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Summary: Essence of multiprocessing operation principle of an engine is to achieve Otto and Diesel working process in the same cylinder, depending on operating regime and using two different types of bio-fuels. Thus, this engine has two fuel supply systems and an ignition system. The main problem of the ignition system is reliability of a spark plug during longer operation of the engine in Diesel mode. Due to potential forming of electrically conductive deposit on a ceramic spark plug isolator, instead of using classical ignition system (one spark per cycle), multi-sparks producer type of the ignition system is used that is able to obtain continuous, arbitrary long electric discharge between the spark plug electrodes. Possible occurrence of electrically conductive deposit leads to establishing of surface electric arc and momentary burning, which enables self-cleaning of the spark plug. Description of proposed ignition system and comparison of its electric characteristics with standard BOSCH MP 3.1 ignition system in laboratory conditions are presented in the paper. Comparative results of engine tests of these two ignition systems also are given in the paper.
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1. INTRODUCTION 

One possibility to increase the economy of the IC engine and to influence row emissions is to introduce the multiprocessing operating principle. The essence of this principle is the ability to lead the operating process by OTTO, DIESEL, HCCI… cycle during engine operation, whereat the most favorable cycle is selected depending on the operating regime.
At the Faculty of Mechanical Engineering from Kragujevac, there is an ongoing effort to develop a multiprocessing Otto-Diesel engine that operates by Diesel cycle (mode) at lower loads and by Otto cycle during start and at larger loads [1,2,3]. The basic engine (DMB 3DA450) is an air cooled diesel engine with single cylinder and direct injection. In order to achieve multiprocessing features, the following was done:
· geometric compression ratio is reduced from 17.5 to 12.5 by increase of piston chamber volume,
· electrically controlled throttle valve and fuel injector are added on intake system as elements of the system for external air-fuel mixture forming for operation at Otto mode, 

· engine is equipped with ignition system, 

· the existing diesel fuel injection system is added with actuator for switching-off, 

· laboratory microcontroller system for engine operation control is developed. 

In diesel mode, due to relatively low compression ratio, a highly inflammable biodiesel fuel (methyl ester of soybean oil) is used, while in Otto mode, due to relatively high compression ratio, bio ethanol is used as high-octane fuel [4, 5, 6].

The main problem in the ignition system is reliability of ignition in Otto mode after prolonged period of engine operation in diesel mode. Due to diffuse combustion of non-homogeneous diesel fuel mixture and lower spark plug temperatures, there is a danger of forming of electrically conductive deposit on ceramic insulator. In coil ignition system (one spark per cycle), regular arc discharge between electrodes (volumetric discharge) stops and surface arc through deposit at the spark insulator is set up, which leads to irregular operation of the ignition system. 
In order to prevent this problem, a multi-sparks producer ignition system is applied that is able to provide continuous, arbitrary long electric discharge between spark plug electrodes. In case of eventual appearance of electrically conductive deposit on ceramic insulator, a surface electric arch is established with enough energy to burn the formed deposit. In this way, despite the spark plug with low heat range, its self cleaning is obtained.
2. CONCEPT AND REALISATION OF IGNITION SYSTEM
Ignition system is integrated in multiprocessing engine control system, presented in Fig.1. The basic task of the control system is to engage corresponding mode of operation (Otto or diesel) based on information on engine operating regime and to set optimal parameters of fuel ignition and injection [7]. A microcontroller developmental system, 9, performs processing of data regarding operating regime and open loop control algorithm. Programming, monitoring, input of constant values and possible setting of ignition and injection parameters are done with computer, 10. Operation of the ignition system is based on digital and analogue signals. Digital signals are:  top dead centre signal (TRIG), crank shaft position signal (CDM) and intake valve position signal (SINC). Analogue signal is the signal of intake manifold depression signal (pus). 

TRIG and CDM signals are given by angle encoder, 1, (mechanically coupled and phase synchronised with engine crank shaft), via optical transmitter, 3, and pulses multiplier, 8. The encoder sync signal in regard to engine operating cycle, SINC, is given by inductive switch, 5, that registers opening of the intake valve. Calculation and setting of ignition timing angle in Otto mode is done based on TRIG signal frequency (engine speed) and pus signal (engine load) and according to experimentally defined dependences (ignition map). Microcontroller capabilities allowed performing control and possible correction of TRIG signal on a hardware level for each cycle, by which the influence of disturbances is avoided.  Ignition advance angle may be set with 1° CA resolution, while period of engagement is fixed (typically at 10o CA). In this manner, a command ignition signal, IGN, is formed.  Executive part of the ignition system is ignition module, 13, with spark plug, 14. 
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1 - Angle encoder, 2 - Throttle actuator, 3 - Optical transmitter, 4 - Throttle potentiometer,            5 - Inductive switch, 6 - Differential pressure gauge, 7 - Depression meter, 8 - Pulses multiplier, 9 - Microcontroller Development Board, 10 - Computer, 11 - Injectors driver, 12 - Ethanol injectors, 13 - Ignition module, 14 - Spark plug, 15 - AUX drivers, 16 - Diesel injection STOP actuator.

	Fig. 1 Block chart of multiprocessing engine control system


Fig. 2 presents a concept of a new multi-sparks producer ignition system module. The trigger circuit galvanically separates a command signal, IGN, and turns on/off astable multivibrator which generates excitation signal with fixed frequency of 10.5 kHz. By alteration of ton/toff ratio within a single period of excitation signal, characteristics of the multi-sparks producer may be optimised. 
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	Fig. 2 Block chart of Ignition module


3. TESTING OF MULTI-SPARKS PRODUCER’S ELECTRIC CHARACTERISTICS
Electric characteristics of multi-sparks producer are first determined in laboratory conditions. Voltages and currents of primary and secondary winding of high voltage transformer (HV) are simultaneously measured in continual sparks-producing regime with analogue-digital oscilloscope HAMEG HM1508. Measurement results for one of the series of impulses in primary and secondary circuit of high-voltage transformer are presented in Figs. 3 and 4, respectively. 

	[image: image4.jpg]20 30 40 50 60 70 80 90 100

10

ns





	Fig. 3  Voltage (Up) and current (Ip) in primary winding of high-voltage  transformer
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	Fig. 4 Voltage (Us) and current (Is) in secondary winding of  high-voltage  transformer


The following may be concluded based on analysis of process in primary winding (Fig.3): 

· after switching on, primary current increases monotonously until the moment of switching off, which means that the ferritic core is not in magnetic saturation,
· from the moment of switching off, and during the following 6 µs, there is a period of complex transitional phenomena caused by self-induction in primary circuit, induction from secondary circuit and effects of supply filter. Then, primary current abruptly decreases with the peak in voltage (dissipation of energy at transistor). Negative primary current is a consequence of accumulated energy from magnetic circuit of the transformer. Security diode integrated into transistor rectifies the self-induction current towards a voltage source,
· there is no fluctuation of primary voltage until the end of the cycle, while current decreases.
By analysis of voltage and current flows in secondary winding of the transformer (Fig. 4), the following is concluded:
· immediately before the start of a new cycle, there is electric discharge on a spark plug from the previous cycle (voltage and current of the secondary winding are negative).

· increasing primary current changes polarity of secondary voltage and current by induction, thus, during 12 µs there are some transient phenomena when electric arc shortly exhibits properties of “negative resistance“. Namely, due to stopping of spatial ionic load and change of its travel direction, the arc voltage rapidly raises.  

· further on, arc voltage stabilises, while discharge current monotonously raises,

· from the moment of switching off of primary circuit, arc voltage and current abruptly change polarity and stay negative until the end of the cycle. 

4. COMPARATIVE ENGINE TESTS OF THE IGNITION SYSTEM
Comparative engine tests of the ignition system are conducted with a goal to verify performance of multi-sparks producer in real operating conditions. In this regard, beside cold start, engine idle speed is the most demanding regime (in this case n=1000 rpm, Ps≈75 W). Ignition advance angle (app) and air excess ratio (λ) are varied. Comparison criteria are derived from analysis of combustion process course for 50 consecutive cycles, by using AVL Indimer 619 measuring system. Combustion dynamics is followed by means of average values of crank shaft angle αQ from the moment of ignition to the moments of releasing 5%, 10%, 50% and 90% of cycle quantity of heat (Q).  Stability of the combustion is followed by means of standard deviation of values of these angles, σαQ. Duration of sparking was 20 °CA during operation with multi-sparks producer.
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	Fig. 5 Ignition angle and dynamics of combustion (°KV = °CA)
	Fig. 6 Ignition angle and stability of combustion (°KV = °CA)


Fig. 5 shows effects of ignition advance angle on dynamics of combustion process during engine operation with λ=1.07 mixture, for both ignition systems. It may be observed that dynamics of initial combustion period, αQ5%, as well as centre of combustion, αQ50%, is almost identical for both ignition systems. By application of multi-sparks producer, the combustion duration decreases by 2÷7 °CA. It is considered to be a consequence of generally better combustion stability between cycles. From Fig. 6, it may be seen that small differences in equability at the beginning of combustion progressively increase as process advances. This phenomenon is pronounced in the case of early ignition, when conditions for ignition are less favourable, so it seems that, in this case, multi-sparks producer shows some advantages.
Varying of air excess ratio (Fig. 7) also shows, in regard to combustion process dynamics, that there is no significant difference between tested ignition systems. With respect to combustion stability and based on results in Fig. 8, it may be concluded that the multi-sparks producer is in certain advantage. 
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	Fig. 7 Air excess ratio and dynamics of combustion (°KV = °CA)
	Fig. 8 Air excess ratio and stability of combustion (°KV = °CA)


Influence of the operating regime (load, Wi, and engine speed, n) and ignition angle on ignition delay (αzu °CA and tzu ms) during operation with multi-sparks producer is presented in Table 1. It is indicative that conditions for air excess mixture ignition become more favourable with the increase of the load and with the decrease of ignition angle, which is recognised by shorter duration of ignition delay. 

Table 1 Influence of operating regime (Wi, n), ignition angle (αpp) and 


air excess ratio (λ) on delay of ignition (αzu  °CA  and  tzu  ms)
	Operating regime
	λ  -
	αpp °CA
	tzu  ms
	αzu  °CA

	Idle

n=1000 rpm

Wi=0.1 kJ/dm3
	0.96
	25
	0.7÷1.4
	4.2÷8.3

	
	1.07


	20
	0.5÷0.8
	3.0÷4.8

	
	
	25
	0.6÷1.2
	3.6÷7.1

	
	
	30
	1.1÷2.3
	6.6÷13.7

	
	
	35
	1.6÷2.3
	9.7÷13.9

	
	1.13
	25
	0.6÷1.0
	3.6÷5.9

	n=1830 rpm

Wi=0.34 kJ/dm3
	1.03
	25
	0.2÷0.3
	2.2÷3.3


Time period between the start of sparks produce and the forming of flame’s core (a) may be determined by oscilloscopic monitoring of electric parameters of multi-sparks producer’s sparks, as illustrated in Figure 9. After ignition and forming of flame in the cylinder, due to significantly larger amounts of electrified ions in space between spark plug electrodes, shape and amplitudes of currents through secondary circuit change (b), Fig. 9. These signals may be used in OBD for detection of ignition absence. Similar results are gained by authors in [8].
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	Fig. 9 Electric current in primary (Ip) and secondary (Is) winding of high voltage  transformer


5. CONCLUSIONS 

During longer operation of multiprocessing engine in diesel mode, possible appearance of electrically conductive deposit on spark plug electrodes leads to forming of surface electrical arc and its immediate burning, in the case of working with multi-spark producer type of ignition system, which enables self-cleaning of the spark plug. By application of multi-sparks producer, combustion duration is decreased by 2÷7 °CA, which is due to generally better combustion process stability between cycles. 
Tests with different values of air excess ratio have shown that, with respect to combustion process dynamics, there is no significant difference between the multi-sparks producer and coil ignition system. With respect to combustion stability, it may be concluded that the multi-sparks producer is in certain advantage, especially in the case of early ignition when conditions for ignition are less favourable.
By monitoring of shapes and amplitudes of current and voltage in primary and/or secondary circuit of the ignition system with multi-sparks producer, it may be concluded when ignition in the cylinder occurred or has there been ignition absence, which may be used in OBD systems.
ACKNOWLEDGMENTS

The paper is the result of the research within the project Tr 35041 financed by the Ministry of Science and Technological Development of the Republic of Serbia. 
LITERATURE

[1] Davinić A., Pešić R., Veinović S. (2004). The new concept of the ic engine for realization the Otto and the diesel process in the same cylinder, XIII International Scientific Symposium MVM2004, Kragujevac, p. 1-6.
[2] Pešić R., Petković S., Hnatko E., Veinović S. (2008). Anthropogenic global warming, the Kyoto protocol and transport ecology, (in Serbian), Tractors and power machines, vol.13, no. 3, p. 43-50. 
[3] Pešić R., Davinić A., Veinović S. (2008). New engine method for biodiesel cetane number testing, Thermal Science, vol. 12, no. 1, p. 125-138.
[4] Pešić R., Đurđević K., Vemić M., Veinović S. (2004). The bio-fuels and the bio-lubricants as future of the agricultural power trains, (in Serbian), Tractors and power machines, vol. 9, no. 3, p.19-25.
[5] Furman T., Nikolić R., Tomić M., Savin L., Simikić M., (2007). Characteristics of fuels for diesel engines, (in Serbian), Tractors and power machines, vol. 12, no. 5, p. 21-26. 

[6] Pešić R., Nestorović D., Ješić D., Veinović S. (2003). Global trends in the fuels and lubricants future of the agricultural power trains, (in Serbian), Tractors and power machines, vol. 8, no. 3, p.11-17.  

[7] Taranović D., Pešić R. (2009). Effects of applications of biofuels on control algorithms of IC engines, (in Serbian), IX International Conference on accomplishments in electrical, mechanical and informatics engineering DEMI 2009, Banja Luka, p. 703-706. 
[8] Weyand P., Piock W.F., Weiten C., Schilling S., (2008). Adaptive Multi Charge Ignition for Critical Combustion Conditions, MTZ Motortechnische Zeitschrift vol. 69, no. 07/08, p. 16-23.
HERE WILL BE LOGO








� MSc Aleksandar Davinić, assistant, Kragujevac, Faculty of Mechanical Engineering in Kragujevac, Serbia, E-mail: � HYPERLINK "mailto:davinic@kg.ac.rs" ��davinic@kg.ac.rs� 


� PhD Radivoje Pešić, professor, Kragujevac, Faculty of Mechanical Engineering in Kragujevac, Serbia, E-mail: � HYPERLINK "mailto:pesicr@kg.ac.rs" ��pesicr@kg.ac.rs� 


� MSc Dragan Taranović, assistant, Kragujevac, Faculty of Mechanical Engineering in Kragujevac, Serbia, E-mail: � HYPERLINK "mailto:tara@kg.ac.rs" ��tara@kg.ac.rs� 


� MSc Miroslav Ravlić, Kragujevac, PRIZMA, Serbia, E-mail: � HYPERLINK "mailto:miroslav.ravlic@prizma.co.rs" �miroslav.ravlic@prizma.co.rs� 





8
7

