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[bookmark: _Toc101531318]Introduction
This report was written to compare two electronic control systems of two Vauxhall 2.0 litre engines using an LE3 control system and a Motronic control System, the differences in these two systems are detailed below.  
It should be noted the wiring diagram has the following pins as a constant:
· Pin 15 – Ignition Live
· Pin 30 – Constant Live
· Pin 31 – Constant Earth
This is standard practise amongst most wiring schematics for manufactures.
[bookmark: _Toc101531319]LE3 Engine
The LE3 engine uses a distributor cap ignition system, which uses an Amplifier for its coil windings, paired with a spark advance control unit to vary the ignition timing during various loads during running of the engine which is vacuum assisted, as well as a separate ECU to control fuel delivery with load being referenced from a 0-5 volt throttle switch as shown in the schematic in figure 1 below.
[image: Diagram, schematic
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[bookmark: _Toc100241223][bookmark: _Toc100566324][bookmark: _Toc100566530][bookmark: _Toc101531345]Figure 1 - LE3 Ignition System




Figure 2 illustrates the wiring schematic for all the systems regarding fuel, timing, and spark control as seen below.
[image: Diagram
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[bookmark: _Toc101531346]Figure 2 - LE3 Wiring Schematic

[bookmark: _Toc101531320]Motronic Engine
The Motronic system is an updated version of the system used in the LE3 engine, the Motronic system changes were the incorporation of a throttle potentiometer instead of the throttle switch, the use of a wasted spark ignition system (DIS) also including the use of a single ECU to control fuel and ignition, eliminating the need for control units to communicate, which improves the accuracy and response time of the engine during change of conditions while running. Also included is a first generation lambda sensor (narrowband 0-1 volt) to try and maintain a stoichiometric fuel ratio of 14.7:1 once the engine is near operating temperature. This is done by the ecu reading the voltage value from the lambda sensor and referencing it as an air to fuel ratio to adjust fuel delivery and injector on time, Figure 3 shows the System Layout for inputs/outputs of the ECU minus the lambda sensor.
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[bookmark: _Toc100241224][bookmark: _Toc100566326][bookmark: _Toc100566532][bookmark: _Toc101531347]Figure 3 - Motronic ECU inputs/Outputs

[bookmark: _Toc101531321]Aims and Objectives
The aims and objectives of this report were to understand the different types of control systems used in engines, how these systems evolved over time to improve data accuracy and as a result, the efficiency of the engine. 
Furthermore, the ability to capture data and readings, interpret them and detail how they affect other variables or components on the systems used, as well as the ability to understand oscilloscope wave forms and what they tell you about the conditions the engine is under.
Finally discuss a way to improve one of these systems in a way which would improve the data accuracy and therefore the efficiency of the engine.
[bookmark: _Toc101531322]
Data Gathering

[bookmark: _Toc101531323]Group Work and tasks
To begin, two groups were created for the lab session to gather data on the LE3 and Motronic engine respectfully, gathering first static data on each engine in the groups and sharing this data with the other group to ensure the static information gathered was correct in the form of resistances (ohms) and voltages (V) of all the relevant pins on the engines.
The second phase was to combine the two groups and capture data at set points while the engine was running and record the data at various temperatures during warm up and once the engine was at temperature with the fan engaged, this was performed on both engines and the data shared between the two groups. 
[bookmark: _Toc101531324]Oscilloscope Data gathering
Once the static and dynamic results were obtained, the oscilloscope was used to capture a multitude of waveforms which detailed the events live during run conditions presented in sine waveforms (digital signals). These scopes were obtained for both engines and will be compared in this report against one another to see the results of LE3 and Motronic system differences.


[bookmark: _Toc101531325]Data from LE3 Engine
This section will discuss the static values obtained when the LE3 engine was off, testing results were performed after the engine had been warmed up due to the other group working on the LE3 engine prior. 
[bookmark: _Toc101531326]Static Results
[bookmark: _Toc100566317][bookmark: _Toc101531369]Table 1 - LE3 Fuel Control Module Pinout
[image: ]
Table 1 above illustrates the fuel control module (FCM) pinout as well as the operation for each pin associated with the module, with electrical flow illustrated in figure 2 from the previous section for reference. Power is sent from the ignition live pin 15 (Constant live) to the ignition switch on pin 3 and the constant live of pin 30 going to pin 2 of the ignition switch, the activation of the ignition allows the switch to send power through pin 8 of the ignition switch to pin 2 of the fuel control module, powering up the unit. 
Pin 3 of the Fuel control module connects to the injectors but will have no power until cranking due to no reference being present from the spark advance unit which receives a signal from the crank angle sensor to determine engine position.
Pin 8 references the voltage to the NTC2 sensor which has a resistance value to be read by the ECU in order to determine the engines temperature and therefore adjust the fuel delivery and spark advance/retardation as well as using the load reference from pin 14 of the fuel control module to pin 1 of the throttle switch which then returns from pin 2 to pin 15 of the fuel control module.

[bookmark: _Toc100566318][bookmark: _Toc101531370]Table 2 - LE3 Spark Advance Unit Pinout
[image: ]
Table 2 illustrates the LE3’s spark advance unit’s (SAU) pinout and operations, similar to the fuel control module, it is powered by the ignition live pin 15 to pin 3 of the spark advance unit, the spark advance unit also obtains information from the crank angle sensor on pin 11 so that the engine position has a reference point so that the two ecus can communicate via pin 8 of the SAU to pin 1 of the FCM in order to inject the correct amount of fuel and open the injector for the correct amount of time via the ECU’s lookup of its VE table.
The SAU also provides and receives information from the amplifier (Table 3 below) so as to know engine speed via the tachometer which is relayed to the SAU via Pin 4 of the amplifier to pin 13 of the SAU.  
[bookmark: _Toc100566319][bookmark: _Toc101531371]Table 3 - LE3 Amplifier Pinout
[image: ]
[bookmark: _Toc100241179][bookmark: _Toc100566320][bookmark: _Toc101531372]Table 4 - LE3 Static Data
[image: ]
In table 4, it can be seen that the throttle switch is either on or off, as shown by the resistance value being ‘0’ or ‘OL’ meaning there is little accuracy for load reference reducing the precision of the overall systems thermal efficiency in comparison to the Motronic engine that uses a throttle potentiometer (TPS), making it more difficult to reach a stoichiometric fuel ratio of 14.7 once at operating temperature.
A possible error in the above data is for the throttle switch which states pins 2 and 3 go to pin 18, on review of the wiring schematic there is no pin 18 but power is seen at pin 15 of the FCM and pin 14 from the SAU which provide the voltage reference to be converted to a resistance value to provide the load reference
The coolant temperature sensor showed an expected value of 960 ohms due to the engine being hot already, should the engine have not been started and been at ambient temperature of around 18’C, an expected value would have been between 3000 and 3700 ohms as can be seen above.
The auxiliary air valve was just outside of the recommended autodata resistance value of 40 ohms, registering 46.5 ohms, this valve acts as an air bypass on the throttle body to help maintain a steady idle and prevents stalling of the engine.
The LE3 engine uses high impedance injectors which as stated by autodata should give a resistance value between 15-17 ohms, in which the results confirm with 16 ohms being recorded. It is worth noting that should the engine have low impedance injectors which are usually for more high-powered vehicles then the resistance expected would be between 2-5 ohms in value. 


[bookmark: _Toc101531327]Dynamic Running Results
Demonstrated below in table 5 and table 6 are the dynamic results obtained during warm up of the LE3 engine.
At each temperature range seen in the NTC2 column the engine was stopped and the voltage and resistance values were recorded from pin 8 which is the reference for the coolant temperature sensor on this engine, during this pause the oscilloscope was set up on the Pin 3 to the injector, with the engine now restarted, data was taken from Pin 3 using the oscilloscope to see the injector on time at the set temperatures. 
It is shown in table 5 that as the temperature increases during the running of the engine, the voltage and resistance to the voltage decreases, this resistance value is used as a reference by the SAU on Pin 7 and the FCM on pin 8 respectively to adjust the fuelling the engine requires due to the heat and pressure in the cylinder, this can be seen during the injector on time which decreases it’s on time as the engine heats up to operating temperature, it should be pointed out that in table 5 the injector on time at 30, 40 and 50 degrees Celsius remains unchanged at 2.9 milliseconds even though the resistance values on the NTC2 continue to decrease during warm up at the above mentioned temperatures, it is suspected that this is due to operator human error when reading the oscilloscope waveform produced.
Table 6 reviews the injector on time during acceleration and deceleration with the engine at operating temperature and the cooling fan on, firstly the cooling fan is activated when the NTC2 sensor relays a low resistance value which triggers a relay to open, causing another relay to close which power is then sent to the fan to turn it on.
During snap acceleration its seen that the injector stays on for 8.4 milliseconds, 3 times that of the recorded data at idle, this is due to the need to deliver more fuel as a result of opening the throttle body and increasing the load and air volume into the cylinder.
On deceleration, table 6 states that the injector trace narrows with each pulse before shutting of the injectors entirely, the reason for this is the ecu sees that the throttle switch is inactive therefore the engine must be in in overrun conditions, resulting in the FCM shutting off the injectors until the engine reaches an RPM near its idle RPM target, in this circumstance it them reapplies power to the injectors to prevent stalling of the engine.  
[bookmark: _Toc100241180][bookmark: _Toc100566321][bookmark: _Toc101531373]Table 5 - Dynamic Data from LE3 Engine
[image: ]
[bookmark: _Toc101531374]Table 6 - LE3 Injector on timetable during acceleration and deceleration
[bookmark: _Hlk100565777][image: ]

[bookmark: _Toc101531328]Data from Motronic Engine
Detailed below are the results obtained during static and dynamic testing of the Motronic engine.
[bookmark: _Toc101531329]Static Results
Firstly, some base results were obtained to provide some information that could affect other variables such as Battery nominal voltage and ambient air temperature which will affect a few sensors results which use the temperature as a reference point such as the NTC2 sensor itself and the injection and ignition system during dynamic testing.
· Battery Nominal Voltage (BNV: 12.4v)	
· Ignition on Battery voltage: 12.26
· Ambient temperature: 17.5° ~ 18. 2°C  

Table 7 below provides the static voltages for all pins used on the Motronic system with ignition on and off, in this ECU, 35 pins are in use, the 20 pins not in use are due to the manufacture using the ECU in other models which require different inputs and outputs of sensors not needed in the Motronic engine tested.
[bookmark: _Toc101531375]Table 7 - Motronic Static data IGN ON/OFF
[image: Graphical user interface, application, table, Word
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[bookmark: _Toc101531348]Figure 4 - Motronic ECU wiring schematic
Figure 4 demonstrates the wiring schematic of the Motronic ECU to all its systems and sensors that effect Fuel, spark, and ignition timing.  
[bookmark: _Toc101531330]Dynamic Results
After the static data had been obtained, various sensors were tested during warm up of the engine under different temperature ranges as seen in Table 8 below, with the following pins and sensors being monitored:
· Injection on time in milliseconds (Pins 16 and 17)
· NTC 2 voltage and resistance values in Volts and ohms (Pin 45)
· Rotary idle valve keying ratios (Pin 4)
· Tank vent valve switching (Pin 5)
· Lambda Sensor in volts (Pin 28)



[bookmark: _Toc100241182][bookmark: _Toc100566323][bookmark: _Toc101531376]Table 8 - Motronic Dynamic data during engine running
[image: ]
Note – Data coloured red is considered as an anomalous result possibly due to human error on reading the oscilloscope waveform.
What can be seen from table 8 above is a direct correlation that as engine temperature increase, the resistance value for the NTC2 coolant temperature sensor decreases, the knock-on effect of this is the injector on time decreasing to accommodate for the increase in cylinder temperature to help keep a Stoichiometric fuel ratio and prevent pre-detonation occurring in the cylinder.
Due to the engine being at idle, the Rotary idle valve maintains an on-time percentage value between 40% and 44%, this helps keep a consistent litres per minute volume of air as registered by the air flow meter to maintain a steady idle.
The lambda sensor on Pin 28 is in open loop until the it activated and switches to closed loop between 30’C and 39’C, at which point it relays information in back to the ECU in the form of a Voltage between 0-1 volts with lean conditions being closer to 0 volts and rich being closer to 1 volt.
As seen with the LE3 engine, the injectors are high impedance injectors which have a recorded resistance of 16.5 to 16.6 ohms which is within the tolerance provided in autodata as mentioned previously in section 3.1. 
[bookmark: _Toc101531331]Oscilloscope data and comparison
Discussed below are the oscilloscope patterns captured from the LE3 and Motronic engine, detailing the events of each scope pattern and how they differ from each other based on the systems each engine utilizes.
[bookmark: _Toc101531332]Coil Secondary Voltage
Figure 5 below captured the secondary winding in the ketterin coil at the moment it grounded in milliseconds, what can be shown from these waveforms can help determine the health of an ignition system, in the graph below there are distinctive events happening over the duration of 6-7 milliseconds. 
Firstly, the initial dip in voltage is called the dwell period, this is when the energy gathered in the primary coil saturates the secondary coil winding, the sharp dip in voltage followed by an oscillation from the coil which rises steadily until there is the spike.
The spike is where the coil discharges and the spark plug has arced across its electrode, grounding it, the resistance to this is largely based off the pressure in the combustion chamber, the spike reaches a peak of near 13 kilovolts (kV) for around 0.7 milliseconds.
The period after this can be referred to as the burn period, a perfect burn line would appear as a constant decreasing oscillation uniformly until the coil oscillations are seen at the end of the tail of the waveform. However, in figure 5 it can be seen that this is not the case. It is theorised that this could be due to the distributer ignition system used and the rotary arm sweep over the contact point inside the distributer cap, as well as having less control over the system due to the transfer of data between the ECUS causing a slow response time.
Finally shown are the oscillations from the coil due to turbulence and pressure changes inside the cylinder.
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[bookmark: _Toc100566328][bookmark: _Toc100566534][bookmark: _Toc101531349]Figure 5 - LE3 Secondary Voltage Waveform	
The motronic engine ignitions secondary waveform in figure 6, differs from that of the LE3 waveform seen in Figure 5, figure 6 is split with the first part of the coil event being at the end of the waveform in the form of the dwell period, which is comparative to the LE3 system but with slightly less voltage drop, and a more controlled ossilation before the spike event which reachs a peak height of 6.63kV, half of that seen in the LE3 scope pattern. Furthermore, the burn time is longer in the motronic waveform with both engines maintaining that second peak after the burn event, lastly the coil ossilations are also very similar to the LE3 waveform.
Discussing the main difference, being the spike peak voltage with a variance of of 6kV lower in the motronic engine compared to the LE3 engine, this is partially due to the motronic engine using a wasted spark system which requires fewer parts to energise and tramsmit that energy, needing only a coil pack, high tension leads and spark plugs, in comparision the LE3 has to charge the amplifier before passing this energy into the distributor to the distributor cap, through the HT leads and to the spark plug to ground. Therefore the distributor system requires more voltage to pass through its resistive pathways to ground. As a counter argument it can be said that the wasted spark system that fires two sprak plugs at once, splits the voltage to ground both plugs, albeit not equally, as the cylinder that is firing on its exhaust stoke has less resistance to ground in comparsion to the cylinder under pressure and on its power stroke.


[image: Graphical user interface, application
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[bookmark: _Toc101531350]Figure 6 - Motronic Secondary coil waveform
The information on the secondary coil coincides with (A.Markel, 2018)’s information regarding the waveforms obtained and their characteristics.
[bookmark: _Toc101531333]Crank Angle sensor Scope patterns
A crank angle sensor provides an engine with a positional signal in its 720-degree OTTO cycle, it relays this signal to the relevant ECU to allow the calculation for fuel injection time and ignition timing to maintain control of the detonation in the cylinder. These sensors are generally 3 wire Hall effect sensors or inductive type which generate an EMF due to the close proximity to the teeth of the flywheel, with the flywheel generally having a tooth missing as a reference to top dead centre (TDC), the sensor used in the LE3 is an inductive type sensor.
[image: Graphical user interface, application
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[bookmark: _Toc100566329][bookmark: _Toc100566535][bookmark: _Toc101531351]Figure 7 - LE3 Crank Sensor Signal waveform
Figure 7 represents the signal captured from the LE3 engine, it is seen that there is a peak voltage of 13~ volts when the EMF is generated, once the brief spike of EMF emits a voltage that is read by the relevant ECU, there is a back EMF (the opposing force to the current) that takes the voltage into a negative value due to the breakdown of the magnetic field generated by the coil windings inside the inductive crank sensor.
Figure 7’s waveform did not capture the data on the position of the crankshaft which would have been seen similarly as it is shown in figure 8 below between 28 and 31 milliseconds on the X axis. 
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[bookmark: _Toc101531352]Figure 8 - Motronic Crank angle sensor waveform
Figure 8 above was captured from the Motronic engine, with an average voltage of 11.5 volts and  a peak of 15 volts at the 31-millisecond mark which is just after the missing tooth to provide an engine timing reference for the ECU. The Motronic engine also uses an inductive analogue type crank sensor.
The signal seen in figure 8 of the Motronic engine differs from that seen in figure 7 of the LE3 engine, The Motronic engine has more frequent oscillations than that of the LE3 engine, this provides more accurate information to the Motronic ECU which improves the system’s ability to maintain a higher accuracy of fuelling and timing compared to that in the LE3 system.


[bookmark: _Toc101531334]Primary Coil Voltage Scope pattern
The primary coil is the first set of coil windings inside of the coil pack, or amplifier, dependent on vehicle ignition design, usually generating up to 130 volts before passing onto the secondary coil winding.
When current flows through the primary circuit, energy builds within the coil’s windings creating an EMF. If the energy is removed, the EMF collapses and supplies a high voltage to the secondary coil winding. 
The coils saturation time is dependent on the peak primary circuit current, which in turn depends on the primary circuit resistance and the primary coil's ability to resist the build-up of current called its ‘inductance’.
The dwell period for the primary coil is referenced to the angle of crankshaft rotation, the dwell period is longer in the primary coil than that of the secondary coil to allow enough time for the primary coil to be saturated.
The peak current and dwell period are Key Performance Indicators (KPIs) for primary circuit control. The key performance indicators (KPI’s) are the peak current and dwell periods of the coil with this information being available in the engines workshop manual or FSM if obtainable.
Without a pathway to ground the coil, the terminal voltage is close to BNV, when the circuit is switched on by the supply of an earth path, the voltage decreases to 0 due to the electrical energy being used. Figure 9 below shows that the LE3’s primary coil undergoes a dwell period for around 5ms. When the circuit is switched off, the primary voltage spikes quickly up to 170-190 volts, after this event the primary coil will mirror the events featured in the secondary coil as in figure 5, demonstrating the burn period and the coil oscillations. Finally, the primary coil will return to near BNV ready for its next cycle.
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[bookmark: _Toc101531353]Figure 9 - LE3 Primary coil voltage
Figure 10 below demonstrates the relationship between the SAU and the primary coils activation, in which it can be seen that the SAU, represented by the blue line on channel 1, builds voltage at near the same moment as the primary coil winding starts to begin its dwell period shown by the red line on channel 2, this is due to the SAU supplying the voltage for this dwell period, after its shown that the SAU returns to near 0V which is the moment that the SAU switches the primary coil winding, as seen by the red spike which represents the primary coils back EMF.
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[bookmark: _Toc101531354]Figure 10 - LE3 SAU Vs Primary coil



Figure 11 of the Motronic engine shows a very comparative waveform as the above figure 9, however the dwell period lasts for around 13ms instead of figure 9’s 5ms dwell period, and again, its seen that the primary coil after its spike up to 160 volts, follows the pattern of the secondary coil windings burn period and coil oscillations before returning to BNV. 
[image: ]
[bookmark: _Toc101531355]Figure 11 - Motronic Primary waveform
Information to support the primary coil results above were obtained from (Zhu, 2018) dissertation.


[bookmark: _Toc101531335]Injector on time under various conditions
Below in section 5.4, discussed is the activety of the Injectors under various conditions and the results of that are shown in the scope patterns and compared against one another for both engines.    
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[bookmark: _Toc101531356]Figure 12 - LE3 Injector on time under   
Above figure 12 shows one injector on time of the LE3 engine during acceleration, what is shown is that when the injectors voltage drops to near zero as it is grounded, the duration of this period is the time the injector solenoid is active, exciting the piezo crystal which expands and allows fuel to enter the cylinder past the pintle of the injector with the injector remaining grounded and on for a duration of near 8ms. The spike seen after this period is the back EMF of the injectors coil or driver. During acceleration it is shown that the injectors fire for a relatively similar duration in figure 12, due to the engine accelerating and the throttle plate open, the engine decides to inject a set amount of fuel based off the air volume entering the engine to try and maintain a correct fuel ratio hence why its shown that the injector opens similarly each event.
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[bookmark: _Toc101531357]Figure 13 - Motronic Injector on time during acceleration
In the figure 13 above detailing the injector on time during acceleration for the Motronic engine, the scope patten shows a similar trend to that seen in figure 12 of the LE3 engine, with an on time of 8ms on average being recorded, which is very comparative of that seen on the LE3 engine, overall the two scope pattens also achieve a very similar peak voltage of around 65-70 volts.
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Figure 14, demonstrating the injector on time during deceleration of the engine as seen above, what is shown is that while the engine is decelerating, the on time of the injectors reduces due to the throttle being closed and fuel ECU reducing the fuel amount into the injectors to accommodate this change in AFR, to do this the injectors are grounded for less time than seen in the previous conditions, with the on time reducing to 1.5-2.5ms before being shut off at the zero mark on the X axis, the injectors are shut off entirely due to the ECU recognising that the engine has entered overrun conditions meaning there is now no need to supply fuel to the injectors while the engine is reducing its RPM, should the scope have captured the moment that the engine nears its idle RPM target then it would have seen the injectors being grounded again and injecting fuel to maintain the idle and prevent stalling of the engine. [bookmark: _Toc100566333][bookmark: _Toc100566539][bookmark: _Toc101531358]Figure 14 – LE3 Secondary coil during deceleration waveform
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[bookmark: _Toc101531359]Figure 15 - Motronic Injector on time during Deceleration
The Motronic engines injection during deceleration in figure 15 shows two events of fuel injection with both events having a similar on time of 1.5-2.5ms before being shut off and entering overrun conditions at the 25ms mark on the X axis. The two engines have a very similar patten in regards to the on time of the injector, however the scaling of the figure 14 and figure 15 make it seen that they are not when in fact they show an almost identical condition on deceleration.
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[bookmark: _Toc100566334][bookmark: _Toc100566540][bookmark: _Toc101531360]Figure 16 – LE3 Injector pulse Duration at idle waveform
During the idling of the LE3 engine seen above in figure 16, the engine RPM’s are around 700-800RPM, meaning the injectors are grounded for a period of around 4ms to maintain the idle and the AFR, this is half of that seen when in comparison to accelerating because there is no load and no need to increase fuel to raise the RPM, just to maintain it. With the EMF at the spike reaching a peak voltage of around 65 volts. 
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[bookmark: _Toc101531361]Figure 17 - Motronic Injector on time during idle
For the Motronic engines idle injection on time in figure 17, the injector grounded for 3ms, which is 1ms less than the LE3 engine, this would be due to variables such as the different mapping of the engines as a result of using ignition systems and other sensors such as the Motronic engine using a TPS instead of the LE3’s throttle switch which provides less control over the load value.
[bookmark: _Toc101531336]Power supply to ECUS
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[bookmark: _Toc100566336][bookmark: _Toc100566542][bookmark: _Toc101531362]Figure 18 - Amplifier power supply and earth waveform
Figure 18 above shows in Blue the power supply to the Amplifier on Pin 3 and the Red line below in the same figure denotes the Earth on Pin 2.
It’s shown that the supply voltage drops in what is a direct opposition to that of the earth, this is because as the potential voltage is sent from the amplifier pin 3 to ground on pin 2, it registers the potential voltage taking its pathway to ground with both lines also showcasing a back EMF shortly after grounding of Pin 3 of the amplifier.
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[bookmark: _Toc101531363]Figure 19 - Motronic supply and earth for ECU
Figure 19 provides a near identical results as seen in the Amplifier of Figure 18, however this time it is showing the supply from the ignition on Pin 27 going to the ECU being directly grounded on Pin 2 rather than through an amplifier, regardless of this difference, the result is the same in the respect of a near identical opposite wave pattern illustrating that when Pin 27’s potential voltage is grounded in Pin 2 of the ECU, it sees a drop in voltage on Pin 27 and an appearance of the now present voltage on the earth Pin 2. The difference however between the Motronic and LE3 engine is that the Motronic has far less back EMF than that compared to the LE3 engine.
The reasoning behind having less oscillations is due to more control of the potential voltage with the Motronic engine having better 
[bookmark: _Toc101531337]Speed Reference 
[image: Graphical user interface, application

Description automatically generated]
[bookmark: _Toc101531364]Figure 20 - LE3 Speed reference for FCM
Figure 20 depicts the digital speed reference from the LE3 engine to the fuel ECU, this signal has been converted to digital from the original signal coming from the analogue signal provided by the inductive crank sensor, it provides information on positioning of the engine to the fuel ECU as seen when the voltage drops to 0 when Pin 5 is grounded, the duration of the pin 5 being grounded is between 5-8ms which also corresponds to the duration that the injectors are grounded, therefore illustrating the relationship between the inductive crank signal providing information to the fuel ECU to inject the ECU’s determined recommended fuel volume.


[bookmark: _Toc101531338]Motronic Rotary Idle Valve
[image: Diagram

Description automatically generated with medium confidence]
[bookmark: _Toc100241239][bookmark: _Toc100566339][bookmark: _Toc100566545][bookmark: _Toc101531365]Figure 21 - Motronic Rotary idle valve waveform

The rotary idle valve in figure 21 above is used by the ECU to regulate an engine idle speed based off other sensors information such as engine temperature and load when the throttle plate is closed by allowing air to bypass the throttle plate. 
It can be seen that the voltage switches between BNV and ground with the grounding event lasting 4.46ms (the length of time the valve allows air to bypass the throttle plate) and the total pulse event lasting 10ms which includes the back EMF and the return to BNV with the rotary idle valve ready to be grounded again. 



[bookmark: _Toc101531339]Motronic AFM and TPS
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[bookmark: _Toc100241241][bookmark: _Toc100566341][bookmark: _Toc100566547][bookmark: _Toc101531366]Figure 22 - Motronic Air flow and TPS waveform
Figure 22 will be separated into two sections, firstly discussed will be Pin 7 which is labelled and corresponds to the AFM, secondly is Pin 53 also labelled which depicts the TPS.
The AFM scope patten is firstly captured at idle, showing a oscillating voltage between 1-2 volts up until 2.4 seconds, where at which point the throttle is opened and the voltage rises to a peak of 4 volts indicating an increase in air volume and acceleration of the air entering the engine. After this event at 2.5 seconds the throttle is shut which is shown by the voltage drop back to 1-2 volts for around 1 second, then seen is for 3 seconds, from 6.4s to 9 seconds the engine undergoes snap acceleration, peaking the voltage once more unto 2.8 volts before the throttle is closed and the AFM pulses back to its idle value between 0-1 volts.
Comparatively, the TPS follows the same trend as the AFM due to the TPS registering the amount the throttle is open based on the voltage value, with a higher voltage indicating an open throttle plate and a low voltage indicating a closed throttle plate. This trend between the AFM and TPS is due to their direct corelation with each other and being housed in the same unit which provides a quick relay of information to the ECU to determine the load value of the engine.
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[bookmark: _Toc100241242][bookmark: _Toc100566342][bookmark: _Toc100566548][bookmark: _Toc101531367]Figure 23 - Motronic Injectors (simultaneous) waveform
Due to the Motronic engine being simultaneous injection, figure 23 details how the injection system pulses all four injectors at the same time and for the same duration, however as the engine will only have one cylinder on its power stroke, only one cylinder will ignite fuel to produce a force on the piston.









	

[bookmark: _Toc101531340]Motronic Lambda Sensor
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[bookmark: _Toc100241246][bookmark: _Toc100566346][bookmark: _Toc100566552][bookmark: _Toc101531368]Figure 24 - Motronic Lambda sensor waveform
The lambda sensor shown in Figure 24 of the Motronic engine is a narrowband sensor, using a 0-1 volt system to relay information to the ECU with 1 volt indicating a rich fuel mixture and 0 volts being a lean fuel mixture, the lambda sensor cycles once the engine has passed its warm up phase and enters closed loop with the waveform above showing that the engine maintains a rich mixture more so than a lean mixture. 






[bookmark: _Toc101531341]Improving the Accuracy of a System
Section 6 will focus on a way to improve the systems on one of the two engines tested and scrutinised in this report.
Focusing on the Motronic system, due to this engine already having its electronic control systems combined into one ECU, meaning that adjustments to the wiring harness for recommended changes are less demanding on the entire system of operations, which when compared to the LE3 system, the wiring changes would be extensive with a possible full rewire needed to include the below modifications.

[bookmark: _Toc101531342]Components to change and how they improve the overall system
To start, the ECU on the Motronic engine would need to be replaced to accommodate the changes made to the below components, as well as the remapping of the engines current fuel, air and timing maps to maximise efficiency of the modifications. Also detailed below is when a component modification requires a different input to the ECU from that currently used in the OEM ECU.
Firstly, the Lambda sensor would be changed to a wideband sensor which operates on a 0–5-volt signal rather than the 0–1-volt reference of the OEM narrowband sensor. This change would provide far more accurate oxygen content in the exhaust in comparison to the OEM sensor, allowing for a far more accurate evaluation of the current AFR, the ECU input for this would need to be a 5 Volt reference instead of the 1-volt OEM supply currently used.
The replacement of the wasted spark ignition system to a sequential independent ignition system would be made, this provides a couple of benefits, firstly due to each cylinder having its own coil pack, the voltage to each cylinder can be monitored with greater accuracy as well as coil pack life increased as a result of the coil pack not having to fire every 360 degrees but now firing every 720 degrees of crankshaft rotation. Changes to the ECU would be a further two input and output pins to control the four coil packs which are currently two coil packs, controlled via two pins.

Converting from simultaneous injection to sequential injection would further improve the efficiency of the Motronic engine by having more control of cylinders which have fuel injected into them and can be individually timed to fire in comparison to the simultaneous injection system currently in use. Furthermore, this provides the ability to shut off individual injectors to increase fuel economy under cruise conditions. To accommodate this change in the ECU, two further injector drivers would be needed in comparison to the OEM ECU to allow for the control of individual injector control. 
A manifold absolute pressure sensor (MAP) could also be incorporated into the system alongside the AFM as well as the inclusion of an air temperature sensor into the AFM, also a vacuum line reference to a microprocessor is used to communicate the MAP to the ECU. The reasoning behind using both systems is that the AFM can respond to immediate changes to air conditions whereas a MAP sensor has air temperature-based ignition control which allows finer tuning of the volumetric efficiency table in the ECU to ensure more accurate fuelling is made. Furthermore, the MAP sensor isn’t limited to a output range like the AFM which should it reach its highest signal will not be able to provide the correct information to the ECU to allow for parameter changes to the fuelling of the engine, whereas the MAP sensor is programable, this type of combination of AFM and MAP is uncommon and mainly used by Mitsubishi motors, however it would benefit this system as the AFM is already in place. An input would need to be added to the ECU to allow for the fitting of the MAP sensor.


[bookmark: _Toc101531343]Conclusion
In conclusion to this report, discussed and evaluated have been the comparison of the Motronic engine and the LE3 engines systems and how they differ, as well as an in depth analysis of how the systems fuel and ignition systems operate and maintain running conditions with detailed oscilloscope waveforms from both engines being evaluated and compared to one another and finally detailing ways in which the Motronic engine can be modified to improve the accuracy of data gathering on the engine and improve the efficiency of the engine in the process.
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A35/B148/B25 Fuel Control Module Column1 Column2 Column3

Pin IGN OFF (V) IGN ON (V)Operation

1 0 0.06Connects to Spark advance unit Pin 5

2 0 12.02Connects to igniton switch Pin 8 (Power supply)

3 0 0Connects to injectors

4 0 0.03Earth

5 0 0.02Earth

6- - NIL

7- - NIL

8 0 1.2NTC2 Sensor

9- - NIL

10 0 0.01Connects to Spark Advance Unit pin 15

11- - NIL

12 0 12.09Connects to Igntion switch Pin 9 

13- -

14 0 4.9Thottle Switch pin 1 

15 0 0.03Throttle Switch pin 2
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 A4 Spark Advance Unit Column1 Column2 Column3

Pin IGN OFF (V) IGN ON (V)Operation

1 0 0.02Earth return

2 0 0.03NTC2 sensor earth

3 0 11.92Module power supply

4- - NIL

5 0 8.08Connects to Fuel ECU Pin 1

6 0 0.02Throttle switch pin 2

7 0 1.66NTC2 Sensor Live

8 0 0.93Octane Plug Live

9- - NIL

10 0 0.03Octane Plug Earth

11 0 0.02Crank angle Sensor refernace

12 0 0.05Crank Angle sensor Power supply

13 0 0.12Amplifier Referance

14 0 4.9Throttle Switch pin 1

15 0 0.14Connects to Fuel ECU pin 10
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Amplifier Column1 Column2 Column3

Pin IGN OFF IGN ON Operation

1 0 11.92power to Tachometer

2 0 0.02Earth Return

3 0 11.92Power supply from Igntion (pin 15)

4 0 0.12Spark advance unit referance 
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Static data, Engine Hot

Throttle Switch Autodata - OhmsRecorded Data Auxillary Air Valve

Pin 2 and 18 0 0 Resistance Between Terminals - Ohms

Pin 3 and 18 Infintity (OL) Infintity (OL) AutodataRecorded Value

40 46.5

Coolant temp sensor - autodata 

Temp Autodata - Ohms Injector Resistance - Ohms

-10 7000-11600 AutodataRecorded value

20 2100-2900 15 - 17 16

80 270-390

Recorded Value 960
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Engine 2 - LE3

NTC 2 Pin 8 Pin 8

Temperature - C Voltage - V Resistance - Ohms

20 1.7 1940

30 1.1 1070

40 0.9 770

50 0.7 538

60 0.5 392

Injector on time  - Cranking Note - Excess fuel to assist starting

Pin Duration - ms

3 106

Injector on time - Running

Temp - C Pin Duration - ms

20 3 3.8

30 3 2.9

40 3 2.9

50 3 2.9

60 3 2.7
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Injector on time Pin 3 - Accel/Decel

At Temp with fan on (60'C+) 

Condition Duration (ms)

Accel 8.4

Decel Injector Trace narrows during deceleration (on time reduces), once engine understands its in over run condition during decel ( Zero Throttle), the injectors shut off untill Idle or Antistall
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image12.emf
Engine  Temp (°C)  Pin 45  (ohms,  Ω )  Pin 45  (volts, V)  Pin 16/17  (time, ms)  Pin 4 (on  time, %)  Pin 5  (actuation)  Pin 28  (actuation)  Comments  

20  1900  3.3  3.1  44  OFF  OFF   

30  1020  2.5  2.8  42  OFF  PARTIAL   

40  660  2.2  3.2  41  OFF  30° > 39°C  Anomaly risk  

50  450  1.6  2.9  42  PARTIAL  ON   

60  340  1.4  2.9  41  40° > 52°C  ON   

70  240  0.9  2.6  40  ON  ON  Fan ON  

80  250  1.0  2.8  43  ON  ON  Coolant warm  

Miscellaneous  

Temp (°C)  Pin 44 (V)   Injector  Resistances ( Ω )   

20  3.6   1  2  3  4  

80  3.3   16.6  16.5  16.5  16.6  

 


image13.png
O | 1 moodie uwtsd - Search

§ ACHAZ010: LES Patterns x| [ 2079.001pdf x [+
C (@ File | C:/Users/2001090/0neDrive%20-%20University%200f%20Wales%20Trinity%20Saint%20David/UNIVERSITY/Year%201/Electric%20control/2079_001.pdf

Yo v=

Add text Y Draw -~ & Highlight - & Erase | & B | &

11 Q -+ 72 28 A Read aloud

T gy R QJL\\“‘L
Measurement stopped =

ign coil with crankshat angle sensor  =n

1324 520 1/min
| Secondary Voltage: Cylinder 1 <0.7ms>

%
16|

<92>

H A Type here to search [mEDNY





image14.png
Motronic Data - Saved to this

© Comments & Share

file  Home et Draw Design layout References  Maiings  Review  View Help RCM  Acrobat Picture Format
é z;y Times NewRoms <[11 < A A" Aax A R~ 5L 0 | aambeer| asmbeer paBbCe Asebcet AQB assbcer aosboco acsbeene aashcen: 5 ;: B & 8| @

Pafk S Format Painter I Uva x, ¥ Av 2« A O TNormal | TNoSpac.. Heading1 Heading2 Title Subtitle  SubtleEm.. Emphasis IntenseE. I Select~ Cvj:;:ié’:ﬂgén::ﬁ Dictate. R;;f
Clpboara 5 Font Il Paragraph Il sty diting Adobe Actobat Voice |ReuseFiles| A

Navigation v 8

‘Search document o J L

Headings  Pages  Results Ignition Secondary Wave

o
S Uz TZ [ U Diff | T DIFff [ Fre
9
e R e 12 1.6 kY 7.7« 494K 2.1 % 467 HZ|
e K f
T T
e
9
; i
3
°f |
i i . sy o e A el T
3 Tooy 80 60% 402 202 0x_
Sunc| [ Signal [ Patfern/Sueep | Scale [Frame[Cal | Towie Cursor
Lock| [Sec ,_le i5 W | 0 [ 1 _Jorr
N6 [ors
? B~ IGNITION SCOPE =\
1988 18SV 4 OMEGA-A / CARLTON MY87 1.8L M 16 Dec 2007 17:45
(c) Copyright 1994-98, Snap-on Technologies VERSION: 7.9.32
o O

Figure 2: Motronic Secondary Wave Scope Pattern
]

PageGof1s 1053words [ English (United Kingdom) [ ————,

H R Type here to search ) NG

T Focus





image15.png
§ ACHAZ010: LE3 Pattems x | B 2079001 paf X | B 070002ps @ O | - 8 x

O | 1 moodie uwtsd - Search

G @ File | Cy/Users/2001090/0neDrive%20-%20University%200f%20Wales%20Trinity%20Saint%20David/UNIVERSITY/ Year%201/Electric%20control/2079_002.pdf 5 1=

11 Q -+ 72 28 A Read aloud

Add text Y Draw -~ & Highlight - & Erase | & B | &

oix)

i . Ra vz Cooll e

|Universal oscilloscope

with crankshaft angle sensor
|
250
150
125
l 100
113 ‘ “»., ' )
f ‘f' [ r 50
125 v

Olagrusic of reves Nt

H A Type here to search [mEDNY




image16.png
Motronic Data - Saved to this

Fle  Home Iset Draw  Design  layout

A

TimesNewRoma v 11~ A" A" Aa~ Ay

References  Maiings ~ Review  View  Help RCM  Acrobat  Picture Format © Comments & share

el o 4|8

A~ 2L | | aaBbecr | sBbecE AaBbCe Asebccl AQB assbcer aasboeoe aasbeede aasbocoe

e Doy 2. A TNormal | TNoSpac.. Heading1 Heading2 Tt Subtie  SubtleEm... Emphasis Intense. G | et et | Dt | R
aste. I U~ ¢ - - v e lormal lo Spac. leading leading itle. ubtitle ubtle Em. ‘mphasis  Intense reate and Share Requ ictate euse
< Format Painter = x ¥|A- 2 &-H " ¢ ¢ " Iy Select~ | " Adobe PDF  Signatures Files
Clpboara 5 Font Il Paragraph Il stytes diting Adobe Actobat Voice |ReuseFiles| A
Navigation v 8
Search document E _ L
£ Crankshaft Sensor

Headings  Pages  Results

Create an interactive outline of your document,

It's a great way to keep track of where you are or quickly
move your content around.

To get started, go to the Home tab and apply Heading styles
to the headings in your document.

Page 150116 1053words [ English (United Kingdom)

H P Type here to search

Freq

| 12 U Diff | T Diff
U 11.5 V| 9.29 ns[10.54 ms 0.4 U 1.25 ms| 800 Hz
1

20

10

30 40 ms 50
Frame Movie Cursor
0.00 Of f

20

Q 10
Sync Signal | Pattern/Sweep | Scale
Lock| [Pinpt 1 50 ns 50 V

N/f off - e ——
Figure 11: Motronic Crankshaft Sensor D
]
1 Focus B - ——+——+ 1%

) e

o




image17.png
@ | b moodie uwtsd - Search X | § ACHAL010: E3 Patterns x | B 2079.003paf X | [ 2079.004pdf x [+

G @ File | CyUsers/2001090/0neDrive%20-%20University%200f%20Wales%20Trinity%20Saint%20David/UNIVERSITY/ Year%201/Electric%20control/2079_004.pdf 5 1=

11 Q - + @ 28 A Read aloud Add text / Draw - ‘g Highlight -~ & Erase =] B | @&

AR
(N ?n,«,.s

ey

Universal oscilloscope

‘ 10 ==l
I |
150)
| 75
(1074
—To0]
0
50
25
i
= - = 10

Diagrostc S revias Nt
g o |re

PR oep

H P Type here to search T3 9) EN





image18.png
@ | b moodie uwtsd - Search § ACHAZ010: LES Patterns x| [ 2079.003pdf x [+ - 2 x

G @ File | CyUsers/2001090/OneDrive%20-%20University%200f%20Wales%20Trinity%20Saint%20David/UNIVERSITY/ Year%201/Electric%20control/2079_003.pdf % 1=

11 Q -+ 72 28 A Read aloud

Add text Y Draw -~ & Highlight - & Erase | & B | &

Universal oscilloscope Ny ® P i Spock oD S

kshaft angle sensor

| 25
| l100
057
00fT |
0
i |
| 25 r’
»o
\ 4

e Hb  Amsep  Sw Smakr X v Dlagrsc S Previs Nt

PP SRR T Ve 2SNV

H A Type here to search [mEDNY




image19.png
Iguition Primary Wave

TZ | UDiff [ T Diff [ Freq |
1441 ms| 1.7 V| 6.29 ms| 159 Wz

163 -
120
80 S(«W c
Du-‘utncw
1. s

; | Back

=40y 5 1 15 20 5
Sync Signal Pattern/Sweep | Sullz lFranu [ Hovie EM F
Lock| [Pinpt 1 25 ms 0 U -8.69 [oFf
N/A_| [Off

R | LAB SCOPE =] 29 2Velty




image20.png
O B 2079005pdf x |+ - 2 x

C A File | Cy/Users/calis/OneDrive%20-%20University%200f3%20Wales%20Trinity%20Saint%20David/UNIVERSITY/Year%201 /Electric%20control/2079_005.pdf s B B 3
1| eft Q + @ 2 A Read aloud (@ Add text W Draw ~ ' Highlight ~ & Erase =] Bl 2 @&

{in 3 AcdasaNon

|Buffer mode

x Dot Sof  reveus

Pt BN e





image21.png
Motronic Data - Saved to this

Fle  Home nsert Draw Design layout References  Maiings  Review View Help RCM  Acrobat Picture Format © Comments v & Share
é z;y Times NewRoms <[11 < A A" Aax A R~ 5L 0 | aambeer| asmbeer paBbCe Asebcet AQB assbcer aosboco acsbeene aashcen: 5 ;: B & 8| @

P S Fomatbainter I U~ x X A- 2 A O Normal | TNoSpac.. Headingl Heading2 Tl  Subfile SubtieEm.. Emphasis IntenseE. R | OEEEre T | mame |
ez 5 Font 5 Faragaph 5 syes ating Adobe Acobat voice Ireuseries]  n

Navigation v 8

ETT EE _ L

Injection on Time (Accelerating)

Headings  Pages  Results

UZ TZ U Diff | T Diff Freq
Tror e o T T s g U 16.61 ms 8.3 U 7.95 ns 126 Hz _
165 great way to ke track of where you areor quickly
move your content round.
To get tarted, gotothe Home ab and apply Heading styles
tothe headings i your document
||
i el
iy i s R T 50
-20 io0 20 30 40 ns
Sg?\c Signal Pattern/Sweep kScale F-‘rane 2;019 Cursor
Lock| [Pinpt 1 50 _ms 100 U —71.69 [3

“’;/Esagﬂggbm s LAB SCOPE N o =2 D

15 Dec 2007 5:09
VERSION: 7.9.3

L M
88 18SV 4 OMEGA-A / CARLTON MY87 1.8L
t?:) Copyright 1994-$8, Snap-on Technologies

Figure 8: Motronic Injection on Time (Accelerating)

Page 120116 10s3words [R _English (Unted Kingdom) Focus [ —

H R Type here to search [aFDN:





image22.png
@ | b moodie uwtsd - Search § ACHAZ010: LES Patterns x | B 2079.005p0f x| @ 2079.006pdf x [+ - 2 x

G @ File | CyUsers/2001090/OneDrive%20-%20University%200f%20Wales%20Trinity%20Saint%20David/UNIVERSITY/ Year%201/Electric%20control/2079_006.pdf 5 1=

11 Q -+ 72 28 A Read aloud

Add text Y Draw -~ & Highlight - & Erase | & B | &

| Y —p0

I

K] Y e prsegarer L)
o b Mo ou>oa x Dot St rvis
] - p " s o

A Woe =X P

H A Type here to search [mEDNY




image23.png
Motronic Data - Saved to this lum Campbell

Fle  Home Inset Draw Design layout References  Maiings  Review View Help RCM  Acrobat Picture Format © Comments & Share
E)éz:;y TmesNewfoma 11| A° A7 [ A2~ | Ao A< 2L | | aaBbccr | aaBbccr AaBbC( Asebcet AQB assbeer aasbeepc aasbeep aasbeen i:::m (&3 A k’J @
Faste S omatpainter | B 1 Y ® x X[A- L2 A~ O TNormal | TNoSpac.. Headingl Heading2  Title Subtitle  SubtleEm.. Emphasis Intense E. s select+ Cvj:e‘);:dpézamsz;zgfs mae | R
Clpboara 5 Font 5 Paragraph Il sty 5 Edting Adobe Actobat Ve |ReuseFies|
Navigation v 8
Search document o J L

Injection on Time (Decelerating)
Headings  Pages  Results

T2 UDiff | T Diff Freq
[16.61 ms| 14.6 U| 7.95 ns| 126 Hz

vz
12.5 V

Create an interactive outline of your document,

80

o getstarted, go to the Home tab and apply Heading styles 4
to'the headings in your document. 60 k- .

—~

ferin

: o e e st |l
“ho 10 20 30 40 e S0
i i Movie ursor
Sync | [__Signal Pattern/Sweep | Scale |Frame
Lock/| [Pinpt 1 50 ms 100 V_[-66.69 _ JOff Both
N/Aa | |Off

rd [P v | LAB_SCOPE jrLol =Y I
Figure 9: Motronic Injection on Time Scope Pattern (Decelerating)

1

]
[ —

Page130f16  1053words [ English (United Kingdom) T Focus

H P Type here to search





image24.png
§ ACHAZ010: LES Patterns x | B 2079.005p0f x | B 2079.006pf x| B 2079.007pdf x [+ - 2 x

s T

Add text Y Draw -~ & Highlight - & Erase | & B | &

O | 1 moodie uwtsd - Search

G @ File | CyUsers/2001090/0neDrive%20-%20University%200f%20Wales%20Trinity%20Saint%20David/UNIVERSITY/ Year%201/Electric%20control/2079_007.pdf

-+ 2 8 A Read aloud

Ll

Pr 2 e N

Universal oscilloscope
crankshaft angle sensor
(311]
150
50
30741 100
25
150
o |
| = >0
S b Amsp  sw Vemmy ok x Sl Ry (0%
lese | o r‘,,.I“ " % = o o e
A * X * P W

H A Type here to search [mEDNY




image25.png
Motronic Data - Saved to this

lum Campbell

Fle  Home et Draw Design  layout References Maiings  Review View Help ROM  Acrobat Picture Format © Comments & Share
X cu - s OFind «
e Times NewRoma «[11 </ A" A" Aav Ay R~ 5L | | aaBbecr | AsBbec AaBbC( AsBbcct AQDB asebcer assbeene assbeco acabceoc & ferl [} 82 k’J A
. . Replace
Paste : . Crestesnd Share Request | Dictate | Reuse
Iy~ o 2 A - H- TNomal |TNoSpac.. Heading! Heading2 — Trle  Subtile SubtleEm.. Emphasis Intensef o g
T & Formatpanter @ x X|A-2- AR B ” o o " B seect | Rgope pOF  Signsures Files
Gipboard 7 Font 5 Paragraph Il stytes 5 Edting Adobe Actobat Ve |ReuseFies|
Navigation v 8
Sorndormet o ] L
Injection on Time (Idle)
Headings  Pages  Results

Create an interactive outline of your document,

It's a great way to keep track of where you are or quickly
move your content around.

To get started, go to the Home tab and apply Heading styles
to the headings in your document.

Page11of16 1053words [ English (United Kingdom)

H P Type here to search

5 =1z U Diff [ T Diff Freq
0 113.57 ms 12.1 V[ 2.99 ms 334 Hz
U : "
60 |
ao |
20 ;
Bt acbiopospoarstocitratond
0 o—
E P " 1! PR R =T = U
] 5 15 20 ns 25 I
Sync Signal [ Pattern/Sweep | Scale |Frame [ Movie Cursor
Lock| [Pinpt 1 |25 ms 100 U 0.00 [off
N/A_| [OFF [
? Bl i LAB SCOPE B & |

Figure 7: Motronic Injection on Time (Idle)
]

[ —
0 BN

T Focus





image26.png
O | 1 moodie uwtsd - Search

G @ File | CyUsers/2001090/0neDrive%20-%20University%200f%20Wales%20Trinity%20Saint%20David/UNIVERSITY/ Year%201/Electric%20control/2079_009.pdf

§ ACHAZ010: LES Patterns x | B 2079.005p0f x | B 2079.006paf x | B 2079.007paf x | B 2079.008paf x| @ 2079.000pdf x [+
s T

¥V Draw ~ ‘B Highlight ~  Erase =]

-+ 2 8 A Read aloud

Universal oscilloscope

crankshaft angle sensor

=
e\ T,
8 o e o i

tb  Mmsmp s Dot Sof  Prevus st

. S
Phems AR e

e
B
"R

T ) ENG





image27.png
Motronic Data

Calum Campbell

fle  Home nsert Draw Design  layout References  Maiings  Review View Help RCM  Acrobat Picture Format = Comments & Share
a Qe < | Prind ~
i é’ i Times NewRoma +[11 <| A A" Aa~ | A | Jassvcer | asmocer pzboc assboct AQB aasocee assbceo aasbceon acaoceor | G o B & 8| @
opy . Replace
Paste s A~ 2-A-EO TNormal | TNoSpac.. Heading! Heading2  Trle  Subtile SubtleEm.. Emphasis IntenseE.. [o Cresteand Share. Request | Dicate | Reuse
T Sromatpier | BT U@ % XA 2-A-BE " ° ° i U1y seec= | Raaheror — sgnatures Fies
Gipboara 5 Font 5 Paragraph 5 styes 5l edting Adobe Acrobat voice [Reuseries] A
Navigation v 8
Search document N N L
S Motronic 12v Supply and Earth
Createan interactive outline ofyour document vz Ii 12 U Diff | T Diff freq
12.3 V[ 32.7 46.2 ns 1.4V] 13.6 ns| 73.7 Hz
165 great way to ke track of where you areor quickly 25 ¥
move your content around. H YN
Y 171N
To get started, go to the Home tab and apply Heading styles 20 b ‘

to the headings in your document.

1.8

- O R, B TR

L PO Iy 7 LR RSN = L

EARTH . ReTud

Lo asss oo 40 60 80 s 100
Sync Signal [ Pattern/Sueep | Scale | Fraaauu 'li_ol;:vie .Cursor
Pinpt 1 100 ns 125V 5 Bo

- p;% T [z v 0.00 __|Off

On
o et o LAB SCOPE T &

Figure 4: Motronic 12v Supply and Earth

1 M

Pagesof1s 1053words [ English (United Kingdom)

H P Type here to search





image28.png
O | 1 moodie uwtsd - Search

§ ACHAZ010: LES Patterns x | B 2079.005p0f

x|

B 2079.006pef x | B 2079.007paf

x| [ 2079.008pd x [+

G @ File | CyUsers/2001090/0neDrive%20-%20University%200f%20Wales%20Trinity%20Saint%20David/UNIVERSITY/ Year%201/Electric%20control/2079_008.pdf

-+ 2 e

AN Read aloud

U-CH1 U-CH2
== I ==
15.0
250
! 100
128
582 l ‘ ’ ‘ ‘ 5.0
00r— L—-——J L’—J I_.,_J
Lx N T $0.0

b

Escape. Ao Setp
K e

oo

s T

Add text ¥V Draw ~ ‘B Highlight ~  Erase =]

Pas

Hﬁj w"\qﬁf&;ﬂ&[ﬂk

ign.coil with crankshaft angle sensor

73 4) ENG





image29.png
Motronic Data - Saved to this

Fle  Home Insert Draw  Design  layout References  Mailings  Review  View Help ~RCM  Acrobat Picture Format 3 Comments & Share
u . oR Find <
é i Times Newoma <11+ A° A" | Aa~ | A R~ 240 T | | aabcer | AaBbecE AaBbCe Aasbcet A aasbees acsbeco aagbeedi aasbcco 5 e G & 80 @
paste qrozmm I U-% % x|A- 2-A o~ TNowal | TNoSpac.. Heading1 Heading2 Tl  Sublile SublleEm. Emphasis Intensef N sels SaeEm M | G
Gipboara 5 Font 5 Faragaph 5 styes dting Adobe Acabat voice Ireuseries]  n
Navigation v 8 J
Search document o
Rotary Idle Valve
Pt R Refs
'A T2 U Diff | T Diff | Freq
Create an interactive outline of your document 14.2 V 19.02 ns| 13.6 U] 4.46 ns 224 Hz
T ]
T T T T
s e e :
Togem ol T e 15 K‘M 1
e —
10F
St
E_
(1
7 \ \ u
-5 o 10 30 40 ns 50
Suync Signal Pattorn/Sweep | Scale |Frame Hovie hgﬁ&
Lock| [Pinpt 1 50 _ns 25V 0.00 Off
N/A_| [Off

Page7of 16 1053words [ Engish (United Kingdom)

H P Type here to search

? Gl i LAB SCOPE ‘ =

15 Dec 2007 4:44
VERSION: 7.9.3

1988 18SV 4 OMEGA-A / CARLTON MY87 1.8L M
(c) Copyright 1994-98, Snap-on Technologies

Figure 3: Motronic Rotary Idle Valve Scope Pattern

1 M

]
[ —

T Focus

) e




image30.png
Calum Campbell &2

AutoSave = Motronic Data - Saved to this PC +

© Comments & Share

Fle  Home nsert Draw Design layout References  Maiings  Review View Help RCM  Acrobat Picture Format
Yo - =% (A Dind
i D Times NewRoma +[11 <| A A" Aa~ | A = R- 5L | | awmboer | asBbecr AaBbC Asdbcet AQB asebecr aasbcd acsboed Acsbc oy B & 8| @
- ) Repace
baste : CresteondShore Request | Dictte | Reuse
B I U-~ v £ A~ - v M. T Normal | TNoSpac.. Heading1 Heading2 Title Subtitle  Subtle Em.. Emphasis IntenseE. 4l
T S Formatpanter U XA 2 A K & a o o v B seets | “Ricnepor - sgnataes i
apbora ront e s soies 5 eating Adobe Acobat voie |newsertesl  n
L &
Navigation v 8

Search document. P J L

Air Flow & Throttle Potentiometer Signals

Headings  Pages  Results

St T2 [ U DifF i Freg
5 : ; 5.02s| 3.09 U|__3.91 s[°0.255 Wz

B PNt

It's a great way to keep track of where you are or quickly
move your content around.

oo

To get started, go to the Home tab and apply Heading styles
to the headings in your document.

_10_._.L._ - __.._AA_L—-—“ 3 3 T

2
St i i Cursor
Sync Signal | Pattern/Sweep | Scale |Frame Movie
Lock| [Pinpt 1 |1U sec 110 v 0.00 Of f
“o'n [Pinpt 2 | |5 Ul 0.00 Off :
ARV | LAB SCOPE FLOWIEE)
Figure 5: Motronic Throttle Potentiometer

1 M

Page9of1s 1053words [ English (United Kingdom)

H P Type here to search





image31.png
AutoSave

Motronic Data - Saved to this PC +

Calum Campbell £

© Comments

1% Share

Fle  Home Iset Draw  Design  layout

References  Maiings ~ Review  View Help RCM  Acrobat

Picture Format

Lqmgéz“' TimesNewRoma |11 <| A A | Aa~ | Ay = R~ 2L T | |aambeer | aaBbecr AaBbCc Asebcet AQB aasbeer aasbeepe aasbeep aasbeene
Paste droww . BIU-®xx A-2-A-A v | o~ TNormal | TNoSpac.. Headingl Hesding2 — Title Subtitle  SubtleEm.. Emphasis IntenseE.. |5

Clpboara 5 Font 5 Paragraph Il stytes 5
Navigation v 8
Search document o J

Injectors (Simultaneous)
Headings  Pages  Results
v2 12 U Diff [ T Diff Freq

Creste an interactive outline of your document. ': 090 17.1 ns 11.8 U 3.0 ns 329 Hz

It's a great way to keep track of where you are or quickly
move your content around.

To get started, go to the Home tab and apply Heading styles
to the headings in your document.

Page100f16  103words [ English (United Kingdom)

H P Type here to search

OFind ~
& Replace
B select~

Editing

e el U
L
! ] 80 ws__100
2 20 40 60 0
S (r]\c Signal Pattern/Sweep | Scale Frame‘ﬁ o;lll)\\-le B(;l::sop
\Lg k| [Pinpt 1 100 ns 100 V ~0. o
00c Pinpt 2 1 100V | -0.45
n
? Bl =
£ 1Se

Figure 6: Motronic Injector Banks

1

o,

Create and Share _Request
Signatures

Adobe PDF

&

‘Adobe Acrobat

9=
P

0>





image32.png
Saved to this

Fle  Home Insert Draw  Design  Layout
& cut Times New Roms <11 «| A" A" Aa~
paste [ CoPY
~  <FFormat Painter
Clipboard [l Font
Navigation v 8
Search document o

Headings  Pages  Results

Create an interactive outline of your document,

It's a great way to keep track of where you are or quickly
move your content around.

To get started, go to the Home tab and apply Heading styles
to the headings in your document.

Page140f 16 103words [ English (United Kingdom)

H P Type here to search

Review  View Help RCM  Acrobat Picture Format

BT U~ x XA 2 AR

lum Campbell

© Comments & Share

0% | PFind ~
R~ 2l T | asBbeer| aaBbeer AaBbC Asebcet AQDB assbcer aasbeene aasbeede aasbecnc jwm (N 81 k’) ’ﬁq
L. jormal | TNo'Spac... Headint eadin e i Cresteand Share Request | Dictate | Reuse
&-H [Normal [TNoSpac.. Heading  Heading2 T % Select = |~ Adobe PDF  Signatures Files
Paragraph 5 syies 5l eiting Adobe Acrobat voice [Reuseries] A
Lambda Sensor
T2 |_rreg l
6.87 s | 0.178 Hz

4
ee Scale [F
1V

Sio 2

Sync Signal Pattern/Sw
Lock| [Pinpt 1 10 sec
N/A_| [Off

s 10
Cursor

e TE AT

Figure 10: Motronic Lambda Sensor Scope Pattern

1

T1AR SCOPE

]
[ —

T Focus




