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[bookmark: _Toc102417772]Abstract 
This report highlights and discusses electronic ignition and fuel emissions systems from an engine system, and highlights that there are a number of issues that have the potential to impact the emissions from this engine, including the time taken to accelerate and decelerate, and the effect that this has on the engine. These results were taken from an engine ignition and fuel injection test. It will be discussed and highlighted how this test was conducted, as well as the appropriate safety standards that should be considered if this test was to be repeated. It has overall suggested that a number of characteristics have an effect on the emission of this engine, however, there are further modifications that could be introduced into the engine in order to allow for it to perform better. 
[bookmark: _Toc102417773]Introduction 
This report will focus and evaluate the Electronic Ignition and Fuelling Characteristics, which have be found using live data from two separate engine management systems. From using this data, it will analyse and indicate how injection on-time is affected by different operating conditions such as engine warm-up and deceleration. This report will then outline the outcomes of the test (that has been previously mentioned), and make reference to a number of sections, which included a comparison to the manufacturer’s specification when compared to the actual readings from the test that was completed. It will additionally look at the signal waveforms, and create an NTC2 graph, in order to compare the values. 
After completing this comparison, another comparison will be made between main systems' operational differences. This will be completed by analysing and evaluating signal waveforms. Finally, in the conclusion, it will be then established how this information will be used and highlight what system modifications would be used necessary that could be improve and change how the system reacts. 
[bookmark: _Toc102417774]Literature Review
Throughout the scholarship, there has been a number of individuals and scholars who have focused on discussing the electronic ignition and the fuelling systems from engines. Hiller, for example focuses firstly on evaluating the differences between an electronic and non-electronic system (Hiller, 1996). Hiller further looks into a evaluates the process of using electronic systems, compared to using a non-electronic system, suggesting that an electronic ignition system allows for ignition variations to be created, this depends on the size of the engine and the speed. However, Hiller spends a lot of time discussing contact breakers, which although was one of the first electrical ignition systems that were used it required a lot of serving  due to the impact on  ‘contract hell, cam and spindle and erosion of the contact faces’
Denton further expands on these potential issues, highlighting that the contract breaker ignition system had a number of ‘mechanical limitations such as contact bounce and timing slip’ (Denton, 2006) It is acknowledged by Denton that all modern systems are now fitted with a ‘constant energy ensuring high-performance ignition even at a high engine speed’ (Denton, 2006).  However, it should still be noted that even the modern ignition systems come with a variety of issues, which include the coil not being able to be turned on for a long amount of time (Denton, 2006). Although both of these scholars look into ignition systems and their issues and effects, they do not look into specific engines. This report will look into two different engines and by building on the work from individuals such as Hillier and Denton, it will suggest and focus on the differences and similarities between two different engine system management, and highlight why these might be the case. 
[bookmark: _Toc102417775]Methodology 
[bookmark: _Toc102417776]Procedure
The test was conducted as a full systems test. A full systems test is when the car’s electrical system is tested in order to show the effect that this had on other areas, and includes testing areas of the engine, and the exhaust in order to measure how it performs under certain conditions. These include starting the test when the engine is cold, and when the engine is accelerating or de-accelerating.
Firstly, equipment was collated in order to help conduct the test. This included a digital multimeter, a diagnostic centre, and hand tools, that allowed for the test to be carried out.  The engine was connected to a dynamometer – this was odne whilst the engine was off for safety. When the ignition feed was off, the ECU was tested individually to test each individual area. This varied from the output from the crankshaft sensor to testing the negative side of the coil. After this testing procedure was completed, the next set of engine compents were tested. This included Injection on time, and the NTC 2 Voltage and resistance values. These were tested using an oscilloscope and and the multimeter. However to ensure that the temperature of the engine could be tested, the  oil dipstick was removed from the oil sump and was replaced by the Oscilloscope. 
The final part of the test, was to test the resistance of the Throttle Potentiometer, Air Flow Sensor, Injectors, HT leads and Ignition Coil. This was done by placing the multimeter on the pins (of each competent that was detailed earlier. Through using this test procedure, it allowed for and meant that individual test results could be given to each individual area. 
[bookmark: _Toc102417777]Safe working practices
Throughout this test, there was a number of safe working practices that were implemented in order to sure that there was minimal disruption to the test. One of which included the use of safety shoes (which were mandatory) in order to reduce the risk of any tows being crushed. In conjunction to this, to minimise any scratches or cuts, an PEE overall coat was needed before the test was started. 
Earplugs where also offered to members of the group before the test started, in case any members wanted to protect their hearing, or if they suffered from any hearing problems. However, due to the fact that the engines were on for a short period of time, it was less likely to cause significant damage to people hearing, if they were to chose to not wear any earplugs.  
An exhaust fume extraction system was also used for this test, meaning that the fumes from the engine where reduced. Therefore meaning that members of the group would be less likely to breathe in any potentially hazardous fumes from the engine. Scholars Resitoglu Altinis¸and Keskin have commented that exhaust fume system are vital to not only reducing the potential hazardous fumes which are derived from pollutants (Resitoglu Altinis¸and Keskin, 2014; 15). Using an exhaust fume system, it is also less likely to release any pollutants to be released into the environment, and cause further issues and damage the environment further (Resitoglu Altinis¸and Keskin, 2014). It was finally advised and noted to members of the group, not to touch the engine whilst it was running, or after it had run. This was to minimise any potential burning that could have occurred to members of the group. Although this was quite an obvious step to take, it was nevertheless still important to mention to the group, as it ensured that all members of the group where aware of the heat of the engine. 
[bookmark: _Toc102417778]Results 
[bookmark: _Toc102242860][bookmark: _Toc102388240]Table 1: ECU Static Voltage Testing
	Pin Number
	Ignition off (V) 
	Ignition on (V)

	1
	0
	12.2

	2
	0
	0.03

	3
	0
	12.06

	4
	0
	9.74

	5
	0
	12.03

	6
	0
	11.33

	7
	0
	0.31

	10
	0
	0

	12
	0
	5.05

	13
	0
	10.11

	14
	0
	0.02

	16
	0
	12.03

	17
	0
	12.02

	18
	12.38
	12.01

	19
	0
	0.03

	22
	0
	0.93

	24
	0
	0.03

	26
	0
	0.06

	27
	0
	12.15

	28
	0
	0.45

	32
	0
	11.3

	36
	12.06
	0.3

	37
	0
	12.03

	40
	0
	0.06

	41
	0
	0.06

	42
	0
	0.02

	44
	0
	3.76

	45
	0
	3.73

	46
	0
	5.05

	48
	0
	0.06

	49
	0
	0.09

	53
	0
	0.62

	55
	0
	10.9



During the second test, a variety of engine components were tested included the temperature (20-800c, Voltage (NTC1 and NTC2), Resistance (NTC2), On-time (Injector), Percentage on (Rotary Idle Valve) and switching (Lamdba). All of these results can be found in the table below. 
[bookmark: _Toc102242861][bookmark: _Toc102388241]Table 2: Engine Component Testing (second test completed)
	Temp (0c) 
	NTC 2 (Ω) 
	Manufactors Resistence (Ω) 
	NTC2 V
	NTC 1 
	Injector (ms)
	Rotary Idle (% on)
	Lambda
	Tank Vent

	20
	2587
	2200 to 2800
	3.7
	3.76
	4.6
	48
	Off
	Off

	30
	1890
	2200 to 2800
	3.1
	-
	3.5
	46
	On
	Off

	40
	717
	1000 to 1400
	2.1
	-
	2.9
	45
	On
	Off

	50
	454
	---
	1.6
	-
	2.5
	45
	On
	On

	60
	327
	---
	1.3
	-
	2.5
	44
	On
	On

	70
	356
	---
	1.4
	-
	2.7
	45
	On
	On

	80
	256
	270 to 360
	1
	3.3
	2.3
	43
	on
	on

	17.8
	Cold Cranking
	20
	-
	-
	-



The third and final test that was conducted was to test the resistance in engine components (Throttle Potentiometer, Air Flow Sensor and injectors). The tables below detail the results from each of these sections along with the manufacturers results.
[bookmark: _Toc102242862][bookmark: _Toc102388242]Table 3: Throttle Potentiometer (results)
	Throttle Potentiometer
	Manufacture Guidance 
	Results from test conducted

	Throttle Closed
	1900 to 2000
	2107

	Throttle Open
	1000 to 2000
	2702



[bookmark: _Toc102242863][bookmark: _Toc102388243]Table 4: Airflow Sensor (Results)
	Pins 
	Manufacturer
	Results from test conducted

	4 & 2
	8 to 2500
	35

	4 & 3
	300 to 550
	566



[bookmark: _Toc102242864][bookmark: _Toc102388244]Table 5: Injectors (Results)
	Pins
	Manufacturer (o
	Results from test conducted

	Injector 1
	15 - 17
	16.3

	Injector 2
	15 - 17
	16.1

	Injector 3
	15 - 17
	16.3

	Injector 4
	15 - 17
	16.1



[bookmark: _Toc102388212][bookmark: _Toc102417867]Figure 1: Oscilloscope demonstrating engine starting (cold cranking)
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[bookmark: _Toc102388213][bookmark: _Toc102417868]Figure 2: Oscilloscope which shows the engine accelerating
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[bookmark: _Toc102388214][bookmark: _Toc102417869]Figure 3: Oscilloscope showing engine is decelerating
[image: Chart

Description automatically generated]

[bookmark: _Toc102388215][bookmark: _Toc102417870]Figure 4: Oscilloscope showing when the engine is idle
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[bookmark: _Toc102417779]Analysis
This section will analyse the results from the test and highlight the effect that this had on the engine systems. It will also highlight the reasoning behind why these changes and suggest why they have occurred. 
[bookmark: _Toc102417780]The ignition on, engine not running 
When the ignition is on, it is not necessarily the case that the engine will be on, therefore it cannot be automatically assumed that this the case. It can however be noted that the electricity is doing around. This can be indicated through the voltage, which as indicated from the data, is running between 12.5V and 0V without any interference. 
Therefore suggesting that despite the engine not running completely it is still providing power to the engine through the use of the ignition. John Miller comments that this is a result of more robust engine, and the resulted increase that this made to voltage (Miller, 1996; 1930) . It is further commented that the necessary voltage that is created by the ignition helps to support the running of the engine. This engine running is further around 12V, which is similar to the running of the engine that was seen in the engine. Miller further suggests that the reasoning behind the use of the 12V system is because it provides a more ‘efficient and charging system’ when another voltage is used (Miller, 1996; 1931). It also means that it is able to power more batteries and other accessories that are common within modern cars and motorcycles (Miller, 1996; 1931). 
Yi Mon suggests that it is this 12V ignition that provides clear support for the electrical spark system and support for spark plugs, which helps to support the engine (Yi Mon, 2019). It is this that further connects to the ignition coil, which depends on om the number of turn ratios that can affect the overall effect and performance of the engine (Yi Mon, 2019). The number of ratios of turn ratios in the system is also affected by the size of the engine, and what its intended performance is. To conclude it is evident that there is still electricity running through the engine, despite that the ignition is on. 
[bookmark: _Toc102417781]Engine Cranking (From cold) 
In conjunction to this, it is clear from the data, that when the engine is cracking. Engine cracking is when there is more often than not an electrical problem with the engine that prevents it from starting. This can sometimes be derived from an bad battery and ultimately means that the engine will need additional help. This means that the engine can start up more easily. In order to resolve this (and reduce the extra strain that is required) the ignition system puts the voltage up this can be above 150V. There means that the engine is able to be started more easily, and reduces the potential for other mechanical and potentially electrical issues to occur. 
Dwivedi and Sharma have commented and further build on these ideas suggesting that when the engine is cold it is more likely to have issues starting (Dwivedi and Sharma, 2019). Thus it is argued to be a result of the cold flow that is coming through from the engine and affects the overall performance of the engine (Dwivedi and Sharma, 2019).  Dwivedi et al have suggested that these issues can be prevented by increasing the injection into the engine (Dwivedi and Sharma, 2019).  This can be done by slightly increasing the voltage flow into the engine. However, it should be clear that this is not likely to reduce nor prevented engine cracking together. 
[bookmark: _Toc102417782]Engine warm-up 
When the engine was warming up there was initially a lot of resistance, with the NTC being 2587 Ω at 20oc. However, as the temperature within the engine increased the resistance was lower at 256 Ω. There are also changes that occurred on the rotary idle when the engine is warming up, to when it has warmed up and reached a high temperature. For example, the rotary idle is reduced from 48% on when the temperature has reached 200c, whereas when the engine has started to warm up has reduced to 43% on. 
Torresgrosa et al. commented that 80 – 90oc is the nominal temperature for an engine to begin to function normally and before the engine reaches this point the resistance is increased. It is also noted by Zammit et al that these are the areas where there is the biggest fuel consumption when the engine has started to warm up (Zammit et al, 2012). This is due to the fact that when the engine is hotter the oil is thinner, and this, therefore, allows for the resistance to be reduced in the engine and therefore allows for it to run more efficiently and easily. 

[bookmark: _Toc102417783]Acceleration 
For acceleration, when there is an increase in the cycle (and thus the acceleration is increased). This is seen in figure 2. The gap between each cycle, when the acceleration is increased is reduced and gets smaller. This is a result of the engine increasing the RPM which is due to the opening of the throttle, and the need for the fuel system to react faster, and thus as a result setting the spark of a lot quicker than it would be without such changes. 
Linyuan et al have noted that the increase in cycles that comes through increasing acceleration increases the overall performance of the engine. Liyuan et al suggest that increasing the Variable Cycle Engine (VCE) can increase the complexity and performance. It is further suggested that when the acceleration is increased it increases the vibrations within the engine, thus increasing the overall performance of the engine and increasing the RPM. However, this does not necessarily ensure that the engine is likely to receive the highest power, as this can only be increased with an internal issue which may cause the RPM to increase. 
[bookmark: _Toc102417784]Deceleration 
When deceleration occurs, and the engine starts to slow down (as seen is figure 3) This is clear through the cycles which shows an increase in the size of the gap between each ignition eventually the ignition stops and is replaced only by vibrations. This is due to the engine not needing power so to save fuel and unneeded stress it cuts electricity to the spark plug and stopping it from firing, eventually after a short period the engine goes back into idle mode which stops the engine from stalling. Mueller et al have suggested that there is changes that occur when the car is decelerating in order to prevent it from misfiring (Mueller et al, 1988). These include there being a larger voltage difference between acceleration and deceleration (Mueller et al, 1988). This as a result can be caused by the engine working over time and has the potential to cause further other issues. 
[bookmark: _Toc102417785]Idle Speed (Engine at operating temperature) 
As demonstrated by figure 4 When the engine is working at an idle speed (which the engine at operating temperature) there is no stress nor any external input being put through the engine.  However, it does not necessarily mean that the engine is idle it means that the engine is not running. For example, it is still necessary to ensure that the engine stays running to send an air/fuel mixture in and setting off the spark every so often. This means that the engine is still running, without causing it to shut down or turn off. 
[bookmark: _Toc102417786]Discussion 
[bookmark: _Toc102417787]Results compared against manufacturer's specifications 
The manufacturer results when compared to that of t results that were tested and concluded in class are on average, or within the ranges that are provided, but there is a number which does not fit this pattern. For example, when the throttle position is measured using the potentiometer the manufacturer suggested that when the throttle was closed it would be in the region of 1900 – 2000 however, the actual readings tested at 2107. This was similarly the case when the throttle was opened with the manufacturer readings being more likely to be 1000 to 2000 whereas the actual reading was 2702.
However, the Airflow sensor tester was in line with those the manufacturer’s specifications. For example, pins 4 and 2, were tested at 35 and the manufacturer stated that this would be between 8 to 2500. However, when the airflow sensors from pins 4 and 3, this was suggested that this would between 330 and 550, however, the actual readings from the test were slightly above this at 566.
Finally, the injector resistance that was measured in the test that was conducted was all in line, with the specifications that were issued by the manufacturer. These included all 4 injectors being within the range of 15-17. For example, injector 1 tested at 16.3; injector 2 tested 16.1; injector 3 tested at 16.3 and finally, injector 4 tested at 16.1
[bookmark: _Toc102417871]Figure 5: NTC2 Graph Comparison
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[bookmark: _Toc102417788]Modifications to system and testing
In terms of the modifications to the system, there are several ideas that could be used in order to make it more effective. This could firstly be done by changing the type of fuel that the engine runs through and thus changing the energy that runs through the ignition. For example, Kalghatgi and Johansson have noted that using low octane fuels makes the ignition more efficient, as diesel engines are more efficient and cheaper as there is a ‘lower injection pressure and after-treatment focus on control of carbon monoxide and hydrocarbon emissions rather than on soot and nitrogen oxide emissions’ (Kalghatgi and Johansson, 2017) 
In conjunction to this, there are a number of issues that could be changed in order to make the readings more effective and reliable. For example, in order to ensure that the test readings are accurate, the tests could have been conducted multiple times over a number of days or sessions. This would ensure that all readings are accurate as possible. As well as this, it could be ensured that there were multiple different digital multimeters in order to ensure that accurate reading was given and to highlight if there was any anomalies that could have arisen during the testing process. 

[bookmark: _Toc102417789]Conclusion 
To conclude, this report has highlighted the electronic ignition of an car engine and highlighted, discussed and evaluated the testing procedure for conducting the electronic ignition testing. It has highlighted that varying issues that were picked up during the testing at explained the reasoning behind this. This has included looking at and focusing on the ignition when the engine has warmed up, and when it is accelerating and decelerating. It has highlighted the procedure that was used when conducting the tests, and safe working practices that were adopted when conducting the test, which included using safety boots and using a fume exhaust extraction system. 
This report has finally compared the results that were created against the manufacturer's specifications, in order to suggest that in most areas, the testing did not match up directly with the manufactures specification. This in turn could have been a result of the types of tests that were conducted, or the type of equipment that was used. This report has highlighted that there are a number of ways that can be affected by electrical ignition and fuel emissions, however, it has become clear throughout the report that the electrical ignition is dependent on a number of factors including the temperature of the engine, and the size of the engine. 
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[bookmark: _Toc102417791]Appendix 
 Found below is extra information that was found from the test experiment but was not discussed in the main report. 
[bookmark: _Toc102242865][bookmark: _Toc102388245]Table 6: HT Leads - Results
	 Lead Number
	Resistance

	1
	19600

	2
	18440

	3
	14950

	4
	21300

	King lead
	Faulty








[bookmark: _Toc102242866][bookmark: _Toc102388246]Table 7: Ignition Coil Resistance (Results
	Coil 
	Resistance

	Primary
	0.8

	Secondary
	7450



image3.png
50
27.20
o
Y .
50 o7 v »
P | — S
Hep. MnMax

Dwmsd

Previous





image4.png
Universal oscilloscope

Gasoline, 4-stroke / 4-cylinder / S-s ign.coil with crankshaft angle sensor

%
75% I
150
50
T 100
25
50
o
v »o

Diagnostic Sof  Previous  Next

ri | R |F2





image5.png
RESISTANCE(Q)

NTC2 MANUFACTURERS VS ACTUAL
RESULTS

a Y
- —

20 30 40 50 60 70
TEMPERATURE (°C)

80




image1.png
nkshaft angle sensor

150

75

25





image2.png
kshaft angle senso
150
50
100
27.20
150
od
A 4 e
60 2 g G 10
Kl p—— 2
Heb  MoMax B ‘ Diegnostic Sof  Previous
23 F F |





