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Abstract  
Vibration is an inevitable physical phenomenon; excessive and 
uncontrolled amounts of vibration can result in damage and system 
failure. In accordance with various automotive product certification 

standards, vehicle batteries or rechargeable electrical energy 
storage systems (REESS) must undergo a vibration test to assess 
their mechanical integrity. This study aims to broaden the perspective 
on vibration assessment by examining it during vehicle operation and 
assessing the protective capabilities of vehicle suspension against 

vibrations from damaged roads in two-wheeled electric motor 
vehicles. The proposed method involves installing an accelerometer 
on the battery pack body, which is placed in the battery compartment. 

The experimental setup involved conducting tests on a 125-meter 

track, with the vehicle traversing roads characterized by concrete 
cracks, uneven surfaces, and potholes. Two distinct speed variations 
were selected for analysis: 10 and 15 kilometers per hour. The results 
obtained from the Rion VA 12 portable vibration analyzer are 
presented as a plot of the fast Fourier transform (FFT) graph. The 

maximum acceleration recorded was 2.35 and 1.98 G at the same 
frequency of 7 hertz (Hz). This research method and result align with 
others, including those focused on assessing road damage, 
passenger comfort, and vehicle component damage, such as shock 

absorbers. In the future, the development of a vehicle battery support 
structure is anticipated to further minimize vibration disturbance by 
reducing the peak acceleration values depicted in the FFT graph. 
The minimization of incoming vibrations is expected to enhance the 

safety and durability of the battery pack.  
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INTRODUCTION 
Vibration is the physical phenomenon 

showing a rotational or translational motion in a 

structure. It is widely accepted that excessive 
vibration can have a detrimental impact on a 
structure. Vibration is also frequently linked with 
the deterioration of machinery or structural 
components [1][2]. In the field of vehicle dynamics, 

vibration is a highly regarded factor. It is important 
to note that its significance extends to several key 
areas, including passenger comfort, maintenance, 

prediction of the lifespan of vehicle components, 
and vehicle design itself [3].  

One frequently employed analytical 
technique in the domain of vibration is the fast 
Fourier transformation (FFT). The FFT represents 

http://creativecommons.org/licenses/by-sa/4.0/
mailto:mohamad_ardy@dephub.go.id


 

SINERGI Vol. 29, No. 3, October 2025: 833-844  

 

 

834 M.A. Firmansyah et al., An FFT-based vibration characterization of the road profile of ... 

 

a more practical and expedient transformation 
than the Discrete Fourier transform (DFT) [4][5]. 
The analysis of waves and vibrations is typically 
expressed in the frequency domain, whereas the 

data obtained from experimental vibration 
measurements are generally represented in the 
time domain. The FFT facilitates the 
straightforward identification of the dominant 

frequency at which the most substantial vibration 
magnitude occurs [6].  

Vibration research in electric vehicles is 
frequently concentrated on battery cells. This 
implies that the battery cell is the element directly 

exposed to vibrations [1, 7, 8, 9, 10]. While this 
assertion is not entirely inaccurate, it is also not 
precise. During operation, the electric vehicle 
battery is not directly influenced by vibration. 

However, if we trace the vibration from the 
component with the narrowest profile, it becomes 
evident that numerous components can mitigate 
the electric vehicle battery's vibration. These 
components include the battery holder, elastic 

foundation, battery pack, and vehicle suspension, 
all of which contribute to reducing the overall 
vibration [11]. 

A substantial body of prior research has 

addressed the topic of vehicle vibrations, 
examining the phenomenon in the context of 
various types of tracks, including those that are 
conditioned, highway, and off-road. The following 
paragraphs will endeavor to elucidate this matter. 

A study has identified a method for predicting 
vibration testing outcomes without the necessity of 
collecting data directly in the field. The method 
entails the integration of road and vehicle PSD 

functions with additional variables, including road 
roughness, vehicle speed, and trip duration [12]. 

A study mapping the unevenness of 
runways at seven Chinese airports found that 

waviness and unevenness are interrelated. The 
study states that these two characteristics are 
closely correlated with the vibrations felt by aircraft 
bodies [13]. 

Another study mentioned that a road 

profile survey was conducted over a distance of 
1,860 km using nine different types of cars. In the 
study, data were collected by installing 
accelerometers on the frame near the driver's seat 

and on the driver's seat surface. The PSD data 
was then extracted. This data collection method is 
used as a reference in the existing research. 
Similar to previous research, this study aims to 
characterize the levels of comfort, unevenness, 

and waviness caused by a vehicle ride [14]. 
As far as off-road is concerned, a study 

shows the transmissibility data between the frame 
of an agricultural tractor and the surface of a 

driver's seat with air suspension. A similar method 
was used in the previous section. The presence of 
ballast and implementation reduced the 
transmissibility values in the longitudinal direction, 

while the pneumatic seat gave the driver's seat 
good transmissibility values in the vertical axis 
direction [15, 16, 17]. A potential method for 

mitigating vibration effects involves the 
development of magnetorheological elastomer 

(MRE) materials. These materials are classified as 
dampers, characterized by their ability to modify 
stiffness through the strategic placement of 
electrically charged coils, which are subjected to a 
specific current [18]. 

In considering the impact of motor noise 
on passenger comfort, a study identified 
electromagnetic and gear-meshing noise as the 
primary sources of noise in electric vehicles. 

Experiments were conducted in an anechoic 
chamber to investigate this further, focusing solely 
on the traction motor and including speed 
variations. Additionally, simulations were 
performed to validate the findings [19]. 

From various previous studies, there is a 
lack of information on how the characteristics of 
electric vehicles are affected when they are 
directly exposed to vibration during road 

operation, especially on low-category roads such 
as categories C, D, and E, where vibration 
disturbances are certainly higher and more 
damaging. Vibration is also a mandatory item in 

the automotive product certification process, 
namely rechargeable energy storage system 
(REESS), which is included in various certification 
regulations such as UN ECE R136, ISO 18243, 
SNI 8872, FMVSS 305A, and other relevant 

standards. 
In addition, this research builds on 

previous research that has discussed REESS 
testing in relation to battery packs [11]. The current 

research will examine the vibration aspect from a 
broader perspective, specifically the vibration of 
vehicles under operating conditions on roads with 
low pavement quality.  
 

MATERIAL AND METHODS 
The current research methodology involves 

documenting vibrations, with the primary objective 
of creating an FFT graph of a two-wheeled electric 

motorcycle. This was accomplished by conducting 
trials on roads characterized by substandard 
pavement quality. The subsequent descriptive 
paragraph outlines the procurement of the 
requisite tools and materials. 
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Material 
The materials used in this research include 

the Gesits G1 electric motorcycle, shown in Figure 

1, and the swappable battery pack, depicted in 
Figure 2. The specifications of the electric 
motorcycle are as follows: 
Brand / Type: Gesits / G1 
Curb weight: 94.5 kg 

Front tyre size: 80/80 R14 
Rear tyre size: 100/80 R14 
Front suspension type: Telescopic fork 
Rear suspension type: Swing arm monoshock 

L x W x H : 1,947 x 674 x 1,135 mm 
Engine power: 2,000 watts 
Maximum speed: 70 km/h 
 

 
Figure 1. Gesits G1  

 
 

Figure 2. Gesits G1 Battery Pack 

 
The OEM battery specifications employed 

are as follows:  

Number of Packs: 1 Pack 
Nominal Voltage: 72 VDC 
Nominal Capacity: 20 Ah 
Nominal Power: 1440 Wh 
Number of cells: 80 cells 

Cell Configuration: 20 Series 4 Parallel 
Nominal Cell Voltage: 3.6 VDC 
Nominal Cell Capacity: 5 Ah 

Figure 2 shows a Rechargeable Electrical 

Energy Storage System (REESS) or battery pack 
utilized in this research. The battery is a type of 
swap battery that can be exchanged with another 
battery. It has an elongated shape with a handle 

at the top, allowing it to be removed easily [20][21]. 
The battery weighs 8.128 kg overall and has 
connectors at the top. The battery is placed in the 
battery compartment and held by the seat. The 
lower side of the battery pack is in direct contact 

with the battery compartment, while the upper side 
is in contact with the rubber retainer on the seat. 
This configuration ensures that the battery pack 
does not dislocate when the vehicle is in 

operation. Typically, no structure serves to reduce 
vibrations from the vehicle chassis to the battery 
pack. 

The study utilized a portable vibration 
analyzer manufactured by Rion, designated as the 

VA 12 model. This instrument is frequently 
employed in both research and industrial settings 
for the purpose of analysing vibration, engine 
rotation, misalignment, and maintenance.  

 
 

Figure 3. Rion VA 12 
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It offers an analysis of dimensional parameters, 
including displacement, speed, and acceleration 
[22]. The Rion VA 12 has been utilized in previous 
research and employed to assess passenger 

comfort levels in terms of seat adequate amplitude 
transmissibility (SEAT) [23]. SEAT is defined as 
the ratio of the vibration amplitude experienced by 
the passenger to the amplitude generated by the 

floor area. A comparable investigation was 
conducted using RION VM 54, a material that 
operates similarly to RION VA 12. The objective of 
this study was to ascertain the level of passenger 
comfort in a passenger car bench. The SEAT 

parameter was examined [24]. The Rion VA 12 
model is depicted in Figure 3.  

The following specifications pertain to the 
Rion VA 12 model: 

Brand / Type: Rion VA 12 

Accelerometer Type: Piezoelectric 
Window Function: Hanning Function 
Frequency Measurement Range: 1 – 20 kHz 
Acceleration Measurement Range:  0.02 – 141.4 

m/s2 
Frequency span: 100 Hz, 200 Hz, 500 Hz, 1 kHz, 
2 kHz, 5 kHz, 10 kHz,  20 kHz. 

In order to mount the accelerometer on the  

REESS, a mounting apparatus is required. This 
mounting apparatus is manufactured using a 3D 
printing process. The accelerometer is attached to 
the REESS body by adjusting the slot design and 
reinforcing it with glue tack. It ensures that the 

position of the mount and the accelerometer do 
not shift during data collection. The design of the 
mounting apparatus and the 3D printing process 
are shown in Figure 4. 

 
 

Figure 4. (a) Set up of the Rion VA 12 in the test vehicle, (b) Set up of the accelerometer in the vehicle 

battery, (c) Set up of the accelerometer when not installed, (d) Production of the accelerometer 
mounting by 3D printing.  
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Methods 
The experimental trials were conducted on 

on-road sections exhibiting substandard 

pavement quality. The study selected a 125-metre 
track in Bekasi Regency, West Java Province, 
where most of the pavement is damaged, 
including uneven surfaces, cracked concrete, and 
road holes. The selected road characteristics 

represent low-grade roads (classes B and C) in 
accordance with ISO 8608. In such conditions, the 
operational speeds of vehicles are constrained 
due to the substantial vibrational disturbance 

caused by the low road grade [13][25]. 
The location of the selected GPS track is 

illustrated in Figure 5. Figure 6 illustrates the road 
conditions and the types of damage present. The 

test setup is initiated after compiling information 
about the tools and materials. The setup of the 
testing tools and materials is delineated in Figure 
4, and vibration data is subsequently collected 
directly on the road at two speed variations: 10 

km/h and 15 km/h. These speeds are deemed to 
be safe for the collection of vibration data. It is 
anticipated that increasing the speed beyond 
these levels may lead to accidents or cause 

damage to the specimen or the apparatus. 
The Rion VA 12 is set at a frequency range 

of 0-200 Hz to harmonize with battery testing on a 
test bench, based on some of the standards 
mentioned earlier [11]. 

Figure 6 illustrates a wide range of road 
damage, including cracked concrete, uneven 
roads, and potholes. These disturbances can be 
effectively characterized through vibration and 

shock testing conducted on a bench test basis. 
The objective is to ascertain the frequency at 
which the most significant magnitude is achieved. 
 

 

Figure 5. GPS Track Data Collection 
 
 

 

(a) 

 
 

(b) 

 
 

(c)  
Figure 6. (a) Cracked Concrete Type Road 

Damage, (b) Uneven Road Type Road Damage, 
and (c) Pothole Type Road Damage 

 
 The Rion VA 12 is equipped with a data 

acquisition feature that facilitates direct FFT 
output. FFT is the result of vibration analysis 
viewed from a 3-dimensional perspective. Initially, 
the data is acquired in the time and acceleration 

domains. Then, using the Fourier transform, it can 
be presented in the frequency domain. This 
requires complex number analysis involving real 
and imaginary number components [26][27]. 

Figure 7 below explains how the Fourier 
Transform views the frequency vs amplitude plane 
from the side view, while the front view shows the 
time vs amplitude plane. 
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Figure 7. (a). Time Domain Original Signal 
 

 

Figure 7. (b). Frequency Domain Separates 
Signal Into Multiple Uniform Waves. 

 

 

Figure 7. (c). FFT Graph Plot simplifies signal 
and wave problems. 

 

 

As illustrated in Figure 7a, a graph of the 
signal function between time and amplitude is 
presented; however, conducting a thorough 
analysis of the graph is challenging. The fast 

Fourier transform (FFT) provides an alternative 
perspective, focusing on the frequency and 
amplitude fields depicted in Figure 7b. This 
approach ultimately results in Figure 7c, which 

offers a more accessible representation of the 
amplitude phenomenon that emerges at specific 
frequency values. This approach is instrumental in 
addressing diverse scenarios, including the 
identification of the natural frequency and the 

occurrence of resonance within a structure. 
Researchers generally have the capacity to 

acquire vibration data in the time and frequency 
domains concurrently. However, due to the 

constrained capabilities of the instrument used in 
this study, the Rion VA 12 can only record 
independently in the time and frequency domains. 
Consequently, the present study will analyze the 
time domain and power spectral density obtained 

by transposing the graph with MATLAB. The 
utilization of MATLAB coding will be confined to 
the lowest and the highest result of the FFT graph 
obtained.  

The following Matlab coding is employed: 
 
clear 
clc 
fs=200; 

t = 0:1/fs:1; 
x=A*sin(2*pi*f*t); 
y=x+randn(size(t)); 
  

subplot (3,1,1) 
plot(y(1:200)) 
title('Noisy time domain signal') 
xlabel('time t') 

ylabel('Amplitude') 
  
Y=fft(y,256); 
Pyy=Y.*conj(Y)/300; 
f=fs/256*(0:127); 

  
subplot(3,1,2) 
plot(f,Pyy(1:128)) 
title('Power Spectral Density') 

xlabel('Frequency (Hz)') 
  
subplot(3,1,3) 
plot(f(1:40),Pyy(1:40)) 
title('Power Spectral Density') 

xlabel('Frequency (Hz)') 
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Research of a similar nature employs a 
numerical simulation approach that utilizes fuzzy 
logic methods to detect imbalance and 

misalignment [28]. This finding underscores the 
value of numerical simulation in determining 
vibration analysis, yielding highly accurate results. 

 
RESULTS AND DISCUSSION 

After collecting data at two distinct velocities 
(10 km/h and 15 km/h), the experimenter 
conducted three replicates for each velocity. The 
ensuing data is presented in Figures 8 and 9. 

As illustrated in Figure 8, a consistent 
pattern emerges across all three repetitions, with 
the peak FFT graph matching a frequency of 7 Hz. 
This frequency is accompanied by acceleration 

magnitude values of 1.86, 2.35, and 2.09 G, 
respectively, as the experiments progress from 
the initial to the final stage. This observation 
indicates that the natural frequency of the 
motorcycle is approximately 7 Hz. 

 

This observation is consistent across all 
three repetitions. A similar trend is observed in the 
15 km/h speed variation shown in Figure 9. The 

frequency with the highest acceleration magnitude 
value is again at 7 Hz, while the acceleration 
magnitude values are 1.79 G, 1.98 G, and 1.94 G, 
respectively. No significant difference is observed 
when comparing the results at two different 

speeds of 10 and 15 km/h.  
However, a notable distinction emerges 

when comparing the 10 km/h speed to the 15 km/h 
speed. Specifically, the 10 km/h speed exhibits a 

heightened vibration disturbance compared to the 
15 km/h speed. This phenomenon can be 
attributed to the vehicle's suspension system, 
which prioritizes maximizing rebound time when 

the vehicle's wheels enter a pothole. 
Consequently, when exiting a pothole, the 
vehicle's suspension system demands a rapid 
compression phase, thereby contributing to the 
high acceleration value observed. 
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(c) 
Figure 8. FFT Graph Plot on 10 km/h: (a) first attempt, (b) second attempt, and (c) third attempt 
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(c) 
Figure 9. FFT Graph Plot on 15 km/h: (a) first attempt, (b) second attempt, and (c) third attempt 

 
 

The FFT peak graph of the first experiment 
at 15 km/h shows the lowest FFT peak (1.79G), 

while the FFT peak graph of the second 
experiment at 10 km/h shows the highest FFT 
peak (2.34G). The author utilizes MATLAB coding 
to ascertain the time domain and PSD graph plots 
referenced in the method section. The ensuing 

results, obtained by plotting the aforementioned 
time domain and PSD graphs, are presented in 
Figure 10. 

A comparison of the time domain graphs 

reveals that they exhibit analogous values, with 
seven valleys and peaks identified. The maximum 
values recorded were 4.196 and 4.717, 
respectively. However, the PSD plot indicates that 
the second graph exhibits twice the spectral 

energy density. While the FFT values of the 
second graph are not significantly disparate, the 
former exhibits a substantially higher energy 
density, approximately 2 times greater.  

 
 

However, the second graph produces a 
substantially higher energy density, approximately 

2 times that of the first graph. The high energy 
density significantly influences the acceleration of 
structural damage. 

As previously mentioned in the method, the 
author selected a frequency measurement range 

of 0-200 Hz to analyze the discrepancy in the FFT 
response compared to previous research. 
Notably, the natural and resonant frequencies 
may manifest multiple times within distinct 

frequency ranges. However, within the 0-200 Hz 
range specified in this study, a solitary FFT peak 
was observed. However, if the frequency range is 
expanded, for instance, up to 2 kHz or 20 kHz, it 
is plausible for the FFT graph plot to manifest 

additional frequency peaks [26][27]. This is 
consistent with the augmentation in the number of 
tracks involved and the escalation in the velocity 
variations utilized. 
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(a) 
 

 

(b) 

Figure 10. (a) Plot Graph Time Domain and PSD 
FFT = 1.79G, (b) Plot Graph Time Domain and 

PSD FFT = 2.34G 
 

The FFT graph presented herein will be 
compared with that of previous research, which 
obtained the transmissibility value of a battery 
structure. Unlike the current research, the 
transmissibility value is the final result of 

comparing two accelerometers: one mounted on 
the shaker table for vibration excitation and the 
other on the core of the structure to be assessed 
for acceleration.  

According to the findings of a particular study, the 
transmissibility of an electric vehicle battery 
structure has a maximum value of 1.4 at a 

frequency of approximately 28 Hz. The 
transmissibility graph is shown in Figure 11. 

The transmissibility value is observed to be 
consistent across the second and sixth 
experiments, thereby validating the hypothesis 

that the natural frequency of REESS is 28 Hz. 
Regarding the FFT increments and peaks, the 
frequency range, spanning from 0 to 200 Hz, 
exhibits a similarity in which the peak of the FFT 

graph manifests once. 
The method used in the extant study was 

also employed in another study, which posits that 
an accelerometer is installed on the vehicle 

knuckle (unsprung mass) to detect cracks or other 
damage on a road track. The results of the study 
are shown in Figure 12.  

The present research method involves 
installing accelerometers within the sprung mass 

area to determine the natural frequency of the 
vehicle system, which includes springs, dampers, 
and additional suspension components such as 
swing arms [29, 30, 31].  

 
 

Figure 11. Transmisibility Graph Plot for REESS 
Vibration Testing 

 
 

Figure 12. Acceleration Magnitude Track 
Distance Domain [29] 
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Another study evaluated the extent of 

damage to a vehicle's shock absorber. This 
assessment involved the installation of 

accelerometers on the shock absorber [32].  
FFT analysis has been demonstrated to 

offer significant advantages across a range of 
disciplines, particularly in the domain of vehicle 

vibration knowledge. The installation methods of 
accelerometers, which measure vibrations, vary 
depending on the purpose. Some are installed in 
unsprung mass areas, such as knuckles and 
axles, while others are installed in sprung mass 

areas, such as cabin and seat areas, to determine 
passenger comfort. Some are installed in the 
chassis area to determine the natural frequency, 
while others are placed in the shock absorber 

mounting area to assess the level of shock 
absorber damage. Existing research 
characterizes vehicle vibrations in the battery pack 
or REESS. In the future, developing a REESS 
support system is anticipated to minimize the 

acceleration level on the FFT plot, thereby 
ensuring more robust battery pack protection. 

 
CONCLUSION 

Vibration is an inherent and inevitable 
mechanical phenomenon. At elevated levels, this 
phenomenon can inflict harm upon structures. As 
outlined in numerous standards, vibration testing 
is mandatory for electric vehicle batteries. 

Vibration testing is a crucial component of 
ensuring the mechanical integrity of these 
batteries. This research focuses on a novel 
approach to vibration testing: conducting tests 

directly on the road. The highest FFT value 
recorded was at 2.35 G. Previous studies have 
explored related topics. FFT analysis with 
accelerometer installation offers numerous 

benefits, such as assessing component damage, 
determining passenger comfort, and acquiring 
road damage data, considering variations in 
accelerometer installation on sprung and 
unsprung mass. In the future, improvements can 

be made to the battery support structure to 
achieve a higher level of safety, indicated by a 
decrease in the peak value of the FFT. 
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