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Abstract 
This paper focuses on investigating the effects of the effects of cab isolation system 
damping coefficients on vibratory roller ride comfort based on a half-vehicle dynamic 
model of a double-drum vibratory roller based on the study results when both front 
and rear drums compact on the original place. The comparison results of power 
spectral density (PSD) acceleration responses of the vertical driver’s seat (as) and cab’s 
pitch angle (acphi) are selected as the objective functions to investigate its effects on 
vehicle ride comfort. The results indicate that the peak amplitude values of PSD acphi 
and as with cc=0.5 cc0 respectively increase in comparison with cc=1.0 cc0. Especially, 
the peak amplitude values of PSD as with cc=0.5 cc0 respectively increase by 17.05 % 
and 17.42% at the frequency values of 2.633 Hz and 4.33 Hz. As cc reduces, the 
vehicle’s ride comfort deteriorates and the peak amplitude values of PSD acphi and as 
with cc=1.5 cc0 respectively reduce in comparison with cc=1.0 cc0. Especially, the peak 
amplitude values of PSD as with cc=1.5 cc0 respectively reduce by 21.34 % and 20.15% 
at the frequency values of 2.633 Hz and 4.33 Hz. As cc increases, the vehicle’s ride 
comfort improves significantly.  
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1. Introduction 

Vibratory rollers are a type of construction machine that operates in harsh environments. Vibration sources from the ground 

surface, the engine, and roller’s own vibration mechanism are transmitted to driver’s body through cab’s isolation system and 

driver seat suspension. Doan Thanh Binh, et al. (2021) [1] proposed a half-vehicle dynamic model of a single-drum vibratory 

roller to investigate the effects of parameters of cab’s isolation system on vehicle ride comfort under various operating conditions 

and the results indicate that vehicle ride comfort was greatly influenced by the parameters of cab’s isolation system. Bui Van 

Cuong, et al. (2022) [2] proposed a half- vehicle dynamic model of a double-drum vibratory roller under the different operating 

conditions to analyze the ride comfort performance of cab’ hydraulic isolation system of a double-drum vibratory roller and the 

study results indicated that performance of drum’s isolation systems was better than the original vehicle in improving the vehicle 

ride comfort. Nguyen V, et al., (2018) [3] proposed a dynamic model of the vibratory roller interacting with the off-road deformed 

terrain to analyze the low-frequency performance of three different cab’s isolation mounts under the different operating 

conditions and the study results shown that cab hydraulic isolation had an obvious effect on mitigating the cab vibration and 

improving the ride comfort in comparison with the traditional rubber and pneumatic isolation systems. Le V. Q., et al., (2019) 
[4] proposed a 3D nonlinear dynamic model of a single drum vibratory roller based on the analysis of nonlinear geometric 

characteristics of wheel-deformation of soil ground contact to analyze the effects of parameters of the stiffness and damping 

coefficients of cab's isolation system on vehicle ride comfort. To improve vehicle ride comfort, optimization and control 

techniques have been applied to cab’s isolation system.  
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L. V. Quynh, et al., (2020) [5] proposed a modal test for a 

single-drum vibratory rolle to solve problems about cab’s 

low-frequency shaking in the direction of forward motion 

when vibratory roller operates. Quynh, L.V., (2011) [6] 

proposed an auxiliary vibrations isolator for solving the low-

frequency sloshing in the direction of forward motion based 

on the dynamic test and simulations analysis. Le V.Q. and 

Nguyen K.T., (2018) [7] proposed a 3D nonlinear dynamic 

model of a single drum vibratory roller to to optimize the 

design parameters of cab’s isolation system when vehicle 

operates under the different conditions. N.T. Duy, et al., 

(2001) [8] proposed a Fuzzy - PID controller to control the 

value of damping coefficient for a semi-active hydraulic cab 

isolation system (SHCIs) for enhancing the ride comfort of a 

wheel loader using a vehicle - road coupled interaction model 

including vehicle body, cab body and driver seat masses 

under the random excitation of ground surface. Sim K. Lee, 

(2017) [9] proposed cab’s hydro-pneumatic suspension model 

with a semi-active suspension control using a quarter-car 

model and optimal control theories. Hoang Anh Tan, (2023) 
[10] proposed a fuzzy self-tuning of PID controller o control 

the damping coefficient of Semi-active cab isolation system 

(SCIS) for a wheel loader. Ni D, et al., (2022) [11] proposed a 

novel design of the seat suspension equipped with the quasi-

zero stiffness (QZS) and hydraulic mount (HM) of the cab 

isolation system to improve the off-road vibratory roller ride 

comfort. In addition, several analyses have been conducted 

on other types of construction equipment. Quynh, V.N., 

(2025) [12] proposed a half-vehicle dynamic model to analyze 

and evaluate the effects of design parameters on the wheel 

loader ride comfort. Zhuang C, (2022) [13] proposed a multi-

target regression forests (MRFs) method in the design and 

optimization design of the mount system to achieve multi-

point mount stiffness prediction. Doan, T.B., (2024) [14] 

proposed an overview of semi-active isolation systems of 

earthmoving machinery cab. Nguyen, D.T., (2024) [15] 

proposed an overview of passive isolation systems of 

earthmoving machinery cab. Sun X, et al., (2012) [16] 

proposed a six-degree-of-freedom (DOF) model of the cab to 

explore the low-frequency advantages and characteristics of 

the hydraulic mounts used for vibration isolation of an earth-

moving machinery cab. This study aims to investigate the 

effects of cab isolation system damping coefficients on 

vibratory roller ride comfort. The comparison results of 

power spectral density (PSD) acceleration responses of the 

vertical driver’s seat (as) and cab’s pitch angle (acphi) are 

selected as the objective functions to investigate its effects on 

vehicle ride comfort. 

 

2. Vehicle Dynamic model  

2.1. Half-vehicle Dynamic model [17] 

A half-vehicle dynamic model of a double-drum vibratory 

roller based on the study results [17] is shown in Fig.1. 

Explanation of the symbols for Fig. 1, mdi, mb, mc and ms are 

the masses of the dynamic drums, frame, cab and driver's 

seat, respectively; Ib and Ic are the moment of inertia of the 

vehicle (including frame, internal combustion engine and and 

other parts) and cab, respectively; ksi, kdi, ks and csi, cdi, cs are 

the stiffness and damping coefficients of elastic road 

surfaces, front and rear mount systems of drums and driver's 

seat suspension system, respectively; zdi, zb, zc and zs are the 

vertical displacements at centre of gravity of the front and 

rear drums, vehicle body, cab and driver's seat, respectively; 

b and c are the pitch angle displacements of vehicle body 

and cab, respectively; qi are the excitation of road surface 

roughness at drums, respectively; lj are the distances; 

Fei=F0isin(it) are the force excitations of the vibrating 

drums; F0i are the amplitude of force excitations; i are the 

angular frequencies of the vibrators; Fci are the vertical forces 

of cab rubber mount systems and v is the vehicle speed 

(i=1÷2, j=1÷6). 

 

 
 

 Fig 1: Half-vehicle dynamic model of a double-drum vibratory 

roller [17] 

 

2.2. Half-vehicle Dynamic model [17] 

The equations of motion for the vertical and pitch motions of 

cab are written as follows 
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The equations of motion for the vertical and pitch motions of 

vehicle are written as follows 
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The equation of motion for driver’s seat is written as follows 

 

 s s sm z F 
 

(5)  

where, Fs is the vertical force of driver’s seat which is 

determined by Eq. (6), Fci are the vertical forces of cab mount 

system which are determined by Eq. (1) or Eq. (5) and Fdi are 

the vertical forces of front and rear mount systems of drums 

which could be determined through two cases. 

 

6 6=[ ( l ) ( l ]s s s c c s s c cF k z z c z z       (6) 

 

Case 1: Vehicle moves into the workshop 

The drum of vibratory roller in contact with the rigid road 

surface is the contact point which is considered in this study. 

The vertical forces of front and rear mount systems of drums 

are defined as 
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where, q1 and q2 are the excitation of road surface roughness 

at drum and tire. The road surface roughness according to the 

International Standards Organization (ISO 8608) [18] is road 

excitation which is simulated in space domain and acts as an 

input to the vehicle-road model. 

 

Case 2: Vehicle operates in the workshop 

Condition1: When both front and rear drums compact on the 

original place, the equations of motion for the dynamic drums 

are written as follows 

 

1 1 1 1 1 1 1 1d d e d s d s dm z F F k z c z      (9) 

 

2 2 2 2 2 2 2 2d d e d s d s dm z F F k z c z     (10) 

 

Condition 2: When front drum compact on the elastic soil 

grounds, and rear drum moves on the rigid ground surfaces, 

the equation of motion for front drum is determined by Eq. 

(9) and the vertical forces of rear mount systems of drum is 

determined by Eq. (8). However, the condition1 in Case 2 

were selected to investigate the effects of cab isolation 

system damping coefficients on vibratory roller ride comfort. 

3. Results and Discussion 

To investigate the effects of cab isolation system damping 

coefficients on vibratory roller ride comfort, the differential 

equations of motion of Fig.1 are simulated under the 

condition 1 in Case 2 by the MATLAB/Simulink with design 

parameters and cab’s rubber isolation systems in the 

Reference [17].  

 
Reducing the damping coefficient: cc=0.5 cc0 (cco=[cc1, cc2] 

are the damping coefficient values of original isolations of 

cab) is chosen to investigate the effects of cab isolation 

system damping coefficients on vibratory roller ride comfort. 

The comparison results of power spectral density (PSD) 

acceleration responses of the vertical driver’s seat (as) and 

cab’s pitch angle (acphi) with cc=0.5cc0 when both front and 

rear drums compact on the original place with the parameters 

of the elastic soil grounds as ks1=1.0x107 N/m, cs1=2.1x105 

(N.s/m) and ks2=1.2x107 N/m, cs2=2.8x105 (N.s/m) at the 

front and rear drums with the excitation forces as F01=0.128 

x106 N, f1=48 Hz and F02=0.96 x105 N, f2=54 Hz compared 

with cc=1.0cc0 are shown Fig.2.  

 

 
a) PSD acphi 

 
b) PSD as 

 

Fig 2: The comparison of PSD acphi and as with a reduced value of cc at Condition1 in Case 2 

 
From the results of Fig. 2, we show that the peak amplitude 

values of PSD acphi and as with cc=0.5 cc0 respectively increase 

in comparison with cc=1.0 cc0. Especially, the peak amplitude 

values of PSD as with cc=0.5 cc0 respectively increase by 

17.05 % and 17.42% at the frequency values of 2.633 Hz and 

4.33 Hz. As cc reduces, the vehicle’s ride comfort 

deteriorates.  

 
Increasing the damping coefficient: cc=1.5 cc0 is chosen to 

investigate the effects of cab isolation system damping 

coefficients on vibratory roller ride comfort. Similarly, the 

peak amplitude values of PSD acphi and as with cc=1.5 

cc0 respectively reduce in comparison with cc=1.0 cc0. 

Especially, the peak amplitude values of PSD as with 

cc=1.5 cc0 respectively reduce by 21.34 % and 20.15% 

at the frequency values of 2.633 Hz and 4.33 Hz. As cc 

increases, the vehicle’s ride comfort improves 

significantly.  
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4. Conclusions 

In this study, the effects of the effects of cab isolation system 

damping coefficients on vibratory roller ride comfort were 

investigated using a half-vehicle dynamic model of a double-

drum vibratory roller based on the study results [17] when both 

front and rear drums compact on the original place. The 

survey results have yielded the following conclusions: (i) The 

peak amplitude values of PSD acphi and as with cc=0.5 cc0 

respectively increase in comparison with cc=1.0 cc0. 

Especially, the peak amplitude values of PSD as with cc=0.5 

cc0 respectively increase by 17.05 % and 17.42% at the 

frequency values of 2.633 Hz and 4.33 Hz. As cc reduces, the 

vehicle’s ride comfort deteriorates; (ii) The peak amplitude 

values of PSD acphi and as with cc=1.5 cc0 respectively reduce 

in comparison with cc=1.0 cc0. Especially, the peak amplitude 

values of PSD as with cc=1.5 cc0 respectively reduce by 21.34 

% and 20.15% at the frequency values of 2.633 Hz and 4.33 

Hz. As cc increases, the vehicle’s ride comfort improves 

significantly. Future research directions include the 

development of optimized cab isolation system designs and 

control strategies aimed at enhancing vehicle ride comfort 

under harsh operating conditions.  
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