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 Topic of interest 

 

'Understanding the cylinder pressure of a Not engine versus a   
turbo charged engine with the aim of preventing knock with  
ignition timing” 
 

 

 

Introduction  
 
In this project I will be looking at various ways of how ignition systems are controlled, from 
what the systems use to be like to what the technology is as now. From this I will be using a 
dynamometer to gather data from two different engines one being a turbocharged engine 
and one being a naturally aspirated engine.  
 
I will then be using data which is in an excel document to create various graph which show 
the cylinder pressure, I will then compare data sets and expand my knowledge of the 
subject matter to then answer my question of preventing knock with ignition timing. 
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Abstract  

 

In this project I will be looking at two different types of an engine, one being the Ford sigma 

1.6 naturally aspirated engine and the other being the turbocharged 1.6 sigma engine.  

 

I will be investigating various data which has been collected via different testing methods 

and interpreting this data using various graphical techniques.  

 

From this I will hope to expand my knowledge of the subject and be able to then look at 

how to control ignition timing, when we see a pressure increase.    

 

Abstract 2 - Technical 

 

Ignition control has varied over the years as technology has become much greater. Before 

having the ECU technology, we would see ignition control be all mechanically controlled this 

had many flaws. I am interested in looking into the various cylinder pressures of an internal 

combustion engine, one being a naturally aspirated and the other a turbocharged. From 

various data I gather I can then compare both and comment on what the data shows. 

 

 I will then look at how we would prevent knock in relation with retarding the ignition timing 

by using a stand alone ECU. I would hope my findings are as expected and can be applied to 

many gas laws.  
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Introduction 

 

What is Knock? 

 

Engine knock which is also known as premature combustion, pinking or pining is only found 
in a spark ignition engine.  

Knock occurs when the the engine is undergoing the compression stroke and is close to 
hitting Top dead centre or more commonly known as TDC. In normal circumstances 
combustion would ignite the air fuel ratio just before TDC to gain full expansion or constant 
velocity to push the piston down, however we see knock occur when in the cylinder does 
not result in propagation of the flame which is ignited by the spark plug, but in the cylinder 
we can see pockets of the A/F ( Air/fuel Ratio) explode outside the normal flame burn 
pattern.  

Knock creates shock waves and make a metallic “pining” sound, and cylinder pressure 
increases dramatically. Fig.1 bellow shows a typical example of various shockwaves of what 
we would see in a cylinder. First, we can see Normal combustion with a smooth combustion 
curve whereas the slight knock we see the curve oscillate slightly then under intense knock 
we see the oscillations become very aggressive.   

 

“If there is no knock control, there must still be some means to define a clear safety margin 
to the knock limit. This margin is necessary to ensure that, even in the most knock-sensitive 
case regarding engine tolerances, engine aging, environmental conditions and fuel quality, 
no cylinder can rear or exceed the knock limit” (Bosch Automotive Handbook, 2011) 
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Ignition control  
 
There are three main types of ignition control we see throughout older vehicles unlike the 
new vehicles being produced today. The three main ignition types are the mechanical 
distributor, DIS-less ignition and Coil-On-Plug ignition system which is the latest one being 
used today. These different systems are respectively, fully mechanical, one-part mechanical 
and part electric and then the newest one which is fully electronically controlled.  
 
As stated in the fundamentals of motor technology  
 
 “The duty of the control module, or trigger box, is to switch the primary circuit current on 
and off in accordance with the signal it receives from the pulse generator.”  (Hillier, n.d.) 

 
 
Mechanical distributor Ignitions System 
 
This type of ignition system is mechanically connected to the camshaft by gears, these gears 
are used to spin an internal distributor shaft. Inside the top of the distributor there are a 
pair of breaker points commonly known as ignition points, the internal shaft has a multi 
sided cam in the top of the cap which opens and closes the points, these act as a mechanical 
switch.  
 
This switch stops and also starts the travel of the current which then follows down to the 
ignition coil, once the coil has reached enough voltage in its primary windings to fire the 
spark plug it then goes through its secondary windings which goes into the top of the 
distributor cap where a rotating disc which is also run by the primary shaft and distributes 
the power to each high tension lead to fire the spark plug at the right time needed.   
 
This type of system was only used for a certain amount of time due to the fact that the 
mechanical part was subject to wear and only last 10-12,000 miles.  
 
Coil on plug ignition  

 
Current technology does not use any mechanical parts like the mechanical distributor, but it 
does use a hall effect sensor, located on the flywheel this sensor uses a magnetic field which 
varies voltage to send to the ECU, this sensor lets the ECU at what degrees the crankshaft is 
at.  
 
 Before the desired moment of ignition, the ignition driver stage switches a current through 
to the primary winding of the coil. While the primary current circuit is closed (dwell period), 
a magnetic field builds up in the primary winding. At the moment of ignition, the current 
through the primary winding is interrupted again and the magnetic field energy is 
discharged, mainly via the magnetic coupled secondary windings. Flash over can occur if the 
ignition system voltage supply of the ignition exceeds the demand of the spark plug. After 
flash over the remaining energy is converted at the spark plug while the spark is present. 
(As stated in the Bosch Automotive Handbook, 2011, P 637) 
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Methodology 

 
Through the use of a dynamometer on the two selected engines, one being the Ford sigma 
1.6 naturally aspirated and the other being the ford sigma 1.6 turbocharged engine and 
putting these engines through various drive cycles, data has been extracted and tabulated in 
excel spreadsheets.  
 
The data represents a full rotation of the various crank angles at various pressures along the 
cylinder’s cycle. This data is repeated for various RPM ranges being 1000 RPM ( Base Idle ) 
up until 6000 RPM where it will be reaching’s its rev limiter 

 
Example of the data set is show below –  
 

 
 
 
 
With this data I am going to construct various graphs one being crank angle against pressure 
and from this I will be able to see the various stages of an engines cycle. From this graph I 
can then go on and create Pressure V Volume Graphs, as I have two data sets from the same 
engine just on being turbocharged and one being naturally aspirated and I will be able to 
show the clear differences between the two.  
Below are examples of the types of graph I will use. 
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Ford Sigma 1.6 Naturally aspirated 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Above is a graph that I have plotted for Crank angle against the Mean pressure this was 
done at 4250 RPM. As I have various data across all the rev ranges I will be able to use and 
compare the data to show my understanding and from the graph we can also interpret at 
the engines complete compression cycle. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The graph above shows the Pressure V Velocity diagram for the mean pressure at again 
4250 RPM. If we were to compare this to a theoretical Otto cycle this graphs shown are 
both different. Please see fig.1 below.   
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Fig.1 

  
(stone, 2015) 
 

The above imagine shows the theoretical Otto cycle for a internal combustion spark engine. 
From my data I will hope to be able to compare various points and conclude various issues.  
 

 

Conclusion 
 

From the data in the analysis we can see how both engines would act under the complete 
drive cycle, represented from the data that was collected in the dynamometer, from this 
data I will be able to produce various graphs for both engines and compare the factors of 
each.  
 
As the turbocharged engine will have a higher pressure we would also be seeing knock 
appear earlier than in the naturally aspirated engine and from this we would have to look 
into the factors of retarding or advancing the ignition timing  
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