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[bookmark: _Toc101756716]Introduction
Effective ignition and fuel metering systems are vital to the operation of a vehicle. An ignition system combusts the mixture of air and fuel inside the cylinder by delivering a high voltage to a spark plug. The lower portion of the spark plug has a gap which the voltage must arc across to reach its earth. This arc is what ignites the fuel mix. Issues with the quality and timing of the spark can lead to performance issues, as well as issues regarding emissions. (Ahmed et al, 2018). To ensure that ignition occurs at the ideal time, the spark must be advanced. However, the advance angle that the spark occurs at varies with engine speed and load, as well as several other factors. Spark advance angle can be optimised by using a digital system instead of a mechanical one, as it will take other factors into consideration, such as the temperature of the engine (Denton, 2004).
Engines generate power by burning a mixture of air and fuel. The ratio of fuel to air affects the performance of the engine and its fuel consumption, as well as what gases are emitted at the tailpipe. Initially, carburettors were used to meter fuel, but have since been replaced by electronically controlled fuel injectors, as these are far more precise and as such adhere to emissions standards. (Heywood, 2018).
Electrical control systems use an array of sensors to optimise the engine’s fuel metering and ignition timings. The Bosch Jetronic and the Bosch Motronic are two prominent systems that use sensors in this way. Testing and analysis of these systems provides a good understanding of what each of the sensors on each of the systems do. Testing in this way also allows the tester to diagnose problems with and suggest improvements to the systems. 

[bookmark: _Toc101756717]Engine Testing Methodology
[bookmark: _Toc101756718]LE3 Jetronic system
The LE3 Jetronic system is an example of electronic fuel injection. Fuel injection makes the engine more efficient whilst decreasing pollutants at the tailpipe, as it can meter the fuel precisely based on the load on the engine whilst taking environmental factors into consideration. In this system, the fuel metering control unit determines the correct amount of fuel to inject based on sensor readings taking from the engine and calculates the correct amount of fuel to inject. The ignition system has its own control unit which determines ignition timings by using sensor readings taken from the engine. (Robert Bosch GmbH, 1981)
[bookmark: _Toc101756719]Static testing
The potential difference must be measured with the ignition off for each pin in the fuel metering control unit, ignition control unit, and amplifier. To do this, a multimeter is required. The negative lead from the multimeter is attached to a suitable earth by a clip and the positive lead is connected to a probe. Each pin on the amplifier is probed, and the potential difference shown on the multimeter is recorded. This is also done to the two control units. The battery voltage should be recorded by attaching the negative lead to the negative battery terminal and touching the positive terminal with the probe. The potential difference for each pin and the battery voltage must also be recorded with the ignition is on.
[bookmark: _Toc101756720]Dynamic testing
Various measurements need to be taken during the engine’s operation. These can be taken with an oscilloscope and a multimeter. The engine temperature is recorded before operation by removing the oil dipstick and inserting the temperature gauge attachment of the oscilloscope into the sump. The oscilloscope is then linked to pin 3 of the fuel metering control unit and the engine is cranked. The waveform displayed by the oscilloscope shows how long the injectors were pulsing for during cold cranking. The engine is then allowed to heat to 20°C. The oscilloscope is used to measure how long the injectors pulse for at that temperature, and the multimeter is used to measure the resistance and potential difference at pin 8, which leads to the coolant temperature sensor. This is repeated every 10°C up to and including 60°C.


[bookmark: _Toc101756721]Resistance testing
The resistance of various components in the system also needs to be tested. During this stage of the testing, the resistance of each component being tested was recorded using a multimeter. These values were compared to the nominal values given by the manufacturer, giving an indication as to the quality of the component. Resistance values outside of the manufacturer’s specifications indicate that the component is not operating at its peak performance. The resistance between terminals 2 and 18, referring to the throttle potentiometer, was measured, as well as the resistance between terminals 3 and 18. The resistance of the auxiliary air valve and injectors were also measured in this way.
[bookmark: _Toc101756722]Motronic system
The Jetronic engine has separate systems for its fuel metering and its ignition timing. The Motronic system installed on the second engine combines the two systems, with one computer controlling the injector on time and ignition timing with reference to optimization criteria (Steinbrenner et al, 2000). This means that each pin that needs to be tested is in one location, instead of having three different units to test like the Jetronic system. This ECU has a maximum of 55 pins, although many were not in use on this engine.
[bookmark: _Toc101756723]Static testing
Each pin needs a potential difference reading taken from it when the ignition is off. The multimeter setup used in section 2.1.1 is used again for this engine, with the negative lead attached to a suitable earth. Each ECU pin is probed, and the potential difference for each is recorded. The battery voltage should be determined using the method detailed in section 2.1.1. The battery voltage and potential difference for each pin is also recorded when the ignition is on.
[bookmark: _Toc101756724]Dynamic testing
More pins need to be tested on this system than on the Jetronic. The engine temperature and injector on times must be measured and recorded when cold cranking, using an oscilloscope and temperature gauge. The engine is then left to warm to 20°C. Using a multimeter, the potential difference and resistance across pin 45 is measured. Pin 45 on the Motronic system connects to a coolant temperature sensor. The Oscilloscope is used at this temperature on pin 16 and pin 4 to measure the injector on time and the rotary idle valve on time respectively. It is also used to monitor pin 5 and pin 28, to determine whether the tank vent valve and lambda are switching at that temperature. These measurements are taken every 10°C up to and including 80°C.
[bookmark: _Toc101756725]Resistance testing
As with the previous system, the resistances of various components should also be measured when testing this engine.  If the measured resistance is not in line with the manufacturer’s specifications, the component may be faulty. On this engine, measurements between terminal 1 and 2 of the throttle potentiometer should be taken both when the throttle is closed and when the throttle is open. Resistances values are taken from the air flow sensor, both between terminal 4 and 2 and terminal 4 and 3. The resistance of the idle speed control valve and each of the injectors is also measured.
[bookmark: _Toc101756726]Health and safety
During testing, various measures were put in place to ensure the safety of the group. When performing tests during engine operation, an extractor fan was attached to the exhaust pipe. This prevents potentially hazardous exhaust gases from entering the test environment, and as such protects the group working within said environment. Additionally, readings were taken periodically from a carbon monoxide meter. Carbon monoxide (CO) is a toxic gas that is produced when hydrocarbons such as petrol are not completely combusted (Piantadosi, 2004). Taking readings from a CO meter confirms that there is no CO in the room, and that it is safe to continue running and testing the engine.
When turning on the engine, two warnings were given; one informing the group that the ignition was being turned on and one to warn that the engine was about to be cranked. This warning meant that the other members of the group knew to move away from any components that would move when the engine was operational, such as fans, minimising the risk of injury due to these components.


[bookmark: _Toc101756727]Test results and analysis 
[bookmark: _Toc101756728]Static testing results
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[bookmark: _Toc101756744]Table 1 - ECU static testing (1)
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[bookmark: _Toc101756745]Table 2- ECU static testing (2)
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[bookmark: _Toc101756746]Table 3- ECU static testing (3)
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[bookmark: _Toc101756747]Table 4- ECU static testing (4)
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[bookmark: _Toc101756748]Table 5 - Jetronic static test results (1)[image: ]
[bookmark: _Toc101756749]Table 6 - Jetronic static test results (2)
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[bookmark: _Toc101756750]Table 7 - Jetronic static test results (3)

When the ignition is off, the voltage at each of the pins is 0, except for pin 18 and pin 36 on the Motronic system. Pin 18 is a permanent live that keeps the ECU’s memory alive, allowing it to store any fault codes or desired user settings. Pin 36 supplies power to the ECU and any of the auxiliary systems. Auxiliary systems independent of the operation of the engine, and as such may be operated when the engine is turned off. These systems, therefore, need a constant power supply so that they can run should the driver choose to activate any of them when the vehicle isn’t running. The ECU also needs this power supply so that it can control the auxiliary systems when the vehicle is not operational.
When the ignition is turned on, any non-earth leads begin displaying values for potential difference, ready for the vehicle to operate. Earth connections are at zero or close to zero.
[bookmark: _Toc101756729]Dynamic test data
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[bookmark: _Toc101756751]Table 8 - Jetronic dynamic test data
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[bookmark: _Toc101756752]Table 9 - Motronic dynamic test data
[bookmark: _Toc101756730]Temperature sensor
Table 9 shows the results of the dynamic testing done on the Motronic system. As the temperature rises, the resistance and potential difference at pin 45 begins to decrease. Pin 45 refers to a negative temperature coefficient (NTC) thermistor which is being used as a coolant temperature sensor. NTC thermistors decrease their resistance the hotter they get (Tranter, 2000). The potential difference returned to the ECU is then indicative of the coolant temperature, which the computer factors into its control of the idle speed of the engine and the amount of fuel injected into the cylinder (Tutunea et al, 2018). These adjustments make the engine perform more effectively and allow a higher level of control over emissions. 
Table 8 shows the results of the dynamic testing performed on the Jetronic system. Pin 8 refers to the coolant temperature sensor. An NTC thermistor is also used on this system to inform the ECU what the coolant temperature is, allowing the ECU to adjust the amount of fuel being introduced into the chamber for the most efficient and effective burn.
[bookmark: _Toc101756731]Injectors
Pin 8 on the Jetronic system’s fuel metering ECU and pin 16 on the Motronic system refer to the pulsing of their fuel injectors. Inside a fuel injector is a needle and a solenoid coil. Fuel is pressurised behind the injector, pushing the needle into a seat in the injector’s nozzle and stopping fuel from entering the system. When the ECU has determined how long an injector should pulse for, it energises the solenoid coil for that duration of time. This creates an electromagnetic force, which lifts the needle out of its seat. The pressurised fuel is then free to pass and is injected into the engine, with the point of the needle helping to atomise and spray the fuel (Zhang et al, 2014). The waveforms for these injectors when the engine is running at idle are shown below:
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[bookmark: _Toc101756760]Figure 1 - LE3 Jetronic injector waveform at idle
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[bookmark: _Toc101756761]Figure 2 - Motronic injector waveform at idle
Figure 1 and figure 2 both show the voltage measured in the injector drop to 0; this is the time that the injector was pulsing for. After the solenoid de-energised, a massive spike in voltage is recorder before it drops back down to a nominal value. This is induced by the rapid collapse of the magnetic field that the solenoid was creating. When an electromagnetic field collapses, it produces an electromotive force (emf). The faster the field collapses, the higher the emf.
Table 8 and table 9 show that the injectors stay on for less time the warmer the engine gets, up to 60°C. Fuel struggles to vaporise in colder condition, therefore a richer mix is needed to compensate for the fuel that has not vaporised and as such does not contribute to the burn (Dey et al, 2019) As such, the injectors pulse for longer to provide more fuel and enrichen the mixture. However, on the Motronic system there was a rapid increase in injector on time at around 70°C. At higher temperatures, ECU had turned the fan on and pumped coolant around to engine to try and cool it down and prevent damage. As such, the ECU had also increased the pulse duration of the injectors to prepare for a drop in temperatures. When the engine is cranked to turn the engine on, the injectors pulse large quantities of fuel into the cylinder to attempt to compensate for colder starting temperatures and to provide a higher pressure to overcome the inertia in the system. The Jetronic system pulsed for 65.3 ms at 18°C and the Motronic system pulsed four times (24.3ms, 18.5ms, 19ms, and 20 ms respectively) at 17.9°C, enrichening the air/fuel mixture.
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[bookmark: _Toc101756762]Figure 3 - Jetronic fuel injector waveform when accelerating
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[bookmark: _Toc101756763]Figure 4 - Motronic fuel injector waveform when accelerating
Figure 3 and figure 4 show the oscilloscope pattern for the fuel injectors under acceleration conditions. When an engine is required to operate at higher speeds, more fuel is needed to produce a higher pressure on the piston, and as such produce a higher torque. Higher torque results in a higher engine speed. To deliver more fuel into the system the fuel injectors pulse for a much longer period, as show in figure 3 and figure 4, which in turn causes the engine to speed up
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[bookmark: _Toc101756764]Figure 5 - Motronic injector waveform when decelerating
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[bookmark: _Toc101756765]Figure 6 - Jetronic injector waveform when decelerating
Figure 5 and figure 6 show the waveforms for the fuel injectors when the engine speed is slowing down. The injectors pulse for a shorter duration during deceleration so that less fuel is in the cylinder, and as such less torque is produced, making the crankshaft rotate at a lower speed.
[bookmark: _Toc101756732]Idle control valve
Pin 4 on the Motronic system refers to the idle control valve, which regulates the engine’s function when the throttle is closed, and normal airflow is cut off (Organ et al, 2020). The idle control valve is moved by a solenoid. The position of the valve is changed when current flows through the solenoid. which pulses to allow the flow of gas into the engine when the throttle is closed (Angadi, S.V. et al, 2009). The waveform for pin 4 at 80°C is shown below.
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[bookmark: _Toc101756766]Figure 7 – Motronic idle control valve waveform
The idle control valve can only switch between two states; open and closed. As shown above, the ECU on the Motronic system provides potential difference to the solenoid to open the valve, and the drops the voltage back to zero to close it again. This delivers air to the system in packets, the size of which can be increased by extending the duration in which the solenoid is active (Taghizadeh et al 2009). This gives the ECU control over how much air is entering the cylinder when the throttle is closed, ensuring that there is enough air to produce a sufficient burn so that the engine keeps running and isn’t flooded by fuel.
[bookmark: _Toc101756733]Tank vent valve
Pin 5 on the Motronic system (table 9) refers to the valve that vents gases inside the fuel tank into the charcoal canister. Volatile organic compounds such as petrol tend to evaporate, producing chemicals that have the potential to cause harm. Warming the fuel tank up affects the rate at which this evaporation occurs (Hata et al, 2020). However, heating a container of gas also makes the gas expand and increases the pressure of the gas, which can cause ruptures to the fuel tank. To avoid this, the pressure must be vented. However, due to these emissions being hazardous to the environment, they cannot be vented into the atmosphere. They are, therefore, vented into a charcoal canister that traps many of the hazardous chemicals in the gases (Pradhan, 2013). When the ECU sends voltage through pin 5, a solenoid opens the tank vent between the fuel tank and charcoal chamber, relieving the pressure in the fuel tank. (Frosina et al, 2018). The ECU began pulsing the tank vent valve when the engine was between 40°C and 53°C, as the engine would have begun heating the fuel tank at around these temperatures, causing an undesirable pressure build-up.

[bookmark: _Toc101756734]Lambda Sensor
Pin 28 on table 9 refers to the feedback voltage from the lambda sensor. Switching type lambda sensors such as the one used in this measure the proportion of oxygen in exhaust gases, which can be used to determine whether the ratio of air to fuel is close to stoichiometric conditions (the ideal mixture) (Classen & Sahner, 2011). This feedback is measured using an oscilloscope, with the waveform shown below:
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[bookmark: _Toc101756767]Figure 8 - Lambda feedback waveform
Feedback is given in the form of a potential difference between roughly 0.1V and 0.9V, with 0.1V meaning lean burn and 0.9V meaning rich burn (McKnight, 2021). Each trough in the waveform shows a drop in fuel content in the burnt mixture, and each crest indicates a rise in fuel levels. The ECU can interpret these voltage values and adjust the injector on time accordingly. The lambda sensor began switching between 20°C and 34°C, as the sensor needs to be suitably heated before it begins operating.
[bookmark: _Toc101756735]Ignition system
Pin 1 and pin 4 on the Jetronic system’s amplifier refer to the ignition primary and spark advance signal. The waveform for this is shown below, where the red line is the primary voltage and the blue line is the advance signal.
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[bookmark: _Toc101756768]Figure 9 - Jetronic ignition primary and spark advance signal
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[bookmark: _Toc101756769]Figure 10 - Motronic primary waveform
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[bookmark: _Toc101756770]Figure 11 - Jetronic ignition supply and earth voltage
Ignition takes time to occur fully; there is a delay between the spark plugs firing and the mixture combusting completely. If the spark occurs at top dead centre (TDC), the mixture only completes its combustion when the piston is already travelling back down the cylinder, reducing the performance. To counter this, the spark is timed so that it occurs before TDC in such a way that combustions is completed just after TDC, providing the highest possible pressure to produce torque (Szabo, 2017). To find out what the correct timing should be, the ECU takes readings from various sensors (crankshaft position sensor, speed reference sensor etc.) and adjusts the dwell time, the time for which current flows around the primary (Michler et al, 2020). A signal is given to switch the primary off (pin 4) when the dwell period is over.
The ignition systems in these engines rely on coils to operate, as the supply battery voltage is not high enough to cause a spark. The ignition coil consists of two windings; a primary winding consisting of a few hundred turns that the voltage from the battery flows through, and a secondary winding with a few thousand turns. The current the primary coil induces an electromagnetic field. When earthed, the voltage drops to 0, rapidly decreasing the size of the electromagnetic field. Figure 11 shows the relationship between supply voltage (pin 2 - blue) and the voltage along the earth (pin 3 – red). The change in magnetic field induces an EMF in the secondary, the potential difference of which is much higher than the supply voltage from the battery. (Tranter, 2000). Figure 9 shows the primary waveform (red) for the primary coil. When the voltage drops, the secondary coil is energised. The spike in voltage that occurs after the supply is restored to the primary winding is caused by the rapidly changing electromagnetic field in both the primary and secondary. This induces a back EMF which causes a surge in the potential difference. 


[bookmark: _Toc101756736]Resistance testing
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[bookmark: _Toc101756753]Table 10 - Motronic throttle potentiometer resistance test
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[bookmark: _Toc101756754]Table 11 - Motronic injector resistance test
	Air Flow Sensor
	 
	 

	Terminals
	Expected Ω
	Actual Ω

	4 & 2
	8- 2500
	32.9

	4 & 3
	300- 550
	560


[bookmark: _Toc101756755]Table 12 - Motronic air flow sensor resistance test
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[bookmark: _Toc101756756]Table 13 – Motronic idle speed control valve test
Tables 10-13 show the resistance test results for the Motronic system. Voltage is a product of resistance and current, and as such too high of a resistance can affect the voltage value sent by a component. This can mean that, if the resistance is not to the manufacturer’s specification, the signals sent to the ECU can be incorrect. This will affect the fuelling and ignition timing of the engine, as the ECU uses the signals from the engine sensors to determine the most effective spark timing and injection on time.
The resistance tests on the Motronic system show that the resistance values on both the air flow meter and throttle potentiometer are higher than the manufacturer’s specifications. A throttle potentiometer is mounted on the outside of the butterfly valve shaft in the air intake. Inside is a variable resistor; the mechanical arm that changes the resistance value rotates with the butterfly when the throttle is engaged, which in turn sends back a different voltage value (Vilu et al, 2019). This is used as a measure of engine load. Air flow mass meters are also used as a measure of engine load, but instead measure the quantity of air entering the intake (Lee et al, 2004). The waveforms of the outputs of the two sensors are shown below:
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[bookmark: _Toc101756771]Figure 12 - Motronic air flow meter and throttle potentiometer waveforms
These values are taken into consideration by the ECU. If the resistance values are too high, the ECU will read a higher value of voltage and assume that the engine is under a higher load than it is. This will result in longer injector on times, which cause more emissions at the tailpipe and, in cases where the mix is extremely rich, cause a drop in engine performance.
[bookmark: _Toc101756738]Jetronic
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[bookmark: _Toc101756757]Table 14 - Jetronic throttle switch resistance test
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[bookmark: _Toc101756758]Table 15 - Jetronic Auxiliary air valve resistance test
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[bookmark: _Toc101756759]Table 16 - Jetronic injector resistance test
Tables 14 – 16 show the results of the resistance tests of the Jetronic system. These tests showed that the resistance of the auxiliary air valve was above the expected value. The auxiliary air valve is used to allow air into the chamber during warm up, allowing a higher idle engine speed. As the engine heats up, the valve reacts to the heat and slowly closes off (Watson, 1992). It is an alternative to the idle control valve analysed in section 3.2.3. Resistance causes components to heat up; the higher the resistance, the hotter the component will get. Because the resistance of this component is too high, it will heat up faster than the manufacturer intended it to. This could cause the valve to close too early, which stops it from functioning as a useful tool to assist in the engine’s warm up.

[bookmark: _Toc101756739]Potential improvements to the systems
[bookmark: _Toc101756740]DIS
Both systems use a mechanical rotary arm distributor to send the voltage from the ignition secondary coil to the spark plug. This turns and contacts a plug lead terminal, sending the voltage from the secondary winding to the appropriate spark plug. Physical contact points, however, are major sources of unreliability in an engine; they can be subject to both wear and dirt accumulation (Seward, 2010). This also does not allow much control over the ignition advance or timings. This could be solved by using a distributorless ignition system (DIS). In a DIS system, each plug uses its own ignition coil to spark; this negates the use of a distributor. When the spark plug needs to activate, the ECU sends current to the coil linked with that plug (Šebők et al, 2013). By removing the distributor in this way, the ECU has greater control over the timing of the ignition, which will improve the performance of the engine. It also means that the contact points that caused the weakness in the system are no longer present, making the engine more reliable.
[bookmark: _Toc101756741]Knock sensors
Knocking in the engine is caused when the air fuel mix in the cylinder combusts too early, applying force to the piston before it has reached top dead centre (Gustafson, 2021). This applies the force caused by the pressure in the cylinder against the turning force of the crankshaft. This can lead to severe damage to the piston and cylinder head, as well as drastically decreasing the performance of the engine. To help reduce knock, a knock sensor could be implemented into either system. These can be mounted to either the intake manifold or the cylinder head and produce a voltage proportional to the vibrations in the engine. This signal is interpreted by the ECU, which can then adjust the spark timing to reduce knock if the signal indicates a knock event occurring. Enriching the fuel can also prevent knock, as it moves the air/fuel mix away from the stoichiometric value and thus makes it more difficult to combust (Zhen et al, 2011). 

[bookmark: _Toc101756742]Conclusion
Fuel injection and ignition are two of the most important principles in the operation of an engine. By testing and analysing engines using Jetronic and Motronic systems, the fundamentals of the components involved in these processes can be understood, as well as the uses of each of the sensors in controlling the ignition and the fuel metering. 
Using electronic systems in an engine improves its performance and reliability. By removing mechanical components, the engine loses weak points that could cause it to break. To improve the performance of the engine, the ECU takes information from multiple sensors across the engine to time the fuel injection and ignition of the engine. This makes the engine perform as effectively as possible and lowers the emissions of exhaust gases that could damage the environment as much as possible. 
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image2.emf
ECU static testing

Pin 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

V (Ignition Off) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 x x 0.00 x 0.00 0.00 0.00 x

V (Ignition On) 12.06 0.02 12.02 9.70 12.00 11.30 0.30 x x 0.00 x 5.04 10.09 0.02 x


image3.emf
ECU static testing

Pin 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

V (Ignition Off) 0.00 0.00 12.37 0.00 x x 0.00 x 0.00 x 0.00 0.00 0.00 x x

V (Ignition On) 12.00 12.00 12.01 0.02 x x 0.90 x 0.02 x 0.05 12.07 0.45 x x


image4.emf
ECU static testing

Pin 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

V (Ignition Off) x 0.00 x x x 12.04 0.00 x x 0.00 0.00 0.00 x 0.00 0.00

V (Ignition On) x 11.30 x x x 0.29 12.02 x x 0.05 0.05 0.09 x 3.70 3.66


image5.emf
ECU static testing

Pin 46 47 48 49 50 51 52 53 54 55

V (Ignition Off) 0.00 x 0.00 0.00 x x x 0.00 x 0.00

V (Ignition On) 0.10 x 0.05 0.09 x x x 0.62 x 11.00


image6.emf
Fuel Metering

Pin 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Voltage (Ignition Off) 0.00 0.00 0.00 0.00 0.00 x x 0.00 x 0.00 x 0.00 x 0.00 0.00

Voltage (Ignition On) 0.06 12.00 0.00 0.02 0.03 x x 1.30 x 0.01 x 12.06 x 5.00 0.02


image7.emf
Ignition

Pin 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Voltage (Ignition Off) 0.00 0.00 0.00 x 0.00 0.00 0.00 0.00 x 0.00 0.00 0.00 0.00 0.00 0.00

Voltage (Ignition On) 0.03 0.03 11.96 x 8.06 0.02 1.68 0.95 x 0.03 0.03 0.06 0.13 5.00 0.15


image8.emf
Amplifier

Pin 1 2 3 4

Voltage (Ignition Off) 0.00 0.00 0.00 0.00

Voltage (Ignition On) 11.97 0.02 11.97 0.13


image9.emf
Dynamic test results

Temperature (°C) Resistance (Ω) Voltage (V) Pin 8 Ontime (ms) Pin 3

20 1824 1.6 3.6

30 1058 1.1 3.2

40 780 0.9 3

50 526 0.7 2.8

60 387 0.5 2.7


image10.emf
Dynamic test data

Temperature (°C) Resistance (Ω) P.D (V) - Pin 45 Time (ms) - Pin 16Ontime (%) - Pin 4 Pin 5 Pin 28

20 1730 3.2 3.3 43 off off

30 970 2.5 3.3 43 off Switching

40 662 2.1 3.0 44 off "

50 398 1.5 3.0 44 Pulsing "

60 302 1.2 2.8 43 " "

70 245 1.0 3.3* 44* " "

80 261 1.1 2.8* 44* " "
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image22.emf
Throttle potentiometer

Terminals Expected Ω Actual Ω

1 & 2, Throttle Open 1900-2000 2000

1 & 2, Throttle Closed 1000-2000 2500


image23.emf
Injectors

Injector Expected Ω Actual Ω

1 15-17 16.6

2 15-17 16.5

3 15-17 16.5

4 15-17 16.5
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Idle speed control valveExpected Ω Actual Ω

8 8.3
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image26.emf
Throttle switch

Terminals  Expected (Ω) Actual (Ω)

2 & 18, Closed 0 0

3 & 18, Closed ∞ ∞


image27.emf
Auxiliary air valve

 Expected (Ω) Actual (Ω)

40 46


image28.emf
Injectors

Injector no.  Expected (Ω) Actual (Ω)

1 15-17 16

2 " 15.9

3 " 16.2

4 " 16.4


