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[bookmark: _Toc512078146]Synopsis:

This report will look into, and analyse, the key differences between 2 Electronic Ignition & Electronic Fuel Injection systems. The 2 systems compared were the Bosch L-Jetronic system from the 1980’s and the slightly more modern Bosch Motronic system from the late 1980’s into the 1990’s. Live testing was carried out on the 2 systems to collect a series of voltages, resistances and oscilloscope waveforms. This collection of data was analysed and evaluated to recognise the differences between these systems. Suggestions for improvements to one of the systems was then researched and presented with full descriptions of benefits and disadvantages. It was found that the use of ……………… ENTER HERE!!!!! 
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[bookmark: _Toc512078148]Introduction:

Two Electronic Ignition & Electronic Fuel Injection Systems were chosen for testing. The two systems are the 1980’s Bosch L-Jetronic system and the slightly more modern (late 80’s and early 90’s) system called the Bosch Motronic system. Data collection and analysis was carried out on these systems to understand key differences between them, and to create ideas for improvements to 1 of the systems. These improvements were fully researched and justified to deliver credible reasons for and against these improvements. The engines that these systems were tested on were the Vauxhall 1.4 litre engine (Bosch L-Jetronic) and a Vauxhall 1.8 litre engine (Bosch Motronic).
The testing was carried out in groups of 5 to enable a team work experience to achieve a common goal. The data was collected in various ways. Voltage readings were taken using a Sealey digital multi-meter and a Bosch oscilloscope diagnostic centre, other various hand tools were available to aid any removal of components for testing. The voltage and resistance readings using the digital multi-meter were recorded on paper by a member of the group (scribe), and were entered into tables using Excel. Certain graphs were produced, also using Excel, to define the differences in a comparable graph format. The various voltage waveforms in the report were collected using the Bosch oscilloscope and were printed off and scanned into the main body of the report, with explanations analysing the waveforms produced.
With all data for these systems collected and analysed, a number of suggestions for improvements were given, with explanations to validate the reasons for these improvements. There are a number ways in which these systems can be improved due to their age (being 20-30 years old). This form of technology in 2018 is far advanced to the systems used in this report and therefore allows for a range of improvements. These suggested improvements solely focused on the Electronic Ignition & Electronic Fuel Injection system. The use of turbos or super chargers were not applicable, emissions standards, power and torque figures were not the goal of this report.
The purpose of this report is to obtain a comprehensive understanding of electronic ignition & electronic fuel injection systems, and to look into future methods that can be utilised within these systems to make improvements.
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[bookmark: _Toc512078150]Equipment Used:

The digital multi-meter used for testing was produced by Sealey. This multi tool is able to measure in various ways. It has a voltmeter for measuring Volts, an ohmmeter for measuring Ohms and an ammeter for measuring amps. A multi-meter comes with a number of accessories, such as different probe attachments, crocodile clips but most importantly, the insulated test leads  
A Voltmeter measures electrical pressure between 2 points in a circuit i.e. across battery terminals to receive a reading of the battery voltage present.
An Ohmmeter measures electrical resistance in a circuit, it uses its own battery charge to send a voltage through a circuit from the red cable, placed on the positive terminal, and the drop in voltage is read through the black cable, placed on the negative terminal.
An Ammeter measures the flow of current through a circuit. It must be connected in series with the circuit for it to work, though, if incorrectly fitted can cause the Ammeter to become damaged and rendered useless. More commonly used for this job is an amps clamp. This is placed around a wire in a circuit and measures the current flow through that specific wire.
For these tests, the multi-meter was only used to measure Voltage across different pin locations on the ECU’s and Ohms was measured across the NTC2 sensor.
The Bosch Oscilloscope diagnostic centre was used to visibly see what was happening within the circuits at different temperatures and engine speeds etc. Oscilloscopes are highly intelligent and allow playback and frame freezing of wave forms while data is being collected. Data can be displayed with a frequency of 1Hz up to several hundred GHz. It can also read data at a speed of Nano seconds (µs) and voltage as low as millivolts (m/v).
Oscilloscopes also have various accessories with them and further add-ons can be purchased such as amps clamps, multiple channel test leads, “break-out kits” available for different manufacturers etc. While using an Oscilloscope different tests can be carried out simultaneously to obtain a broad understanding of what is happening, achieving quicker diagnosis of faults.
For these tests, the Bosch Oscilloscope was used to view different wave forms produced from injector pulsing, spark duration etc.
As well as the electrical equipment used, the use of a Haynes manual was necessary to compare the data collected to readings set by the manufacturer. The engines and systems to be tested were set up on test rigs (bench testing) for ease of testing procedures.
Other general workshop equipment was used such as exhaust extraction to expel exhaust gasses out into atmosphere and a wide selection of hand tools were readily available if needed.
[bookmark: _Toc512078151]Methodology:

[bookmark: _Hlk512034155]The live engine testing was carried out in groups of 5, and was split over 2 sessions per group. In the first session, testing was carried out on the L-Jetronic System. The L-Jetronic system is technology that was popular in the 1980’s. This form of engine control system consisted of a number of components. The main components for voltage testing in this system were the Fuel ECU, the Ignition ECU, the Ignition Amplifier and the NTC2 (Negative Temperature Coefficient sensor 2). Resistance checks were also carried out on the NTC2, Throttle Switch, Coolant Temperature Sensor, Auxiliary Air Valve, Fuel Injectors and HT Leads.
Before any testing was performed, Health and safety had to be adhered to. This meant that all students participating in these tests had to be wearing PPE (personal protective equipment). This included a pair of safety boots with steel toe caps and a dust coat, long hair was to be tied back and any hanging jewellery removed. In addition to PPE, exhaust extraction was fitted to the exhaust pipe of each engine for the duration of testing and roller shutter doors raised as an extra precaution against exposure to harmful exhaust gasses.
When the live testing was ready to start the Bosch Oscilloscope was set up and a test lead (black/ground) was clipped directly onto the ‘Earth Strap’, thus creating a good earth for the Oscilloscope. Using another test lead (red/live), the various components could be tested one at a time, starting on the Fuel ECU. This job was carried out by Toby Marshall. The digital multi-meter was then set up to measure resistance, at a scale of 20,000 ohms (Ω). The digital multi-meter was then handed to Richard Osborne, as his job was to quickly remove the plug connector for the NTC2 and take a reading of resistance across the 2 Pins on the sensor. The readings observed were then relayed to Edmond Morrissey, the scribe of the group, his job was to write down all readings of voltage and resistance that were observed by Richard Osborne, Toby Marshall and Daniel Blackmore. Daniel Blackmore, another member of the group, was tasked with observing the readings and setting up the sweeps for the data as it occurred on the screen of the Bosch oscilloscope.
The readings collected for the NTC2 table (‘Figure 1’) were produced with the engine running, this was to obtain data at different engine temperatures, thus going through a warm up phase, through to optimum operating temperature of the engine. This allowed varying waveforms to be produced for analysis and evaluation. Voltage tests of the fuel ECU, Ignition ECU and Ignition Amplifier were then carried out using the Oscilloscope in two different conditions. The first was with the Ignition On, Engine NOT running, and the second was with the Ignition Off. This enables the understanding of what systems are primed when the ignition is switched on and which systems are still communicating with each other whilst the ignition is switched off.
With all voltage data collected, resistance was then checked across a variety of components using the digital multi-meter. These checks were carried out by Daniel Blackmore and Toby Marshall, Edmond Morrissey was still the scribe, Richard Osborne and Ashleigh Jones were assisting and relaying data readings to Edmond. Resistance measurements for the Throttle Switch, Coolant Temperature Sensor, Auxiliary Air Valve and Fuel Injectors were all taken in the same way as the NTC2 (one test lead on each of the 2 pin connectors). The HT lead’s resistance was checked with one test lead from the digital multi-meter at either end of each individual HT lead, thus measuring the resistance from one end of the lead to the other.
With all the relevant data collected for the L-Jetronic system in session 1 of live testing, session 2, moved onto the slightly more modern Motronic engine control system. This system has both Electronic Fuel & Electronic Ignition in one ECU, thus making the testing process slightly more straight forward, albeit with more pins to test. The Motronic system has a total of 55 pin locations. The number of used pins is determined by the Specification of the vehicle it’s fitted to, i.e. if the vehicle has an Automatic Transmission, Air Conditioning, 4WD or a Catalytic Converter. 
With health and safety covered for the start of session 2, live testing of the Motronic system began with a full voltage check of the pin locations using the digital multi-meter. Each pin was checked with the ‘Ignition On, engine NOT running’, and also with the ‘Ignition Off’, as adopted from session 1. These voltage checks were carried out by Daniel Blackmore and Toby Marshall, in this session Richard Osborne was the scribe.
The live testing of the Motronic engine control system was carried out in much the same way as the L-Jetronic system. Once voltage checks of the ECU were complete, a voltage check of the Throttle Potentiometer was carried out with the ignition on, engine not running This Reading was taken with the red/live test lead connected at pin 53 and the black/earth test lead connected to earth. Measurements were taken with the throttle open and closed to observe the changes in voltage reading. After this, resistance checks across the two pins on the plug connector of the Throttle Potentiometer were taken with the throttle open and then closed to observe the resistance change. Resistance checks were also carried out for the Air Flow Sensor, Coolant Temp Sensor, Air Temperature Sensor, Idle speed control valve, Injectors and HT Leads.
Lastly the Oscilloscope was used to take readings on the Motronic system as the engine was taken through a warm up phase and through to optimum operating temperature. This procedure was carried out in much the same way as in session 1 and produced varying waveforms for Injection On-time etc. for analysis and evaluation. 
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[bookmark: _Toc512078153]LE3 Test Results:
NTC2 (Engine Running)
	Temperature (˚C)
	Ohms (Ω)
Pin 8
	Volts (V)
Pin 8
	Time (m/s) Pin 3

	20
	1800
	1.5
	3.6

	30
	965
	1
	3

	40
	743
	0.8
	3

	50
	548
	0.6
	2.7

	60
	402
	0.5
	2.6

	65
	553
	0.7
	2.6


[bookmark: _Toc512078158]Figure 1 LE3 NTC2 Readings (Running)
Fuel ECU (Ignition on, NOT Running)
	ECU
Pin Location
	Voltage
(V)

	Pin 2
	12.5

	Pin 3
	0

	Pin 4
	0

	Pin 5
	0

	Pin 8
(NTC2)
	0.6

	Pin 10
(Ignition ECU)
	0.1

	Pin 12
(fuel pump relay)
	12.4

	Pin 14
(Throttle Switch)
	5

	Pin 15 
(Throttle Switch)
	0


[bookmark: _Toc512078159]Figure 2 LE3 Fuel ECU Readings (Ignition on)
Ignition ECU (Ignition on, NOT Running)
	ECU Pin Location
	Voltage (V)

	Pin 1
(Earth)
	0

	Pin 2
(NTC2)
	0.1

	Pin 3
(Live to Amplifier)
	12.2

	Pin 5
(Communication to Fuel ECU)
	0.2

	Pin 6
(Throttle Switch)
	0

	Pin 7
(NTC2)
	1.3

	Pin 8
(Octane Plug)
	1

	Pin 10
(Octane Plug)
	0.2

	Pin 11
(Crank Angle Sensor)
	0

	Pin 12
(Crank Angle Sensor)
	0.2

	Pin 13
(Amplifier)
	0.2

	Pin 14
(Throttle Switch)
	5

	Pin 15
(Communication to Fuel ECU)
	0.2


[bookmark: _Toc512078160]Figure 3 LE3 Ignition ECU Readings (Ignition on)
With the Octane Plug switched to use Leaded Fuel the reading from Pin 8 of the ECU was 1.7V, and the reading from Pin 10 was 0V. At this point the ECU will check the voltage and select a different map setting to run the vehicle on leaded fuel.
Ignition Amplifier (Ignition on, NOT Running)
	Component Plug Pin Location
	Voltage (V)

	Pin 1
	12.1

	Pin 2
(Earth)
	0

	Pin 3
	12.1

	Pin 4
(To Pin 13 on Ignition ECU)
	0


[bookmark: _Toc512078161]Figure 4 LE3 Ignition Amplifier Readings (Ignition on)
Fuel ECU (Ignition off)
	ECU Pin Locations
	Voltage (V)

	Pin 1
(Earth to Ignition ECU)
	0

	Pin 2
(Fuel Pump Relay)
	0

	Pin 3
(Injectors)
	0

	Pin 4
(Earth)
	0

	Pin 5
(Earth)
	0

	Pin 8
(NTC2)
	0

	Pin 10
(Earth to Ignition ECU)
	0

	Pin 12
(Fuel Pump Relay)
	0

	Pin 14
(Throttle Switch)
	0

	Pin 15
(Throttle Switch)
	0


[bookmark: _Toc512078162]Figure 5 LE3 Fuel ECU (Ignition off)
Ignition Ecu (Ignition off)
	ECU Pin Location
	Voltage (V)

	Pin 1
(Earth)
	0

	Pin 2
(NTC2)
	0

	Pin 3
(Live to Amplifier)
	0

	Pin 5
(Communication to Fuel ECU)
	0

	Pin 6
(Throttle Switch)
	0

	Pin 7
(NTC2)
	0

	Pin 8
(Octane Plug)
	0

	Pin 10
(Octane Plug)
	0

	Pin 11
(Crank Angle Sensor)
	0

	Pin 12
(Crank Angle Sensor)
	0

	Pin 13
(Amplifier)
	0

	Pin 14
(Throttle Switch)
	0

	Pin 15
(Communication to Fuel ECU)
	0


[bookmark: _Toc512078163]Figure 6 LE3 Ignition ECU (Ignition off)
Ignition Amplifier (Ignition off)
	Component Plug Pin
Location
	Voltage (V)

	Pin 1
(Rev Counter)
	0

	Pin 2
(Spark Advance Control Unit)
	0

	Pin 3
(Ignition on Switch)
	0

	Pin 4
(Communication to Ignition ECU)
	0


[bookmark: _Toc512078164]Figure 7 LE3 Ignition Amplifier (Ignition off)
Throttle Switch Resistance Checks
	Component Pin Locations
	Resistance
(Ω)

	Pins
2 & 18
	Throttle Closed
0.2

	
	Throttle Open
O.L

	Pins
3 & 18
	Throttle Closed
O.L

	
	Throttle Open
0.2


[bookmark: _Toc512078165]Figure 8 LE3 Throttle Switch Resistance Test
O.L means over load, too much resistance that the multi-meter cannot measure (possibly because the is no connection in the circuit, in this case the latter is true because the switch completes the circuit.
Coolant Temperature Sensor Resistance Test
The Coolant Temperature Sensor’s resistance was checked by joining the 2 test leads of the Digital Multimeter to the 2 pins located on the sensor’s connector. The resistance reading was 1086Ω. TALK ABOUT COOLANT TEMPERATURE SENSORS OPERATION AND WHY RESISTANCE CHANGES WITH TEMPERATURE. 
Auxiliary Air Valve Resistance test
The resistance of the Auxiliary Air Valve was checked in the same way as the Coolant Temperature Sensor as, it too, has a 2 pin connector. The resistance reading was 46.1Ω, manufacturer specification says that the resistance should have been 40Ω. EXPLAIN WHY THE READING ISN’T AT MANUFACTURER SPEC YOU ARSE HOLE!!!!!!!!!!!
Fuel Injector Resistance Test
The resistance was checked for each of the four Injectors to check for any discrepancies between them. The Readings are in the table below:
	Individual
Injectors
	Resistance (Ω)

	1
	16

	2
	16.1

	3
	16

	4
	16.1


[bookmark: _Toc512078166]Figure 9 LE3 Injector Resistances
It can be seen that injectors 1 & 3 have the same resistance and injectors 2 & 4 also have the same resistance. WHY?????
HT Lead Resistance Test
The resistance of all four HT Leads was checked and also the King Lead. The resistance Values are shown in the table below:
	Individual HT Leads
	Resistance (Ω)

	1
	845

	2
	846

	3
	752

	4
	557

	King Lead
	563


[bookmark: _Toc512078167]Figure 10 HT Lead Resistances
It can be seen that the resistance recorded for cylinders 1 & 2 HT leads is higher than the resistance in cylinders 3 & 4 HT leads, and also the King lead. This is because the lengths of the HT leads are all different. Simply put, the longer the HT lead, the higher the resistance recorded. This is due to more strands of wire being used for the longer HT leads, Thus creating more resistance. This varied resistance is compensated for by the ignition control system and the amount of voltage is increased to matched the voltage required.








[bookmark: _Toc512078154]Motronic Test Results:

Testing the Motronic’s system was easier than the LE3 as the Motronic’s ECU registers all of the data relevant to the Fuel & Ignition Control in one ECU. This meant that all data was taken directly from one source as opposed to the numerous ECU’s fitted to the LE3 system.
All of the results taken from the Motronic’s ECU, with ignition on and ignition off, have been entered into the table below:



Motronic ECU Voltage Testing (Ignition on &off)
	ECU
Pin Locations
	ECU Pin to Component Relevance

	 Voltage with Ignition On (V)
	Voltage with Ignition off (V)

	Pin 1
	Negative Side of Ignition Coil
	12.38
	0

	Pin 2
	Earth
	0.3
	0

	Pin 3
	Control Circuit for Fuel Pump
	12.22
	0

	Pin 4
	Pulsed Side of Rotary Idle Valve
	9.9
	0

	Pin 5
	Pulsed Side of Tank Vent Valve
	12.2
	0

	Pin 6
	Fuel Tell-Tale Lamp
	11.49
	0

	Pin 7
	Load Signal Output from Air-Low Meter
	0.37
	0

	Pin 8
	Not Used
	…..
	…..

	Pin 9
	Speedo, Mileage Frequency Sensor
	…..
	…..

	Pin 10
	Earth
	0
	0

	Pin 11
	Not Used
	…..
	…..

	Pin 12
	5V Supply to Air-Flow Meter and Throttle Potentiometer
	5.07
	0

	Pin 13
	Diagnostic Socket Supply
	10.24
	0

	Pin 14
	Earth
	0.02
	0

	Pin 15
	Not Used
	…..
	…..

	Pin 16
	Pulsed Side of Injectors (Bank of 2)
	12.19
	0

	Pin 17
	Pulsed Side of Injectors (Bank of 2)
	12.18
	0

	Pin 18
	Permanent Live - Keep Alive Memory
	12.18
	12.55

	Pin 19
	Earth
	0.02
	0

	Pin 20
	Earth (Not for Vehicles Fitted with Catalyser)
	....
	…..

	Pin 21
	Earth (for Vehicles Fitted with A/T)
	…..
	…..

	Pin 22
	Engine Tell-Tale Warning Light
	0.92
	0

	Pin 23
	Not Used
	…..
	…..

	Pin 24
	Earth
	0.03
	0

	Pin 25
	Not Used
	…..
	…..

	Pin 26
	Earth via ECU
	0.12
	0

	Pin 27
	Ignition Feed
	12.31
	0

	Pin 28
	Output from Lambda Sensor
	0.45
	0

	Pin 29
	Not Used
	…..
	…..

	Pin 30
	Not Used
	…..
	…..

	Pin 31
	Not Used
	…..
	…..

	Pin 32
	Output to On-Board Computer
	11.46
	0

	Pin 33
	Not Used
	…..
	…..

	Pin 34
	A/T ECU
	…..
	…..

	Pin 35
	Not Used
	…..
	…..

	Pin 36
	Control Circuit for Supply to Auxiliaries and ECU
	0.29
	12.21

	Pin 37
	Supply to ECU & to On-Board Computer
	12.2
	0

	Pin 38
	Not Used
	…..
	…..

	Pin 39
	Not Used
	…..
	…..

	Pin 40
	A/C
	0.06
	0

	Pin 41
	A/C
	0.06
	0

	Pin 42
	Earth for Manual Transmission only
	0.03
	0

	Pin 43
	Output from CO Potentiometer - Not Fitted with Catalyser
	…..
	…..

	Pin 44
	Output from NTC1
	3.64
	0

	Pin 45
	Output from NTC2
	3.67
	0

	Pin 46
	Octane Plug Input
	0.25
	0

	Pin 47
	Earth for Vehicles Fitted with 4WD
	…..
	…..

	Pin 48
	Output from Crankshaft Sensor
	0.06
	0

	Pin 49
	Output from Crankshaft Sensor
	0.1
	0

	Pin 50
	Not Used
	…..
	…..

	Pin 51
	A/T ECU
	…..
	…..

	Pin 52
	Not Used
	…..
	…..

	Pin 53
	Output from Throttle Potentiometer
	0.68
	0

	Pin 54
	Not Used
	…..
	…..

	Pin 55
	Earth for Diagnostic Socket
	11.14
	0


[bookmark: _Toc512078168]Figure 11 Motronic System Test Readings
Resistance Test on Throttle Potentiometer at Component
	Component Pin Location

	Resistance Measured
(Ω)

	Resistance Spec from Manufacturer (Ω)

	Pins 1 & 2
	Closed Throttle 2000
	1900-2000

	Pins 1 & 3
	Open Throttle 2560
	1000-2000


[bookmark: _Toc512078169]Figure 12 Throttle Potentiometer Resistance at Component
Voltage test of Throttle Potentiometer at ECU Pins
	ECU Pin Locations

	Voltage
 Measured
 (V)

	Voltage
 Spec From Manufacturer (V)

	Pin 53 & Earth
	Closed Throttle - 0.67
	0.12 - 0.22

	Pin 53 & Earth
	Open Throttle - 4.43
	3.90 - 4.95


[bookmark: _Toc512078170]Figure 13 Throttle Potentiometer Voltage at ECU Pins





Resistance Test on Air Flow Sensor at Component
	Component Pin Locations
	Resistance Measured (Ω)
	Resistance Spec from Manufacturer (Ω)

	Pins 4 & 2
	33
	8 - 2500

	Pins 4 & 3
	559
	300 - 550


[bookmark: _Toc512078171]Figure 14 Air Flow Sensor Resistance at Component
Resistance Test on Coolant Temperature Sensor at Component
	Engine Temperature Degrees Celsius (˚C)
	Resistance
 Measured 
(Ω)
	Resistance Spec from Manufacturer (Ω)

	0
	Not taken due to temperature not low enough
	4800 - 6600

	20
	1430
	2200 - 2800

	40
	650
	1000 - 1400

	80
	250
	270 - 380


[bookmark: _Toc512078172]Figure 15 Coolant Temperature Sensor Resistance at Component
Resistance Test of Idle Speed Control Valve
The resistance reading measured across the 2 Pins on the Idle Speed Control Valve’s connector was 8Ω. A comparison was made between this measurement and what the manufacturer states that it should be which was also 8Ω. Therefore the measurement is correct.
Resistance Test on the Individual Injectors
	Injector

	Resistance Measured
(Ω)
	Resistance Spec from Manufacturer (Ω)

	1
	15.9
	15 - 17

	2
	15.9
	15 - 17

	3
	16
	15 - 17

	4
	15.9
	15 - 17


[bookmark: _Toc512078173]Figure 16 Individual Injector Resistance at Components






Resistance Test of HT Leads
	HT
Leads

	Resistance Measured (Ω)

	1
	1890

	2
	1736

	3
	1550

	4
	21500

	King Lead
	O.L


[bookmark: _Toc512078174]Figure 17 HT Lead Resistance Results
High resistance is due to possible damage to cylinder 4 HT lead and King lead. Due to the Motronic engine control system being a constant energy system, voltage will rise to meet the requirements to overcome this high resistance.

	Temperature (˚C)

	Resistance (Ω) at
Pin 45 (NTC2)
	Voltage (V) at
Pin 45
(NTC2)
	Time (m/s) at Pin16 (Injection on-time)
	Percentage (%) at Pin 4 (Idle Control)
	ON/OFF
at Pin 5 (Tank Vent Valve)
	ON/OFF at Pin 28 (Lambda Sensor)
	Voltage (V) at
Pin 44 (NTC1)

	20
	1430
	3
	3.4
	45
	OFF
	OFF
	3.8

	30
	950
	2.5
	2.9
	43
	OFF
	ON
	 

	40
	650
	2.1
	3
	43
	OFF
	 
	 

	50
	400
	1.5
	2.9
	44
	ON
	 
	 

	60
	260
	1.1
	2.7
	43
	 
	 
	 

	70
	240
	1
	2.9
	44
	 
	 
	 

	80
	250
	1
	2.7
	45
	 
	 
	3.4















Waveforms

The following images of waveforms were captured using the Bosch Oscilloscope. The scale of these waveforms is to the bottom and to the left of the sweep, showing time along the bottom (unless otherwise stated) and voltage on the left . A sweep is the area in which the waveform is projected, and adjustment of the sweep allows users to slow down and capture detailed waveforms produced by the tested component.

[image: ]

This secondary waveform shows the correct functioning of a spark plug. A secondary waveform is derived from the secondary or high voltage side of the ignition system. A primary waveform would be derived from the primary side. The differences between a primary and secondary waveform is minimal, as a waveform measured on the primary side of the ignition circuit will reflect on the secondary side, thus showing a relatively similar waveform across a sweep. 

[image: ]

This waveform was measured on the Primary side of the ignition circuit. It is virtually the same as the first waveform, as they are both indications of spark. It is much easier to see this waveform as it has been captured in the centre of the sweep. With this being the case, what is happening at each point of the wave form can be explained. The sweep is over a time of 25m/s and the voltage scale goes up to 160v. This sweep sizing has been set this way to ensure clear capturing of the entire waveform. This wave form was measured at pin 1 of the ECU. 
The voltage at Point A is the ‘Potential Voltage’. This is around battery voltage (12.5v). This voltage is ready to be passed on to the primary windings of the Ignition Coil upon request of Ignition Timing and Engine Speed among other things.
[bookmark: _GoBack]At point B the Darlington’s in the ‘Amplifier’ are grounded creating a ‘Magnetic Flux’ which causes a negative peak, from here and the voltage then moves to the primary windings in the ignition coil.
Point C is called the ‘Dwell Period’ that lasts for around 6.5 m/s. This is where the voltage, now in the primary circuit, charges, creating a magnetic field. The trigger wheel inside the pulse generator shuts off the current to the primary circuit, thus rapidly collapsing the magnetic field of the primary coil. This in-turn creates a powerful magnetic field that consumes the secondary coil windings and sends out a much larger voltage.
Point D shows the high voltage output from the secondary windings of the Ignition Coil, this is the initial voltage (129.2v) sent to the spark plug and is called ‘Back EMF’. This point represents the voltage required to jump the spark plug gap (the point from the tip of the positive electrode to the negative electrode at the tip of the spark plug).
Point E shows that once the spark has jumped the spark plug gap, the voltage drops down and begins to curve at around 56v, levelling out at around 32v before peaking again slightly at around 40v. This point is called the ‘Spark Duration’ and in this instance lasts for around 1.47m/s. This is the length of time that the spark in the cylinder is present per each spark.
Point F shows the beginning of what is called ‘Coil Oscillations’. The electrical energy left in the Ignition Coil is not strong enough to keep the spark flowing across the positive and negative electrodes of the spark plug. The unused voltage remaining in the Ignition Coil must then be absorbed by the coil windings and converted back into magnetic energy. This is the cause of the oscillations in the waveform. There must be around 4 oscillations, if less oscillations are found it is possible that the coil would need replacing.
Point G is reference to Potential voltage reoccurring, and thus the spark cycle starts again.
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Appendices:
Waveforms
Secondary waveform of Spark ignition on the      system
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Figure 18 Secondary waveform, spark, Motronic
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