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ABSTRACT:

The quality of engine power supply depends on the characteristics of LPG (liquefied petroleum gas) in-
jectors. This paper describes a simple and cheap research method of opening and closing the injectors.  
The suggested method involves an analysis of individual frames from a video featuring an intermediate 
movement of the piston. A quick camera helped us to perform a sufficient number of measurements 
to prepare a graph showing the piston movement in time. This method facilitates a faster and cheaper 
piston diagnosis than other injector research methods, among other things.
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1. INTRODUCTION

4-generation gas installations (sequential instal-
lations) belong to the most popular solutions 
(including both 1, 2, 3-generation installations 
and the latest liquid gas installations) thanks to 
their universal character. Unfortunately, apart 
from some obvious benefits, those installations 
have numerous drawbacks. One of them is the 
fact that injectors may delivering the fuel to the 
engine in an imprecise way, which over time can 
become disorderly [1, 2]. The main task of injec-
tors is to dose the fuel provided to the engine in-
let ducts. The structure of a piston gas injector is 
slightly similar to the structure of a petrol injec-
tor. The volume of LPG vapour is bigger than the 
volume of liquid petrol. Consequently, the volu-
me of a gas injector has to be bigger than that of  
a petrol injector [3]. A larger volume means larger 
inertial power of the moving parts. Maintaining 
the correct parameters of the injector work, i.e. 
appropriately short opening and closing times, 
has made it necessary to enlarge the coil produ-
cing the electromagnetic field which opens the 
injector. A larger coil produces more heat, which 
can damage the injector in extreme cases [4]. The 
problem has been partially solved with utilising 
appropriate characteristics of an electric impulse  
which monitors the location of the injector piston 
[5].
The characteristics of the injector piston move-
ment depends on numerous factors. First, it de-
pends on the electromagnetic power produced 
by the coil. Other factors include: the power of 
the spring pressure, the power of inertia, the po-
wer resulting from the differences in gas pressure 
(non-existent during the test), the power of fric-
tion and the power resulting from environmental 
disruptions. The resultant of those powers causes 
the piston movement [6].
It is also crucial to monitor correctly the work of 
gas injectors. In order to assess the work, a series 
of measurements analysing the voltage course 
in gas and petrol injectors were performed [7]. 
Unequivocally, the results show that the voltage 
in wires supplying power to the injectors does 
not drop to zero at the speed of 4,000 RPM (the 
frequency in power impulses is too high). Additio-
nally, at the speed of 5,000 RPM, LPG injectors do 
not close and there is constant power supply. An 
increase in the revolving speed turns off the al-
ternative fuel supply and starts the default petrol 

supply [8]. That is why during the tests described 
further in this paper, the injectors were powered 
with impulses at the speed of 1,000 RPM.
It is difficult to analyse the real characteristics of 
the injector work. One hindrance is the structure 
of the injector itself, which makes it impossible to 
observe the moving parts, among other things, 
as well as short opening and closing times.  There 
exists some equipment capable of identifying the 
initial and final motions of the piston (it detects 
the vibrations of the piston housing or utilises 
a laser beam measuring the distance to the lo-
wer part of the piston); however, such research 
equipment is incredibly expensive [9, 10]. For 
this reason, we have attempted at finding a sim-
ple and cheap method of registering the piston 
movements which would be precise enough to 
conduct necessary analyses.
The suggested research method is based on the 
analysis of video frames with recorded piston 
movements and will be used in verification tests 
of the previously defined mathematical model, 
among other things [11].

2. THE SUBJECT AND METHODOLOGY OF THE 
RESEARCH

Research on injector work characteristics required 
appropriate samples. The samples included injec-
tor rails of the same model and producer Valtec 
3Ω (Fig. 1). The most important technical data is 
shown in Table 1.

Figure 1 1 A set of tested Valtec  3Ω

Table 1 Basic technological data of the tested injector

Maximum working pressure 0.45 MPa

Working temperature range -20°C - +120°C

Diameter of gas inlet nipple 12 mm

Coil resistance 3 Ω
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The first step in the research of the injector cha-
racteristics was to attach a pointer to the lower 
part of the injector. The pointer made it possible 
to observe indirectly the piston movements when 
moving together with the piston. The pointer was 
a pipe made of synthetic material, with a diame-
ter of 2 mm and 0.1 mm-thick walls, which was 
attached to the previously disassembled piston. 
The pipe weight (0.04 g) is very small in compa-
rison to the piston weight (around 4.8 g) so we 
assume that it has no influence on the characte-
ristics of the injector work. Next the injector was 
reassembled and installed on a simple test stand. 
The stand included: a Casio Exilim EX-FH 100 
camera (with the possibility of recording 1,000 
frames per second; basic technical data shown in 
Table 2), a tripod for the camera and a magnify-
ing device MG10085 with a built-in lamp highli-
ghting the image (Fig. 2). The injector is powered 
by a constant power circuit, generating rectangu-
lar impulses with a required length (filling) and 
frequency. The generated impulse, lasting 6 ms 
and repeated every 120 ms (equivalent to the 
revolving speed of 1,000 RPM), is shown in Fig. 3. 

An image of the pointer movement recorded 
by the camera (significantly enlarged thanks to 
the magnifying device) made it possible to ob-
serve the piston indirectly. In order to prepare 
a graph of the characteristics, the recording had 
to be divided into individual frames, which were 
then analysed. Only the frames showing the po-
inter movements were analysed (Fig. 4), so the 
required amount of work was relatively small.
Analysis of approximately five consecutive ope-
ning cycles enabled us to gain sufficient informa-
tion to prepare a graph showing the characteri-
stics of the tested injector. Due to a blurred image 

Table 2 Basic technical data of Casio Exilim  
EX-FH 100 camera

Maximum definition 3648 × 2736

Number of pixels 10 Mpx

ISO sensitivity 100 - 3200

Focal length (equivalent to 35 mm) 24 – 240

Minimum exposure time 1/1,000 s

Optical zoom 10 x

Lens speed F/3.2 – 5.7

in some of the frames in the recorded film, we 
decided to extend the analysis to eight consecu-
tive cycles.
The research was conducted without fuel flowing 
through the injector, and for this reason the cha-
racteristics differ from those during real-life work 
of the injector installed in a vehicle, as there is no 
pressure force operating on the piston, which is 
generated by the gas pressure.

Figure 2 Testing stand used in the second stage  
of the research:

1 – the tested injector, 2 – the pointer attached  
to the piston, 3 – EX-FH 100 camera, 4 – the tripod,  

5 – the magnifying device MG10085, 
 6 – power supply wires

Figure 3 The graph showing the impulse powering  
the tested injector, equivalent to revolving engine  

speed of 1,000 RPM



ABiD 3/201820117

3. RESEARCH RESULTS

The result of the research, whose aim was to de-
fine the injector characteristics, is a collection 
of data specifying the location of the piston in  
a given moment. The appropriate power supply, 
reflecting the revolving speed of the engine of  
1,000 RPM, and the analysis of the registered ima-
ge of eight consecutive opening cycles, enabled 
us to prepare a graph family as shown in Fiure 5. 
Next, with the help of statistics, the characteri-
stics of the injector were defined. The procedure 
made the sampling time of 1 ms sufficient.

 

The developed research method was verified by 
comparing the results coming from the analysis of 
the video frames and the results achieved by the 

a) b)

Figure 4 Frames of video recorded during the work  
of a brand new injector.

a) injector open; pointer moved to extreme left;  
b) injector closed, pointer moved to extreme right;
1 – the pointer reflecting the piston movements,

Xmax – location reflecting the opening  of the injector
Xmin  –  location reflecting the closing  of the injector

method developed by Szpica [9], which involves 
the measurements of acceleration of the external 
housing of the injector (Fig. 6).

A significant difference in the initial stage of the 
piston movement can be noticed. The difference 
results from a considerably higher frequency of 
sampling utilised by other researchers. The pi-
ston movement characteristics during closing are 
very similar in both methods. Determination ra-
tio for one injector, tested both ways, equals to 
R²=0.955.
If it is necessary to achieve more precise results, 
the method of frame analysis can utilise a camera 
with a greater recording speed.  However, such 
cameras are expensive. This would mean a higher 
cost and prolonging the research time (in order to 
analyse a larger number of frames in the recor-
ded video).

4.  SUMMARY

This paper suggests a simple and cheap method of 
measuring the work characteristics of pulse LPG 
injectors, utilising the analysis of video frames 
which record indirectly the movements of the  
piston. The method was used to test twenty-four 
injectors (six sets) of the same producer, which 
were powered by the same engine type (this pa- 
per presents only a sample result for one of the 
injectors). It was concluded that the suggested 
method can be successfully used in verification  
tests or diagnostic tests (especially during work- 
shops), among other things, as well as in test re-
search of prototype injectors. Thanks to a short 
time necessary to conduct measurements, an 
easy-to-serve stand and the availability of its 
components, the above mentioned method will 

Rysunek 5 Results of eight measurements of the injector 
piston movements

Figure 6 A comparison of the results achieved  
in the analysis of video frames ( - ) and  the method  

of measuring the vibrations of the injector rail (- -) [12]

Time [ms]

M
oti

on
s o

f t
he

 in
je

ct
or

  
sp

ire
 [m

m
]

M
oti

on
s o

f t
he

 in
je

ct
or

  
sp

ire
 [m

m
]

Time [ms]



ABiD 3/2018 21118Suggested research method of the characteristics of piston LPG vapour injectors

prove useful in teaching, since it facilitates quick 
measurements enabling you to specify the influ-
ence of the shape of the supply impulse and its 
length on the process of opening and closing of 
the injector.
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