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1. Introduction

Construction machinery is a type of machinery that frequently operate on deformable road surfaces, where all vibration sources
transmitted to the cab significantly affect the ride comfort of the driver. Le et al. [I developed a nonlinear dynamic model of a
single-drum vibratory roller operating on deformable soil grounds to evaluate operator ride comfort under realistic excitation
conditions. The study integrates a 3-DOF system with elastic—plastic soil interaction and 1SO 2631-1 vibration criteria, simulated
in Matlab/Simulink to quantify seat and cab responses across varying terrain types. Doan et al. [4 proposed an analytical
evaluation of the effects of cab isolation parameters on ride comfort in single-drum vibratory rollers using a half-vehicle dynamic
model. The study, conducted under I1ISO 2631-1 criteria, demonstrates that increased damping improves comfort, whereas
increased stiffness reduces it. Optimal parameters were identified for varying working conditions. Nguyen et al. (2018) [l
developed and validated a nonlinear dynamic model of a vibratory roller to evaluate the low-frequency ride comfort associated
with three different cab isolation mount types under off-road conditions. Their results reveal that hydraulic mounts significantly
reduce cab vibration compared to traditional rubber and pneumatic mounts. Le Van Quynh et al. (2019) ™ developed a 3D
nonlinear dynamic model of a single-drum vibratory roller to analyze the influence of stiffness and damping parameters of the
cab’s isolation system on ride comfort under deformed ground surfaces. The study identified optimal design values using
MATLAB/Simulink simulations and 1SO 2631-1 objective functions. Quynh et al. (2020) ! conducted an experimental modal
analysis and optimal design of a cab’s isolation system for a single-drum vibratory roller. The study integrates LMS dynamic
testing and FEA simulation to address low-frequency cab shaking in the forward motion direction, aiming to minimize resonance
and improve ride comfort. Quynh et al. (2011) 8 proposed a dynamic modeling and optimization approach to reduce low
frequency shaking of the cab in the forward motion direction of vibratory rollers. Their study applies harmonic response and
finite element analysis to identify the optimal isolation parameters for enhanced ride comfort and vibration control. Le Van
Quynh et al. (2018) "1 proposed a multi-objective optimization approach using the NSGA-11 algorithm to improve ride comfort
of a single-drum vibratory roller. A nonlinear dynamic model was developed to analyze the effects of stiffness and damping
parameters of the cab’s isolation system under varied working conditions.
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Simulation results confirmed that the optimized design
significantly reduced cab vibration based on three objective
indices. Le Van Quynh et al. (2022) ! developed a nonlinear
half-vehicle model to compare the ride comfort of liquid-
filled and rubber cab mount systems on a double-drum
vibratory roller. Their analysis demonstrates that the liquid-
filled mounts significantly reduce RMS and PSD acceleration
responses, enhancing low-frequency vibration isolation. The
findings highlight the superior damping performance of
LCMs under varied operating conditions. Vu Ngoc Quynh et
al. (2025) ® developed a half-vehicle dynamic model to
evaluate the influence of cab isolation design parameters on
the ride comfort of a wheel loader. Based on 1SO 2631-1,
stiffness and damping coefficients were assessed through
vibration-related objective functions to optimize isolation
performance. The results highlight the critical role of cab
isolation design in improving ride comfort for construction
machinery. Nguyen Dinh Tan et al. (2024) I provided a
comprehensive review of cab isolation systems for
construction machinery, analyzing the evolution from
traditional rubber mounts to semi-active hydraulic—
pneumatic systems, and highlighting their impact on ride
comfort performance under various working conditions. Le
Van Quynh et al. (2021) 4 developed and evaluated a semi-
active hydraulic cab isolation system (SHCIS) to enhance
ride comfort of earth-moving machinery. A vehicle-road
coupled dynamic model was established, and PID control was
employed to regulate damping under random excitations.
Simulation results demonstrated that SHCIS significantly
outperforms passive systems under large-amplitude and low-
frequency disturbances. Nguyen Tien Duy et al. (2021) 2
proposed and validated a semi-active hydraulic cab mount
system (SHCM) using a fuzzy logic controller to enhance ride
comfort of a double-drum vibratory roller. A nonlinear
dynamic model and MATLAB/Simulink simulations
demonstrated significant improvements in RMS-based
comfort indices under varying operating conditions. Tan et
al. (2023) 131 developed a fuzzy self-tuning PID controller to
enhance the ride comfort of a wheel loader equipped with a
semi-active cab isolation system. A dynamic model was
established under 1SO 2631-1 conditions, and simulation
results demonstrated superior performance of the proposed
SCIS compared to passive systems. The study provides
foundational insights for optimizing semi-active control
strategies in heavy machinery applications. Doan Thanh Binh
et al. (2024) 4 provided a comprehensive overview of semi-
active isolation systems for earth-moving machinery cabs,
emphasizing their ability to reduce harmful vibrations and
enhance ride comfort. The study synthesizes modeling,
simulation, and experimental research to highlight the
advantages of semi-active systems over conventional passive
solutions. This study focuses on analyzing the influence of
various load conditions of a wheel loader on the driver ride
comfort. A dynamic model of the machine is developed to
simulate various loading conditions, and the evaluation is
conducted based on ISO 2631-1:1997 criteria. The findings
are expected to provide valuable insights into optimizing
vehicle design parameters, contributing to improved ride
comfort, operational safety, and overall working efficiency
for earth-moving machinery.

2. Machine Dynamic model
2.1 Half- machine Dynamic model [23 16]
A half-machine dynamic model of wheel loader is developed
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based on reference [1% 181 as shown in Fig.1, where, my; is the
masses of the bucket, front axle, front frame and other parts
above the front wheel, my; and Ip, are the masses and mass
inertia moments of the engine, powertrain, rear axle and other
parts above the rear wheel, respectively, m¢ and I are the
mass and mass inertia moment of cab body, ki are the
stiffness coefficient of the tires, c; are the damping
coefficient of the tires, k; is the stiffness coefficient of driver
seat suspension system, s is the damping coefficient of driver
seat suspension system, F¢ are the vertical forces of cab
isolation system, |; are the calculated distances for
determining the coordinates, F: and M; are the replacement
force and moment for the front vehicle body mass assembly,
respectively, z,i, Zc and z; are the vertical displacements of the
vehicle body, cabin and driver's seat and g are road surface
excitations (i=1+2, j=1+9)
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(b) Half-machine dynamic model of a wheel loader

Fig 1: Structural diagramof a wheel loader

2.2 Equations of motion
The motion equations of my, are written as follows

Moty =3 Fy—Fp + F @
i=1
lyadho = Foly— Fl, 4 3 Foloy M, @
i=1
The motion equations of mc are written as follows
mz,~F-F, @)
; (4)

i=2
Ic(bc = Z(_l)HchiliJrS - FS|8
i=1
The motion equation of ms is written as follows
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2.3 Ground surface excitations

In off-road applications, wheel loaders frequently encounter
irregular ground surfaces characterized by large-amplitude
and low-frequency excitations. To simulate these adverse
road conditions, the present study employs an excitation
model based on ISO 8608:2016 [7, which describes the
stochastic nature of road roughness through its spectral
characteristics. The road input q(t) for the coupled vehicle—
terrain dynamic interaction is generated using the following
expression;

qt)= i,/ZGd (n,)An, cos(2ziAnt + f3,) (6)

Here, Gy(ni) denotes the power spectral density (PSD) of the
road surface at spatial frequency n; corresponding to 1SO
roughness classes from A (smooth) to H (very rough). The
term An; represents the frequency bandwidth, while ; is the
randomly assigned phase angle within the interval [0, ],
ensuring a realistic representation of random surface profiles.

3. Vehicle Ride Comfort Evaluation Criteria [19-2]
To evaluate the ride comfort of the vehicle in the time
domain, the approach outlined in 1SO 2631-1:1997 2] js
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adopted in this study. Specifically, the evaluation is based on
the calculation of the frequency-weighted root mean square
(r.m.s.) acceleration, which reflects the cumulative effect of
vibrations over a given measurement interval. The weighted
acceleration response, denoted as

. v %
_ H ! azz(t)dt}

Where, a,(t) is the weighted acceleration (translational and
rotational) as a function of time, m/s?; T is the duration of the
measurement, s.

4. Results and discussion

To evaluate the effect of wheel loader load on the drive ride
comfort, the differential equations of motion of Fig.1 are
simulated when the machine operates on an ISO class D road
surface at a speed of 10 km/h by the MATLAB/Simulink with
design parameters in the Reference %],

Increased load condition: mp=1.5 Mpio (Mpo1 is the load
value of original machine) is chosen to evaluate ™ of wheel
loader load on the drive ride comfort. The evaluation results
of acceleration responses of the vertical driver’s seat (as) and
cab’s pitch angle (ac) with mp=1.5 mpo compared to the
Mp1=1.0 mp1o condition are shown Fig.2.
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Fig 2: Acceleration responses of the vertical driver’s seat (as) and cab’s pitch angle (ac) with mpi=1.5 mp10 compared to the mp:=1.0 Mp1o
condition

From the results of Fig. 2, the values of the root mean square
(r.m.s) acceleration responses of driver’s seat and pitch
angles of cab (aws and aw) are determined by Eq. (6)
according to 1SO 2631-1. The results in indicate that the aws
and awc values with my1=1.5 my1o condition reduce by 6.24%,
46.94% respectively compared to the mp;=1.0 my10 condition.
This leads to a significant improvement in the machine's ride
comfort, especially by reducing the pitch vibrations of the cab

under increased load conditions.

Reduced load conditions: mp1=0.5 mp1o (Mpo1 is the load
value of original machine) is chosen to evaluate of wheel
loader load on the drive ride comfort. The evaluation results
of acceleration responses of the vertical driver’s seat (as) and
cab’s pitch angle (ac) with mp=0.5 myie compared to the
mMp1=1.0 mMp10 condition are shown Fig.3.
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Fig 3: Acceleration responses of the vertical driver’s seat (as) and cab’s pitch angle (ac) with mp1=0.5 mp10 compared to the mp1=1.0 Mp1o
condition
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The results of Fig. 3 indicate that the aws and awc values with
mp=0.5 mpe condition increase by 32.99%, 17.04%
respectively compared to the my;=1.0 mpo condition. This
leads to a significant deterioration in the machine's ride
comfort under reduced load conditions.

4. Conclusions

In this study, the effect of wheel loader load on the drive ride
comfort were evaluated using a half-machine dynamic model
of wheel loader when the machine operates on an 1SO class
D road surface at a speed of 10 km/h. The evaluation results
have yielded the following conclusions: (i) the aws and awc
values with mp;=1.5 mpio condition reduce by 6.24%, 46.94%
respectively compared to the mp;1=1.0 mpo condition. This
leads to a significant improvement in the machine's ride
comfort, especially by reducing the pitch vibrations of the cab
under increased load conditions; (ii) aws and awc values with
mp=0.5 mpe condition increase by 32.99%, 17.04%
respectively compared to the my;=1.0 mpio condition. This
leads to a significant deterioration in the machine's ride
comfort under reduced load conditions. In future research, the
team will focus on analyzing the influence of vehicle design
parameters on the ride comfort of construction machinery.
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