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The following report will cover engine management systems and how they work, and the testing carried out to ensure that the targeted components are working their designed specification. The purpose of an ignition system is to create an electric spark within the engine combustion chamber, this will ignite a mixture of petrol and air to start the engine. The three systems that will be discussed are fuel systems, hall effect systems and distributor less ignition systems. The testing that will be carried out on some of the components will be done using a multimeter and an oscilloscope checking ohm, voltage and resistance readings recording the results for further analysis.
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The ignition systems that will be discussed are fuel systems, hall effect systems and distributor less ignition systems. All three systems can do the required job, to allow for comparison of the systems bellow there is an overview of the three systems to see how they operate and how they perform.
fuel system
a fuel system is used as it mixes the fuel and the air in correct proportion to suit all different conditions while being able to atomises the fuel. For a fuel system to work it must go through five phases of operations. These operations are listed below,
· Cold cranking
· Warm up phase 
· Idle control
· Snap acceleration
· De-celeraction
The fuel injection system is made from six different components these components are,
· Fuel tank
The fuel tank is usually located on the back of the vehicle while being vented to allow air to enter. There are also baffles in place to prevent any fuel from surging and a measuring float located on the inside of the take to measure the fuel.
· Fuel pipe
The fuel pipe can be different on different vehicles, usually the fuel pump will be made from plastic but can also be made from steel piping this is generally found on older vehicles. 
· Fuel pump
The fuel pumps come in three different options these are electrical rotary, mechanical and electrical diaphragm.
· Carburettor
The role of the carburettor is to mix air and fuel in the correct proportions. Carburettors either have affixed or variable choke.
· Air filter
The air filter has an adjustable intake allowing it to control air flow. There is also a renewable paper element inside it which is folded to increase surface area.


· Induction manifold
The induction manifold is shaped this is to allow for smooth a smooth gas flow. The induction manifold can be heated this will improve vaporisation

The system works by firstly having fuel sprayed into the main manifold airstream, this will be done by one or more injectors valves. Injector valves can be mechanically and electrically operated with either single or multi point injectors. The components in the manifold are excess pressure valve, roller cell pump, electric pump and a non-return valve.
The way this system works is due to centrifugal forces. Centrifugal forces cause the rollers to push against the housing shell which results in it acting as a seal, fuel is then moved into cavities as the pump turns pressure will begin to build. The accumulator will maintain the pressure that has been building up when the engine stops running this is done to help with cold starting the engine.

Primary pressure regulator
The primary pressure regulator maintains the delivery pressure of the fuel, it will also allow for the return of any excess fuel to return to the fuel tank. The control system used for this operation will use the fuel pressure to alter the air to fuel ratio depending on the conditions. Connected to this there is a plunger that when airflow through the engine will lift the plunger sensor, the plunger will then allow fuel into the chambers. This allows for pressure to build on the diaphragm allowing fuel through into the injectors. Once the fuel is in the injectors the valve will vibrate at high frequencies as a result of this it allows the fuel to be aided in atomising. Next the ECU will send a signal this will move the buffiler plate to and from the nozzle output. From this outcome when the close fuel pressure is at a greater difference the more fuel and the further pressure difference is less there is no fuel.
Hall effect ignition
Hall effect ignition is the second system mentioned, the system replaces the breaker points while the sensor is located with a magnetic field. The switch used for this system is a silicon chip. Silicon chip issued so that current can pass through, due to this a magnetic field is generated around ninety degrees to the original flow of current. Also located on the system is a trigger vane that sets off a amplifier therefore allowing the magnetic field to grow in strength. The magnetic field is then able to pass through the sensor creating a positive supply of current Turing the amplifier, off which in tun will cause the magnetic field to collapse and get the spark plugs to spark.






Distributor less ignition system
The distributor less system uses one coil for every two spark plugs. DI system produces high voltages. By doing this it allows for the system to overcome any difficulties that may have occurred in firing the spark plugs. The DI system has two secondary terminals that are connected to the spark plugs the coil will then fire both spark plugs simultaneously every crankshaft rotation. When the spark has been produced the electron path will follow a path left to the right and will then jump the centre electrode continuing a right flow. The system is set up, so the connections are in series with each other allowing the cylinders more power when under pressure. Bellow the coil an ignition box is fitted this is done to switch the coils on and off when the ecu sends the signal.
On the DI system there is an ignition sensor which is controlled by the ecu which also has the crankshaft position through an inductive sensor. Another sensor that is found in this system is the manifold pressure sensor, this sensor gives an indication on the load currently applied to the engine.
When testing this type of system, the power supply should be expected around five volts, while having zero volts on the earth path. The signal voltages are expected to change with the applied load expecting something around four and a half volts.
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The testing of the systems above has been carried out and been recorded into four sets of data. The tests that data was collected from are listed below,
· Battery voltage test (engine on/off)
The battery voltage test consists of placing the red cable in contact with the positive terminal and the black cable in contact with the negative terminal. With the engine off the multimeter should display a reading between twelve volts and twelve and a half volts. With the battery fully charged and the engine running the multimeter should read between thirteen and a half and fifteen.
· Idol speed control valves
Firstly, when testing idol speed control valves, the multimeter must be at each end of the terminal. Then using an ohmmeter measure the resistance between the pins. The expected resistance is to be between ten to fifteen ohms.
· Injector valves
Have the multimeter reading on ohms then continue to place the leads from the multimeter into the injector plug terminal. Gain the reading form the multimeter and proceed to the next injector. Once all have been completed if there is a significant difference in any of the results the specific injector will need to be replaced.
· Testing throttle potentiometer 
The throttle potentiometer is a variable resistor. It has two outside terminals and one central terminal. The aim of this test is to measure the balance of the potentiometer to insure that one outside terminal to the middle and the other outside terminal to the middle is within ten percent resistance of each other, so the circuit can work correctly. This can be measured using a multimeter when using the multimeter the rods should be touched together and read zero to ensure that the equipment is working.
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live testing was carried out in the workshop. Some safety measures are in place such as an extractor fan over the exhaust to clear the fumes and metal mesh covering and moving parts to the engine. Once everything is set up ready to go testing can commence. When testing the aim was to use a multimeter to take reading out of different pins holes on the engine the ones that are being targeted are battery voltage, throttle potentiometer, airflow sensor, idol speed, injector valves and resistance reading. Whilst taking the reading graph were produced using a oscilloscope, by doing this it showed at what point the engine was under too much pressure and are able to capture the points where all components where working in as one unit.
There are some advantages when it comes to live testing cars. The testing of the engine will provide data that can provide improvements for engine performance and for increasing the efficiency of the engine. Live testing allows the user to gain reliable data as it has been produced by themselves, live engine testing also allows the user to capture graphs hat show how the engine reacted when a variable is added. Live testing also allows to gain results quickly with low costs. Another advantage to live testing is that the user can identify specific problems within a housed component. A final advantage to live testing is that you can find problems early weather they are major or underlying issues before they get out of hand.

There are also some disadvantages to live testing one of the issues being is that as its live there is plenty of room for human error meaning that all the results will not be exact. Another disadvantage could be that the equipment needed to run full engine test is quite expensive so not very accessible.

The modifications that could be made to the system could be made to the system could be having a electronic ignition system this is suggested as it makes for a better response and can help boost the fuel economy of the engine. Another component that can be changed to help enhance the engine is by changing the coil by upgrading the coils it allows the coil to make a hotter spark, this makes it easier to burn the fuel and air making for a better level of engine performance. A final suggestion to improve the engine would be to add an ignition box. This would improve the system as the technology in the ignition box allows sparks to be produced in multiples of three this will increase power, responsiveness and the drivability of the vehicle.
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Engine systems and testing is a very crucial stage in running an engine and engine maintenance. Due to the technology available testing and maintenance has been made easy as you are able to take live numerical and graphical data this allows the user to clearly see any flaws that might be starting to appear or develop within the engine. Thanks to this not only does it save time looking for the fault it also saves money as the fault will be noticed before it has begun to develop.
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All Resistance values are excluding the lead resitance of 0.2 ohms

Battery Voltage Pin Ign Off (V)Ign On (V) Throttle Potentiometer

12.46V 1 0 12.14 Pin Resistance (Ω) Technical Specification (Ω)

2 0 0.03 1 & 3, throttle open 2560 1900-2000

3 0 12.07 1 & 2, throttle closed 2000 1000-2000

4 0 9.75

5 0 12.05 Air Flow Sensor

6 0 11.34 Pin Resistance (Ω) Technical Specification (Ω)

7 0 0.31 4 & 2 340 8 -- 2500

10 0 0 4 & 3 560 300 - 550

12 0 5.06 4 & 1  N/A (no pin 1) 270 - 520

13 0 10.12

14 0 0.03 Idle Speed Control Valve Resistance between terminals (Ω)Technical Specification (Ω)

16 0 12.04 8 8

17 0 12.04

18 12.46 12.05 Injector valves

19 0 0.02 Injector Resistance between terminals (Ω)Technical Specification (Ω)

22 0 0.92 1 16.4 15 - 17

24 0 0.03 2 16.3 15 - 17

26 0 0.06 3 16 15 - 17

27 0 12.12 4 16.4 15 - 17

28 0 0.45

32 0 11.33

36 12.13 0.29 Live data while engine is running

37 0 12.06

40 0 0.06 Tempreture (Degrees C) Pin 45 (V) Pin 16 (ms) Pin 4 (%) Pin 5 (On/Off) Pin 28 (ON/Off) Pin 44 (V)ETC (Ω) ETC Technical Specification (Ω) Tempreture (Degrees C)

41 0 0.06 20 3.3 3.3 45 Off Off 3.7 19542200 - 2800 20

42 0 0.03 30 2.5 3.2 45 OffOn (Between 20 and 35 Degrees C) 1019 30

44 0 3.7 40 2.1 3.2 46 Off 6701000 - 1400 40

45 0 3.64 50 1.6 3.3 43On (Between 40 and 52 Degrees C 464 50

46 0 0.1 60 1.2 2.6 43 320 60

48 0 0.06 70 1 3.2 45 239 70

49 0 0.1 80 1 3.1 44 3.6 218270 - 380 80

53 0 0.66

55 0 11.02

Engine Tempreture (Cold Cranking) 18.2 Degrees

Cold Cranking Injection (ms) 25.8


