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[bookmark: _Toc38814573]Introduction 
In this report, two types of engine control systems will be explored, the earlier LE3 Jetronic system used primarily in vehicles dating the 1970’s and upward to the mid 1990’s. Motronic 4.1 systems are the other system and they use a more modern direct injection fuelling, coil pack ignition and singular ECU control system this will also be explored in this report. Using a range of different sources including academic journals, books and internet reports and websites, there will be a research and background section of this report which will look into the both systems and how their application to the automotive industry has led to innovative changes.  A series of live testing on both these systems was carried out looking at different components of each systems, these components range from ignition systems to fuelling and air intake systems. Each test will look at using the different scope patterns and capturing the different waveforms and voltage readings. The results gathered from each of these tests will be explored within this report looking at the data gathered and what the technical graphs show and demonstrate about each of the values at different engine temperature levels, advancing in levels of 10 degrees, as well of ignition off, on and cold cranking. Then an analysis will look at why these results produced curtain figures and what they mean, also looking at any anomalies and error readings. The analyses will also look at the manufacture data for tested components which will be compared to see how much they differ and why they possibly are differing. Once the analysis is complete, there will be a discussion of results, using diagram and data gathered previous to looking to the why testing was carried out in different stages and how the group work effected recording of data and results gathered. Finally, the report will conclude looking at all the aspects of the report and the live testing and evaluating how each stage of the data gathering and results went. 
[bookmark: _Toc38814574]Literature Review 
The following books were referred too when researching into this report subject. The Bosch Automotive handbook 19th edition is one which has been referred too, looking at the ignition systems of modern vehicles and how one central ECU works to control different systems on the vehicle. Also, to be used is a range of internet resources such as Autodata Workshop which is a data base which provides data on the different pins for both Jetronic and Motronic systems. Another book source that will be used for this report is the Advanced engine hand book by Heinz Heisler, which will provide information on how system components function and operate and the Autodata fuel Injection book volume two as that book contains manufacturer data that is needed to compare with for each of the components on both engine systems. The motor vehicle engineering science book by Zammit will also be referenced within this report for any need with regard to engineering formulas.








[bookmark: _Toc38814575]Background/Research 
[bookmark: _Toc38814576]Jetronic LE3 
The first engine system types this research looks at is the LE3 this is the system which was as stated in the introduction was commonly used during the 1970’s until the middle of the 1990’s. This system was an analogue type system which means that there are more mechanical moving components in the system. When input information is sent from different components to the ECU it is in an analogue signal. 2 ECU’s meant that the transfer of data was slower and that it would mean component response times were not as prevalent. Both this system and the Motronic use what is known as a simultaneous system which fires all four injectors at the same time with each cylinder having 2 pulses per 720° rotation being induced into the combustion chambers. 
(Bosch, 2020)
[bookmark: _Toc38814577]Motronic 4.1 
The Second engine type this research looks at is the more modern and currently used system of today, the Motronic 4.1. this engine system differs a lot from the previous in different ways, first off all it uses a fuel injection system as apposed to a carburettor, also rather than two ECU’s giving commands, and controlling systems, there is now one main ECU. This system uses digital waveforms to send information instead of analogue as it is more accurate and allows for better fuel injection timing or speed signals from hall effect sensors for example, however curtain components  such as engine temperature sensors will take an analogue reading and then that signal will be sent to the ECU and converted to digital using an analog-digital converter ADC. 
(GMBH, 2018)
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[bookmark: _Toc38814579]Practical live tests 
[bookmark: _Toc38814580]LE3 
The LE3 Jetronic engine system was the first engine that was tested during live testing, following health and safety the appropriate PPE which is governed by the university, and wearing boots and dust coats was worn before carrying out any work which is governed by the COSHH act . It was also important to have the doors open because of the potential build of Co2 in the room, however the room was equipped with a Co2 monitor and the lecture carried a portable monitor as well. 
The group set out the following aims of the test: 
· Capture data recording for each terminal pin when the engine is switched off. 
· Capture data when the ignition is on for each terminal pin. 
· Testing the following components for their voltage and resistance readings and comparing them with data from manufacture book material. 
· Test the resistance values for the following components at engine off and then ignition on, Auxiliary air valves, catering coil, HTC leads, amplifier, throttle switch, fuel injector valves and water temperature sensor.
· Carrying out live testing of the following pins at different temperatures, ranging from 20 to 60 degrees Celsius. 
The data for the first test aim was captured by using a standard multi-meter, testing each of the individual pins on the two ECU’s too see what readings were produced when the engine was switched off. The fuel ECU (which has a range of 20v ) was the first ECU of the two to be tested using the multi-meter, the results were as expected, 0v for the pints as there was no power travelling to each of the pins. The results were the same for the Ignition ECU zero values for the pins when the engine is static. Once that was done, the ignition was then switched on but not cranked over and the results were gathered and listed below, note not all the pins are included because they are empty and do not connect to any components. 
	Fuel ECU Pin 
	Voltage result 

	1 
	0.10

	2
	0.8

	3
	0

	4
	0.03

	5
	0.05

	8
	1.45

	10
	0.25

	12
	0.8

	14
	8.44

	15
	0.04


Figure 1.1 Table of fuel ECU pins when ignition is on. 
The results above show that there is a small amount of voltage at the different pins which lead to different components, for example pin 14 is the throttle switch, this has a reading of 8.44v’s because it is potential residual voltage being produced when there is live to the system. Pin 8 is linked to the NTC 2 which is the coolant temperature sensor, the expected reading for that with the throttle closed would be 4v’s and it is reading 8v’s indicating that there is overcharging or a fault with the Zener diode not working to regulate current. 
The second table of results looks at the ignition ECU when the ignition is switched on, this is shown below, with pin 4-9 left out because they are not connected to any components in the system. 
	Ignition ECU pin 
	Voltage result 

	1- Ignition control module 
	0.05

	2- Engine control relay 
	0.05

	3- Injectors 
	0.8

	5- Earth 
	0.10

	6
	0.07

	7- Water temperature sensor
	2.27

	8- Engine coolant temperature sensor 
	1.65

	10- Ignition control module 
	0.05

	11
	0.05

	12- Engine control relay 
	0.10

	13
	0.23

	14- Throttle position sensor switch 
	8.53

	15- Throttle position sensor switch 
	0.26


Figure 1.2 Table of ignition ECU pins when ignition is on. 
Figures form the table above show the results from the testing of each of the ignition terminals when the ignition is switched on and this shows again residual energy but also the amplifier pins are taking that energy current and reducing the voltage to the correct level for those components it feeds to for example pin 8 which is the engine coolant temperature sensor should show value of 0.3v however it is showing 1.65 indicating that there is over charging or the amplifier maybe damaged from usage over time. 
Component testing is the next pin testing that was carried out on the engine, the following component pins were tested: 
Amplifier: The amplifier is a component which purpose is to take voltage passing through. The 4 pins on the amplifier were first tested with ignition off and as expected they all came up as 0v’s. Once this was done, they were then tested with ignition on, but engine not cranked over and the voltages that were produced were: 
	Amplifier pins 
	Voltage readings 

	1
	1v

	2
	0.03v

	3
	1v

	4
	0.23v


Figure 1.3 Amplifier pins with ignition on, Jetronic. 
Throttle switch: The next component that was tested was the throttle switch, this component will give different readings depending on its state, that means if it is open or closed. The throttle switch was tested in both scenarios and the results followed: 
	Pins 
	Book data 
	Collected data 

	2 and earth closed
	0
	0

	3 and earth closed
	Infinity
	Infinity 


Figure 1.4 Throttle position sensor pins ignition on, Jetronic. 
Fuel injector valves: Fuel injectors are the next component on the Jetronic system that were tested, and this was carried out by carefully removing one form the system and measuring the resistance in a range of 200ohms with a multi-meter. The Autodata book data states the resistance values that should be produced are 15-17ohms between terminals, the results produced were 16.1 for each injector valve, which is were the result was expected to go as the injectors were recently replaced. 
(Autodata, 1993)
HTC Leads: High tension leads (HTC) are a set of wires on this system which connects the distributor to the spark plugs and these were tested to see what the resistance values were. Setting the multi-meter too 20k ohms the results for all 4 leads produced showed: 
	HTC lead Pin
	Result (ohms)

	1
	8.63

	2
	8.58

	3
	7.41

	4
	5.63


Figure 1.5 HTC leads pin values for Jetronic system. 
Auxiliary air valve: Auxiliary air valve is the next component tested, this component on this system which helps the engine during the warmup phase when cold starting. For the purpose of the testing we tested this with the engine off and the Autodata book states that the resistance between the terminals should be 40 ohms. Setting the multi-meter to 200ohms range the test was carried out that the results produced 45.8 ohms. This higher reading could have been due to the engine being of and now live feed travelling through. 
Catering coil: The catering coil was tested to see what the resistance values were for the primary terminal. Setting the multi-meter was again set to 200 ohms, and the value was taken, the result produced was 1 ohm. 
Water temperature sensor: The last component that was tested was the water temperature sensor and the test that was carried out was testing the sensor at different operating temperatures, placing the multi-meter prong in terminal and checking the resistance was measured at each stage, noting that the engine needs to get to 20 degrees first: 
	Engine temperature reading in degrees 
	Value of the resistance in ohms 

	20
	2.77k ohms 

	30
	1,230 oms 

	40
	810 oms 

	50
	580 oms 

	60
	420 oms 


Figure 1.6 Water temperature sensor values at different stages of temperature Jetronic. 
[bookmark: _Toc38814581]Motronic 4.1 
The Motronic system pins where gathered in the same way as the first, using a multi-meter to test each of the pins, however as there is only one ECU but with more pins to contend with, testing was more focused on the data for the components the different pins correspond too. The same components were tested that there tested on the Jetronic with ignition off and on. 
The goals of group testing for this system are similar to the first system with some components being different and some the same. The list stated below covers those components and the other testing goals. The cold cranking temperature for this system was 17.8C°. 
· Capture the data for each of the pins on the ECU with the ignition on and off. 
· Test the following components for their voltage and resistance readings, Throttle position sensor, air flow sensor, coolant temperature sensor, amplifier, injector valves and HTC leads. 
· Compare the data with the Autodata book readings. 
· Capture data readings for the NTC 2 at different operating temperatures. 
The more modern Motronic system decided to use on central ECU for all electronic functions and data management, this system is better than having 2 as it improves the systems response time to different inputs from the vehicle user. Below is a table list of the pins on the ECU with there results for both ignition on and off. 
	ECU pin 
	Ignition off 
	Ignition on 

	1
	0
	12.27v

	2 (Earth)
	0
	0.03v

	3
	0
	12.1v

	4
	0
	9.8v

	5
	0
	12.04v

	6
	0
	11.35v

	7 (Air flow sensor) 
	0
	0.31

	10 (Earth) 
	0
	0

	12 (Throttle position sensor)
	0
	5.06

	13
	0
	10.13v

	14
	0
	0.02v

	16 (Fuel injector)
	0
	12.03v

	17 (Fuel injector) 
	0
	12.03v

	18
	12.4v
	12.05v

	19 (Earth) 
	0
	0.02v

	22
	0
	0.91v

	24 (Earth)
	0
	0.03v

	26 (Air flow/Earth) 
	0
	0.06v

	27 
	0
	12.17v

	28 (Lambda)
	0
	0.45v

	32
	0
	11.34v

	36
	12.1v
	0.3v

	37
	0
	12.06v

	40
	0
	0.06v

	41
	0
	0.06v

	42
	0
	0.03v

	44 (Air flow/Throttle position)
	0
	3.78v

	45 NTC 2 (Coolant sensor)
	0
	3.81v

	46
	0
	5.06v

	48
	0
	0.06v

	49
	0
	0.1v

	53 (Throttle position sensor) 
	0
	0.63v

	55
	0
	11.02v


Figure 2.1 ECU pins and voltage results ignition on and off Motronic. 
Throttle position sensor: The throttle position sensor on the Motronic engine is different to the Jetronic because it uses a switch to measure and adjust, were as the Motronic is controlled using a potentiometer. The data table below shows the resistance readings that the Autodata book expects and the readings that were gathered in testing using a multi-meter. 
	Throttle sensor position, pins 
	Book data in Ohms 
	Collected data in Ohms 

	1 – 2 closed
	1900-2000
	1.99

	1 – 3 open 
	1000-2000
	2.55

	2 and earth closed  
	0.12-1.22
	IN

	2 and earth open 
	3.90-4.95
	IN


Figure 2.2 Throttle position sensor resistance values Motronic. 
Air flow sensor: Air flow sensor reading for this engine system are expected to be with in the following ranges stated below in accordance with the Autodata book. Also listed below are the values which the group captured during the live testing. 
	Air flow sensor pins 
	Book resistance data 
	Collected resistance data 

	4 – 2
	8-2500 ohms 
	INFINITY

	4 – 3
	300-550 ohms 
	0.03

	4 – 1 
	270-520 ohms 
	0.56 


 Figure 2.3 Air flow sensor resistance table values. 
Coolant temperature sensor: The coolant temperature sensor is the NTC 2 component which is tested at different operating temperatures, these temperatures include 20,40 and 80 which is the peak operating temperature of the engine. The table below illustrates the book values and the group collected values. 
	Coolant sensor temperature
	Book resistance values 
	Collected resistance values

	0 degrees (Ambient)
	4800-6600
	n/a

	20
	2200-2800
	1528

	40
	1000-1400
	647

	80
	270-380
	240


Figure 2.4 coolant temperature sensor values for Motronic. 
Amplifier: The amplifier unit was tested however there was no data to compare with in the Autodata book, the resistance values captured are as follows, Primary was 0 ohms and secondary was 7 ohms. 
Injector valves: Fuel injection valves are tested on this system too and the Autodata book lists the resistance values for each of the injector valves, note that the injection on time which was 19.2ms played a factor in the following results listed below. 
	Injection valves 
	Book resistance data values 
	Collected resistance values

	1
	15-17
	16.1

	2
	15-18
	16.1

	3
	15-19
	16.1

	4
	15-20
	16.1


Figure 2.5 injector valves resistance data Motronic. 
HTC leads: Motronic HTC leads were tested at the same range (20k ohms) as the Jetronic system, the table below shows the results collected but there was no book data so that is not included. 
	HTC leads
	Resistance testing results 

	1
	19.65

	2
	18.55

	3
	15.25

	4
	NO READING


Figure 2.6 HTC leads resistance results for Motronic. 
[bookmark: _Toc38814582]Oscilloscope results 
The next section of this report will now explore the different Oscilloscope pattens and results gathered from live testing and what they mean and how they differ between the two systems that were tested. This section will also cover talk about how the tests were set up 
Engine test setting up: Once the different components had been tested the next phase of testing for both of the engine systems was to carry out running tests and looking an oscilloscope patterns and looking at the data and compare. The way the Jetronic was set up was by first turning on the testing machine which was a Bosch FSA 740 tester, then placing the extractor onto the exhaust, take the correct prob and placing it in the engine making sure it was the correct length. Connecting the battery connectors to the battery ensuring they were on correctly, yellow cable for the positive. Then the scope parameters were set depending on the scope and the ignition was switched on to see what the average voltage reading was, and it produced 3.8vs. Then the engine was turned on and was allowed to get to the first testing temperature of 20°.
[bookmark: _Toc38814583]Jetronic NTC voltage vs temperature 

Figure 3.1 shows the voltage for the Jetronic system compared against the operating temperatures. 
[bookmark: _Toc38814584]Jetronic NTC resistance vs temperature 

Figure 3.2 shows a graph of the NTC 2 resistance against the running temperature of the engine. 
[bookmark: _Toc38814585]Motronic NTC voltage vs temperature 

Figure 3.3 demonstrates the rate of the voltage against the engine operating temperature increases.
[bookmark: _Toc38814586]Motronic NTC resistance vs temperature 

[bookmark: _Toc38814587]Figure 3.4 This graph shows the NTC 2 resistance against the temperature on Motronic engine. 
Analysis 
This next stage of the report is the analysis of the data, this will look at the following areas and what the results from the testing mean for the system. 
· How the operating temperatures effected the wave form data. 
· What the primary and secondary wave forms show.
· How injection on time effects readings as the temperature increases.
Looking at the graphs produced, the data illustrates that as the temperature increases the voltage factors and resistance factors change, this is evident in both Jetronic and Motronic systems but also through physics, for example as the temperature increases, resistance decreases as the electrons start to dissipate. With regards to voltage the voltage decreases because there is less resistance for it to overcome when travelling through different circuits in the system. With figure 3.1 and 3.2 the Jetronic note that there is a drop off at the end, this is due to the engine not being able to reach that temperature without the fan actuating, this would have effects on the results therefore it was decided to not test, also I the fan was disabled then the engine would overheat and the testing would become unsafe. 
Primary and Secondary wave pattens that were produced on both system show the spark duration time and how instantaneous they both are, while demonstrating the back EMF length. The on time for both systems averaged at 13,7ms for spark duration to occur during the engine operation. 
Injection on time was the other factor that effected how both systems, this is the rate that the injectors would spray the fuel into the combustion chamber to create the spark to crank the engine over. The table below looks at the injection on time of both systems at the different temperatures. This data demonstrates that as the temperature increases so does the time which fuel injection happens within both systems. 
	Operating temperature 
	Injection on time Jetronic (m/s)
	Injection on time Motronic (m/s)

	20
	5.6
	3.6

	30
	4
	3.8

	40
	3.1
	2.7

	50
	3
	2.7

	60
	2.8
	3.0

	70
	n/a
	2.8

	80
	n/a
	2.9


Figure 4.1 Injection on time data with both systems. 
[bookmark: _Toc38814588]Discussion 
Looking at both systems there are factors to discus about both. First the Jetronic system, this system was primarily used between 1970’s up until the mid-1990s and this system was good as it was simple and could be repaired with ease of normal tools rather than needing specialist tools, however this system has a few draw backs which lead to its replacement to Motronic such as the speed which data is processed. Motronic systems inherently have more control over the system as there is one main ECU controlling all electronic functions. Changes that would improve both systems is by installing components such as lambda sensors to monitor the emission levels through the exhaust, using a mass air flow sensor to measure the air temperature more accurately for better fuelling ratios and finally adding a sequential system of injection pulsing over simultaneous for more control. Looking at the test equipment used, it was appropriate for the testing because it would give us the values needed for example the multi-meter allows for different settings that can be used to measure different values such as voltage and resistance on different component pins. The Bosch FSA 740 testing computer was the main scope tester that we used when testing for the values at different operating temperatures and this scope had a range of features that would enable us to test at different parameters  such as changing the Y and X axis on the wave forms to produce the right readings. Looking at the group members during testing the group worked well to gather data and choose there roles however next time data gathering would be best suited on paper as one set of results was lost and another re-test needed to be carried out. 
[bookmark: _Toc38814589]Conclusion 
In conclusion to this report, overall it explores how engine systems change over time, how they are governed by different aspects of the industry be that by the need for faster response or more control over how the vehicle works, removing that element of human input for a more faster electronic input by the vehicle. With regards to testing, the overall test was conducted in the correct manor and all health and safety practices were followed as governed, the group worked well with one another following the advice from the lecture and asking the appropriate questions needed and learning about test procedures and improving skills that may have previously been taught at a level 3 and progressing those skills, however as stated in the discussion data recording should be carried out in the future on paper as one of the tests (The Jetronic data) was captured electronically and that was lost and not backed up so the data then needed to be re-recorded. 
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NTC 2 Resistance Vs Temperature (Jetronic)

Ω	20	30	40	50	60	70	2760	1230	810	580	420	0	Temp	20	30	40	50	60	70	20	30	40	50	60	70	1	Operating temperatures in degrees celcus 


Resistance (Ohms)



NTC 2 Voltage Vs Temperature (Motronic)

V	20	30	40	50	60	70	80	3	2.5	2	1.6	1.2	1	1	Voltage	20	30	40	50	60	70	80	1	Tempterature	20	30	40	50	60	70	80	20	30	40	50	60	70	80	1	Operating temperature in degrees celcus


Voltage 



NTC 2 Resistance Vs Temperature (Motronic)

Ω	20	30	40	50	60	70	80	1528	1028	647	460	334	242	240	Tempterature	20	30	40	50	60	70	80	20	30	40	50	60	70	80	1	Operating temperature in degrees Celcus


Resistance (Ohms)



NTC 2 Voltage Vs Temperature (Jetronic)

V	20	30	40	50	60	70	2	1.3	0.9	0.7	0.5	0	Temp	20	30	40	50	60	70	20	30	40	50	60	70	1	Operating tempertures in degrees celcus


Voltage
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