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This report is based on the testing of a Motronic and LE3 engine system. These systems have been used for many years and have two different ways in which they are set-up. Both have their advantages and disadvantages within their systems, but both need improvements. This report will cover how the engines were tested through live testing but compared how a manual does affect the readings and if they can be used when testing an engine. Graphs can be used to show how an engine works helps know any problems which can not be seen.

By using scopes for measuring an engine, it gives potential ideas onto if there was a problem you would be able to see through patterns. Each component has its own graph it creates which can be compared throughout its own system or with other engines. Whether the system is old or new, there is always way in which it can be improved to make the engine more efficient or help improve the combustion. By doing this, it means less waste of fuel would be used and the engine would be releasing less harmful gases as there would be more complete combustion. Safety is important when it comes to working with engines as there are many components which can get someone caught in. but if there was to be fewer mechanical components within, there is less danger to the testing, and there would be less problems in the engines as there would be nothing to break.
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When testing an engine, it is important to be done in a controlled environment because it can affect the results. This means that the temperature of the room was measured throughout the whole testing to make sure it had not been affected by the engine being continuously turned on and off. In industry, the engine is put into an isolated room to ensure that the room can be set at a certain temperature with the correct safety measures put into place.  
Safety regulations are important when measuring an engine as a lot of accidents can occur when testing. This would have to be controlled as it can cause a risk to the person who is testing the engine. It means that an extractor would be connected to the end of the exhaust to remove any of the fumes from the room. To go along with it, a carbon detector would be used as well to make sure that the air is s safe, and no harmful gases are released. This is especially important if the engine was to be tested in an isolated room. As there are harmful substances such as oil, coolant and fumes, the regulation which would have to be followed is the Control of Substances Hazardous to Health 2002 (COSHH). This is a regulation used to prevent the exposure of these substances to the people within the area. A risk assessment would be put in place before the testing giving prevention tips and potential hazards which can happen. However, if it was to be followed correctly, no hazard should occur, or any serious injuries can be stopped. Since the testing is happening in the workshop, the use of safety kit should be worn. This means wearing safety boots and a dust jacket to make sure clothing is protected. This makes sure that the tester would not come into contact with any of the substances which can be potentially bad if they were to be exposed to them. The most important part of the safety in the workshop is that it is a clean environment and that everything is put back correctly as it can cause a trip hazard which can lead to other problems. The best way to make sure that all regulations are followed is by researching regulations within a workshop.  
The testing which was done was in groups. This means that the safety needed to be at a high standard meaning communication was needed through the group. As there was a person who was testing the engine, they were near parts which can move in an engine. It meant that the person who oversaw the turning the engine on and off had to make sure no one was near the parts which move.  
The equipment which was used for the measuring of the engine was done digitally. This makes the results more accurate when gathering the data and can be saved and stopped at certain points. This is an easy way to see the data break down, and if there was a problem with the engine it would be easier to pinpoint the problem and timing. The multimeter was electronic and is able to give a measurement to multiple decimal places meaning it gives more accuracy. This can help show if there is a problem with the system as if the numbers are wrong, it would pinpoint in the ECU where there is a fault through the pins being measured.  


To carry out the testing, the equipment was set-up and ready to be used. A digital multimeter was used along with a scope to graph out the patterns of the engine. The engine was cold to help with the testing for cold starts. A dipstick sensor was used to measure the temperature of the oil for when the part of measuring the sensors at certain temperatures was needed. The multimeter was used to measure the resistance and current through the pins of the ECU’s of the engines. For the LE3 system, there are two ECUs for the fuel and ignition, compared to the Motronic system which only has one ECU. Scope patterns were made on the scope digitally showing the different formations of waves on different components.  


When measuring an engine, it is best to use live testing rather than just trusting the manuals for the engines. This is because the manuals give an overview of how the engine works and leeway for the voltage and resistance through the pins. Live testing means that if there was a problem to occur in the engine, by testing the pins, it would show where the problem is. The engine would have different tests by ignition being on and off, measuring dynamic pins at different temperatures, and sensors. This is to show how an engine would work at different loads and how it affects the timings through the combustion. When doing the testing, the LE3 system and the Motronic were compared throughout the live testing to show the difference in timings and how the ECU was set out.  
There are advantages and disadvantages when live testing engines as it can depends what resources are available to be used for testing. As digital is the preferred method for testing, it can get expensive when getting the testing instruments and the program needed. Training would also be needed for the testing as knowing what is being measured and where to measure is important for an engine, or it can give the wrong results for the wrong part. This could make the system seem faulty when it is not. The advantages however are that you would be able to know the problem with the engine and would be able to repair the problem. 
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This section is based on the results from the live testing of the engines. There were both static and dynamic testing throughout the process of testing.

[bookmark: _Toc101757163]Motronic 
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	Actual 
	Manual 

	1 
	16.6 
	15-17 

	2 
	16.5 
	15-17 

	3 
	16.5 
	15-17 

	4 
	16.5 
	15-17 


Table 1- Injector measured in Ohms

The table above shows the recorded data from the testing and the recommended values. The recommended values are to give leeway for the injectors so they have time before they would need to be changed. 
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	pin 
	Manual 
	actual 

	4+2 
	8-2.5k 
	33.4 

	4+3 
	1k-2k 
	560 


Table 2- Airflow sensor measured in Ohms 

As shown, there is a major difference between both the results. This can be because of measurements being read wrong, and that it was static readings rather than having the engine running. 
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	pin 
	Manual 
	actual 

	1+2 
	1.9k-2k 
	2000 

	1+3 
	1k-2k 
	2580 


 Table 3- throttle position in Ohms

As the engine was static when the results were taken, this affects the resistance of the throttle position sensors as they are not being used. This means that no current is being transferred to the sensors creating a lower resistance. 
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8 Ohm is the recommended resistance for the rotary idle valve, but the measured Ohm was 8.4. 
This can because the energy is stored within the component ready for it to be spinning, but there is leeway between the manual and the real measurement. 
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Table 4 & 5- testing of Motronic in volts


Above shows the dynamic testing of the Motronic ECU. The above table shows the results of the pins with the ignition off, compared to the bottom table where the ignition is switched on. It shows the difference when a current is supplied to the components and how their voltage increases. 
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Table 6- shows the components found in the ECU


Using the table above, it shows the components at each pin. It gives a general idea of what the resistance should be using the manual and the measurements which were found during the testing. 
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Table 7,8,9 – Shows live testing of Motronic
 
The results above show the dynamic testing of the engine. It shows how when the engine temperature increases it affects how components work. As pin 16 was the main measured injector, pin 17 should be having the same results as well.  
 


20°-30° 
These temperatures are classed as cold cranking as the engine needs more energy for it to turn over. You can tell this by looking at pin 16 which is the injectors, these results show the wavelength of the pulsing. These have high measurements as the engine needs more fuel for it to have an effective combustion as it is cold.  
At pin 4, 20° does not have a result as idle valve has not been turned on until it has reached 30°.  
At pin 28, the lambda is not turned on as the engine has not reached the correct temperature until it had gotten up to 30°. At 30° the lambda becomes a closed loop meaning that it turns on as no current is being wasted. 
As shown on pin 45, there is a difference between what the manual recommends at 20° and to what was measured on the engine. An NTC are “resistors with a negative temperature coefficient, which means that the resistance decreases with increasing temperature” (eepower.com, 2020). Linking to the quote, the NTC2 has a high resistance and a high voltage. 
 


40°-60° 
Between these temperatures, the engine is classed as being in its warmup phrase. This is because it is running but has not reached the most effective operating temperature.  
Looking at pin 16 the pulsation of the injectors has shortened down as the engine does not require as much energy to run. At 60° the pulsations have decreased further as it is reaching the working temperature. 
At pin 4, the percentage of the rotary idle valve stays at a constant number as it is not changing its speed. 
 At pin 28, the lambda has stayed switched on as it is at its operating temperature meaning it would constantly be on. 
Pin 45 shows that is not within the manuals guidelines of resistance as the testing result show that it is below. However, the relationship between resistance and temperature is carrying out through the dynamic testing. There is a major drop between the resistance of 40° and 50° whilst only a small drop of voltage occurs between these temperatures. 
 


70°-80° 
These temperatures are known as the working temperatures of an engine. It is where the most effective combustion occurs and where the components within the engine work best at. The engine’s fan got turned on at 70° meaning that it affected the results which were measured between these two temperatures. 
At pin 16, there is an anomaly at 70° as the pulsations have increased, but then they drop back down at 80°. This is because the engine does not need as much fuel as it is at a working temperature which is constantly turning over at a high speed. The fan has also been turned on meaning that it is working against the temperature difference of being cooled down the current going to the fan. 
At pin 4, the rotary idle valve is staying at the same percentage as it has had through all the temperatures. 
At pin 28, the lambda had no reason to turn off as it is more effective at higher temperatures. This is because it is helping the ECU process the amount of oxygen is within the emissions to help with combustion. 
At pin 45, there is an anomaly to the quote from eepower.com. At 70° the trend carries on until 80° it increases a little rather than decreasing to a lower result. This is because the engine does not need to reach its working temperature by decreasing resistance. By making it go slightly more, the engine is able to work at a pace which is suitable for its temperature and to help it keep at the right condition. The manual and recorded data is about the same but there is still a slight difference between both. 
 


Linking the cold cranking and working temperature, the NTC1 is air temperature sensor. As being show between these two types of engine conditions, there is a decrease between them. This is the output of NTC1 measurement of the air in its area. 
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Table 10 & 11- shows live testing of LE3 
 
 
The charts above show the results of the testing from the LE3 system. It shows the difference between the two ECUs and the difference of voltages throughout the testing. The results show the different pins found within the system. 
As the results link fairly close to the Motronic system, it gives a similarity to what most of the components are. The low pins are the ground as they are close to 0 at their readings.  
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Figure 2 - The image above shows the schematic of the ignition system. 
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Figure 3- The image above shows the schematic of fuel system. 
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Table 12- Shows throttle position 

This table shows the difference between the measurements found within the testing and the manual’s measurements for the throttle position sensors. The pin 3+18 shows infinity as it is not possible to measure. 
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Table 13- Shows injectors in Ohms


The table shows the resistance the injectors should be for the LE3 system. The data which was recorded from the testing shows that the injectors are within the limits of the manual. When measuring the resistance, it is best to minus the lead resistance 0.2 Ohm to get a clearer and better result from the injectors. 
 
Auxiliary Air sensor has the recommendation of 40 Ohm but when measuring it in the testing, the recorded result was 45.8 Ohm. 
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Table 14- Shows dynamic test of LE3


The table above shows the testing of the NTC2 test on the LE3 system. Pin 8 is the NTC2 which is being measured like the Motronic engine. However, unlike the Motronic engine, it follows the pattern of decreasing through the temperatures. The link of high resistance and voltage are being carried through this engine and both are decreasing as the same time. 
Pin 3 shows the injectors within the system. It shows that at cold crank (30°) the injectors are having longer to pulse, that is why the wavelengths are longer. When compared to at 80° which is working temperature has smaller pulses as the engine does not need as much energy to turn over. 
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LE3 


As shown above, the scope shows the secondary voltage of the LE3. The flat line horizontal s the potential voltage, this is where the coil is off between firings. There is a drop on the graph creating oscillations within the coils as they are being grounded. A spike is then formed in the waveform at thousands of volts which then suddenly drops. The second spike is spark line of after a spark has been formed in combustion. Secondary oscillations are then formed to restart the process again. 
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Motronic  



The same process happens with the Motronic but have a longer potential voltage. The graph is placed differently but has the same aspects to it. 
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LE3 



As shown above, the scope shows crank signal within the LE3 system. The reason the graph fluctuates between positive, and negative is because it is spinning. This links to engine speed as it shows how fast it is going. The sensor spins at the same speed as the RPM  
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MOTRONIC 



This graph gives the same scenario as the LE3 system. However, within two-thirds of the graph there is an anomaly to the pattern. This is because a misfire has occurred within the combustion creating a different shape in the pattern. 
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LE3 – with spark angle 



As shown above, the scope shows primary voltage and spark advance angle in an LE3 system. This shows the link between these two within the process of an engine cycle. In the blue line (spark advance angle) it shows that it is at 0 whilst the primary voltage is at 12 volts (same as battery). Then when the primary voltage is grounded the angle start to increase. Once the primary voltage is increased to around 200 volts, the spark angle deceases to –2.5. Back EMF is formed, this is when “the emf generated by a running motor, because it consists of a coil turning in a magnetic field; it opposes the voltage powering the motor” (courses.lumenlearning.com, n.d.) The small spike after the back EMF is when the spark occurs, this then creates oscillations in the coil. These oscillations are needed to control the voltage, if there were too many oscillations or too little, the coil would have to be checked. 
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LE3 
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MOTRONIC 


As shown above, the scope shows the primary voltage of a Motronic engine. This is the same as the LE3 system as compared to the two graphs shown above. 
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LE3  



As shown above, the scope shows the primary voltage of acceleration. It shows a steady pattern but compared to the previous graphs above, it shows a higher frequency. The timings between the wavelengths have shortened as it is happening more times, but no change of the waveform has occurred. 
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MOTRONIC 
As shown above, the scope shows the same in the Motronic engine. The frequency has increased but none of the waveform has changed.  
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[image: Chart

Description automatically generated] 
LE3 



As shown above, the scope shows the deceleration of the LE3 system. As the engine is trying to keep up with the speed, the wavelengths have shortened, and the frequency is high. However, after a time the injectors switch off as the ECU has recognised that it does not need power as much as it is slowing down. If the scope was to carry on, after a while the injectors would be turned on by the ECU to ensure that the engine would not stall. 
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MOTRONIC 



As shown above, the scope shows the deceleration of the Motronic engine. It shows the same pattern, but the frequency is less than the LE3, this means it was not running as fast as the LE3. 
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LE3 



As shown above, the scope shows the injector idle of the LE3 system. It shows the potential voltage being received which is at 12 volts (battery). This then gets grounded ready for the spark, which is the spike. This is where the voltage is increased to the injector for the ignition. This then falls back to the potential voltage to start the process again for next ignition. 
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MOTRONIC 



As shown above, the scope shows injector voltage of the Motronic system. It has the same pattern to the LE3 system as it is the same process for the engines. 
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LE3 



As shown above, the scope shows speed reference for the fuel ECU. This is shaped more of a square rather than a curved graph as it is both ECU communicating between each other. This means that it is done digitally creating the shape of the graph. As the Motronic system has one ECU this is done within the system rather than having to be communicated across the entire system. 
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LE3 


As shown above, the scope shows supply and earth against each other. It shows the top graph which is supply going at a steady rate along with the earth. However, when the earth increases, the supply decreases as it is not able to supply power. As soon as the earth drops, the supply increases until they balance out creating a steady current again. 
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MOTRONIC 


As shown above, the scope shows the Motronic version of the supply and earth against each other. The supply is at the top and the earth is at the bottom showing the same pattern as the LE3. 
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Motronic 


As shown above, the scope shows the air flow and throttle sensors found on the Motronic system. It shows that when the throttle voltage (bottom) affects the air sensor. They fluctuate at around the same time showing that there is a link between the two. “Throttle body plays a vital role in metering the airflow. It controls air flow rate through the flow area by throttle valve. The airflow through the throttle body increases when increase the throttle valve opening positions” (Xu, 2016). This shows that both have influence each other depending on how open the throttle is. 
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As the LE3 system and Motronic system are dated, many components on the engines can be replaced to improve how they run. This is because it can be heavy on the system and create a time gap between the combustion processes and transmitting data between the ECUs.
  
One example of improvement is by replacing the volume sensor with a hot wire sensor. This is an expensive change, but it improves the way it sensors air. The volume sensor measures volume which must be converted into mass for the ECU, however, the hot wire sensor is a mass indicator meaning no conversion is needed. It is more accurate when measuring the flow as when the engine starts to speed up, more cold air is pushed passed the wire. “The electric current is proportional to the amount of air flow. A small electronic chip installed inside the air flow sensor translates the electric current into a digital signal and sends it to the engine computer.” (Health and safety in engineering workshops - HSG129, 1999). Little voltage is needed to keep the wire at a constant temperature meaning not much energy is used in the engine and being taken from the battery.  
Another type of sensor which can replace the volume sensor is a MAP sensor, this is not as good as the hot wire sensor as it is a vacuum pipe which is bolted to the inlet manifold giving a negative charge. It is used in systems as it is a cheap way to measure the airflow within the system. 
 
The lambda sensor is a sensor which measures the volume of unburnt oxygen within the exhaust emissions, this can be replaced by a titanium oxygen sensor. The lambda sensor constantly measures the oxygen and send signals to the ECU. The best type of ratio for petrol to burn sufficiently is 14.7:1 this makes the engine run to its maximum potential. The titanium oxygen sensor is better than the lambda sensor as it increases and decreases its voltage depending on how much oxygen is measured within the emissions. The titanium oxygen sensor is different from the other sensors as it “requires a voltage to be supplied to the sensor” (Alex, 2019) to help with the resistance to either make the mixture more lean or richer. This is better than the lambda sensor as this helps the engine performance to be at its highest standard.
 
In the Motronic engine, the rotor arm is found in the distributor cap on the engine. This distributes the current from the coil to the spark plugs by jumping a gap. This causes problems as the charge can jump either too early or late meaning that the spark plugs would not have the right amount of charge. This means an ineffective combustion can occur with the chambers. To improve this, a coil on plug can be added to the engine instead with a camshaft sensor. This is an improvement for an engine as “allow for individual coils to ignite spark plugs” (Automotive Training Centres, 2020) meaning that better ignition would occur. Each cylinder would have its own ignition being controlled as there would be longer charge times for the spark plugs. “COP ignition systems can generate about 30% more energy than traditional systems based around single coils or distributors” (Automotive Training Centres, 2020) meaning the engines run better through ignition. Camshaft sensors are used to know which cylinder is firing whilst working along with the crank sensor for speed.  
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In conclusion, both engines show results which link together but have different ECUs to help operate. They both have the positives and negatives, but they do have ways in which they can be improved. This is to help update their systems as being compared to modern engines which have fewer mechanical components and 1 ECU which has many pins, it is all to do with helping the engine be at its highest standard. Sensors can be added to engines to help ensure that a complete combustion can occur, or it to be as effective as possible to gain the most energy for movement. 

Both car and motorsport are always trying to improve their engines to reduce the emissions and to keep up with the standards. This is to help stop fewer toxic fumes be released into the air to make it cleaner. By improving the modern-day engines as well as the older generation, it would mean that the vehicles on the road would be working at its best level, rather than waiting ages for the temperature to reach its working temperature.
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