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Abstract - The suspension system plays an important role 

in improving vehicle comfort as well as reducing the 
dynamic load of the wheels acting on the road surface. 
Design parameters of an electric vehicle suspension system 
such as stiffness and damping coefficients are respectively 
analyzed to evaluate their effects on vehicle ride through 
the root-mean-square (r.m.s.) acceleration of the vehicle 
body according to the international standard ISO 2631-1 
(1997) based on a quarter-vehicle model of the in-wheel 

motor (IWM) configuration with the motor. The obtained 

results indicate that the design parameters of suspension 
system have a significant effect on vehicle ride comfort. In 
addition, the research results also indicate the optimal 
parameters for the electric vehicle suspension system to 
improve vehicle ride comfort. 
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1. INTRODUCTION  

Electric vehicles widely use in the market with outstanding 
advantages in terms of environmental pollution. The 
electric vehicle market has been competitive between car 
manufacturers in terms of both price and ride comfort 
quality. In order to improve vehicle ride comfort, the 
characteristics of the suspension system of electric vehicle 
play an important role to vehicle ride comfort. The effect of 
in-wheel motor (IWM) suspension system on electric 
vehicle (EV) ride comfort was conducted for analysis based 
on a dynamic model of quarter vehicle with the 
combination of IWM and road surface roughness 
excitations [1]. The amplitude-frequency and vibration 
response characteristics of the suspension of an electric 
mini off-road vehicle were analyzed with the natural 
frequencies of the front and rear suspensions selected in 
accordance with the required driving performance [2].  A 
novel in-wheel (IW) active vibration system for an IW 
motor (IWM)-driven electric vehicle was proposed and 
analyzed via a fuzzy optimal sliding mode (FOSM) control 
method based on a 6 degree-of-freedom (DOF) vehicle 
model to improve electric vehicle ride comfort [3]. A 
magnetorheological semi active suspension system of an 
electric vehicle was proposed and controlled to improve 

the EV conversion ride comfort performance based on a 
dynamic model of an electric vehicle with 7 degrees of 
freedom [4]. An active suspension of hub-driven electric 
vehicles (EVs) was proposed and controlled using a robust 
control method to improve vehicle ride comfort [5]. A SAS-
Controlled Active Suspension System was proposed and 
controlled using a validated 7 degrees of freedom of 
vehicle’s ride model and vehicle’s ride comfort 
performance was evaluated by improvement with an active 
suspension system [6]. An active suspension system in EV 
conversions ride model was proposed and controlled to 
further improve the EV conversion’s ride comfort 
performance [7]. An in-wheel vibration absorber for in-
wheel-motor electric vehicles (IWM EVs) was proposed 
and optimized via a particle swarm optimization (IPSO) 
and then a linear quadratic regulator (LQR) algorithm was 
developed to control suspension damper to improve 
vehicle ride comfort [8].  

In this paper, a quarter-vehicle model of the in-wheel 
motor (IWM) configuration with the motor of an electric 
vehicle with three degrees of freedom is proposed under 
two combined excitation sources of road surface and 
electric motor to investigate the effects on the design 
parameters of an electric vehicle suspension system on the 
value of the root-mean-square (r.m.s.) acceleration of the 
vertical vehicle body according to the international 
standard ISO 2631-1 (1997) [15] 

2. QUARTER -VEHICLE RIDE DYNAMIC MODEL  

A quarter-vehicle model of an in-wheel motor (IWM) 
electric vehicle with three degrees of freedom is 
established under two combined excitation sources of road 
surface and electric motor based on reference [8], as 
shown in Fig-1, where mb, mt, and mm are vehicle body 
mass, wheel assembly mass, electric motor mass, 
respectively; k, km1, km2, and kt are the suspension stiffness, 
in-wheel spring stiffness, bolt stiffness, and tire vertical 
stiffness, respectively; c, cm and ct are the vehicle 
suspension damping coefficient, in-wheel damper damping 
coefficient, tire damping coefficient, respectively and Fmz is 
the in-wheel motor excitation function and q is road 
surface excitation function 
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Fig-1: Quarter-vehicle model of an in-wheel motor 
(IWM) electric vehicle 

The equations of motion: The equations of motion for Fig-1 
using Newton’s second law of motion are written below 
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(1) 

Road surface excitation function[1],[9],[10]: The road 
surface roughness is usually assumed to be a zero-mean 
stationary Gaussian random process and can be generated 
through an inverse Fourier transformation based on a 
power spectral density (PSD) function. The time domain 
excitation of the uneven road surface is generated as the 
sum of a series of harmonics: 
             mid
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where, Gq(fmid-k) is power spectrum according to ISO 
8608:2016[16], m2/Hz; f is the frequency range, Hz;  t is 
time, s; k is the random phase uniformly distributed from 
0 to 2π.  
In-wheel motor excitation function [1], [11]: The nonlinear 
forces of the bearing in the X direction and Z direction can 
be obtained according to Eq. (3), as follows. 
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where, ms is the total mass of the tire, the rim and the 
motor rotor; e is the eccentricity of the rotor;  R is the 
angular velocity of the rotor. 

3 VEHICLE RIDE COMFORT CRITERIA 
Currently there are many methods to evaluate the vehicle 
ride comfort such frequency-domain method, time-domain 
method [12], [13], [14]. This study is based on ISO 2631-1 
(1997), the vibration evaluation based on the basic 
evaluation method including measurements of the 
weighted root-mean-square (r.m.s.) acceleration is defined 
by:  
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where, aw(t) is the weighted acceleration (translational 
and rotational) as a function of time, m/s2; T is the 
duration of the measurement, s. 

In this way, a synthetic index-called vertical weighted 
r.m.s. acceleration, aw can be calculated from formula Eq. 
(4) and the r.m.s. value of the vertical acceleration in 
vehicle would be compared with the values in Tab-1, for 
indications of likely reactions to various magnitudes of 
overall vibration in the public transport. 

Table- 1: Comfort levels related to aw threshold values 

aw/(m.s2) Comfort level 

< 0.315 Not uncomfortable 

0.315÷0.63 A little uncomfortable 

0.5 ÷ 1.0 Fairly uncomfortable 

0.8 ÷ 1.6 Uncomfortable 

1.25 ÷ 2.5 Very uncomfortable 

> 2 Extremely uncomfortable 

4. RESULTS AND DISCUSSION  

The equations of motion of Eq.(1) are simulated and 
calculated by Matlab/Simulink software according to the 
reference [8] when vehicle moves on ISO class B road 
surface at vehicle v=87 km/h and  IWM excitation force of 
Fmz= 2398sin188t (N). Time domain acceleration of 
response vehicle body is shown in Fig-2. The value of the 
root-mean-square (r.m.s.) acceleration of the vehicle body 
is determined by Eq.(4) which achieved as awb=0.67 m/s2 
and this value satisfies uncomfortable condition for 
human  (according to Tab-1). 

0 2 4 6 8 10
-4

-2

0

2

4

Time/s

a b
/(

m
/s

2
)

 

Fig-2: Time domain acceleration of response vehicle body 

The suspension stiffness coefficient values from 0.2xk 
value to 2.0xk (k is the value of the stiffness coefficient of 
the original suspension system of an electric vehicle) are 
investigated its effects on the value of the root-mean-
square (r.m.s.) acceleration of the vehicle body (awb) when 
vehicle moves on ISO class B road surface at vehicle v=87 
km/h and IWM excitation force of Fmz= 2398sin188t (N). 
The awb value with variable stiffness coefficient of the 
original suspension system is shown in Fig-3. From the 
result of Fig- 3 we see that the value of the stiffness 
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suspension system increases, awb value increases which 
leads to reduce vehicle ride comfort. 
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Fig-3: awb value with variable stiffness coefficient of the 
original suspension system 

The suspension damping coefficient values from 0.2xc 
value to 2.0xc (c is the value of damping coefficient of the 
original suspension system of an electric vehicle) are 
investigated its effects on the value of the root-mean-
square (r.m.s.) acceleration of the vehicle body (awb) when 
vehicle moves on ISO class B road surface at vehicle v=87 
km/h and IWM excitation force of Fmz= 2398sin188t (N). 
The awb value with variable damping coefficient of the 
original suspension system is shown in Fig-4. From the 
result of Fig- 4, we see that the value of the damping 
suspension system increases, awb value reduce and then it 
increases. The optimal value of awb =0.55 m/s2 at 0.4xc 
value which reduce by 21.8% in compared with 
parameters of the original suspension system. 
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Fig-4: awb value with variable damping coefficient of the 
original suspension system 

5. CONCLUSIONS 

In this study, the effects on the design parameters of an 
electric vehicle suspension system on the value of the 
root-mean-square (r.m.s.) acceleration of the vertical 
vehicle body are analyzed for evaluating efficiency based 
on a 3-DOFs quarter-vehicle model of an electric vehicle 
under two combined excitation sources of road surface 
and electric motor. The obtained results indicated that 
suspension design parameters of an electric vehicle 
suspension system have a significant effect on vehicle ride 
comfort. In addition, the study result has shown that the 
optimal value of awb =0.55 m/s2 at 0.4xc value which 
reduce by 21.8% in compared with parameters of the 
original suspension system. 

Acknowledgment 

This research was financially supported by Thai Nguyen 
University of Technology, TNUT, Viet Nam. 
 

REFERENCES 
 
[1] Quynh, L.V. et al., (2019). “Effect of in-wheel motor 

suspension system on electric vehicle ride comfort.” 
Vibroengineering PROCEDIA, 29, pp.148–152. 

[2] Yu, B., Wang, Z., Wang, G., Zhao, J., Zhou, L., & Zhao, J. 
(2019). “Investigation of the suspension design and 
ride comfort of an electric mini off-road vehicle”. 
Advances in Mechanical Engineering, 11(1), Vol. 11(1) 
pp. 1-10. 

[3] He, R., & Wang, J.-C. (2018). “Vertical vibration control 
of an in-wheel motor-driven electric vehicle using an 
in-wheel active vibration system”. Asian Journal of 
Control, Vol. 22(2), pp. 1–18, 

[4] Saiful Anuar Abu Bakar, et al. (2020). “Ride comfort 
evaluations on electric vehicle conversion and 
improvement using Magnetorheological semi active 
suspension system”. SICE Annual Conference 2011. 

[5] Hang Wu, et al.(2020). “Robust Control for Active 
Suspension of Hub-Driven Electric Vehicles Subject to 
in-Wheel Motor Magnetic Force Oscillation”. Appl. Sci. 
2020, 10, 3929. 

[6] Abu Bakar, S. A., Masuda, R., Hashimoto, H., Inaba, T., 
Jamaluddin, H., & Abdul Rahman, R. (2014). “Ride 
Comfort Performance Improvement of Electric Vehicle 
(EV) Conversion Using SAS-Controlled Active 
Suspension System”. Jurnal Teknologi, 71(2).  

[7] Abu Bakar, S. A., & Abdul Aziz, A. (2014). Active 
Suspension System to Improve Ride Comfort 
Performance of Electric Vehicle (EV) Conversion. 
Applied Mechanics and Materials, 663, 208–212. 

[8] Liu M., Gu F., Zhang Y. Ride comfort optimization of in-
wheel-motor electric vehicles with in-wheel vibration 
absorbers. Energies, Vol. 10, 2017, p. 1647. 

[9] Van Quynh, L.(2017). “Influence of semi-trailer truck 
operating conditions on road surface friendliness”, 
Vibroengineering PROCEDIA 16, p.67–72. 

[10] HA Tan, LV Quynh, NV Liem, BV Cuong, LX Long 
(2019). “Influence of damping coefficient into engine 
rubber mounting system on vehicle ride comfort”, 
Vibroengineering PROCEDIA, Vol. 29, p. 112-117. 

[11] Yuewei Yu,  Leilei Zhao,  Changcheng Zhou(2019). 
“Influence of Rotor-Bearing Coupling Vibration on 
Dynamic Behavior of Electric Vehicle Driven by In-
Wheel Motor”. IEEE Access, Vol.7, 2019 p.63540 – 
63549 

[12] Le Xuan Long, Le Van Quynh, Bui Van Cuong (2018), 
“Study on the influence of bus suspension parameters 
on ride comfort”, Vibroengineering PROCEDIA, Vol. 
21, p. 77-82.  

[13] Le Van Quynh, Thao V. T. P., et al (2019). “Influence of 
design parameters of cab’s isolation system on 
vibratory roller ride comfort under the deformed 
ground surfaces”. International Research Journal of 
Engineering and Technology (IRJET), Vol. 6, Issue 6, p. 
1974-1978.  

[14] Le Van Quynh, Thao V. T. P., et al(2019). “Study on 
influence of design parameters of drum’s metal rubber 

https://ieeexplore.ieee.org/author/37086911843
https://ieeexplore.ieee.org/xpl/conhome/6045373/proceeding
https://www.jvejournals.com/article/21084
https://www.jvejournals.com/article/21084
https://ieeexplore.ieee.org/author/37086353681
https://ieeexplore.ieee.org/author/37086840316
https://ieeexplore.ieee.org/author/37086354526
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639


          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 08 Issue: 06 | June 2021                 www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2021, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 2644 

isolation system of double vibratory roller on ride 
comfort”, International Research Journal of 
Engineering and Technology (IRJET), Vol. 6, Issue 6, p. 
1647-1651.  

[15] ISO 2631-1 (1997). Mechanical Vibration and Shock-
Evaluation of Human Exposure to Whole-Body 
Vibration, Part I: General Requirements. The 
International Organization for Standardization, 1997. 

[16] ISO 8608 (1995). Mechanical Vibration-Road Surface 
Profiles-Reporting of Measured Data. International 
Organization for Standardization, 1995 

 

 


