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Abstract: In the process of operation, there are changes in the injector with hydro-electromagnetic control of the nozzle needle. These 
changes are due to a wear on all components of the fuel system. Essential to the wear rate of the nozzle elements, excluding the clearing 
degree of the fuel and the extent of its cleaning prior to entering the high-pressure system of fuel system, are the operating pressure of the 
fuel, the number of sprays, the thermal load, the speed and the accelerations of the movable elements. The valve wear on the control valve 
changes the stroke of the ball valve. This variation results in an increase in the output flow from the control chamber, which increases the 
speed and the maximum stroke of the control piston and the flow fuel rate respectively. The ball valve stroke increasing respectively 
increases the distance between the core of the electromagnet and the coil. The increased distance between the coil and the core also has a 
significant effect on the hydraulic characteristics of the nozzle. 
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1. Introduction

The fuel injection systems is a key sub-system for direct-
injected internal combustion engines as its operation controls to a 
large extent both the mixture formation and the combustion 
processes. In particular, in compression ignition engines the fuel 
metering accuracy, the required injection rate time-profile and the 
uniform fuel spray spreading in the combustion chamber are strictly 
governed by the injection system behavior. The achievement of 
these complex tasks is mandatory in order to fulfill the current 
automotive market design targets in terms of fuel conversion 
efficiency, combustion noise control and pollutant emissions level. 

The way to achieve all these requirements is to carry out a 
multiphase injection of the fuel. 

The main disadvantage of the nozzles with hydro-mechanical 
control of the nozzle needle is that it is unable to change the 
characteristics and timing of the fuel supply, as well as to perform 
multi-phase fuel supply. This limits the fuel economy reducing 
opportunities and the toxic substances amount. 

This disadvantage is corrected using hydroelectromagnetic 
control needle of nozzle. 

This type of injector is able to accurately manage the fuel 
supply, but it considerably loads all elements of the injector design. 

The way to achieve all these requirements is to carry out a 
multiphase injection of the fuel. 

The main disadvantage of the nozzles with hydro-mechanical 
control of the nozzle needle is that it is unable to change the 
characteristics and timing of the fuel supply, as well as to perform 
multi-phase fuel supply. This limits the fuel economy reducing 
opportunities and the toxic substances amount. 

This disadvantage is corrected using hydro-electromagnetic 
control needle of nozzle. 

This type of injector is able to accurately manage the fuel 
supply, but it considerably loads all elements of the injector design. 

(1) , m2 , where

(2) 

In which S is the area of the throttle bore, h - the stroke of the 
ball valve, d - the diameter of the ball valve, a - the angle of the 
inclination of the valve seat 

When increasing the diameter, it is also necessary to increase 
the compressive force Fk of the ball valve. 

This force causes a greater load in the control valve elements. 
Accordingly, reliability is reduced. [4] 

Fig. 1 Changing in speed defined by the diameter of the ball 
valve 

This is the mechanism of the valve seat wearing out, as a 
major influencing factor are the modes in which there is a larger 
number and a long duration of the control pulses. 

This wearing increases the stroke of the nozzle needle, thus 
multiplying the cross-section, increasing the actual fuel flow rate of 
fuel injected into the cylinder. 

The change of the control valve stroke is followed by a 
change in the distance between the core and the electromagnetic 
coil.  

When the valve seat is worn out, the control valve sinks down 
with it and the electromagnetic core, which increases the magnetic 
clearance hk between the core and the coil (Fig.2). This change 
reduces the speed of core attraction, as well as the magnitude of the 
fuel flow rate, which, in turn, compensates the impact of the 
increased stroke of the control ball valve. 

The purpose of this study is to determine the influence of the 
control valve wearing on the injection process. 
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Fig. 2 General appearance of the solenoid: 
1 - spring; 2 - core; 3 - coil; 4 - core; 5 - nut; 6 - ball valve; 7 - valve 
seat, ha - electromagnetic gap, hv - ball valve stroke 
 
2. Discussion and results 

  
The study of the effect of the control valve stroke magnitude 

on the hydraulic characteristics of the electromagnetic injector was 
carried out by an experimental installation for research purposes of 
common rail fuel systems in a laboratory in the Department of 
Engines and Automotive Engineering at the University of Rousse. 

The subject of the study is a magnetic injector with ball 
control valve Bosch series 0445110. 

The realization of the study is possible because the structure 
of the object allows changing the stroke of control ball valve and 
the magnitude of the electromagnetic gap between the coil and the 
armature of the solenoid. This enables making all the attempts on 
the same electromagnetic injector Bosch. 

The standard magnitude of the electromagnetic gap must be a 
0.08 mm, determining the fuel flow rate formation. By smaller 
electromagnetic gap values, the fuel flow rate increases. With 
greater gap, the fuel flow rate decreases, and the actual injection 
moment is displaced by the angle of rotation of the crankshaft. 

 

 
fig. 3 Diagram of the solenoid valve 

 
1 - Electromagnetic gap washer, 2 - Ball valve washer, 3 - 

Electromagnetic gap, 4 - Ball valve stroke. 
 
Implementation of the injection process occurs as a result of 

the following pressure difference in the fuel chamber under the 
nozzle needle and the control chamber. When the electromagnet coil 
is triggered, the ball valve is lifted. At this moment the pressure in 
the control chamber drops. After the trigger impulse stops, the ball 
valve closes quickly, causing wearing on the valve seat. With 
prolonged use, the ball valve stroke increases as a result of wearing 

on the valve seat. In this way the ball valve changes its stroke. This 
further disturbs the density of the ball valve to the valve seat. [2] 
These changes lead to an increase in the speed and the stroke of the 
control piston, respectively, of the nozzle needle, which starts 
wearing more intensely in its sealing surface to the nozzle. 

The quantitative relationship between the magnitude of 
electromagnetic gap and the injection characteristics is examined by 
altering the thickness of the adjustable washer between the injector 
body and the electromagnet coil. 

The values of the control pulses and the working pressure 
are experimentally selected according to the capabilities of the test 
equipment. 

In fig. 4 and 5 show the results of the hydraulic 
characteristics according to the magnitude of the electromagnetic 
gap in the control valve.  

Figures 6 ÷ 13 show the graphs of the results obtained in the 
modification of the hydraulic characteristics of the electromagnetic 
injector by modeling the wearing by the change in the control ball 
valve stroke, 

These changes are observed when the stroke increases by 
0.025 mm and 0.04 mm in comparison with the usual values of 
stroke, with a control impulse duration of 0.4 ÷ 0.8 ms and a fuel 
pressure of 30 ÷ 60 Mpa 
 

Fig. 4 Alteration of the fuel flow rate defined by magnitude of 
electromagnetic gap hcoil = 0.08 ÷ 0.11 in control valve at fuel 
pressure Pa = 30 ÷ 60 MPa. 
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Fig. 5 Alteration of the return fuel flow rate defined by the 
magnitude of the electromagnetic gap hcoil = 0.08 ÷ 0.11 mm in the 
control valve and the fuel pressure Pa = 30 ÷ 60 MPa 

 
Fig. 6 Alteration of the fuel flow rate defined by the stroke of the 
control ball valve hv = 0.055 ÷ 0.09 mm 

 
Fig. 7 Alteration of the returned fuel flow rate defined by the stroke 
of the control ball valve hv = 0.055 ÷ 0.09 mm 
 

 

Fig. 8 Alteration of the fuel flow rate defined by the stroke of the 
control ball valve hv = 0.055 ÷ 0.09 

 
Fig. 9 Alteration of the returned fuel flow rate defined by the stroke 
of the control ball valve hv = 0.055 ÷ 0.09 mm 

 
Fig. 10 Alteration of the fuel flow rate defined by the stroke of the 
control ball valve hv = 0.055 ÷ 0.09 mm 
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Fig. 11 Alteration of the returned fuel flow rate defined by the 
stroke of the control ball valve hv = 0.055 ÷ 0.09 mm 

 

 
Fig. 12 Alteration of the fuel flow rate defined by the stroke of the 
control ball valve hv = 0.055 ÷ 0.09 mm 
 

 
Fig. 13 Alteration of the returned fuel flow rate defined by the 
stroke of the control ball valve hv = 0.055 ÷ 0.09 mm 
 

3. Conclusions 
  

The following conclusions can be made from the experiment. 

1. In the modeling of the change of the electromagnetic gap 
by 37% or the increase of the stroke by 0.025 mm a 
decrease in the fuel flow rate was found about 19%. 
 

2. In the modeling of the change of control ball valve stroke 
by 27 % or 0.025 mm, an increase of the fuel flow rate 
was found about 19%, as the increase of return fuel flow 
rate was about 18%. 
 

3. In the modeling of the ball valve stroke by 63% or 0.04 
mm, an increase of the fuel flow rate was found about 21 
%, as the increase of the return fuel flow rate was found 
about 17 % 

 

4. As a result of wearing in the control ball valve, the fuel 
flow rate Qc, mm3 as well as the return fuel flow rate, 
mm3, is increased. 
 

5. The measurement results obtained confirm the effect of 
the increased electromagnetic gap on the hydraulic 
characteristics of the injector. 
 
 

6. Result of the increasing of the control ball valve stroke is 
the increasing of the electromagnetic gap between the 
core and the electromagnet coil. 
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