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THE IMPACT OF THE MODERNIZATION  

OF THE INJECTION-IGNITION ON ELECTRICITY DEMAND 

 

The achievements of today's automotive industry and in particular its prevalence allows the existing constructions, which 

are characterized by a worse parameters, to meet the requirements of the 21st century. One method of improving the properties 

of the internal combustion engine is the modernization of the fuel and ignition system. This entails a significant increase in the 

number of applied sensors and actuators which are the receivers of electricity in the vehicle. The article presents the problem 

of modernizing the injection-ignition system in the vehicles not fitted with integrated injection-ignition system. It presents the 

range of modernization [12- 17] and the energy balance of the injection-ignition system before and after the modernization of 

the motorcycle Dniepr MT 11 (Ukrainian: Дніпро MT 11). 

 

INTRODUCTION 

The dynamic development of the automotive industry is related 
to the ceaseless human aspiration for improving the products. Addi-
tionally, the growth of awareness of the impact of human activity on 
the natural environment enforces construction structures not only to 
meet the performance requirements, but also economic and ecolog-
ical [8, 11] ones. Contemporary vehicles have to meet newer,  
stricter standards aimed predominantly at reducing the emission of 

harmful substances in the exhaust gases and an increase in the 
safety of traffic participants [19, 9]. However,  the existing construc-
tions may not be forgotten about. As indicated by the report from 
2013 of Polish Automotive Industry Association, in Poland there are 
above 25.5 million vehicles out of which approx. 80% are older than  
10 years (fig. 1 and 2) [10]. 

The constructions used in most cases, must comply with the 
standards in force at the time of their homologation . If they meet 
the performance requirements  then  modernizing them with a view 

 
Fig. 1. Motor vehicles in Poland in 2013 [10] 

           
Fig. 2. The age structure of passenger cars in 2013 in Poland [10] 
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to improving safety or reduce emissions is a niche area. However, in 
the case of modernization of the injection-ignition system in the 
vehicle that is not equipped with the integrated injection-ignition 
system we can  expect to improve the performance of the vehicle 
simultaneously on many levels: reduced fuel consumption, lower 
emissions of toxic exhaust gases, improved efficiency of combustion 
processes, increased power and torque, improved driving dynamics, 
increased reliability and durability of system components, reduced 
labor consumption of the system, facilitated start-up, the possibility 
of autodiagnostics of the system and work at the emergency mode. 

Currently used injection-ignition systems are mechatronic con-
structions which are based on the structure of its fundamental ele-
ment , integrating sensor technology, actuators and controls [6]. The 
overwhelming majority of these elements are the receivers of elec-
trical energy. The increase in the number of electric energy receiv-
ers in the vehicle generates the need for analysis of the sources of 
electrical energy [3- 5]. This article presents the range of moderniza-
tion [12- 17] and the energy balance of the injection-ignition system 
before and after the modernization of the motorcycle Dnepr MT 11. 

1. THE RANGE OF MODERNIZATION  

1.1. Injection-ignition system of motorcycle Dnepr MT 11 
before modernization 

The  motorcycle produced in years 1983-2005 has a fuel sup-
ply system based on two carburetors K63T one for each cylinder 
(fig. 3a); whereas, the ignition system was constructed with the 
interrupter mechanism ignition timing, high voltage coil, high voltage 
cables and high-voltage spark plug (fig. 3b). In the '80s this injection 
system was popular, but already in 1993 it was definitely outdated 
because this year only 5% of produced vehicles were equipped with 
carburetor [18]. The 21st century is the era of advanced and popular 
electronics which offer new possibilities for controlling the operation 
of the internal combustion engine. 

1.2. The injection-ignition system of motorcycle Dnepr MT 11 
after modernization 

The availability of components  of the injection-ignition systems 
and universality of control system allows to implement an the inte-
grated injection-ignition system to the motorcycle Dnepr MT 11  
(fig. 4 and 5). The construction is conceptually similar to the Bosch 

 
Fig. 3. The engine 650cm3 Dnepr, a) 1- cover the ignition system, 
2- alternator 150W, 3-carburetor K63T [1], b) 4-coil, 5-ignition ad-
vance mechanism/interrupter [2] 

 

 
Fig. 4. Scheme of the modernization: 1. engine controller EMU MASTER; 2. Battery 12V; 3. Ignition switch; 4. Engine temperature sen-
sor; 5. The temperature sensor in the intake manifold; 6. Throttle position sensor; 7. Throttle; 8. Wheel pulsed; 9. The inductive sensor 
(designate a point of compression of the first cylinder); 10. The inductive sensor (measures the engine rpm and determines the position 
of the crankshaft); 11. Two-conductor shielded cable; 12. Control light engine; 13. The relay system; 14. The fuel pump; 15. Valve of 
idling adjustment screw; 16. The injector; 17. Resistor; 18. The coil high voltage; 19. The spark plug; 20. Oxygen Sensor; 21. Fuse [12] 
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Motronic which was developed in 1979 and applied  as standard 
construction in 1987, and the current system solutions allow you to 
control systems with direct injection [20]. A characteristic feature of 
the integrated injection -ignition system is a significant increase in 
the number of electric energy receivers. The use on  the motorcycle 
a system with an increased number of sensors and actuators leads 
to the consideration of the ability to meet demand  of electric energy 
by a generator of electrical energy. 

1.3. The injection-ignition system of motorcycle Dnepr MT 11 
after modernization 

The electrical demand for the serial motorcycle Dnepr MT 11 is 
mainly required to power the ignition system and lighting of the 
motorcycle. In addition, the vehicle exploited in Poland till 2007 did 
not have to drive with the lights on around the clock. Therefore, 
serial generator used here (fig. 6a) was charging a battery up to 
150W, and the charging started  just at 1300 rpm. Such parameters 
of alternator led to the discharge of the battery when driving in 
urban mode, accordance with modern rules of the road. The intro-
duction of additional receivers to the system suggests an even 
greater difficulty in the exploitation related to the deficiency of elec-
trical energy. 

1.4. The generator of electrical energy after modernization 

The issue of the use of energy generator with improved per-
formance requires an analysis of the energy balance of the motor-
cycle, which will be presented later on in this article. The only avail-
able replacement for the factory generator of electricity is alternator 
14.3771 (fig. 6b), which charges up to 500W, and charging starts at 
about 850 rpm. 

2. RESEARCH METHODOLOGY 

 The research on electrical energy generated by the alternator 
and the electric energy consumption actuators and sensors were 
made using an oscilloscope DSO Hantek 3064 with the oscilloscope 
sonde and the current clumper probe Hantek CC-65 (fig. 7) [7]. The 
research on alternators enabled to determine the characteristics of 
the intensity of the generated electricity from the engine speed. 
Then, measurements of level of current consumption of electric 
energy receivers were made. Investigation carried out offer the 
possibility of preparing the energy balance of the injection-ignition 
system before and after the modernization of motorcycle Dnepr  
MT 11. In addition, it allows to compare and evaluate the serial 
alternator and alternator 14. 3771 in a motorcycle after the imple-
mentation of mechatronic injection-ignition system. 

 

          

 
Fig. 5. Scheme fuel and air supply system: 1. The fuel tank; 2. Electric fuel pump; 3. The fuel filter; 4. The Throttle of the first cylinder;  
5. The throttle of the second cylinder; 6. The injector of the first cylinder; 7. The injector of the second cylinder; 8. Fuel pressure regulator 
of the second cylinder; 9. Fuel pressure regulator of the first cylinder [12] 
 

           
Fig. 6. Alternator Dnepr: a) serial; b) 14.3771 
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Fig. 7. Research motorcycle: 1- current clamp Hantek CC 65,  
2- oscilloscope DSO Hantek 3064 

3. RESEARCH RESULTS 

During the experimental tests, the study of  electric current 
generated by the alternator series and alternator 14. 3771 was 
conducted depending on engine speed and rotational speed of the 
rotor of the alternator. The test results are shown in figure 8. 

Additionally , average values of currents consumed by receiv-
ers of electrical energy were characterized. Current consumption of 
the vehicle before and after modernization is presented in the ta-
ble 1. 

Simultaneously, the characteristics of the electric power con-
sumed by components of injection-ignition system were recorded. 
Most of them are non-linear and impulse. The values in Table 1 are 
mean values. The examples of characteristics of the consumption of 
electricity of components are presented in Figures 9, 10, 11. 

 
Fig. 8. Characteristics of amperage generated by the alternator series and alternator 14.3771 as a function of engine speed and 
alternator rotor speed 
 

 Tab. 1. The results of measuring the intensity of current consumption of electric energy receivers in the vehicle 

Power consumption amperage of electricity in a motorcycle Dnepr MT 11 before modernization 

Measurement conditions: Value: The designation fig. 12: 

- a running engine 5,6 A  
- a running engine 
- headlights on 

6 A  

Power consumption amperage of electricity in a motorcycle Dnepr MT 11 after modernization 

Measurement conditions: Value: The designation fig. 12: 

- quiescence 140 mA  

- after turning the ignition switch (power injection system, ignition, controller 
and alternator rotor as it is separately excited generator) 

1,25 A  

- a running engine after starting (fuel pump 4,10A, fuel injection, relays, heat-
er oxygen sensor) 

6,9 A  

- a running engine 
- headlights on 

7,3 A  

- a running engine 
- antidazzle lights on 

11,9 A  

- a running engine 
- upper beam 
- brake light (attempt the maximum consumption of electricity) 

14,4 A 

 

 
 

  



I 

Eksploatacja i testy 
 

 

   

1424 AUTOBUSY 12/2016 
 

 

 

 

 
Fig. 9. Oscillogram pulses of energy consumed by the injector 
 

 
Fig. 10. Oscillogram pulses of electric power consumed by a bipolar high voltage coil. 
 

 
Fig. 11. Oscillogram includes the entry in the ignition switch on the ignition (without launch), and then turn off 
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4. THE ANALYSIS OF RESULTS 

The modernization of the motorcycle Dnepr MT 11 contributed 
to the increase in the number of electric energy receivers. However, 
when summed up the  average current demand of injection –ignition 
system increased by only about 1.3A. This indicates the high effi-
ciency of the components system.  

The test results of generated energy in the form of characteris-
tics of the amperage vs .rotational speed of the rotor of the alterna-
tor and the crankshaft with  additionally plotted  demand for electrici-
ty are shown in Figure 12. 

The oscillograms indicate a non-linear and impulsive character 
of generated current consumption of the components used in the 
modernized motorcycle. The energy consumed by the injector is 2 
A, the time of its consumption at idle is equal to 2ms. The ignition 
bipolar coil a also takes up energy pulse with a value of 6A. Oscillo-
gram of turning the ignition switch on the ignition position (fig .11) 
indicates the 140 mA  current consumption at idle, then the time is 
displayed after turning the ignition switch on the ignition. They are 
powered by the relays, controls, actuators and sensors in standby 
mode. This period starts the peak, after which the energy consump-
tion is at the level of 500 mA. Then the fuel pump starts working, 
which complements the operating pressure in the fuel system. The 
average value of energy consumption eclectic fuel pump is equal to 
3,9A. Oscillogram shows a significant increase in demand for elec-
tricity in the initial start-up phase of the pump. The reason for this 
phenomenon is the need for starting current of dc motor of  fuel 
pump. 

 The determined characteristics of alternators indicate that 
the factory alternator after modernization generates energy only 
above 1300 rpm indicates that it below this value the discharge of 
the battery occurs. The 14.3771 alternator generates energy even 
at 850 rpm or idling vehicle. This allows the use of motorcycle in the 
urban cycle, where frequent stops of the vehicle occur. Studies 
have shown that the serial alternator generates an insufficient 
amount of energy during maximum  of the current consumption, 
regardless of engine speed. Characteristics of the alternator 
14.3771 is much more beneficial and allows for adequate electric 
energy supply at lower engine speeds. 

SUMMARY 

The research has shown that the modernization of the fuel and 
ignition system, even at a significantly increased number of electrici-
ty consumers do not significantly affect the increase in energy con-
sumption. It’s possible thanks  to the high efficiency of the compo-
nents used, which reflects an increase in the quality of these ele-
ments over the years. The increase in energy consumption by the 
system is equal to the equipping the vehicle in about three light 
bulbs (5 W) of parking lamps. Determination of the characteristics of 
alternators also indicates an increase in the efficiency of power 
generation over the years and confirms the validity of the upgrade of 
energy generation. Oscillograms confirmed the non-linear and 
impulsive character of generated electric energy consumption. 
Additionally, the survey confirmed the validity of the selection of 
measurement equipment (oscilloscope DSO Hantek 3064), as 
digital multimeters do not allow observation of this kind of fast 
changing signals.  

 The innovative modernization of the model can be used in 
such industries as construction of sport or competitive vehicles with 
internal combustion engines (motorcycles, cars, boats, snowmo-
biles, etc.). diagnostics and repair of vehicles; reequipping the exist-
ing vehicles. The obtained knowledge will also allow work on the 
stationary combustion equipment such as power generators or 
mobile as chainsaws and lawnmowers, wherever you can reduce 
the impact of harmful exhaust substances, fuel consumption or 
where higher power, torque or engine dynamics is required. 
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The impact of the modernization  
of the injection-ignition on electricity demand 

The achievements of today's automotive industry and in 

particular its prevalence allows the existing constructions, 

which are characterized by a worse parameters, to meet the 

requirements of the 21st century. One method of improving 

the properties of the internal combustion engine is the mod-

ernization of the fuel and ignition system. This entails a sig-

nificant increase in the number of applied sensors and actua-

tors which are the receivers of electricity in the vehicle. The 

article presents the problem of modernizing the injection-

ignition system in the vehicles not fitted with integrated injec-

tion-ignition system. It presents the range of modernization 

[12- 17] and the energy balance of the injection-ignition 

system before and after the modernization of the motorcycle 

Dniepr MT 11 (Ukrainian: Дніпро MT 11). 
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