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ABSTRACT: Hydrogen-diesel dual fuel is used as alternative energy in a diesel engine for saving diesel fuel 
and protecting the environment. Hydrogen is sustainable, renewable, and carbon-free. It can be produced from 
various procedures. Hydrogen addition affects engine vibration and car seat vibration. This article presents the 
effect of hydrogen flow rate on root mean square value and spectrum of the vibration of the engine support. 
The four-stroke single-cylinder diesel engine is tested with hydrogen-diesel dual fuel by varying hydrogen flow 
rate. The vibration of the engine support is measured at two constant speeds with three different loads. The 
root means square and the fast Fourier transform of the engine support vibration are calculated to analyze the 
vibration signals. The results of the root mean square of the total acceleration show that the root means square 
value of the engine support vibrations tends to increase by adding the hydrogen flow rate.  The fast Fourier 
transform spectrums in the experimental results show that the average peak acceleration of the first three engine 
frequencies around 0 to 70 Hz tends to decrease by adding the hydrogen flow rate. The car seat resonance 
vibration at this frequency range can be reduced by adding the hydrogen flow rate. 
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1. INTRODUCTION 
 

In the present days, diesel engines are mainly 
used in the transportation and the logistic systems. 
Hydrogen is an alternative essential source of 
arising in the past decades. It can be produced from 
various procedures such as water electrolysis, steam 
reforming, and dehydrogenation of organic 
chemical hydrides. Diesel engines are nowadays 
widely used in vehicles and stationary applications. 
Many researchers study the effect of hydrogen 
addition on diesel engine performance and pollution 
[1-5]. Carbon and hydrocarbon emission can be 
reduced by adding hydrogen to a diesel engine. For 
the thermal efficiency, hydrogen-diesel dual fuel 
operation shows higher thermal efficiency than a 
conventional diesel operation at the condition of 
relatively high engine load [6].  

 Hydrogen addition affects cylinder pressure, 
the vibration of a diesel engine, and noise emission. 
Nguyen and Mikami [7] studied the effect of 
hydrogen addition to intake air on combustion 
noise. The results showed that the combustion noise 
at late diesel fuel injection greatly decreased by 
hydrogen addition of 10 vol% while the mean 
effective pressure was almost the same with or 
without hydrogen addition. Uludamar et al. [8] 
reported that the Hydroxyl (the mixture of hydrogen 
and oxygen gases) addition with diesel-biodiesel 
blends decreases the engine vibration. 

Engine block vibration is produced by shaking 
force and shaking torque at crankshaft main 
bearing. At a piston head, gas pressure force pushes 
a piston and transmits through connecting rod, 

crankshaft, engine support and other components 
and produces translational and rotational vibration. 
By using the Fourier series expansion, the gas 
pressure force generated within the ith cylinder can 
be computed from 
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where 0iM  is the average torque due to gas forces 
generated within the ith cylinder; kiA  and kiB are 
the coefficients of Fourier series; ω  is the engine 
speed in rad/s; iφ  is the initial phase angle; and K = 
24 for four-stroke engine [9].  

For four-stroke diesel engine, during the 
compression stroke, diesel oil is injected and fires 
with the high-temperature air one time per two 
revolutions of the crankshaft. The first main 
harmonic frequency of an engine vibration with i 
cylinders can be computed from   

 
N 120 / ,f i=          (2) 
 
where N is the engine speed in RPM and f is the first 
main harmonic frequency in Hz. Time and 
frequency analysis is mainly used to analyze an 
engine vibration and acoustic emission such as root 
mean square (RMS), peak value, fast Fourier 
transform (FFT), power spectrum density (PSD), 
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and short-time Fourier transform (STFT) [10-13]. 
The FFT shows an amplitude of engine vibration at 
any frequencies and PSD is the power of FFT. The 
STFT is used to analyze transient vibration signals 
such as valve impact, injector-pulses, and prompt 
initial knock detection. Taghizadeh-Alisaraei et al. 
[14-16] used FFT and STFT to analyze the vibration 
of the compression ignition engine (CI) with 
biodiesel-diesel fuel blends and ethanol-diesel fuel 
blends.  For biodiesel-diesel fuel blends, the results 
showed that D100 and B80 had the lowest vibration 
and STFT can be used for the real-time knock 
detection and injection control. In addition, the 
FFT, and STFT are used in engine noise and 
vibration analysis [17-19].  

Engine support vibration can be separated into 
the responses of excitation force and torque. The 
force at the engine support has two components in 
the longitudinal and lateral direction of the piston 
travel. The vibration at engine support transmits 
throughout the other car components and finally 
reach car seats. The vertical and horizontal 
vibration of the car seat causes of driver and 
passengers discomfort with low resonance 
frequencies [20-21]. Qiu and Griffin [22] reported 
that the resonance frequencies of the fore-aft 
vibration of the seat pan and the backrest are below 
50 Hz. 

In this study, the engine support vibration of the 
hydrogen-diesel dual fuel engine with the variation 
of hydrogen flow rate injected into the engine intake 
port is investigated and discussed at two constant 
speeds with three different loads. The RMS and the 
FFT are used to analyze the vibration signals. The 
obtained results will be beneficial for vibration 
diagnostics of hydrogen-diesel dual-fuel engines. 

 
2. MATERIALS AND METHOD 
 
2.1 Test Engine and Vibration Measurement 
 

 
 

Fig. 1 Test engine and accelerometer installations at 
engine support (front view). 

The horizontal single cylinder Kubota RT100 
Plus direct injection diesel engine as shown in Fig.1 
is used in this study. The piston moves along x-
direction with the connecting rod and the crankshaft 
move on the x-z plane. The engine is supported by 
four springs. The specifications of the engine are 
listed in Table 1.  
 

 
 
Fig. 2 Accelerometer installations at engine support 
(bottom view). 
 
Table 1 Engine specification  

 
Model Kubota RT100 plus 
Number of 
cylinders 

1 

Bore × stroke 88 mm × 90 mm 
Cycle 4-stroke, water cooled 
Compression 
ratio 

18:1 

Maximum power 7.4 kW at 2,400 rpm 
Maximum torque 33.4 Nm at 1,600 rpm 
Injection timing Variable; 20 to 45 degrees 

BTDC 
 
 
Table 2 Accelerometer specification 

 
Instrumentation Characteristics 
G-Link Sample rate: 2,048 

samples per channel 
per second 
Measuring 
acceleration: X, Y and 
Z axes 
Range: ±2 g or ±10 g 
Onboard flash 
memory: 2 MB 

WADA base 
station 

Power: USB 
Frequency: 2.405 GHz 
to 2.480 GHz 

 
Five G-Link wireless triaxial accelerometers are 

installed at the bottom of the engine support using 
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hot glue as shown in Figs. 1 and 2. The engine 
support acceleration data are stored in onboard flash 
memory of G-Link accelerometer with the sampling 
rate of 2,048 samples per second and are transferred 
to a computer after the tests are completed. G-Link 
accelerometers are controlled by Node Commander 
software through WADA base station. The 
accelerometer specification is listed in Table 2. 
 
2.1 Experimental Test Program  
 

The hydrogen-diesel dual fuel is used in this 
study. Hydrogen is injected through the flow meter 
and mixes with air at the manifold with pressure at 
1 bar. Hydrogen-air mixture flows into the cylinder 
during the intake stroke and the main diesel fuel is 
injected before the piston reaching to TDC during 
the compression stroke. The hydrogen volume flow 
rate is varied at five levels of 0, 5, 10, 15 and 20 lpm 
with the engine speed (N) and the engine load (T) 
are shown in Table 3. The controlled engine loads 
are in percentages of the maximum engine torque as 
described in Table 1. The engine has been set to 
reach a steady state prior to collecting all data. The 
engine base accelerations are acquired 100,000 data 
with sampling rate 2,048 samples per second. 

 
Table 3 Engine parameter 
 

Test program N (rpm) T (%) 
1 1,600 15 
2 1,600 25 
3 2,000 25 
4 2,000 50 

 
All data are saved in CVS file format. After 

using FFT, the vibration signals in the frequency 
domain can be analyzed in the frequency range from 
0 to 1,024 Hz. However, for the engine support 
vibration, this frequency range can be used.  
 
3. RESULT AND DISCUSSION 
 

Time and frequency analysis are used to analyze 
the vibration data from the accelerometers. The 
RMS value is used in the time domain. For 
frequency domain, FFT values are applied in this 
study using MATLAB.  

 
3.1 Time Analysis of Engine Support Vibration 
 

Figs.  3 and 4 show the RMS values of the total 
acceleration of the engine support at position 5. 
From the triaxial accelerometer signals, there are 
three directions of the acceleration in x, y, and z. 
The total acceleration can be expressed as 
 

2 2 2
x y za a a a= + + ,        (3) 

where ax, ay, and az are the acceleration in x, y, and 
z-axes. The RMS values of the total acceleration 
can be computed from 
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The regression analysis is used to investigate the 

graph trend (dash line) with 2nd polynomial 
regression.  The results show that the RMS value of 
the engine support accelerations tends to gain up by 
increasing the hydrogen flow rate with the average 
R-squared value of 0.86.  By leveling up the engine 
load, the graphs tend to the upside down parabola 
with the peak at the hydrogen flow rate of 10 lpm. 
The difference between the RMS values at 1,600 
rpm and 2,000 rpm is that the RMS value at 1,600 
rpm is decreased by leveling up the engine load 
while the RMS value at 2,000 rpm is increased.  For 
the RMS value at positions 1 to 4, the graphs are 
similar to that of position 5. 
 

 
 
Fig. 3 The RMS at position 5; N = 1,600 rpm  
 

 
 
Fig. 4 The RMS at position 5; N = 2,000 rpm  
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Fig. 5  0 to 1,000 Hz spectrum of the total acceleration at position 5; N = 1,600, T = 25%.  

 

 
Fig. 6  0 to 1,000 Hz spectrum of the total acceleration at position 5; N = 2,000, T = 25%. 
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Fig. 7  0 to 70 Hz spectrum of the total acceleration at position 5; N = 1,600 rpm, T = 25%. 

 

 
 
Fig. 8  0 to 70 Hz spectrum of the total acceleration at position 5; N = 2,000 rpm, T = 25%.
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3.2 Frequency analysis of Engine Support 
Vibration 
 

The FFT is used to analyze the engine support 
vibration. For a discrete signal x[n], the FFT is can 
be expressed as 

 
1
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where n = 0, 1, 2, …, M-1, and M is length of x[n]. 
For four-stroke single piston diesel engine, the 
engine vibration is generated by the combustion of 
the mixture vapor one time per two revolutions .The 
engine frequency f in Hz can be calculated from 

N / (120)f = and the harmonic frequencies are 
n f×  where n are 1, 2, 3, 4, etc.  The four-stroke 
engine with the speed of 1600 rpm has the engine 
frequencies of 13.33, 26.67, 53.33 Hz, etc.  For the 
engine speed of 2,000 rpm, the engine frequencies 
are 16.67, 33.33, 66.67 Hz, etc.   

Figures 5 to 8 show the FFT of the total 
acceleration of the engine support at position 5 with 
the engine speed of 1,600 and 2,000 rpm at 25% 
engine load. Figure 5 and 6 show the frequency 
range of 0 to 1,000 Hz. The results show that 
hydrogen addition unclearly affects the engine 
vibration.  

Figures 7 and 8 show the first three dominant 
engine frequencies around 0 to 70 Hz. These 
frequencies affect resonance frequencies of the car 
seat. The resonance vibration of the car seat with 
high amplitude occurs at the engine frequency 
below 50 Hz [22] and cause discomfort of driver 
and passengers. The average amplitude of the first 
three engine frequencies around 0 to 70 Hz is 
defined as the average peak acceleration (APA) and 
can be computed from  

 
APA = (APAf1 + APAf2 + APAf3)/3,        (6) 
 
where APAf1, APAf2, and APAf3 are the amplitudes 
at the first, the second, and the third harmonic 
frequency of the engine vibration. 

Figures 9 and 10 show that the APA tend to 
reduce by increasing the hydrogen flow rate. In 
addition, there are other frequencies generated by 
other components occur around 0 to 70 Hz. 
However, the present study interests to discuss only 
the effect of added hydrogen on the vibration 
amplitude at the engine frequencies because the 
engine is the vibration source and added hydrogen 
directly affects the engine vibration. For the APA at 
positions 1 to 4, the results similar to the APA at 
position 5. 
 

 
 
Fig. 9 Average peak of the total acceleration of the 
first three engine frequencies; N = 1,600 rpm. 
 
 

 
 
Fig. 10 Average peak of the total acceleration of the 
first three engine frequencies; N = 2,000 rpm. 
 
4. CONCLUSION 

 
This paper present time and frequency analysis 

of engine support vibration, the hydrogen-diesel 
dual fuel engine is tested by varying hydrogen flow 
rate. The vibration of the engine support is 
measured at two different speeds and three different 
loads. 

The RMS and the FFT are used to analyze the 
signals of the engine support vibration. The results 
found that the RMS value of the engine support 
vibrations tends to increase by adding the hydrogen 
flow rate. From the FFT spectrum at the resonance 
frequencies of the car seat vibration, the added 
hydrogen flow rate reduces the average peak 
acceleration of the first three engine frequency 
around 0 to 70 Hz. For this frequency range, the car 
seat resonance vibration can be reduced by 
increasing the hydrogen flow rate.   
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