of fuel needed and provides the equal amount to each cylinder creating a more fuel-efficient system as seen in figure 2.2.1.1 below. Unlike a carburettor system which delivers an unequal amount of air and fuel mixture, and then is segregated in the intake manifold meaning that sub optimum fuel distribution is produced.  Another advantage of this system is the ability to adapt to different loads in a very short amount of time as the control unit calculates how much fuel is needed in a few thousandths of a second. (Bosch Technical Instruction, L-Jetronic (1982)) 
[image: A picture containing shape

Description automatically generated]Figure 2.2.1.1: Fuel consumption comparison derived from (Bosch Technical Instruction, L-Jetronic (1982)) 


3. [bookmark: _Toc53041648][bookmark: _Toc53041690][bookmark: _Toc101761003]
Methodologies 

Before testing was carried out workshop health and safety rules had to be met, this included wearing dust coats, and safety shoes on your person always, in addition to this exhaust extractors were fitted to the engines being tested and testing was carried out in a well-ventilated room to ensure that no harmful fumes were ingested during the testing process. Optionally a CO detector could be used in addition to the extractor to further ensure the fume level was safe. It is also important to be weary of wires and cables from the oscilloscope and multimeter as they could be a trip hazard. Health and safety information sourced from (Health and Safety Executive 2022)
[image: A picture containing engine, parked

Description automatically generated][image: ]Testing was carried out on the engine testing rigs as groups, both engines were tested on the same day. testing was carried out on one engine rig and then moved to the other engine rig when finished. Testing was carried out using a digital multimeter, a dedicated diagnostic centre, and the hand tools required to reach certain sensors. Figure 3.1: Fuel rail needed to be removed using a screwdriver

Figure 3.2: Various plugs needed to be removed (can be removed using a screwdriver)









[bookmark: _Toc101761004]3.1 Static testing 

[image: ]Firstly, the ECU’s pins were tested individually with the ignition feed off using the multi-meter. The engine’s ignition was then turned on and each pin of the ECU was tested again. This was done for both engines. 
Figure 3.1.1: ECU pins tested 



[bookmark: _Toc101761005]3.2 Engine Component Testing 

After the static ECU testing was completed, various components of the engine were tested. These components were tested at varying engine temperatures throughout using the oscilloscope (from the dedicated diagnostic centre) and a digital multimeter. The oil dipstick was removed, and the temperature gauge of the oscilloscope was placed into the dipstick’s hole and into the oil sump. This was done to gain temperature references whilst testing is carried out on the individual components at temperatures in ten-degree increments starting from 20°C up to 80°C. before any testing was carried out the engine was run up to the correct temperature target displayed on the oscilloscope. Once the temperature was met the following tests were carried out. The voltage of NTC1 and NTC2, the resistance of NTC2, injector on time, rotary idle valve percentage on, tank vent valve switching, and lambda switching.




[bookmark: _Toc101761006]3.3 Resistance testing versus Factory Resistance 

Finally, the resistance testing was done, this was done via the process of placing the multimeter on the pins of the component at either end of the wire (where possible). The following resistances were tested, the throttle potentiometer, airflow sensor, injectors, HT leads, and ignition coil. All the components’ resistive values were tested and then compared to their factory specified resistive values. This was done to see if any discrepancies appeared during the testing and the values obtained. 




4. [bookmark: _Toc53041649][bookmark: _Toc53041691][bookmark: _Toc101761007]Results & Analysis 
[bookmark: _Toc101761008][image: Diagram, engineering drawing

Description automatically generated]4.1 Analysis of the waveformFigure 4.1.1: Motronic Primary Wave Scope Pattern Diagram (self-created)
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The figure above shows the primary wave scope pattern of the Motronic system each point highlighted will be explained. Point A shows the potential voltage going to the injector, this readies the injector to be pulsed. Point B shows the dwell time of the injector before the spark. Point C shows the back EMF produced this was 129.2v. Point D shows the spark duration this was 1.47m/s. Point E shows the coil oscillations and voltage dissipating after firing. Point F is the return to the potential voltage ready for the cycle to begin again. (Waveforms - Injector Pattern Tutorial 1995)

[bookmark: _Toc101761009]4.2 Motronic Injection Waveforms 
[image: A picture containing diagram

Description automatically generated]Figure 4.2.1: Injection on time whilst idling 



Figure 4.2.1 as seen above shows injection on time whilst the engine is idling, as the engine is not being accelerated the waveform is consistent meaning that the injectors are consistently providing the same amount of fuel keeping the engine at idle. The system has decided that that is the adequate amount of time to pulse the injector to keep the engine at idle speed. There is no need to lengthen the pulse time as the engine is at idle and at a relatively low speed. 

[image: Diagram

Description automatically generated]Figure 4.2.2: Injection on time whilst accelerating 



Figure 4.2.2 shows injection on time whilst accelerating it can be seen that the injectors are having to pulse much more frequently than at idle and the injectors are pulsing for a longer duration, this is because the engine needs to go to a richer fuel mix when accelerating to give more power to the engine. The higher frequency of the injectors is due to the ECU receiving information from the various sensors including throttle position and engine speed from the crank angle the ECU then calculates the amount of fuel needed appropriately and, in this case, has to increase the metering in order to accelerate the engine. (Week 5 Ford DIS handout (2022)) (Bosch L-Jetronic Fuel Injection Guide FIAT Fuel Injected Engines " First Edition-July 2004 Brad Artigue a mirafiori.com guide 2004)

[bookmark: _Toc53041650][bookmark: _Toc53041692][image: Diagram

Description automatically generated]Figure 4.2.3 above shows injection on time whilst decelerating. It is visible above that as the engine decelerates the injection on time reduces until it stops completely. This is essentially the opposite of figure 4.2.2 (acceleration) as  rather than the injectors being pulsed for a longer duration they do the opposite and pulse for a lot less duration even less than at idle is due to the sensors realizing that the engine is decelerating and making the fuel mixture lean and eventually allowing the engine to run solely of its momentum for a brief period until back at idle rpm, this is done in order to save fuel as the engine does not need to be using fuel to slow its speed, until eventually back at idle speed in order to keep the engine running.  (Week 5 Ford DIS handout (2022)) (Bosch L-Jetronic Fuel Injection Guide FIAT Fuel Injected Engines " First Edition-July 2004 Brad Artigue a mirafiori.com guide 2004)Figure 4.2.3: Injection on time whilst decelerating 











[image: Diagram

Description automatically generated]Figure 4.2.4: simultaneous Injection waveforms waveforms  
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Description automatically generated]
The figure above shows the injection waveforms from pins 16,17. The Motronic system has simultaneous injection, and this is confirmed by the waveforms as they are identical. (Bosch-Motronic.)
Figure 4.2.5: Rotary Idle Valve Scope Pattern at idle 80C





The figure above shows the rotary idle valve scope pattern at 80C, its clear to see that the waveform fluctuates between positive and negative battery voltages.  An idle control valve is used to regulate engine idle speed according to engine temperature and load when there is no demand from the accelerator pedal and throttle is closed. (Idle speed control valve - rotary solenoid)
[bookmark: _Toc101761010][image: Diagram

Description automatically generated]Figure 4.2.6: Air flow & throttle potentiometer waveforms  



The figure above clearly shows a direct correlation between airflow and the throttle potentiometer. The throttle potentiometer determines the opening angle of the throttle valve, this information is then sent to the ECU and used to calculate the necessary fuel quantity.  When the throttle is opened air flow increases and the throttle potentiometer signal increases with it and sends the information to the ECU. (TPS sensor – function & troubleshooting | HELLA)
[bookmark: _Toc101761011][image: Graphical user interface, chart

Description automatically generated]4.3 LE 3 Jetronic Waveforms Figure 4.3.1: Injection on time whilst at idle 


As seen above in figure 4.3.1 the Jetronic’s idle pulses are similar if not identical to that of the Motronic system this may be due to the Jetronic being the predecessor of the motronic. Thus, the reasoning for the pulse speed of the injector would be same as the motronic system. 
[image: Chart, box and whisker chart

Description automatically generated]Figure 4.3.2: Injection on time whilst de-accelerating  


[image: Chart

Description automatically generated]As seen on the previous page in figure 4.3.2 the deceleration of the Jetronic system operates very similarly to that of the Motronic system, with the only discrepancy being in the number of pulses during deceleration with the Jetronic producing more pulses, this may be due to its older age as a system compared to the motronic. the motronic pulses less possibly as a way of saving on more fuel in the long run to produce a more advanced fuel-efficient engine.  Figure 4.3.3: Injection on time whilst accelerating  

As seen above in figure 4.3.3 the Jetronic’s injector time whilst accelerating is more frequent than that of the motronic system, this may be due to the LE3 being a smaller engine at 1.6l rather than the Motronic’s 2.0l meaning the engine can rev more quickly and thus requires the frequency of the fueling to be higher. The reasoning for the increased frequency is otherwise the same as the motronic system as aforementioned.  






[image: Chart, box and whisker chart

Description automatically generated]Above shown in figure 4.3.4 is the waveform from the crank angle sensor of the Jetronic system. It can be seen from the waveform alone that it is an analogue system and therefore delivers an analogue waveform. Unfortunately, the ECU cannot read an analogue signal and therefore the signal must be converted to a digital signal using an analogue to digital signal converter. (Kaiser 2015)Figure 4.3.4: Crank signal (pin 12) 

[image: Chart, box and whisker chart

Description automatically generated]Figure 4.3.5: Crank signal digitised (pin 5) (speed reference)


The above figure 4.3.5 shows the crank angle’s signal after it has been digitized by an analogue to digital converter. The ECU is now able to read this signal and uses it as a speed reference from the crank. This is important as the ECU now knows the engine speed and can advance/retard the spark and modify fuel delivery appropriately. (Bosch L-Jetronic Fuel Injection Guide FIAT Fuel Injected Engines " First Edition-July 2004 Brad Artigue a mirafiori.com guide 2004) (Kaiser 2015)
[image: A picture containing chart

Description automatically generated]Figure 4.3.6: Spark advance signal (Blue) against primary waveform (Red)

Figure 4.3.6 shows the spark advance waveform against the primary spark waveform, it clearly shows a direct correlation between the two waveforms. The dwell time of the primary spark is corelated with the peak in the spark advance waveform. The peak in the spark advance waveform is due to the build up of voltage before the spark and then is dissipated during the spark and thus causes the drop in voltage after the spark. 
This is important to the ignition system as the spark advance system keeps the spark timing accurate at every engine speed. (Kawahara 2007) states that the electronic spark advance system calculates the duration needed for ignition timing, and outputs an ignition signal depending on the angle of the crank. The ECU calculates the optimal timing of the ignition depending on the condition of driving and sends a signal to the spark plug to ignite.





4.4 [bookmark: _Toc101761012]Analysis of the Raw Data Gathered (Motronic) 

See Appendix 7.1 for Motronic raw data tables. 
looking at the first table 7.1.1 it shows all the data gathered during static voltage testing. With the ignition off the only components receiving signal are pin 18 the permanent live, and pin 36 the supply to auxiliaries and ECU. The permanent live (pin 18) receives battery voltage due to the Motronic ECU having a keep alive memory (KAM) which requires power to store data this allows it to store data as long as the battery isn’t disconnected. (Keep alive memory (KAM) meaning and definition in technical and automotive terminology [no date])  pin 36 has power due to it being the auxiliary supply as some auxiliaries need to work with the ignition off such as lights on the dash. With the ignition turned on the auxiliary supply is no longer receiving supply as all other pins are active and therefore the job is done elsewhere.
Looking at the second table 7.1.2 in the appendix the resistance of the throttle potentiometer was tested, with the throttle wide open the resistance was 2560 and 2000 ohms with the throttle closed. The manufacturer specifications derived from the auto data book (Autodata Fuel Injection 1991) states that with the throttle wide open resistance should be between 1900 – 2000 ohms, in the testing however it was not within the manufacturers tolerances as the resistance was much higher, this may be due to the engine tested having an inherent acceleration issue causing the rise in resistance as the throttle closed resistance is within tolerance. 
 Table 7.1.3 Air flow Resistance shows that the air flow resistances measured in the testing comply within the technical specifications although between pin 4 & 3 the resistance is slightly higher this may only be an anomaly. No resistance was readable between pins 4 &1 as pin 1 was broken.  
Table 7.1.4 Idle speed control Resistance the resistance measured was 8 ohms and that was the same as the technical specification.  
Table 7.1.5 Live Data Collected While Engine is Running at Various Temperatures. The table shows that NTC2 voltage decreases as engine temperature rises. Injection on time is relatively constant at all temperatures as the engine was at idle. Rotary idle percentage remains relatively constant also around 45% open. The tank vent valve (charcoal canister) turns on between 40C and 52C this is to control fuel vapours escaping at higher operating temperatures the vent stays open for the duration of the test. (EVAP Vent valve (solenoid): how it works, problems, testing 2021)  The lambda sensor turns on between 20C and 35C this is to keep the correct stoichiometry and remains on for the duration of the test thereafter. (Closed Loop Narrowband Lambda 2019)  

4.4.1: Graph showing NTC2 versus temperature 


the graph above clearly shows that NTC2 resistance reduces as temperature rises this is because NTC is a temperature sensor or a thermistor and therefore the resistance should decrease as temperature rises. (Services for. [no date])
[bookmark: _Toc101761013]
4.5 Analysis of the Raw Data Gathered (LE3)

See appendix 7.2 for LE3 Jetronic raw data tables 
As seen in the first table 7.2.1 the fuel ECU Static test. There are no signals sent out during ignition off as this system possesses no live memory to keep active. Additionally in table 7.2.2 the spark advance ECU possesses no positive signals during engine off this is for the same reason. Table 7.2.3 shows that the throttle switch resistance is the same as the technical specification as stated in the auto data book (Autodata Fuel Injection 1991) 
Table 7.2.4 shows the injector resistance values, these are also within tolerance of the technical specification. Table 7.2.5 shows the auxiliary air valve resistor is slightly higher than that of the technical specification at 46 ohms but is still relatively close to the tolerance of 40 ohms. Table 7.2.6 shows live data collected while engine is running at various temperatures, it also shows that the NTC2 values collected in testing are slightly out of the technical specifications tolerances, this may be due to the age of the system or a faulty sensor. It is also to be noted that testing was unable to be caried out up to 80C and therefore stopped at 60C
4.5.1: Graph showing NTC2 (LE3) versus Temperature


As aforementioned the graph above clearly shows that NTC2 resistance reduces as temperature rises this is because NTC is a temperature sensor or a thermistor and therefore the resistance should decrease as temperature rises. (Services for. [no date])


5. [bookmark: _Toc101761014]Systems Compared 

Both of the systems tested are similar to each other with the Jetronic system being the predecessor of the Motronic system and they therefore share many similar features such as neither system possesses a knock sensor this is important as it identifies high frequency engine vibrations characteristic of knocking states (Knock sensor Bosch 2022)   both systems also possess very similar NTC2 values at each temperature range as seen in the graph below: 4.6.1: Graph showing NTC2 Motronic and LE3 versus Temperature




It is clear from the above graph how similar the NTC values are from both of the engine systems, they both possess a negative corelation and from 20C to 30C are essentially identical. 
Both systems are also very different to each other as the Motronic system is an advancement of the Jetronic many flaws have been modified out. For example, the motronic system only possesses one ECU to control the whole system where as the Jetronic system has 2 ECU’s, therefore more is achieved in one system and thus decreases the cost due to less components being needed to operate fuel and ignition., also reliability is improved as there’s less components to go wrong.  (Jetronic - Wikipedia 2022) (Bosch Motronic handbook (1985)) Additionally the motronic system possesses an OBD system in order to diagnose problems electronically. The Jetronic system does not posses a tank vent valve either and is therefore more of a pollutant than the motronic system. 


6. [bookmark: _Toc101761015]System modifications 

This section will cover necessary modifications to the LE3 Jetronic system, this system has been chosen due to its older age compared to the Motronic system and therefore has outdated technologies and sensors. 
Firstly, as the LE3 Jetronic system uses 2 ECUs to control fuel and ignition it would be an ideal modification to combine the two ECUs into one ECU to control fuelling and ignition much like that of the motronic system similarly to the motronic system this ECU would possess a live memory in order to store fault codes and data.  Additionally, the addition of on EOBD system would be a valuable edition to this system as it would allow for engineers to be able to access fault codes electronically and then diagnose problems more efficiently. This would allow the engine to be more easily repaired and modified lengthening the life of the system by the edition of EOBD. (Shinde et al. 2016)
Furthermore, the Jetronic system does not poses a knock sensor, this means that the engine may be susceptible to knocking and the owner/engineer may never know until it becomes terminal. The addition of a knock sensor would resolve this issue as it identifies high frequency engine vibrations characteristic of knocking states the manufacturer (Knock sensor Bosch 2022)  if knocking was recorded by the sensor, it would be sent to the ECU and then an engine warning light would be displayed, and the fault code would be stored in the EOBD memory. This would again extend the engines lifespan as it would address issues before they become terminal for the engine.
One upgrade to the Jetronic’s original components is the air flow meter as it is an outdated system. This would be replaced by a hot wire air mass meter as these systems are much more modern, Bosch states that the air management system ensures that the correct amount of air is supplied to the engine in every situation. The electronic control receives accurate and current information about the air mass and other characteristics of the intake air. The hot wire air mass meter provides this. (Hot-film air-mass meter 2022) in moreover the hot wire air mass meter is self-cleaning as it can heat up to very high temperatures burning any impurities away. 
Finally, the last modification to the Jetronic system would be the addition of a tank vent and tank vent valve, this would be beneficial to the Jetronic’s system because it would help reduce emissions at higher temperatures as it vents fuel vapours and prevents them from escaping into the atmosphere. (EVAP Vent valve (solenoid): how it works, problems, testing)

7. [bookmark: _Toc101761016]Appendix 

[bookmark: _Toc101761017]7.1 Motronic Raw Data 

Battery Voltage 12.46V 
Table 7.1.1: ECU Static Voltage Testing (Motronic) 
	Pin
	Component
	Ignition Off (V)
	Ignition On (V)

	1
	Negative side of the coil 
	0
	12.14

	2
	Earth
	0
	0.03

	3
	Control circuit for fuel pump 
	0
	12.07

	4
	Pulsed side of rotary idle valve
	0
	9.75

	5
	Pulsed side tank vent valve
	0
	12.05

	6
	Fuel tell-tale lamp
	0
	11.34

	7
	Load signal from air flow meter
	0
	0.31

	10
	Earth
	0
	0

	12
	5V supply to air flow meter and throttle potentiometer
	0
	5.06

	13
	Diagnostic socket supply
	0
	10.12

	14
	Earth
	0
	0.03

	16
	Pulsed side of injectors (bank of two)
	0
	12.04

	17
	Pulsed side of injectors (bank of two)
	0
	12.04

	18
	Permanent live - Keep alive memory 
	12.46
	12.05

	19
	Earth
	0
	0.02

	22
	Engine tell-tale warning light
	0
	0.92

	24
	Earth
	0
	0.03

	26
	Earth via ECU
	0
	0.06

	27
	Ignition feed
	0
	12.12

	28
	Output from lambda 
	0
	0.45

	32
	Output to on board computer
	0
	11.33

	36
	Supply to auxiliaries and ECU
	12.13
	0.29

	37
	Supply to ECU & onboard computer
	0
	12.06

	40
	A/C
	0
	0.06

	41
	A/C
	0
	0.06

	42
	Earth for manual transmission 
	0
	0.03

	44
	Output from NTC 1
	0
	3.7

	45
	Output from NTC 2
	0
	3.64

	46
	Octane plug input
	0
	0.1

	48
	Output from crankshaft sensor 
	0
	0.06

	49
	Output from crankshaft sensor 
	0
	0.1

	53
	Output from throttle potentiometer
	0
	0.66

	55
	Earth for diagnostic socket
	0
	11.02




Table 7.1.2: Throttle Potentiometer Resistance
	Throttle Potentiometer
	
	

	Pin
	Resistance (Ω)
	Technical Specification (Ω)

	1 & 3, throttle open
	2560
	1900-2000

	1 & 2, throttle closed
	2000
	1000-2000





	Air Flow Sensor
	
	

	Pin
	Resistance (Ω)
	Technical Specification (Ω)

	4 & 2
	340
	8 -- 2500

	4 & 3
	560
	300 - 550

	4 & 1
	N/A (no pin 1)
	270 - 520






Table 7.1.3 Air flow Resistance 





Table 7.1.4 Idle speed control Resistance 
	Idle Speed Control Valve
	Resistance between terminals ())
	Technical Specification ()Ω)

	
	8
	8






	Temperature (C)
	20
	30
	40
	50
	60
	70
	80

	Output from NTC2 (V)
	3.3
	2.5
	2.1
	1.6
	1.2
	1
	1

	Injector Pulse (ms)
	3.3
	3.2
	3.2
	3.3
	2.6
	3.2
	3.1

	Rotary idle valve open (%)
	45
	45
	46
	43
	43
	45
	44

	Tank vent valve (on/off)
	Off
	Off
	Off
	On 
	On
	On
	On

	Lambda sensor 
	Off
	On 
	On
	On 
	On
	On
	On

	Output from NTC1 (V)
	3.7
	n/a
	n/a
	n/a
	n/a
	n/a
	3.6

	NTC2 (W)
	1954
	1019
	670
	464
	320
	239
	218

	NTC2 technical specification (W)
	2200 - 2800
	
	1000 - 1400
	
	
	
	270 - 380


Table 7.1.5 Live Data Collected While Engine is Running at Various Temperatures 

Figure 7.1.1 engine temperature and injection pulse (cold cranking) 
	Engine Temperature (Cold Cranking)
	18.2 Degrees

	
	

	Cold Cranking Injection (ms)
	25.8





[bookmark: _Toc101761018]7.2 LE3 Jetronic Raw Data 

Battery Voltage 12.41V
	Fuel ECU
	
	

	
	
	

	Pin
	Ignition Off (V)
	Ignition On (V)

	1
	0
	0.06

	2
	0
	11.98

	3
	0
	0

	4
	0
	0.02

	5
	0
	0.02

	8
	0
	1.44

	10
	0
	0.15

	12
	0
	12.04

	14
	0
	5

	15
	0
	0.02


Table 7.2.1 ECU Static testing fuel (LE3)

	Spark Advance ECU
	
	

	
	
	

	Pin
	Ignition Off (V)
	Ignition On (V)

	1
	0
	0.03

	2
	0
	0.03

	3
	0
	1.91

	5
	0
	0.06

	6
	0
	0.02

	7
	0
	1.9

	8
	0
	0.95

	10
	0
	0.03

	11
	0
	0.03

	12
	0
	0.06

	13
	0
	0.14

	14
	0
	5

	15
	0
	0.15


Table 7.2.2 ECU Static testing spark advance (LE3)


	Throttle Switch
	
	

	Pin
	Resistance (Ω)
	Technical Specification (Ω)

	2 & 18, throttle closed
	0.8
	0

	3 & 18, throttle closed
	∞ (Infinity)
	∞ (Infinity)


Table 7.2.3 Throttle switch Resistance 

	Injector valves
	
	

	Injector
	Resistance between terminals (Ω)
	Technical Specification (Ω)

	1
	15.9
	15 – 17

	2
	15.9
	15 – 17

	3
	15.9
	15 – 17

	4
	16.1
	15 – 17


Table 7.2.4 Injector Valve Resistance 

	Auxiliary Air Valve
	

	
	

	Resistance between terminals (Ω)
	Technical Specification (Ω)

	46
	40


	Temperature (Degrees C)
	NTC2 LE3
	Pin 8 (V)
	Pin 3 (ms)
	NTC Technical Specification (Ω)

	20
	1940
	1.7
	3.7
	2100 – 2900

	30
	1018
	1.2
	3.1
	N/A

	40
	762
	0.9
	3
	N/A

	50
	500
	0.7
	2.7
	N/A

	60
	375
	0.5
	2.6
	270 – 390


Table 7.2.5 auxiliary air valve Resistance 
Table 7.2.6 Live Data Collected While Engine is Running at Various Temperatures 
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Fig.5 Fuel consumption
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Figure 1: Motronic Primary Wave Scope Pattern
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