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Abstract - Due to increasing restrictions about harmful exhaust gases limits in automotive industry many manufactures 
conduct research to elaborate methods of emission limitation. On the other hand, natural oil resources are getting smaller 
every year. To meet both requirements (exhaust gases limits and limited oil resources), engineers and producers try to reduce 
petrol consumption by engine modifications. The results provide cars with relative small turbocharged engines to keep 
necessary power with smaller petrol consumption. These engines can be tuning by internal car computer where work 
parameters are adjusted to best possible performance. In Shell Eco-Marathon (SEM) competition students build ultra-
efficient cars with engines that achieve best possible efficiency. Most important part of ultra-efficient car is engine with 
injector controlled by ECU(Engine Control Unit) that provide low petrol consumption. Injectors are first in fuel supply 
system that decides how many petrol is taken from petrol tank and pass to combustion zone. This paper focus on 
methodology of determining work parameters that can be used to show how EFIJ-1-3 injector works under known 
parameters. 
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I. INTRODUCTION 
 
Small turbocharged engines become more popular in 
road car due to increased demand for efficient 
engines that consume less fuel [5][6]. Automotive 
engineers around the world use their talent and 
knowledge to meet all requirements for modern cars. 
A great opportunity to learn about how create an 
ultra-efficient car is Shell Eco-Marathon (SEM)  
competition where students (future automotive 
engineers) build cars that achieve the highest possible 
fuel efficiency. The most crucial factor in these 
vehicles is engine that determines the result. In 
addition, all engines use for this competition are non-
turbocharged and this restriction comes from official 
rules of competition. Hence, important thing about 
result is very well tuned engine. Typical fuel supply 
system from SEM  cars consists of: 
 
 Air pressure system with air capacitor as a  

substitute of fuel pump, 
 Pneumatic wires, 
 Fuel tank, 
 Fuel line, 
 Injector, 

 
It results directly from the official regulations written 
by Shell [4]. Honda GX35 is a common use engine 
for this type of competition due to its fuel 
consumption and low mass. It is equipped by 
carburettor but there is a solution that allow to use 
injector to supply combustion area in fuel [9]. With 
on-board ECU computer competitors can adjust dose 
of fuel due to engine’s sensor measurements (engine 
speed, intake temperature, outlet temperature, engine 

temperature etc.). Example of injector that could be 
used with GX35 engine are injectors manufactured by 
Ecotrons LLC. Injector is important part because it 
determines how many fuel is injected into engine. To 
improve result, it is essential to understand how flow 
change through change in flow parameters. It can 
determines what is the correct dose of fuel. For 
having better overall view for this research it is also 
important how cars works during competition. First, 
engines that supply these cars are small (mostly from 
25 cm3 to 50 cm3) and usually works only when 
vehicle accelerate. After acceleration there is rolling 
zone when vehicle decelerate with engine off and it is 
up to race strategy. Such work cycle unable to use 
lambda sensor during race at all because engine 
works only few second every lap. It is about 2 x 5 
second (usually engine is fire up twice per lap) and 
this time is too short for lambda sensor to take 
measure in correct way. That is a reason why proper 
engine setup must be loaded before race considering 
all external factors acting on engine during race. 
From injector point of view (as a part of engine) these 
factors are actual engine speed, fuel temperature, fuel 
pressure, voltage. 

 
Picture 1. EFIJ-1-3 injector 
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EFIJ-1-3 injector is a fuel injector designed for 
medium and small engines (motorcycles etc.) that 
inject fuel into intake manifold. This device is used 
by authors of this paper in their ultra-efficient car 
which takes part in students competitions around the 
Europe and in the year of 2016 their vehicle was the 
most efficient car in Poland [10]. EFIJ-1-3 allows to 
obtain homogeneous distribution of fuel in air flow as 
efficiently as possible. It works in range of 12V – 
14V with pressures 100kPa – 450kPa (1bar – 4,5bar). 
The static flow is 10g (300kPa per 10 second fully 
open flow). “EFIJ-1…” means thatinjector has only 
one hole. Its open time equal 1ms (3 bar load) and 
close time is 0.65ms overall [2]. 
Methodology of determining work parameters of 
injector such as influence of temperature of gasoline, 
pressure in fuel system, engine speed, voltage on 
injector on the example of the EFIJ-1-3 injector can 
be useful for everyone that build super-efficient car 
and engineers working with fuel systems containing 
gasoline cars injectors. 
 
II. TEST RIG 
 
Test rig was built by students from Student’s 
Associations of Automotive Lovers from Lodz 
University of Technology and allows to determine 
how many gasoline pass injector by influence of 
engine speed, gasoline temperature and pressureand 
is based on container with water jacket that heat and 
keep temperature of gasoline. 
 
The test rig is built of: 
 compressor (1) 
 air-pressure reservoir (2) 
 pressure regulator (3) 
 manometer (4) 
 fuel container with water jacket (5) 
 liquid thermostat (6) 
 fuel filter (7) 
 injector (8) 
 laboratory glass (9) 
 power supply (10) 
 soldering board (11) 
 Arduino (12) 
 computer (13) 
 weighing scale (14) 

 
Picture 2. Scheme of the test rig 

 
Picture 3. Cross-section of container with water jacket with 

direction of moving mediums 
 
Compressor (1) which generates pressure in measure 
system is connected with fuel container (5) through 
air-pressure reservoir (2) and pressure regulator (3) 
which ensure stability of pressure in whole system 
and regulate pressure respectively. Manometer (4) 
connected to fuel container (5) allows to check what 
value of pressure is inside and warns about to high 
pressure that is dangerous. The manometer has 100 
Pa (1 mbar) accuracy. Container with water jacket 
provide constant temperature of gasoline. An 
influence of heat lost distance between container 
outlet and injector is negligible. Container is kind of 
heat exchanger – appropriate reservoir is surrounded 
by water jacket, connected with liquid thermostat (6) 
which allows to control temperature of tested fuel. 
There is also fuel filter (7) that stop any particles that 
can make errors or damage injector. Injector (8) is 
controlled by Arduino that simulate engine speed. It 
allows to get any moment of working engine in full 
range of rpms. The signal from Arduino is converted 
by H-bridge sn754410ne placed on soldering board 
(11) that is substitute of electrical relay because these 
electrical devices usually has not enough time 
switching. That is the reason why H-bridge is used.   
The electric scheme and Arduino programis 
following: 
 

Picture 4. Electric scheme 
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Picture 5. Arduino program used in research 

 
Amount of injected fuel is measured by weighing 
scale in accuracy up to 0.001g. To calculate injector 
close time for Arduino as engine simulator with H 
bridge the moment of inject was determined (amount 
of microsecond between low/high level on injector’s 
coil). To simplify there is assumption that injector 
cycle is equal 2ms (high level time). The calculation 
example for engine speed equal to 100 1/s (6000 rpm) 
is following: 
How many microsecond takes between each injector 
open state 
 
푂푝푒푛 =  / = 0,01 푠 = 10푚푠(1) 

Inject occurs before combustion stroke. For 4 stroke 
engine it happens once for two crankshaft rotation. 
Thus, given value must be multiply by 2. 
푂푝푒푛 ∗ 2 = 10 푚푠 ∗ 2 = 20 푚푠(2) 
 
As was mentioned inject time is equal 2ms, thus low 
level time for injector’s coil is: 
 
푙표푤 푙푒푣푒푙 푡푖푚푒 = 20 푚푠 − 2 푚푠 = 18 푚푠 (3) 
Line 20 (picture 5) represents loop which should 
work in duration 3 minutes. To obtain when it should 
ends, one more calculations is needed: 
 

 
 

=  
,  

= 9000                                                        
(4) 
 
The value from equation (3) is located in line 23 
(picture 5). To sum up calculation: 
 low level time for injector’s coil when injector 

is completely close is 18ms for 100 1/s (6000 
rpm), 

 high level time for injector’s coil when injector 
is open is 2ms, if obtained value from equation 
(3) is float number there should be additional 
consideration about which function (delay() or 
delaymicroseconds()) should be used according 
to Arduino references [7][8]. 

 

 
Picture 6.Test rig 

 
III. MEASUREMENT METHODOLOGY 
 
The algorithm and equipment that is described below 
provides possibility to make research about work 
stability of EFIJ-1-3 injector. First that essential is to 
check if all parts are not damage and there is no 
leakage from containers, wires etc. Worth to 
rememberis that connection between injector and 
laboratory glass must be tight. If not, gasoline in 
laboratory glass could evaporate during test.  After 
that, well thought Arduino program must be written 
into board memory. Researchers might use different 
board and extend measurements by more 
measurements of temperature if there is suspicion 
cause of long wires etc. The example program for 
Arduino board is shown in picture 5. Next, container 
must be filled by fuel to level that ensure that 
measurement does not run out of fuel before end. It is 
up to researchers how many times test take. One 
important thing is to ensure that fuel amount is 
enough to do not interrupt measurements to fill 
container again because it could generates error due 
to different conditions of test. Worth to note is that 
the distance between exit from container and 
injector’s inlet is small so heat lost between each 
other is negligible. After fuel starts to run into wire 
system, liquid thermostat heat fuel to desired level. 
Desired means the average temperature inside engine 
compartment that might heat gasoline up from 
ambient temperature by heat radiation from working 
engine. It takes a while and depends on difference 
between water temperature and fuel. In the meantime, 
injector voltage on power supply must be set to right 
value between 12V – 14V. It is also up to researchers 
and what voltage usually is in car power supply 
system. One of the most important issue is to have 
stable pressure in fuel system. Thus, compressor with 
large container and air-pressure reservoir are used. It 
is essential to have pressure higher than injector work 
pressure to ensure that pressure regulator will work 
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properly.  Any pressure instability must be absorbed 
by air-pressure reservoir which work as an electric 
capacitor. If all these were be neglected, errors could 
appear in results. 
To measure how accurate and repeatable is described 
methodology EFIJ-1-3 injector validation was 
performed with following data: 
 

 duration of one cycle  - 3 minutes 
 amount of cycles – 3 per each value of rpm 
 considered speeds of engine – 

16,67  (1000 푟푝푚) , 
58,33  (3500 푟푝푚), 100  (6000 rpm) 

 injector voltage – 12,4 V  +/- 0,01 V 
 pressure –0,3 MPa +/- 0,001 MPa 
 temperature set 22°C +/- 1°C 

 
Picture 7 shows on the horizontal axis time of the test 
in hours and minutes. On the vertical axis - dose of 
the fuel in grams. For each speeds 3 tests were 
performed. Obtained accuracy is up to 1,5% what is 
given in table 1. 

 
 

Picture 7. Results of validation for EFIJ-1-3 injector 
1000 rpm 1 test 2 test 3 test 

Average dose in the 
cycle [g] 3,680 3,691 3,711 

Standard deviationσ 
[g] 0,037 0,031 0,025 

Percent value of 
standard deviation over 

average dose in the 
cycle [%] 

1,007 0,851 0,686 

3500 rpm    
Average dose in the 12,818 12,858 12,983 

cycle [g] 
Standard deviationσ 

[g] 0,107 0,122 0,079 

Percent value of 
standard deviation over 

average dose in the 
cycle [%] 

0,835 0,951 0,608 

6000 rpm    
Average dose in the 

cycle [g] 22,085 21,967 22,136 

Standard deviationσ 
[g] 0,133 0,174 0,319 

Percent value of 
standard deviation over 

average dose in the 
cycle [%] 

0,602 0,791 1,439 

Table 1: Results of validation in details 
 
Average dose in the cycle is given from graphs. 
Standard deviation σ is calculated from obtained fuel 
mass which represents points given on graphs during 
3 minutes cycle. Percent value of standard deviation 
over average dose in the cycle [%] 
 
푥 = σ

     
∗ 100% (5) 

 
푥 = ,  

,  
∗ 100% = 0,602%                            (6) 

 

 
Picture 8. Dose for one inject 

 
The value of injected fuel dose per single injection 
signal received by injector during test procedure 
(presented in figure 8) is independent from simulated 
engine rotation speed. It means that in constant work 
conditions a linear relationship between the engine's 
RPM and the mass of the fuel fed will be obtained. 
As well as separately for different rotational speeds, 
obtained precision of the measurements is fully 
satisfactory and almost all results are within the range 
+/-2%from the average fuel dose value of all 
measurement series. 
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CONCLUSIONS 
 
The test procedure ensures good repeatability of 
results. All tests are performed for one injector for the 
same  fuel temperature, pressure, injector’s voltage. It 
ensure accuracy of up 2% measure from average dose 
in the cycle what is fully satisfied. Noticeable 
correlation between dose of injected fuel for different 
engine speed provides an influence of different 
parameters on its work and dose of fuel passing 
injector. 
 

 
Picture 9.Oscilloscope signal for injector 

 
Worth to check is the opening signal for injector what 
is essential from test point of view. 
On the Arduino’s digital output time period of high 
level equal 2ms what is in accordance with datasheet  
[2]. There is voltage drop (from 12V to 11,6V) that is 
result of voltage drop on the electronic part due to H-
bridge datasheet [3]. Thus, voltage on the power 
supply must be set to 12.4V if 12V is the value that is 
desired on injector. Horizontal slope of the signal 
describe how a coil inside injector works because 

after change level from low to high the coil charge 
energy in the magnetic field what is correct. After 
change from high level to low level the coil gives its 
energy to the system which causes a momentary 
change in the polarity. It is important to keep it in 
mind during tests and adjust power supply settings to 
proper values. 
 
Further research will be focused on influence fuel 
flow through injector EFIJ-1-3 with different flow 
parameters (temperature, pressure, engine rpm etc.) 
based on this methodology as a proven method of 
determining the characteristics of the injector's work 
in an ultra-efficient cars. 
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