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1. [bookmark: _Toc38866274]Introduction


Engine testing is a big part of todays technicians job, it is important to know if an engine is running as it should, with each of its components functioning and providing the data they need to provide correctly, the safe being of the engine an the environment depends on it, with so many sensors and similar components on an engine it is important to learn the characteristics of what happens to what when the right parameters are met, such as how long does an injector operate during a cold cycle, or when going downhill, how does the engines temperature effect the running of the engine 
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“Fundamentally, the engine ECU controls the injection of the fuel and, in petrol engines, the timing of the spark to ignite it. It determines the position of the engine’s internals using a Crankshaft Position Sensor so that the injectors and ignition system are activated at precisely the correct time” (testing, 2020)

Early forms of engine control were mechanical gear driven distributors which maintained a timed spark to the cylinders, and a carburettor which handled fuelling using a venturi effect to draw fuel that naturally atomised under the pressure within the cylinder prior to combustion.
     But as technology progressed the demand for higher fuel economy and power as well as drivability called for finer control over spark and fuel delivery. For a good burn of fuel the air and fuel ratio needs to be just right, 14 parts air to 1 part fuel is considered the perfect ratio.
Manufacturers have strived to achieve this figure for decades in an effort to achieve a perfect burn, very little waste, no carbon build-up and no wasted energy out of the exhaust that can otherwise damage the environment, but this mythical ratio is hard enough to achieve in a laboratory condition least of all on the road in the real world, with a piece of machinery that can change its running habits in a moment based on the conditions it is operating within the reality of maintaining a perfect burn is not viable even with todays current technology enhancements. (Threewitt, 2012)


The induction of fuel injection
Carburettors were the traditional method of controlling the air and fuel entering the engine, using needle jets to meter the fuel amount, and a venturi path through the carburettor body to pass the air by the fuel needle that would create a suction and draw the fuel with the accelerating air, which by some measure would cause atomisation of the fuel particles for a better burn, the air being drawn into the engine was relevant to the engine speed and throttle position, which by design would meter the amount of required fuel at any given instance, although overall governed by the jet needle size, oversizing the jet would create a richer mixture, decreasing the jet would mean a leaner mixture.
The issue with this is that there is no adaptive control of the fuel mixture, it is set in stone for that current operation and although a mixture screw can be used while fine tuning the mix, this typically can only be done while stationary with access to the carburettor.
       Upsides to this design is the distinct lack of electronic interference and the ability to run pure mechanically with no electronics needed (even using a mechanical fuel pump was possible due to carburettors usually needing only a small amount of fuel pressure), it is also vastly cheaper in design than a fuel injected operation, and in some peoples opinion, far simpler in design. (Carsdirect.com, 2012)
The introduction of electronic fuel injection dates to 1958 in the Us by general motors for use on a Chrysler 300D and a Dodge D500. It was very temperamental and ultimately was a commercial fail, however it none the less was a success in its operation, but it wasn’t until the 70s did the use of EFI really catch on, with American, Japanese and European companies using their own version of EFI.
However it wasn’t until the 80s did ecu’s come into the mix to fully control the entire engine including ignition Bosch L Jetronic was one of these early systems. (Darby, 2014)


LE3 engine control system
A multipoint injection system that is controlled via a dedicated ecu that sprays fuel into the intake via sensors that accurately monitor the engines various aspects, giving precise control over the fuel quantity needed for that instance by varying the injection on time.
The system however does not control the ignition system, which is therefore left to the distributor to control, the system is also fully analogue and lacks the adaptive control and warning indicator function of the Motronic. (Bosch, n.d.)


Motronic engine control system
The motronic differs to the LE3 by having the ignition system integrated into the one module rather than using mulitples not only does this consolidate the wiring and the separate units into a more convenient single location, it is also easier to manage with less complications.
The motronic also uses a lambda probe in the exhaust to monitor oxygen levels which can be then used to moderate the fuel mixture to achieve a better burn and ensure a safer running of the engine by avoiding detonation when running lean, this is a feature of the motronic’s adaptive control to give changing parameters to the fuelling and ignition timing also an engine warning light to report to the driver any potential problems, both are not present in the earlier LE3
The system is all digital and any sensors putting out a analogue signal are quired o be converted to a digital reading within the ecu.
A minor feature that is included over the LE system, is a charcoal canister to recycle the fuel fumes which are considered harmful to the environment, rather let them vent they are purged back through the intake to be burnt with the running of the engine. (Bosch, n.d.)



[bookmark: _Toc38866276]3. Methodology

LE3 testing
Looking at measuring the temperature of the engine oil and coolant was the first step, to get a starting point for the test, so the oil dipstick probe was inserted first followed by the coolant temp sensor
With the positive and negative clips attached to the battery, the test could begin
Engine temp was recorded at 19 degree, fitting the exhaust extractor to the tail pipe the engine could be started with the ignition lead sensor connected to the HT lead for cylinder 1, monitoring the injection on time during this cold start with the primary HT lead to the ignition coil removed to prevent the engine starting, while paying attention to the Bosch scanning software, injection on time was 22m/s while trying to start.
Once running and stable the temp of the engine was 20degree and with a injection on time of 9,4m/s, NTC2 resistance give a reading of 2560 ohms, then setting the universal scope to pin 8 there was a reading of 1.05 v.
Testing then pin 8 injection on time, starting the engine once settled pause the scope and turn off the engine measurement read 4.5m/s.
Moving on to the next engine temp range, this time 30degree will require the engine to be run for a period until the reading is within a degree of 30, then turning the engine off read the NTC2 resistance, 990 ohms, reattaching the sensor plug, then with the ignition on testing pin 8 gave a reading of 0.9v.
Starting the engine again and once settled, pause the software and turn it back off, injection on time dropped to 3.3m/s
Time to move onto the next temperature range, being 40degrees, once within a margin engine is to be turned off, and the plug for NTC2 removed and the resistance value taken, 720 ohms.

This process is repeated until the engine reaches the temperature of 60degrees where the thermostat begins to opens which then requires a few different measures to be taken, firstly checking probe on pin 1 of the ignition amplifier to check the dwell time at top dead centre and running the engine with the radiator fan on to simulate the real driving situation for a fair test result.

Moving on to the static checks, attach the negative probe, and in series check each pin on the ignition ecu while the ignition is off, repeating this again with the ignition on.
Then moving to the fuel ecu, check each pin with ignition off, and then again with the ignition on.

Disconnect the throttle switch and check the resistance of the throttle position sensor doing a sweep movement of the throttle, then test the auxiliary air valve sensor with the plug removed, then check the resistance for each of the 4 injectors, the correct tolerance is 15-17 ohms (making a mental note of the multimeter leads own resistance is 0.2 ohms)
Then its time to check the resistance of the primary and then secondary windings of the ignition coil, with all the resistance, dwell time, ignition on time and voltage readings for all these its time to move onto the Motronic engine.


Motronic testing

The method for doing the Motronic is similar to the LE3
Starting with the oil sensor I the dipstick tube and then the positive and negative clips to the battery, using the scope to read the engine temp which started out at 18.1 degree and finally position the extractor pipe to the tailpipe.
Removing the coil pack wiring plug to prevent the engine starting the engine was cranked and a probe in pin 16 of the ecu read the injection on time of 11.9m/s on the scope.
The engine was then started by replacing the coil pack wire, the engine was then run to 20 degrees and stopped, ready for the first running readings, setting the scope to universal and taking a resistance reading at NTC 2 which Is pin 45 on the ecu, check voltage at pin 45, and pin 44 also.
Using pin 16 for injection on time, starting the engine allowing it to settle into a more realistic idle and freeze the scope measuring the injection on time, to be 3.5ms.
Then for the keying ratio check pin 4 for the % on time (100% is equivalent to 10m/s)
Starting the engine and allowing to settle into idle, pause the scope and take a reading, 46% (4.6m/s)
Check pin 5 start engine allow it to settle and take the rev solenoid off
Check pin 28 with ignition on, which matched the same voltage as before the engine was started
Start the engine and rev it to see the signal on the scope change, then allow to warm to 30 degrees, then once warm testing pin 45 for resistance removing the relevant plug before testing and replacing once finished, reading 995 ohms.
Testing pin 45 again but for its voltage while the ignition is on, then testi pin 4 for the % on time, start engine and allow to settle then pausing the scope and turn the engine off, and take the paused reading.
Testing pun 5 start engine and blip the throttle and allow it to snap back, then turn off the engine, now testing pin 28 start the engine and raise the throttle, then turn back off.

Warm engine then to 40 degrees and turn it off once there, remove NTC2 plug and check the resistance, ensuring to replace the plug once finished, checking pin 45 for the voltage reading with the ignition on.
Check pin 26 for injection on time, starting engine, allowing revs to settle into idle and then pausing the scope, engine back off
From 60 degrees onwards engine only to run with the coolant fan running also, to simulate real world scenario.
Finally checking each pin from the ecu with the ignition off, and then with the ignition on, recording the voltage readings for each pin.
Removing the plugs for each checking the resistance to each of the following:
Throttle position sensor, coolant temp sensor (NTC2), mass air flow sensor, air temp sensor (NTC1) idle control valve, each of the 4 injectors, coil pack resistance including the HT leads individually.

Taking note while examining pin 1 gives dwell time, pin 28 gives lambda reading, accelerate means rich, decelerate means lean, and idle it gives a fluctuating signal,
Pin 49 is crank sensor which is given as an analogue signal which is then converted to digital inside the ecu, both magnitude and frequency increase with the higher engine speed.
Plug the scope lead to the cylinder 1 HT lead to measure the secondary wave form.

Tables of the data collected can now be assembled and compared.

Equipment
Using the Bosch diagnostic tool and software was the clear choice as it is obtainable, state of the art and accurate with a wide variety of scopes, fault finding tools and monitoring suites, all of which were plenty for the testing required for this report.
A multimeter is perfect for reading voltage, resistance and finding appropriate earths as its  a simple and reliable tool that is cheap and easily on hand.

Safe practices
Typical PPE is to be worn during any workshop venture, including overall and steel toe cap boots but working with a running engine eve if it is isolated to a rig, demands certain precautions such as a full ventilation system for the harmful exhaust fumes the engine will produce, a pull down hose with extraction system is used to vent the gasses. A suite of carbon monoxide sensors envelope the workshop and guard against dangerous toxin levels that would quickly cause harm to people present, if the carbon monoxide level raises to a certain state the alarm would sound and the room would be evacuated.

As for the engines themselves there is certain mesh guards hard fitted to certain areas of concern such as hot or moving parts like the flywheel, exhaust or auxiliary belt, however certain care and respect is still needed by the persons involved in the rigs operation.
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4.1 Table of Data
[bookmark: _Toc38866279]                                 LE3                                                                                Motronic

	NTC2
	book figure 
	test data
	temp
	book figure
	test data

	Temp C
	Resistance
	Ohms
	 
	Throttle potentometer 

	20
	2100-2900
	2560
	 
	1990-2000 ohms
	1990-2000 ohms

	63.8
	270-390 (at = 80c)
	600
	 
	1000-2000 ohms
	2550 ohms

	
	
	
	 
	 
	 

	Air valve
	 
	 
	 
	coolant temp NTC2

	 
	40 ohms
	46.1 ohms
	20
	2200-2800
	1530

	 
	 
	 
	80
	270-3302
	 

	Injector no
	 
	 
	
	
	

	1
	15-17 ohms
	16 ohms
	 
	mass air flow
	 

	2
	15-17 ohms
	16 ohms
	 
	Aug-00
	33.6

	3
	15-17 ohms
	16 ohms
	 
	300-550
	560

	4
	15-17 ohms
	16 ohms
	 
	270-520
	 

	HT lead resistance 0.2 ohms
	 
	
	 
	 
	 

	
	
	
	 
	Air temp NTC1
	 

	Coil
	 
	 
	20
	1500-3300
	2550

	Secondary
	 
	0.9 ohms
	80
	280-360
	 

	Primary
	 
	7420 ohms
	
	
	

	
	
	
	 
	idle control valve
	 

	HT lead side to side
	 
	
	 
	8
	8.4

	Lead no 1
	 
	8690
	 
	 
	 

	lead no 2
	 
	8850
	 
	injector
	 

	lead no 3
	 
	7710
	1
	15-17 
	16.5

	lead no 4
	 
	5620
	2
	15-17
	16.5

	
	
	
	3
	15-17
	16.5

	
	
	
	4
	15-17
	16.5
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There is a clear higher resistance the colder the engine is operating at, as the temp starts to climb the resistance falls and gives a smaller reading, this is due to the NTC being a thermistor that works by changing the output voltage depending on how much heat is surrounding the resistor body, “This is because it creates a change in its electrical properties due to an external and physical change in heat.” (Electronics tutorials, 2019)
As the engine reaches its normal working temperature the drop in the resistance really starts to even out and then begins to climb once again due to the cooling fan turning on and itself drawing some circuit power increasing the work done by the cars power circuit
        


Injection on time is a very varied state of operation, during cold state up the injector is open for a much longer period than when the engine is warm, this is to help start the engine, cold fuel will not atomise the same as it would if it was warm, this creates a harder to ignite mixture within the cylinder, so to overcome this the cylinder is saturated in fuel to help create a burn mixture.
As the engine is snap accelerated the fuel is poured in quickly to suddenly overcome the lack of momentum and to adhere to the drivers wishes of a sudden desire for more power.

When idle the injection on time is very brief as the engine does not require a particularly high amount of fuel to simple idle without any power demands.

When decelerating or coming down a hill, the injectors effectively shut up, not injecting fuel at all, to safe on fuel economy and harmful gasses, the momentum and inertia of the car is enough in most cases to keep the speed of the vehicle and provide a moment of respite for the engine.
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5. Conclusion 

The difference between these engines is slim, but the way they are controlled is rather different in the fact that there is only 1 ecu controlling the entire engine for the Motronic system, the consolidate all the electronics and control to 1 module is a far better idea even if simply due to the less complicated design, Ie running bridging wires between the 2 modules on the LE3 is a liability that wasn’t a necessity by todays standards  as the wires bridging are subject to wear and tear, damage, the manufacturing costs are greater for having 2 cases with 2 lots of circuitry and locations.
To have a adaptive control feature is a great improvement due to the fact the engine can be changed to suit the situation the car is in, ie climbing a hill or driving in a hotter environment the fuelling and ignition timing can be altered to better suit and still remain efficient in operation, not to mention be better at the task at hand.
Lambda input is a massively beneficial operation or a few reasons, first it is there as an emissions control where on sensing too much air in the exhaust fumes will adjust the fuelling accordingly to make sur the engine is burning the right amount, to prevent the hydrocarbons from overcoming the catalytic converter and preventing it from doing its job of reducing the harmful emissions entering the atmosphere. (Autobutler, 2019)
There is another reason also, there is an issue if the car is running too lean or too rich, if too lean the engine could result in a detonation issue where the engine will be igniting the fuel too soon due to a lower flash point of the less fuel quantity, this will make the piston push against the burn as it is ignited prematurely before the piston has reached the TDC of the stroke, thus creating more heat within the cylinder, if unchecked this detonation can cause things to get severely hot and eventually created a melted head, block, valve, headgasket or even piston, causing the engine to fail and stopping the car from moving.
Running too rich can result in the car producing more carbon build up, which internally will cause a coke issue, and reduce its performance in both efficiency and function, it is also harmful to the environment as this additional carbon will pass through the exhaust unburnt, and the catalytic converter was not designed to handle such a heavy workload, this venting carbon particles will be considered harmful to the environment, and will be flagged at the next vehicle inspection, causing the car to no longer be roadworthy.

Finally having a engine code diagnostic suite is very useful and has become the norm in todays vehicles, the car can develop many faults, many of which can develop with the engine, and being complex machinery it can be difficult to determine the cause, having many sensors at the ecu’s disposal it can quickly identify if a certain area of the engine is no longer working within the specified parameter, hence the resistance values provided are expected to be withing operating tolerance when being tested, if for example the lambda sensor was to fail, the engine could begin to run lean, if left unchecked the engine could end up eating a hole in its cylinder due to running too hot from detonation, however in this case the ecu would spot the lack of performance from the lambda sensor and issue a warning and a fault code to the driver or mechanic testing the code reader, this fault can then be rectified and ay further damage be avoided , however the ecu itself can actually introduce measures to strictly limit the operation of the engine by entering a limited state known as limp mode, where the engine power and operation is cut back to a bare minimum, creating low power and low drivability, this is a design to conserve on usage during a period where the engine is not running as it should and thus avoiding any serious damage being caused by being so hindered in use. (Mr.tyre, 2020)
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LE3 jetronic NTC2

20	30	40	50	60	70	2560	990	720	500	390	600	Engine Temp (c)


Resistance (Ohms)



Motronic NTC2

20	30	40	50	60	70	80	1530	995	642	426	314	237	241	Temp (c)


Resistance (ohms)



