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ABSTRACT: Ride comfort is one of the important indicators to evaluate the product quality of construction 

machinery. This paper focuses on analyzing the influence of road surfaceconditions on wheel loader ride comfort. 

To analyze its effect on vehicle ride comfort,a half -vehicle dynamic model of wheel loaderis established under 

random road surface excitation.Three poor road surface conditions are selected and analyzed their effects on 

vehicle ride comfort based on ISO 2631-1(1997).The obtained results clearly show that road surface conditions 

greatly affect the ride comfort of the vehicle, especially poor road conditions.The study results not only analyze 

the influence of road surface conditions on vehicle ride comfort, but also provide useful reference for construction 

machinery managers to improve productivity and operational safety. 
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I. INTRODUCTION 

The structure of construction machinery is usually not equipped with a suspension system to elastically 

connect the axle and the body, so the vibrationsare transmitted to driver's body mainly through the cab’s vibration 

isolation system and driver's seat suspension system. Huan, et al., (2023) [1] proposed a 1/2 dynamic model of 

wheel loader to evaluate the effectiveness of hydraulic isolation system (HIS) of cab with the orifice and the 

annular orifice on ride comfort under different driving conditions and the study results showed that the vibration 

reduction efficiency of HIS was very good under low excitation frequency. Nguyen Dinh Tan et al., (2024) [2] 

discussed types of isolation system applied to construction machinery cab include traditional rubber isolation 

system (TRIs), Hydraulic isolation system (HIs), Hydro pneumatic isolation system (HPIs), semi-active hydraulic 

isolation system (SHIs) and Semi-active hydraulic-pneumatic isolation system (SHPIs) and the study results 

showed thatthe advantages and disadvantages of cab’s isolation systems were applied on construction machines. 

Le Van Quynh et al. (2019) [3]proposeda 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 

theinfluence of design parameters of cab’s isolation system on vibratory roller ride comfort under the deformed 

ground surfaces and the results showed that the range of stiffness and damping coefficient values of the system 

achieved theminimum objective function values to improve the ride comfort.Sun X, Zhang J., (2012) [4] proposed 

a6-DOF (Degrees of Freedom) model of earth-moving machinery cab using hydraulic mounts to analyze their 

hydraulic characteristics to ride comfort of the cab.  To improve the ride comfort of construction machinery, Le 

Van Quynh, et al., (2021) [5] proposed a Fuzzy –PID controller for control of the damping coefficient of a semi-

active hydraulic cab isolation system (SHCIs) for an earth-moving machinery and the results showed thatthe 

SHCIperformance significantly improved the earth-moving machinery ride comfort.Hoang Anh Tan, et al., (2023) 

[6] proposeda fuzzy self-tuning of PID controller to control the damping coefficient of a semi-active cab isolation 

system (SCIS) for a wheel loader and the results showed thatthe SCISperformance significantly improved the 

wheel loader ride comfort. The aim of this study is to propose ahalf-vehicle dynamic model of wheel loaderfor 

analyzing the influence of road surface conditions on wheel loader ride comfortbased on ISO 2631-1(1997). 

II. DYNAMIC MODEL OF WHEEL LOADER 

A1/2 dynamic model of wheel loader is developed based on reference [6], as shown in Fig.1, where, mb1 

is the masses of the bucket, front axle, front frame and other parts above the front wheel, mb2 and Ib2 are the 

masses and mass inertia momentsof the engine,powertrain, rear axle and other parts above the rear wheel, 

respectively, mc and Ic  are the mass and mass inertia moment of cab body, kti are the stiffness coefficient of the 
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tires, cti are the damping coefficient of the tires, ks is the stiffness coefficient of driver seat suspension system, cs 

is the damping coefficient of driver seat suspension system, Fci are the vertical forces of cab isolation system, lj 

are the calculated distances fordetermining the coordinates, Ft and Mt are the replacement force and moment for 

the front vehicle body mass assembly, respectively, zbi, zc and zs are the vertical displacements of the vehicle 

body, cabin and driver's seat and qti are road surface excitations (i=1÷2, j=1÷9).  

 

 

Fig.1.1/2 dynamic model of wheel loader 

 

Currently, there are many methods to establish the differential equations of motion of the mechanical 

system such as Lagrange equations, D'Alembert principle, Jourdain principle combined with Newton - Euler 

equation. However, to facilitate computer simulation, this study uses D'Alembert principle combined with the 

theoretical basis of multi-body systems to establish a system of differential equations describing the vehicle 

vibration. Based on the multi-body system, separate the objects from the mechanical system and replace them 

with linked reactions. Then use D'Alembert principle to establish a system of differential equations for each object 

of the mechanical system and then link them together by the relationship of force and moment. The equations of 

motion based on the reference [6] are written below. 

The motion equations of mb are written as follows 
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The motion equations of mc are written as follows 
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The motion equation of msis written as follows 

s s sm z F= −                                                                                                                              (5) 

The road surface excitations: wheel loader often moves on bad ground surface conditions (off-road 

conditions) such as large amplitude and low frequency of road surfaces. The bad road surface conditions 

according to ISO 8608: 2016 [7] is selected as excitation functions for vehicle - road coupled interaction model 

of a wheel loader which is defined as 
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where, Gd(ni) is the power spectral density (PSD) at frequency ni which defined from ISO class A to ISO class H 

according to ISO 8608: 2016, ni is the variance of the road surface profile which depends on the spatial frequency 

and the time step, i is the phase of the harmonic function (rad) which is randomly generated between 0 and . 
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III. VEHICLE RIDE COMFORT EVALUATION CRITERIA [9-11] 

The time-domain method can be applied to evaluate the vehicle ride comfort according to ISO 2631-1 

(1997) [8], in this study, the vibration evaluation based on the basic evaluation methods including measurements 

of the weighted root-mean-square (r.m.s.) acceleration defined as 

                            

1/2
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( )

T

wz za a t dt
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 
=  
 
  

 (7) 

where, az(t) is the weighted acceleration (translational and rotational) as a function of time, m/s2; T is the duration 

of the measurement, s. 

IV. RESULTS AND DISCUSSION 

The equations of motion of the vehicle dynamics system in Fig.1are implemented in software 

MATLAB/Simulink with vehicle parameters of the reference [12]. Poor road surface conditions including ISO 

class C, ISO class B and ISO class D are selected to analyze their effects on vehicle ride comfort. Driver’s seat 

and pitching angle of cab acceleration responses (as and aphi) when vehicle on ISO class D surface condition at 

v=5km/h and full load are shown in Fig.2.  

  

(a) Vertical driver seat (b) Pitching angle of cab 

Fig.2. Driver’s seat and pitching angle of cab acceleration responses under ISO class C condition 

Driver’s seat and pitching angle of cab acceleration responses (as and aphi) when vehicle on ISO class D 

surface condition at v=5km/h and full load are shown in Fig.3.  

Driver’s seat and pitching angle of cab acceleration responses (as and aphi) when vehicle on ISO class E 

surface condition at v=5km/h and full load are shown in Fig.4.  

 

  

(a) Vertical driver seat (b) Pitching angle of cab 

Fig.4. Driver’s seat and pitching angle of cab acceleration responses under ISO class D condition 

  

(a) Vertical driver seat (b) Pitching angle of cab 

Fig.4. Driver’s seat and pitching angle of cab acceleration responses under ISO class E condition 
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From the results in Fig.2, Fig.3 and Fig.4, the values of the root mean square (r.m.s) acceleration responses 

of driver’s seat and pitch angles of cab (aws and awphi) are determined by Eq.(14) according to ISO 2631-1. aws and 

awphi) values are shown in Table 2. The results in Table 2 indicate that aws and awphi values increase as the road 

surface condition become worse which means that the ride comfort of vehicle decreases in the negative direction. 

The results in  indicate that the aws and awphi values under ISO class C road surface condition reduce by 35.75%, 

48.32% respectively under ISO class D road surface condition. 

Table 2.aws and awphi values 

 aws (m/s2) awphi (rad/s2) 

ISO class C 0.4416     0.5168 

ISO class D 0.8669     1.2442 

ISO class E 1.4023     1.6409 

V. CONCLUSIONS 

In this study, a half-vehicle dynamic model of wheel loaderwas proposed to analyze the influence of 

road surface conditions on wheel loader ride comfort based on ISO 2631-1(1997). Poor road surface conditions 

including ISO class C, ISO class B and ISO class D are selected to analyze their effects on vehicle ride comfort. 

Some conclusions drawn from the obtained results: (i)The aws and awphi values increase as the road surface 

condition become worsewhich means that the ride comfort of vehicle decreases in the negative direction and (ii) 

The aws and awphi values under ISO class C road surface condition reduce by 35.75%, 48.32% respectively under 

ISO class D road surface condition.The next research direction focuses on analyzing the influence of design 

parameters of cab’s isolation system on wheel roader ride comfort. 
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