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THERMAL AND ELECTRICAL ANALYSIS 
OF AUTOMOTIVE IGNITION SYSTEM

MILAN SEBOK1, MATEJ KUCERA2, MIROSLAV GUTTEN3, DANIEL KORENCIAK4

Abstract

This article describes evaluation principles of individual parts of the ignition system, using conventional 
diagnostic systems, based on evaluation of current and voltage waveforms. By  means of the 
practical test, diagnostics, measurements and subsequent analysis it was proved that thermovision 
plays an important role in diagnostics in on-line check automotive equipment. By  comparing the 
non-standard warming behaviour of a part of the electrical system with combination with time high-
voltage method, it is possible to diagnose a fault and also check the operating mode of the system. 
Sample thermogram of the temperature distribution of the ignition coils and analysis of high-voltage 
ignition curves with faulty spark plugs is given in the part of the paper of nondestructive diagnostics 
with a difference in temperature. Analysing the fault condition of ignition systems, using the method 
conventional diagnosis of high-voltage pulse waveforms and also the method of thermovision 
diagnostics, we can adequately evaluate the functionality of the electronic system and its individual 
components. In some cases, with one coil ignition systems, we cannot use the conventional method 
and therefore it is preferable to proceed to the analysis of temperature fields.
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1. Introduction

The ignition systems, even in their simplest form, represent an electrical system produc-
ing high voltage waveform in the form of complicated impulses. The diagnostic of these 
systems also requires diagnostic systems that allow record these processes for further 
analysis. The essence of the fully electronic ignition system is to distribute high voltages 
for individual spark plugs for created of ignition mixture. The current value of the jumping 
spark voltage in the individual cylinders must be determined by the separate switching 
control of the primary circuits of the high voltage transformers (spark ignition coils) [18]. 

The engine operating parameter signals are input to the control unit by means of which 
the control unit generates control pulses for the end stages of the individual ignition coils. 
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Operational parameter signals are needed to calculate the exact moment in which the 
high-voltage pulse is occurred.

Fig. 1 is an example of voltage and current waveforms of the primary side of transformer. 
The ignition coil (high voltage transformer) produces high-voltage pulses on the spark 
plug electrodes for ignited mixture in the combustion chamber of the engine (Fig. 2) [16]. 
In practice, two solutions differing in the number of ignition coils are used. 

The ignition system (DFS) with double secondary windings of transformer, where are the 
high voltage (or where high voltage is) supplied directly on two spark plugs, and at the 
same time are occurred the jumping spark voltage on two spark plug [13].

The EFS or COP ignition type (Coil on Plug), with one secondary winding of transformer, 
uses the coils to create only one high voltage impulse on the one spark plug, i.e. the num-
ber of ignition coils corresponds number of cylinders of the engine [10].

Conventional measurement diagnostic systems enable, based on the analysis of primary 
and secondary high voltage waveforms, evaluate the measurement of ignition systems for 
obtaining a more comprehensive overview of examined electric system [1]. 

 

Fig. 1. Voltage waveforms of the primary side of the transformer winding

When locating fault states of electronic ignition systems, the possibilities for the non-
destructive diagnostics of ignition systems are analyzed on the basis of thermal losses 
using thermovision [11], [2], [7].

Diagnostic of ignition systems using conventional diagnostic systems enables, based on 
analysis of primary and secondary high-voltage waveforms, to detect the failures in the 
diagnostic of measurement system under examination. [3], [4]. When locating fault states 
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of electronic ignition systems, the possibilities of non-destructive diagnostics of ignition 
systems based on heat losses using thermovision are analyzed too [5], [12].

Fig. 2. Simplified EFS ignition scheme

2. Experimental diagnostics and analysis

One way to diagnose a fault state of an electrical ignition system is to use the analysis 
of the temperature distribution in the field.

By comparing the non-standard warming behavior of a part of the electrical system, it is 
possible to diagnose a fault and also check the operating mode of the system [8], [9].

Based on thermal field temperature measurements, we receive a color temperature distri-
bution (thermogram). 

By analyzing the temperature distribution it is possible to determine the functionality 
of the device.

An example of a thermogram of the temperature distribution (Fig. 3) of the ignition coils 
of  the first and second cylinders is given, with a difference in temperature (increased 
warming on the first cylinder). As a result of the malfunction, the engine runs irregularly.
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Fig. 3. Thermogram ignition coil 1st and 2nd cylinders

Fig. 4. 3D graph of temperature distribution

In practice, ignition individual coils are recessed into the cavity in the cylinder head and 
there are mounted directly on the spark plug with short cables. By implementing capaci-
tive sensors on these wires waveforms of high-voltage discharges it can be obtained [17], 
[20].

We scan voltage on these coils just behind the high voltage diode which ultimately dis-
torts the image resulting voltage. Diagnostic of high-voltage (secondary) circuit of ignition 
is affected by the presence of the high-voltage diode [14], [6].

After a more detailed analysis (Fig. 4) and using the diagnostic systems, the measured 
high-voltage waveforms (Fig. 5) were analysed, where determined failure of the first motor 
cylinder (short burning time) was confirmed.
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Fig. 5. Measured high-voltage spark curves - the primary side of ignition

From the results of measured process we can see, which the faulty ignition pulse is at 
the first cylinder in the ignition order (1-3-4-2). Short burning time of spark causes incom-
plete combustion of the mixture, resulting in an increase in the percentage of unwanted 
emissions. 

Similarly, it is possible to analyze various failure states of the spark plugs. In (Fig. 6), high 
voltage curves of ignition coils with poor quality spark plugs are diagnosed.

Fig. 6. Measured high-voltage ignition curves with faulty spark plugs 
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The result may be irregular running of the engine with incomplete combustion of the mix-
ture. It is clear from the results that impulses do not have the desired shape. 

On the other cylinder, the voltage is too low, which is caused by a degraded spark plug. 
The gap between the middle and the side electrode is too small. If this gap was larger than 
required, too high voltage would be generated.   

Oxidation (pollution) of the spark plug results, for example, in poor quality oils, incorrectly 
set ignition angle, too much fuel mixture, dirty air filter and others [15], [19].

In Fig. 7 high voltage impulse of the second cylinder is missing at it is diagnosed due to the 
mistake ignition coil. 

Fig. 7. Measured high-voltage ignition curves due to defective spark plug 

By measuring the temperature distribution on the surface of the ignition coils, the anomaly 
was confirmed by the thermovision diagnosis (Fig. 8).

The thermogram shows a marked decrease in temperature of the spark plug of the second 
cylinder as a consequence of the spark ignition coil failure of one spark ignition (Fig. 9).
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Fig. 8. Thermogram of ignition coils

 

Fig. 9. 3D analysis of ignition coils for the first and second cylinder 

By combining these two methods of diagnosing electrical components of the ignition sys-
tem, we can more effectively analyze the fault states of the ignition coils themselves. 

3. Conclusion

Analyzing fault condition of ignition systems, using the method conventional diagnosis of 
high-voltage pulse waveforms and also method of thermovision diagnostics, we can ad-
equately evaluate the functionality of the electronic system and its individual components. 
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In some cases, with one coil ignition systems, we cannot use the conventional method 
and therefore it is preferable to proceed to the analysis of temperature fields. This method 
has limitations in coils encapsulated in a metal container.  

At the non-contact temperature measurement method the possibilities of using more ef-
ficient measurement and diagnostics in locating fault states of electrical ignition systems 
were analysed.

By comparing the non-standard warming behaviour of a part of the electrical system with 
combination with time high-voltage method, it is possible to diagnose a fault and also 
check the operating mode of the system.   

4. Acknowledgment

This article is the result of a project implementation: Modern methods of teaching of con-
trol and diagnostic systems of engine vehicles, ITMS code 26110230107, supported by the 
Operational Programme Educational.

5. References
[1]	 Barta D., Mruzek M.  Non-conventional drive and its possibilities of using in road vehicles of public transport. 

OPT-i 2014 - 1st International Conference on Engineering and Applied Sciences Optimization, Proceedings, 
2014, pp. 2049-2061. 

[2]	 Bartlomiejczyk M., Simko M., Chupac M., Hamacek S. Diagnostics of thermal processes in antenna systems of 
broadcast stations. Przeglad Elektrotechniczny, Vol. 90, No. 4, 2014, pp. 149-152, DOI: 10.12915/pe.2014.04.34.

[3]	 Brandt, M. Identification failure of 3 MVA furnace transformer. Conference DEMISEE 2016, Papradno, 2016, 
Slovak Republic, pp. 6-10, DOI: 10.1109/DEMISEE.2016.7530472.

[4]	 Brandt, M. Experimental measurement and analysis of frequency responses SFRA for rotating electrical ma-
chines. Elektroenergetika 2017, Stara Lesna, Slovak Republic, pp. 284-288.

[5]	 Chen L., Zhang Z. Study on the Measurement of Dynamic Characteristics for Automotive Electronic Fuel 
Injector. International Conference on Transportation, Mechanical, and Electrical Engineering (TMEE 2011), 
China, pp. 511-514, 2011, DOI: 10.1109/TMEE.2011.6199253.

[6] 	 Frivaldsky, M., Cuntala, J., Spanik, P., Kanovsky, A. Investigation of thermal effects and lifetime estimation of 
electrolytic double layer capacitors during repeated charge and discharge cycles in dedicated application. 
Electrical Engineering, Vol. 100, No. 1, pp. 11-25, DOI: 10.1007/s00202-016-0482-2.

[7]	 Glowacz A., Glowacz Z. Diagnosis of the three-phase induction motor using thermal imaging. Infrared Physics 
and Technology, Vol. 81, 2017, pp. 7-16, DOI: 10.1016/j.infrared.2016.12.003.

[8]	 Glowacz, A., Glowacz, W., Glowacz, Z., Kozik, J. Early fault diagnosis of bearing and stator faults of the sin-
gle-phase induction motor using acoustic signals. Measurement: Journal of the International Measurement 
Confederation, Vol. 113, 2018, pp. 1-9. DOI: 10.1016/j.measurement.2017.08.036

[9] 	 Glowacz, A., Glowacz, W. Vibration-Based Fault Diagnosis of Commutator Motor. Shock and Vibration, 2018, 
DOI: 10.1155/2018/7460419.

[10]	 Jia J., Wang Q., Yu J., Zheng Y. Wideband equivalent circuit model and parameter computation of auto-motive 
ignition coil based on finite element analysis. Application Computational Electromagnetics Society Journal, 
Vol. 25, 2010, pp. 612-619.

[11]	 Kanuch J., Ferkova Z. Simulation stepping motor with DISC rotor. International Conference on Low Voltage 
Electrical Machines, Brno, 2010.

[12]	 Li X., Lu X., Han G. The Design and Simulation Research of Mazda6 Hybrid Electric Vehicle. Przeglad 
Elektrotechniczny, Vol. 88, No. 3b, 2012, pp. 44-47.



121The Archives of Automotive Engineering – Archiwum Motoryzacji Vol. 83, No. 1, 2019

[13]	 Mruzek M., Gajdac I., Kucera L., Barta D. Analysis of parameters influencing electric vehicle range. Procedia 
Engineering, Vol. 134, 2016, pp. 165-174, DOI: 10.1016/j.proeng.2016.01.056.

[14] 	Pavelek, M., Frivaldsky, M., Spanik, P. Multi-level simulation model of the wireless power transfer system. 12th 
International Conference ELEKTRO 2018, 2018, pp. 1-4, DOI: 10.1109/ELEKTRO.2018.8398274.

[15] 	Pavelek, M., Frivaldsky, M., Spanik, P. Distribution and shaping of magnetic field of wireless energy transfer 
system. EEE International Symposium on Industrial Electronics, pp. 705-710, DOI: 10.1109/ISIE.2017.8001332.

[16]	 Sebok M., Gutten M., Adamec J., Glowacz A., Roj J. Analysis of the electronic fuel injector operation. 
Communications - Scientific Letters of the University of Zilina, Vol. 20, No. 1, 2018, pp. 32-36.

[17]	 Simko M., Chupac, M. Non-destructive method of measurement of radio transmitters antenna systems. 
Elektronika ir elektrotechnika, Vol. 107, No. 1, 2011, pp. 33-36.

[18]	 Spanik P., Sedo, J., Drgona, P., Frivaldski M. Real Time Harmonic Analysis of Recuperative Current through 
Utilization of Digital Measuring Equipment. Elektronika ir Elektronika, Vol. 19, No. 5, 2013, pp. 33-38, DOI: 
10.5755/j01.eee.19.5.4364.

[19] 	Sterba P. Electronic Equipment car. Brno: Computer Press, 2004, 250pp.

[20]	Wang I.Q. et al. Circuit model and parasitic parameter extraction of the spark plug in the ignition system. Turk 
J Elec Eng & Comp Sci, Vol. 20, No.5, 2012, DOI: 10.3906/elk-1009-751.


