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[bookmark: _Toc38882277]Introduction:

The aims of this report are to test, analyse and evaluate the theory of two very similar engine control systems by going through a series of physical tests carried on in an engine test laboratory. The report will first take a look at the general history behind engine control systems. It will also specifically identify and expel the elements that compose each system and what makes them different. The report will then go through the physical experimental procedure when testing the two engine control systems. Raw results and outcomes from the tests will then be shows and briefly explained. A deep and structured analysis of these raw results from tests will be carried out in order to interpret and understand every aspect of how each system works and what affects them in their function. A suggestion of a modification for a potential faulty device or system error will be discussed afterwards. Suggestion of modification will be joined by explanation and graphs as a proof of statement.  A concise but efficient paragraph after analysis results putting forward the advantages and disadvantages for both systems will be made to put a conclusion on this whole report. The author’s self-evaluation about marge of error, difficulties and personal outcomes while completing this report, will be made after the report’s conclusion. A potential of further work carried on to compare results with the ones studied in this report in order to give more credibility will be discussed. A list of references of all sources used to help carrying on the subject could be found at the bottom pages of the report. To finish, an appendix with all extra data, tables and graph will be made at the very last pages of the report. 
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[bookmark: _Toc38882279]A bit of history:

The first engine management system was step by step by a multitude of small invention by engineers from all around the world. The very first working electric motor was introduced in 1820s by William Sturgeon of Warrington. In 1860s, the first form of electric ignition using a coil was installed on a practical gas engine by Ettiene Lenoir. Mr Karl Benz introduce the first use of magneto driven by a belt in 1851.The first contact breaker which gave us the first positively tuned ignition was invented by Georges Bouton in 1889. The first self-charging system was founded in 1895. Bosch started in the electrical industry with the first hight tension magneto in 1902. In the US, Charles. F Kettering worked to create the first separated electrical system (separated ignition, starting and lighting system. Charging system went to a next level when the first two-brush dynamo. More modern, efficient and accurate electrics devices were created over the history during the two world wars. Engine control systems where mainly mechanically operated back in the days. Then more and more electric devices were inverted, tested, fitted and sold on commercial cars around the world (Denton, 2000, p.2-8).
At first, around early 1900s, Injection systems where mechanically operated and were exclusively fitted to aircrafts and war action vehicles. Only in around early 1940s that the first mechanical injection systems where fitted to commercial cars. Carburettors stayed in the automotive industry for many years after its first application (Darby, 2014). The first spark plug was developed in 1860s by Ettiene Lenoir.  The revolution of the ignition system came in 1910 as the first system equipped with a battery and a coil type ignition system. This system was used over half of a century after its creation (Laukkonen, 2013). Engine control system as know today would have been nothing without the development of sensors. First Micro Electro Mechanical Systems (MEMS) was created in mid 1980s. the first sensor that was helping regulating the amount of fuel injected was the Manifold Absolute Pressure sensor.











[bookmark: _Toc38882280]Experimental procedure: 

[bookmark: _Toc38882281]Safety checks: 

Before starting the engine testing session 1, PPE such as safety boots, mechanic pants as well as mechanic overalls must be worn at all time in the engine lab. All kind of physical ornamentation should be removed before starting the test session. Establish a risk assessments form with the supervisor to identify potential risks and how to deal with and prevent them to happen. A vacuum pipe from recirculation system is then plugged on the engine’s exhaust tip. Room’s Co2 and NOx detectors are located as well as fire extinguisher for safety and emergency purpose. Emergency exits are also pointed out by the supervisor. Also check if all safety guards around the engine are in place and securely attached.

[bookmark: _Toc38882282]Mechanical methodology:

[bookmark: _Toc38882283]Tools required:

· A Notepad and a Pen
· A testing Multimeter (it needs to be able to measure Voltage, Current and Resistance)
· Bosch diagnostic program tool (for voltage monitoring with the Oscilloscope, oil temperature monitoring)
· Engine Technical book (research specific factory data)

[bookmark: _Toc38882284]Engine testing session 1: Jetronic control unit system 

Ignition ECU dynamic test:

Testing preparation: 
Engine needs to be tested if fully operational before starting the test session. Check battery voltage (less than 11v = need to be charged), check engine oil level, check for any lose parts or lose bolts around the engine. Turn on the engine and check if alternator is correctly functioning. Make sure the gases extraction pipe is correctly in place on the exhaust pipe, and make sure the vacuum motor is running every time the engine is started. 
Engine checks being done, the testing session may begin.
Draw a data collection table on the notepad that includes 4 columns and 7 rows. Name the 4 columns respectively after: Temp(°c), Pin 8 (Ω), Pin 3 (ms) and Pin 8 (V). The temp (°C) column will represent the engine oil temperature reading on the Bosch program. Pin 8 (Ω) will represent the resistance in Ohms at NTC2 (water coolant temp on the engine block directly). Pin 3 (ms) column will represent the injection on time in milliseconds (injectors ground). Pin 8 (V) will represent the voltage at NTC2. 
Locate and open the ignition testing panel. Chanel 1 positive and negative probes are used on the Bosch diagnostic tool. The negative probe needs to be attached to a metal point on the engine (this will become the ground for any further voltage tests). Locate the engine coolant temperature sensor for further purpose. The oil temperature monitoring probe needs to be installed where the factory oil level stick is. The oil temp probe needs to be adjusted to the same length as the factory oil level stick before plugged in the engine oil sump. 
Test data collection:  
Go on the live oil temp view. First step of the test is made at cold start. Write down the current temperature in the first column of the data table. 
Using the Bosch program oscilloscope, launch the live data reading scope. Fire up the engine and let it settle for few seconds. Place the positive probe on the pine 3 the do a dynamic test on the injection ECU test board. Using the live data scope, freeze the scope reading and shut down the engine. Drag the cursor on the oscilloscope to take an average of the actual scope. Write down the value on 3rd column of the data table. Next step will be performed using the Multimeter settled on 2K Ω resistance test. Unplug the engine coolant temp sensor and measure resistance at the sensor.  Write down the value in 2nd column of the data table. Plug back the coolant temp sensor wire. Next step is to test voltage at pin 8 on the injection system testing board. Use the Bosch oscilloscope tool and plug the positive probe on the pin 8 in the injection system ECU test board. Turn engine ignition on. Report the value on the computer and right it down on the 4th column of the collected data table. Turn engine ignition off. 
Go on the live oil temp monitoring program. Fire up the engine and let is settle a while until the oil temp reaches 30°. Repeat the exact same testing process from previous step.
Repeat the engine warm up and test process for the following engine oil temperatures: 30°, 40°, 50°, 60°, 70°. Right down at which temperature radiator fan turns ON for further purpose.
Using the live temperature program tool, check out the maximum achievable engine oil temp and perform the entire test process again at this temp.
Jetronic system static test:

Test preparation:
On the Notepad, draw a table with 3 columns and 15 rows. Label the 3 columns respectively as: Pin n°, Ignition ON, Ignition OFF. Rows should be labelled as numbers from 1 to 15 for the number of pins on the Injection ECU. The injection ECU static test will be performed with the Multimeter set up on 20V voltage test.
Static test data collection:
With Negative probe attached to a metal point on engine block and with engine ignition off, test every single pin from pin 1 to pin 15 on the injection ECU. Read on the Multimeter and write down in the data table (in the ignition OFF column) the voltage for each pin. Next step is to turn engine ignition ON and repeat the measuring process for each pin. Again, complete the ignition ON column of the data table with voltage for each pin.
The exact same procedure needs to be applied for the ignition ECU. Draw a 13 rows table with 3 columns. Label the columns the same as the previous static test table. Rows should also be labelled with each pin number corresponding. Repeat the measuring process on all pin with ignition and then with ignition off. Report values in the table and save it for later purpose.
Engine devices resistance tests:

Test preparation:
The engine devices check consists of testing resistance on multiple devices around the engine and compare data collected with data technical manual for this engine. The task will be performed using the multimeter settle up on 20k Ω resistance test.
Engine devices resistance check procedure: 
First step is to check resistance at the Throttle switch. A data collection table with 2 columns (labelled “Terminals” and “Resistance (Ω)”) and 2 rows (labelled “pin 2 & 8 closed” and “pin 3 & 8 closed”) needs to be drawn on the Notepad. Locate and carefully remove the plug on the throttle switch. As the technical manual suggests, using the multimeter set up on 20KΩ Resistance test, check resistance between pin 2 and pin 18 with throttle closed. Write down the value in the table in the corresponding testing scenario. Repeat the same process for the resistance test between pin 3 and pin 8.
Create an exact same table and write down data from the technical manual for each testing scenarios. 
Next step is to check and compare resistance value on NTC2 (engine coolant temp sensor). Values have already been collected in the previous test. Draw a comparative table with collected values and the ones found in the technical book. 
The next step is to check resistance at the Auxiliary air valve sensor. Disconnect the valve plug and check resistance between valve terminals using the multimeter set up on 200Ω. Write down the value and compare with technical data from in a comparative data table. Replace the plug on the auxiliary air valve sensor.
Next step is to check resistance at injectors. Remove the plug at the injector n°1. Using the multimeter settled up on 200Ω resistance test, measure resistance between injector terminals. Report the value and compare with technical data from manual in a comparative data table. Replace the plug on the injector and repeat the process for injectors 2, 3 and 4.
Next step is to check resistance at the ignition coil assembly. Primary coil is tester by using the multimeter set up on 20kΩ resistance test. Attach one probe on the positive and the other probe to the negative of the ignition coil assembly. Report value and compare to engine’s technical manual in a comparative data table. Secondary coil is tested with the same method as the primary. Attach one probe of the multimeter on the positive side and the second probe to the hight voltage output side of the ignition coil. Report down measured values. When test done, replace the ignition leads where they were before the test. Researches need to be done to find factory resistance specifications. Once found, put values in a comparative data table.
Final step of the resistance test is to check resistance at the ignition leads. The task will be performed using the multimeter set up on 20kΩ resistance test. Carefully remove the ignition lead for cylinder 1, using the multimeter, place both probes on each sides of the lead. Report the value in a table and plug back the tested lead to the distributor and the spark plug the way it was before. Repeat the testing process for lead n°2, n°3 and n°4. Once testing the lead resistance done, research the specific values and put them in a comparative table with the collected values from the test.
Results and values collected during the whole test session will be shown and discussed in the results and analysis part of this report. 

[bookmark: _Toc38882285]Engine testing session 2: Motronic control unit system

The second engine test lab session meets the same procedure as the first engine test session. A dynamic test is performed on the engine.
Dynamic test:

Test preparation: 
The exact same procedure for engine preparation needs to be applied from previous test session. However, the pins tested during dynamic test in session 2 are different. 
Test data collection:
Draw a data table on the Notepad that includes 7 columns and 7 rows. Label the columns respectively as: temp (°C), Pin 45 (Ω), Pin 45 (V), Pin 6 (ms), Pin 4 (%), Pin 5 and Pin 28.  The table rows should be labelled as: 20°, 30°, 40°, 50°, 60°, 70°, 80°. Temp (°C) column will be used to note all engine temps where tests have been made at (rows titles). Pin 45 (Ω) column will contain all the resistance tests at NTC2 (Coolant temperature sensor). Pin 45 (V) is a voltage test at NTC2. Pin 6 (ms) is the ignition on time data from the scope pattern. Pin 4 (%) column will represent the keying ratio for Open time of the Rotary Idle Valve. Pin 5 column will show when the Emission Control valve is ON of OFF. Pin 28 column with show Output Lambda Sensor signal variations.
Next step of the test is to check engine oil temperature using the Bosch program tool. Write down cold start temp on the data table. Next step consists of measuring resistance at NTC2 (engine coolant temp sensor) on the engine block using the multimeter set up on 2k Ω in resistance test. Report value in the data table in specific column. Next step is to measure injection on time using the oscilloscope on the Bosch program tool. The engine needs to be fired up and let settled at idle for 20 seconds. The universal scope tool should use the same axis settings as test session 1. Run the universal scope tool.  With the negative lead attached to a metal point on the engine block, attach the positive probe on pin 16 of the ECU testing panel. Freeze the scope pattern and shut the engine down. Drag cursors on the injection on time laps and report the injection on time in respective column in the collected data table. Using the universal scope, test voltage at pin 45 with ignition ON and report value on data table. Next step is to test Pin 4 (RIV) using the universal scope. Start the engine, let it settle for few seconds, attach the positive probe on Pin 4 on the ECU test panel. Freeze the scope and shut down the engine. Drag channel 1 cursor in the middle of the scope pattern. The value will be in milliseconds and it is actually a proportional to a ratio out of 100% for 10 milliseconds (5 milliseconds = 50% ON time). Report value in the data collection table. Next step is to test pin 5 on the engine ECU test panel. With engine running, using the multimeter set up on 20V voltage test, place negative probe on metal point on the engine block, place positive probe on pin 5. While probes attached and checking multimeter reading, rev up the end few times up to 4000rpm. If multimeter reading do not change from 0 = emission control valve OFF. If multimeter start increasing with engine revs = ECV ON. After tested, switch engine off and report on the data table of ECV is ON or OFF. Final step of dynamic test is to test pin 28. Turn engine on. Place negative prove on metal point on engine block. Place positive probe on pin 28. Rev the engine few times up to 4000rpm. If signal appear, lambda sensor is operational. If no signal, lambda sensor not operational yet. When test finish, switch engine off and report on data table if lambda ON or OFF.
Go on the live oil temp monitoring program. Fire up the engine and let is settle a while until the oil temp reaches 30°. Repeat the exact same testing process from previous step.
Repeat the engine warm up and test process for the following engine oil temperatures: 30°, 40°, 50°, 60°, 70°. Right down at which temperature radiator fan turns ON for further purpose.
Using the live temperature program tool, check out the maximum achievable engine oil temp and perform the entire test process again at this temp.

Motronic static test:

Test preparation:
For the static test on the Motronic engine control system, repeat the exact same procedure as the static test on the Jetronic static test. Draw a data table on the Notepad with 3 Columns and 35 rows. Label the 3 columns respectively Pin N°, Ignition OFF and Ignition ON. Label the 35 rows with the pin N° from pin 1 to pin 55 (some pins are missing or are not measured).
Test data collection:
Same as test on the Jetronic ignition system, test all the pins one by one with ignition OFF et repeat the process with ignition ON. Report all collected data in the data table created previously. Save the data table for further purpose.
Engine devices resistance tests:

Test preparation: Use the same procedure for test preparation as engine devices resistance test on Jetronic system in lab session 1. All resistance tests are performed on the device side not on the connector side.
Test data collection:
Unplug and test resistance at the throttle position sensor (TPS). Using the multimeter set on 20KΩ resistance test, Attach probes on pin 1 and pin 2 with TPS fully open. Repeat the process on Pin 2 and Pin 3. Report data on a comparative data table. Place back the plug on the sensor. Use the engine technical manual to find Specific factory resistance value for the TPS.
Next device to be tested is the Mass Air flow sensor (MAF). Remove the MAF sensor plug and using the multimeter set on 2KΩ resistance test, attach one probe on pin 4 and the other probe on pin 2. Repeat the process and test resistance between pin 4 and pin 3. Report data in a comparative data table and use technical manual to fin factory resistance values and write them down in the data table.
As NTC2 Resistance have already been measured during dynamic test, simply find factory resistance values in technical manual and put them next to collected data in a comparative table.
Next step is to measure resistance at NTC1 (Air temp sensor). Make sure ignition is Off, Remove ECU plug. With multimeter set to 20KΩ resistance test, measure resistance between pin 26 and pin 44 on ECU plug. Report the value in a comparative data table and also write down ambient room temperature. Check in technical manual specific values at the same temperature and report it in the data table. Plug the ECU back.
Idle Control Valve (ICV) is test with multimeter et on 20Ω resistance test, between sensor terminals. Report data in data table and find engine technical book for specifications and write it down in the data table.
Injectors resistance test procedure is the same as lab session 1. Go back, follow the procedure steps.
Sparkplug Ignition leads resistance test follows the exact same procedure as first lab session one. Go back and follow the procedure steps.
For testing ignition coil resistance test, repeat the same procedure as first lab session one. Go back and follow the procedure steps.


[bookmark: _Toc38882286]Results: 

[bookmark: _Toc38882287]Lab session 1: Jetronic engine control system (LH2)

Table 1 shows injection on time at cold cranking:
	Temperature (°C)
	Pin 3 – Injection on time (ms)

	19
	9.4






	Temperature (°C)
	Pin 8 – NTC2 (Ω)
	[bookmark: _Hlk38555958]Pin 3 – injection on time (ms)
	Pin 8 – NTC2 (V)

	20
	2560
	4.5
	1.9

	30
	990
	3.3
	0.9

	40
	720
	3.2
	0.8

	50
	500
	3
	0.64

	60
	390
	2.8
	0.5

	70
	600
	2.7
	0.7


[bookmark: _Toc38888276]Table 1: Jetronic Cold cranking results
Table 2 shows the data collected from the Dynamic test on Jetronic system ECU:


[bookmark: _Toc38888277]Table 2: Jetronic dynamic test results
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[bookmark: _Toc38888278]Table 3: Jetronic Injection on time over engine temp graph

[bookmark: _Toc38888279]Table 4: Jetronic NTC2 Resistance over engine temp graph[image: ]
[bookmark: _Toc38888280]Table 5: Jetronic NTC2 Voltage vs Resistance graph[image: ]
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[bookmark: _Toc38888313]Figure 1: Jetronic Acceleration scope pattern
[bookmark: _Toc38888314]Figure 2: Jetronic Deceleration scope pattern[image: ]
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[bookmark: _Toc38888315]Figure 3: Jetronic Idle scope pattern
[bookmark: _Toc38882288]Lab session 2: Motronic engine control system

Table 3 shows injection on time at cold cranking:
	Engine oil temp (°C)
	Pin 16 – Injection on time (ms)

	18.1
	11.9


[bookmark: _Toc38888281]Table 6: Motronic Cold Cranking results

Table 4 shows the data collected from the Dynamic test on Motronic system ECU:
	Engine oil temp (°C)
	Pin 45 NTC2 (Ω)
	Pin 45 NTC2 (V)
	Pin 16 Injection on time (ms)
	Pin 4 Idle control valve (%)
	Pin 5 (ECV ON/OFF)
	Pin 28 (Lambda Signal)

	20
	1530
	3
	3.5
	46
	OFF
	None

	30
	995
	2.5
	3.6
	45
	OFF
	Signal

	40
	642
	2
	3.4
	46
	OFF
	Signal

	50
	426
	3.7
	3
	44
	ON
	Signal

	60
	314
	1.3
	3.2
	43
	ON
	Signal

	70
	237
	1
	2.9
	47
	ON
	Signal

	80
	240
	1
	3.3
	47
	ON
	Signal


[bookmark: _Toc38888282]Table 7: Motronic Dynamic test results
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[bookmark: _Toc38888283]Table 8: Motronic injection on time over engine temp graph
[bookmark: _Toc38888284][image: ]Table 9: Motronic NTC2 resistance over engine oil temp
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[bookmark: _Toc38888285]Table 10: Motronic NTC2 voltage of resistance

[bookmark: _Toc38888316]Figure 4: Motronic Acceleration scope pattern[image: ]
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[bookmark: _Toc38888317]Figure 5: Motronic deceleration scope pattern
[bookmark: _Toc38888318]Figure 6: Motronic Idle scope pattern[image: ]















[bookmark: _Toc38882289]Analysis:

[bookmark: _Toc38882290]LH2- Jetronic control system:

I) With ignition ON and engine not running, the injection on time of the Jetronic system is influenced by many devices. When engine ignition is turned ON, the fuel ECU receives power supply on pin12 and sends power supply to pin 2. It also receives a multitude of signals from various devices such as pin 1 (Ignition ECU), pin 8 (NTC2) and pin 10. Injection ECU also send signals to Throttle switch in closed loop from Pin 14 and Pin 15. When ignition ON, Fuel Injectors receive constant power supply and are switched by the fuel ECU on their earth connection side. This is why pin3 (injectors earth) stays on 0v with ignition OFF or ON as they do not need to be switched for the moment (engine is not running). The fuel ECU also send a signal to a relay that switches on Fuel Pump.

II) On cold cranking scenario, at 19° of engine oil temp, the injection on time is at 9.4ms. As a comparison, engine running at idle at operating temp, injection on time is at 2.7ms. As the engine is trying to start from cold, more fuel needs to be injected to help the engine firing up. The injectors are staying open for a longer time which enriches the mixture (Wei, 2013). The devices that affect injection on time at cold cranking are the following: NTC2 sensor and the auxiliary air valve. NTC2 will maintain an hight resistance at low temperatures (Bosch, 2007 p.327). It sends a signal to the Fuel ECU telling that operating temperature is not reached yet and mixture needs to be richer to overcome the natural drag of cold engine. The auxiliary air valve is also here to help the engine for an easier cold start. The auxiliary air valve is a modern version of the manual choke. It bypasses the throttle body with a different passage for additional air to be inducted in the intake manifold when cold cranking. Fuel ECU takes in account this extra air coming and adjusts injection on time regarding how long the auxiliary is activated. The auxiliary air valve can regulate the amount of air bypassing (Probst, 1991 p.19).  The injection timing will also depend on injection timing dictated by the crank position sensor. The sensor will adjust timing accordingly to engine speed and engine load (Denton, (1995 p 170).

[image: ]III) 
[bookmark: _Toc38888286]Table 11: Jetronic Injection on time vs engine temp:

During engine warm up phases, it is noticeable that Injection on-time is continuously decreasing over increasing engine oil temperature. Injection on-time starts from 4.5ms at 20°C engine temp and ends up at 2.7ms at 70°C of engine temp. It is clear that air-fuel mixture is getting leaner and leaner as engine is warming up. injection on time is being corrected due to engine coolant temp rising up. At this time, the engine temp going up makes NTC2 creating less resistance in the circuit. NTC2 then sends back a lesser voltage signal to the fuel system ECU.  Lower voltage signal is interpreted by the Fuel ECU as a sign of a mixture getting richer. Fuel ECU decides then to overcome this rich mixture by reducing the injection on-time period. This is how injection on time is corrected facing a warming up engine (Denton, 1995 p 170). During engine warm up period, injection on time could be affected by timing from Crank sensor. Crank sensor sends a signal to ignition ECU which then sends a signal to Fuel ECU. During warming up period, the injection timing remains the same. Table 11 shows the fluctuation of injection on time over engine oil temp.
[image: ]IV) 
[bookmark: _Toc38888319][image: ]Figure 7: Jetronic acceleration scope pattern
[bookmark: _Toc38888320]Figure 8: Jetronic Crank sensor signal scope pattern

When accelerating, the injection on time is affected by NTC2 initially and the Throttle switch position. Under full load demand, the throttle switch is switched to its second circuit. When activated, the switched side of the throttle switch closes a circuit which then makes current passing through it. This circuit then sends a signal to the fuel ECU telling that throttle is fully open and engine is going for full load. At this time, the fuel ECU is letting the injectors open for a longer time, enriching the air fuel mixture to overcome the need of power to speed up the engine. In the same time, the crank sensor reads a speeding up signal indicating that engine starts revving up. Crank sensor then send to signal to ignition ecu which sends a signal to Fuel ECU to speed the injection on time pulse frequency (Denton, 1995 p171). Figure 7 here shows the injector voltage scope pattern during acceleration period. The injection on time (time where the injector needle is lifted up and fuel and is being atomised) is fairly long as it represents an acceleration phase (lots of fuel being injected to create max power). The frequency between waveforms are also very close from one to another. This confirms that it is the scope pattern of a speeding up injector. Figure 8 shows the signal scope pattern of the crank signal. Crank signal is altering between positive and negative polarity signal.

V) 
[image: ]
[bookmark: _Toc38888321]Figure 9: Jetronic Deceleration scope pattern



During deceleration period, the engine is asking to reduce speed. In the same time, injection on time passes from a long open (while acceleration) to a significantly shorter time. As seen on the deceleration scope pattern on figure 9, the injection waveforms are still at a quite hight frequency but injection on time on each waveform is seriously reduced until no waveform appears. At this time, the throttle switch is now back to its initial position (closing or fully closed). The throttle switch being back to rest position, it is closing the circuit which sends a signal to the Fuel ECU that engine is reducing speed and obviously does not need much fuel to go through deceleration. The Fuel ECU automatically reduces injection on time in a dramatic way until a point where injectors are completely turned off (after 2/3 of the deceleration scope pattern above). This phenomenon is called injection cut-off. It is simply designed to improve fuel economy and hydrocarbon emissions at the exhaust. The fuel injection will restart pulsing if throttle is reopened of engine speed reaches around 1000rpm (Denton, 1995 p172). 

[image: ]VI) 
[bookmark: _Toc38888322]Figure 10: Jetronic Idle scope pattern

During idling at operating temperature, the injection on time is affected by many devices such as: NTC2, Crank Sensor, Idle Control Valve (ICV), Auxiliary air valve sensor and throttle switch. The role of the crank sensor is to send signal to ignition ECU that send signal to Fuel ECU telling pulse frequency. NTC2 sensor is sending signal to Fuel ECU of how cold or hot the engine is. At operating temperature, the resistance of the NTC2 is lesser than NTC2 at a colder temp. The signal sent to the fuel ECU is at lower voltage and is interpreted as enough fuel should be injected in order to meet stoichiometric ratio. ECU do not need to compensate any variations; thus, no load is applied on the engine at idle. Throttle butterfly being closed, it activates the throttle switch on the fully closed side. When closed throttle switch is reached, it closes the circuit and sends a signal to Fuel Ecu telling that engine does not need to do anything but sit at idle. When Fuel ECU receives an input from this circuit, it knows that throttle body is closed and need to compensate otherwise the engine will stall. Fuel ECU then adds injectors pulse time to the Basic flow rate. This action ends up to make the idle mixture richer. The auxiliary air valve’s role at idle is to bypass the closed throttle butterfly and allow the engine to still run smooth and nicely at idle without stalling. The idle control valve has a role to play when engine is sitting at idle. At idle, throttle body being fully closed, the idle control valve enters in action here. Mass air flow sends signal to ECU through a voltage signal telling how much air is going in the engine. Mass air flow uses a system of variable resistance to change to voltage of the signal (Denton, 1995 p.191)



[bookmark: _Toc38882291]Motronic Control system:

I) When ignition is switched ON but engine not running, the Motronic control system receives information from multiple source. First the ECU enters in starting phase as soon as it receives signal from crank sensor. During starting phase, the ECU from pre-set data and memory stocked, determines an injection period. NTC2 has also a role to play in starting phase. NTC2 receives voltage from the ECU and sends voltage back to ECU depending on the resistance of the NTC2 sensor. If on cold cranking, NTC2 will create more resistance in the circuit which will send a higher voltage signal back to the ECU. This signal will tell the ECU to be on Cold start scenario and will adapt injection on time according to it (richer). If on hot start scenario, the signal from NTC2 will tell the ECU that engine coolant is already hot so ECU will start the engine with injection on time a bit shorter than cold start phase. (Probst, 1991 p.34).

II) 
During Cold cranking at 18.1° engine temp, the injection on time was up to 11.9ms. As a comparison, the same engine during Idle phase at operating temperature, the injection on time is at 2.9ms. At cold cranking phase, the injection on time is mainly corrected in accordance to NTC2. NTC2 resistance being hight due to cold engine coolant, the signal back to the ECU is a higher voltage signal. The ECU interprets this signal as an evidence that engine is still cold; thus, mixture is enriched during cold start phase to overcome that need to start and to help the engine to not stall while cranking. The engine crank sensor is also included in the injection timing at cold cranking. In fact, engine crank sends a signa to the Control unit telling what is the cranking speed. ECU Then adjusts injection on time frequency regarding the signal from crank sensor. Lambda sensor also sends a signal that affects the air-fuel ratio. When cranking, before the engine fires up, the pistons starts moving and pushing air to the exhaust valve outlets. At that moment the air is cold and denser. It is also charged of dense oxygen. When Lambda sensor measures theses supposed exhaust gases, that are actually cold air, the lambda sensor sends a signal that air fuel mixture are way too lean. At this time, voltage of the lambda signal is decreasing. Fuel ECU receives the information that mixture is too lean so more fuel needs to be injected. This, explaining why injection on time at cold start is higher than when engine is warmed up. (Probst, 1991 p 22).

III) 
[image: ]
[bookmark: _Toc38888287]Table 12: Motronic Injection on time vs engine temp

During engine warm up phase, NTC2 is the main device that affects injection on time. As engine temp rising up, resistance at NTC2 is reducing. Lower NTC2 resistance ends up sending a lower voltage signal back to ECU. Ecu interprets the lesser voltage signals as a sign that engine temp is rising up. ECU decides than to adapt injection on time for a short period for a better air-fuel mixture. Injection on time is also affected by NCT1, (air temp sensor). Same as NTC2, NTC1 sends a voltage signal back to ECU. Voltage of that signal depends of the temp of air calculated. Cold air = high sensor resistance = Higher voltage signal. The mixture is richer when cold to avoid the engine to stall and run on rough idle. Mixture is getting leaner and leaner as overall engine block and components are warming up. This allows an easier pistons travel and a better explosion of mixture (Denton, 2000 p.243).







IV) 
[image: ]
[bookmark: _Toc38888323][image: ]Figure 11: Motronic acceleration scope pattern
[bookmark: _Toc38888324]Figure 12: Motronic speed sensor scope pattern

During acceleration phase, the injection on time is mainly influenced by the throttle position sensor (TPS or throttle potentiometer), NTC2 and the engine speed. The TPS being mounted on the throttle butterfly shaft, it acts as a precise position sensor. Potentiometer acts as a resistance variator. It gives lower resistance when throttle gate is closed and smoothly increasing resistance as throttle gate opens. The potentiometer sends a feedback voltage signal to the ECU. The voltage signal, once again depends on the resistance that the potentiometer is making.  The ECU interprets the signal and adjust injection on time according to it. Lower resistance (throttle closed or nearly closed) ends up making the ECU to shorten the injection on time as no load is applied on the engine. Higher resistance (throttle opening halfway) ends up make significant increase to injection on time. During acceleration, with full open throttle position sensor, ECU will make the injectors to stay open for a longer period on each pulse, enriching the initial mixture, to adapt with the engine asking to rev up. Crankshaft sensor also plays a role as it dictates engine speed and sends a signal to ECU telling where is TDC and when to pulse injectors (Denton, 2000 p243). During acceleration NTCS keeps influencing the injection on time as it does during warm up phase. Figure 11 shows how the injectors voltage goes under acceleration scenario. It is clear that during acceleration, injection on time is prolonged and frequency between injector pulses is getting higher and higher as engine rpm is increasing. Figure 12 shows engine speed sensor voltage fluctuations. 

[image: ]V) 
[bookmark: _Toc38888325]Figure 13: Motronic deceleration scope pattern

During Deceleration, the injection on time is principally influenced by the TPS, NTC2 and engine speed sensor (crankshaft sensor). Assuming that during deceleration, the Throttle gate is fully closed, the TPS sends a signal to the ECU telling that engine is asking to reduce speed. Interpreting the signal from TPS, the ECU reduces injection on time until completely shutting the injectors OFF as seen on the scope pattern above. NTC2 keep influencing injection on time when low engine speed is reached (around 1000rpm). Waveforms are still close to each other meaning that ECU when cuts off injectors when TPS reaches closed state, engine is still at pretty high rpm. This feature helps getting better fuel economy and helps avoid releasing hydrocarbons in the atmosphere through exhaust. Engine speed sensor once again, influence injection on time is it dictates the frequency of injection pulses. Mass air flow has no effect during deceleration phases (Denton, 2000 p.244).

[image: ]VI) 
[bookmark: _Toc38888326]Figure 14: Motronic idle scope pattern

[image: ]
[bookmark: _Toc38888327]Figure 15: Motronic Rotary Idle control valve scope pattern



During idle speed phase, the injection on time is mainly influenced by the throttle position sensor, idle control valve, crankshaft sensor and NTC2 and NTC1. As TPS sends a signal to the ECU saying that throttle gate is at close position, ECU interprets this signal and adjust injection on time according to it, in order to maintain stoichiometric ratio and keep the engine to not stall. At idle, NTC1 and NTC2 are influencing injection on time as they are monitoring engine coolant temp and air temp and then send signal back to ECU telling to adapt injection on time according to signal readings. The idle control valve bypasses the throttle body gate when fully closed and keeps the engine to stall. It adds some extra air in the engine at idle.  Mass air flow sends signal to ECU through a voltage signal telling how much air is going in the engine. Mass air flow uses a system of variable resistance to change to voltage of the signal. Crankshaft sensor keeps doing his job that consists of dictating injection pulses frequency according to engine speed. Figure… shows the voltage waveform to injectors at idle. The injection on time at idle is fairly short (around 3ms) means that injectors are open a certain time just enough to make the engine run without stalling. No load is applied to the engine so ECU does not need to compensate mixture. Figure … shows the fluctuation of voltage on the rotary idle control valve while idling at operating temperature. Idle control valve is switched ON and OFF controlled by the ECU in order to regulate and maintain airflow during idle. Frequency of waveforms is fluctuated by ECU to match engine idle speed. (Denton, 2000 p.243)

[bookmark: _Toc38882292][image: ]Modification suggestion:

[bookmark: _Toc38888328]Figure 16: Motronic Lambda signal scope pattern
[image: ]

After taking a closer look at Motronic lambda waveform, Injection on time over engine oil temp graph and NTC2 voltage over resistance graph, and compare results with Jetronic control system, it is clear that something is happening when engine oil temp reaches 60°. NTC2 has a resistance fault and sends a signal too hight to the ECU when engine temp reaches 60°


[bookmark: _Toc38888288]						Table 13: Motronic injection on time vs engine speed graph

[image: ]
[bookmark: _Toc38888289]Table 15:Motronic NTC2 voltage vs resistance graph


[bookmark: _Toc38882293]Conclusion:

Both Jetronic and Motronic systems are well designed systems. They both make efficient and reliable engine control systems as they are pretty simple and only need fewer devices to performs. The Motronic has an advantage over Jetronic as is has and combined ecu (injection and ignition ECUS all in one). It makes the transfer of data between the two ECUs quick and more performant. Motronic will give a better fuel economy as it has an extra device that monitors engine mixture efficiency (lambda sensor). Also, Motronic system uses a sequential injection system where the Jetronic system uses direct injection system which makes another advantage in fuel economy for the Motronic system. The Jetronic system is equipped with a throttle switch where the Motronic is equipped with a variable throttle position sensor The Motronic is equipped with a catalytic converter where the Jetronic does not. Once again, the Motronic will have a better exhaust emissions result than the Jetronic. However, converters can end up being clogged up with carbon deposits in mid to long term use (Denton, 2000 p.269).





[bookmark: _Toc38882294]Evaluation: 

The full understanding of how an engine control system works on a vehicle looked like a big job at first but after completing this report with the help of technical books, the subject in now clearer and less difficult to embrace. Knowledge acquired completing this report will be used in today’s tasks but also in future imagining different systems for future vehicles.


[bookmark: _Toc38882295]Further work: 
It would be interesting to take a look at another engine control system equipped with individual ignition coils and compare the injection on time with the injection on time from the Motronic control system chosen in this report.
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[bookmark: _Toc38882297]Appendices:  
Here is the collected data from static test on Jetronic system Fuel ECU:
	Pin N°
	Pin ID
	Test Ignition OFF (V)
	Test Ignition ON (V)

	1
	Signal Pin 5from ignition ECU
	0
	0.06

	2
	Power supply to amplifier
	0
	12.12

	3
	Injectors earth
	0
	0

	4
	General earth
	0
	0.02

	5
	Earth
	0
	0.03

	8
	NTC2
	0
	0.86

	10
	Signal from ignition ECU
	0
	0.15

	12
	Power supply 
	0
	12.15

	14
	Throttle Switch (close side)
	0
	5

	15
	Throttle switch (open side)
	0
	0.02
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