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Abstract

The efficiency or performance of a roadway vehicle is determined based on its specific
performance indices. The ride quality index or ride comfort index is one of the measures of
those performance indices. This measure is evaluated based on different standards set by
indexing organizations e.g., Sperling ride index, 1SO 2631 ride comfort specifications etc. In
the present paper, a light-duty four-wheel vehicle system is modelled using Lagrangian method
and is subjected to bump and pothole inputs. The vibrational response of the vehicle is
evaluated and judged based on Sperling ride comfort specifications.

Keywords: Sperling ride index, three-wheel vehicle, ride comfort, Lagrangian method,
bump input

1. Introduction

A road or railway vehicle model may be formulated using the Newtons method which
is a vector method of modelling the system as it mainly deals with the evaluation of forces
using free body equilibrium. The other method is the scalar method which involves the
evaluation of position vectors, Eulerian orientations of the bodies, linear and angular velocity
vectors, translational and rotational kinetic energies, potential energy, spring potential energies,
Rayleigh’s dissipation energy and the generalized forces is called Lagrangian method [1-6].
The scalar terms are much easier to deal with as compared with the vector terms; therefore, the
complex systems having many degrees of freedom are usually formulated using Lagrangian
method [7-12].

A road or railway vehicle is subjected to several types of vibrational inputs as it
traverses the road or track. These vibrational inputs may not be only from the road surface or
the track surface; the unbalanced forces within the vehicle, and wind drag forces also contribute
to vibrational inputs to the vehicle carbody or sprung mass [13-18]. However, the road surface

Published/ publié in Res Militaris (resmilitaris.net), vol.12, n°5, December Issue 2022


mailto:srihari.palli@gmail.com
mailto:sonupanditsharma59@gmail.com

WURES MILITARLS Social Science Journal

or the track surface irregularities may be considered as the major source of inputs to the vehicle
causing discomfort issues. The road surface or the track surface irregularities may be modelled
in two ways i.e. either probabilistic or deterministic [19-25]. The probabilistic inputs are the
random irregularities which in their simplest form are usually modelled as stationary and
ergodic which represents that the statistical feature of the function remains unchanged with the
time [26-31]. The deterministic inputs are cusp, bump, jog, plateau, though, sinusoid and
damped sinusoid. The analytical form of these inputs is expressed using two parameters,
amplitude and duration-related parameters [32-37].

He and McPhee [38] used a multidisciplinary optimization approach to a mechatronic
vehicle built with active suspension. In this work, both random and deterministic inputs have
been applied independently to the system and its response was evaluated. Kim et al [39]
developed a road sensing system which senses both random and deterministic road surface
inputs and applied them to 7 degrees of freedom full vehicle system built with active
suspension. Van der Sande et al [40] applied stochastic and deterministic road inputs to the
quarter car model of road vehicle model built with active suspension and determined useful
results through experimentation and simulation. The random road excitation to half car vehicle
model with magnetorheological damper to evaluate the multi-objective optimization problem
was considered by Prabhakar et al [41].

This study performs the ride and sensitivity analysis of a coupled vertical-lateral 13
DoF independent suspension light four-wheel vehicle full car model formulated using the
Lagrangian method. A complex multi-DoF vehicle system may be effectively analysed using
Lagrangian method [42-48]. The simulation in this paper has been done in the frequency
domain with MATLAB. The data from the field measurements are obtained in the time domain
which is transformed into the frequency domain using Fast Fourier Transformation (FFT).
Results of simulation and field measurements are compared together to validate the present
model. The vehicle is moved on a straight path with a uniform speed of 60 km/hr. Critical
parameters influencing ride comfort have been investigated based on ISO [49] and ISO 2631
(1997) criteria [50] and a sensitivity analysis of ride comfort is presented which suggests a
proper blend of the parameters for the optimum ride. The 1SO/ ISO 2631-1 annexure provides
the most universally accepted comfort specifications for rail and road vehicles [51-52],

2. Literature Review

Gopala et al., 2022 [1] used a previewing management to investigates a "quarter-car"
design of a four-wheel automobile having a "nonlinear" springy moving at a steady rate on a
randomized roadway condition. The "Bouc-Wen" approach assumes persistence to account for the
"spring's nonlinear" behaviour. The empirical interpolation method was used to simplify this
previously "nonlinear” automobile design. The spectrum reduction technique is used to calculate the
"root mean square" of the controlling forces, absorber movement, and roadway retaining features.
"Monte Carlo" computation is used to verify the SDM's corresponding linearized design findings, which
reveal that anticipatory management improves automobile performance.

Sharma et al., 2022 [2] presented a interdisciplinary analytical approach for determining the
fatigued lifespan of the automobile shell construction of a railways locomotive and buggies subjected
to randomized dynamical stresses. Initially, the dynamical force records of the vehicle-body architecture
were analysed using a composite wear assessment approach, which included Multi-Body Component
computation and the "Finite Element Method" (FEM). Dynamical strain is determined by applying
longitudinally trains kinematics to the stress. Secondly, vehicle-body structural endurance lifespan and
fatigued degradation were estimated using a complex degradation accumulating approach in wear
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assessment. Considerable consistency is found between the simulated outcomes from the analytical
model and the investigational findings. After the FEM has been created, the mode may be calculated.
The modal behaviour is employed as stimulation to generate the required kinetic load at every
junction. Destruction to the vehicle's structure was calculated using a hybrid of the
"NMCCMF" degradation accumulation approach and kinetic load. Therefore, author look at
how the longitudinal stress affects the fatigue damage to the automobile structure. Fatigue
degradation to the vehicle-body is exacerbated by the longitudinal stress.

Gopala et al., 2022 [5] examined a prototype of a quarter-scale automobile equipped with a
skyhook absorber, travelling over a bumpy road, having 2 "Degrees of Freedom™ (DOF). Appropriate
functioning of the skyhook absorber is determined by its controlling settings, specifically its spring
constancy and damping ratio. By comparing the load of controlling of LQR under the stochastic
optimum controller to that of skyhook absorber, the optimized settings of the shock absorber may be
determined. A measurement score, calculated as the weight cumulative of the "mean square
acceleration”, roadway traction, damper length, and controlling load, is used to fine-tune the skyhook
absorber suspension's settings and raise the car's functionality to that of a dynamic damper setup with
predictive controlling.

Sharma et al., 2021 [6] analysed the parameters of an "Indian Railway Rajdhani" (LHB)
coach. The Lagrangian approach is used to create an appropriate computational technique with degree
of freedom of 40. Eleven weight framework including passenger chair aid, position, carriage chassis,
bolsters, bogie structure, and wheel axles are considered in the computational framework of a "rail
vehicle". On a tangential course, the car is modeled moving at a velocity of 100 kilometres per hour.
Testing information is gathered from the "research designs and standards organisation” (RDSO),
Lucknow, and compared to the computation findings for verification. Statistical assessment is used to
calculate an approximation of the influence that various rail-vehicle characteristics have on the
riding experience.

Palli et al., 2021 [10] studied the dynamical responsiveness of a component underneath the
operation of certain broad time-dependent stresses may be determined by a method known as time
dependent dynamical assessment. The reloading period range is long enough that the inertial or
absorption impacts are taken into account. The current study utilises finite element analysis to undertake
a period - record assisment of a conventional locomotives carriage under Indian railway circumstances.
After modelling a "bump in the track’s surface" in the shape of an "ellipsoid" and assuming that an
automobile travelling at that speed would cross the bump in 0.144 seconds, the authors mapped the
time-dependent alteration in movement at several crucial regions on frameworks of trucks and cars
subjected to the same loading settings. Because of the uneven weight arrangement, the forward and
back of the locomotives wagon and carriage chassis are more sensitive to wheel resonance than the
middle.

3.  System Modeling

A coupled vertical-lateral 13 degrees of freedom light-duty roadway passenger vehicle
model is shown in Figure 1. The present model is formulated using Lagrangian method;
assigning 5 DoF to the sprung mass i.e., bounce, lateral, roll, pitch and yaw, 2 DoF each to the
four unsprung masses i.e. vertical and lateral considering independent suspension. The vehicle
parameters and their values are shown in Table 1. The mathematical model is developed with
assumptions.

. The vehicle is moving at a uniform speed and the degree of freedom in the longitudinal
direction is ignored.
. Wind drag forces are steady.
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Rigid mass is assumed, and vehicle structure does not distort during motion.
The vehicle possesses longitudinal symmetry.

Linear vehicle suspension is assumed.

The tyre has linear suspension properties.

/ Direction of vehicle motion
I
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Figure 1: Vehicle model

Table 1. Parameter value of the four-wheel vehicle [29].

Parameter Value Parameter Value
m 581 kg Ki 400 kN/m
m; 28.5 kg (o 700 N-s/m
m, 48.5 kg K, 55 kN/m
(i 725 kg-m? C,, 6300 N-s/m
M 1400 kg-m? K, 400 kN/m
Iy, 1200 kg-m? Cy 700 N-s/m
Ky 50 kN/m X 2.36 m
Cy 6000 N-s/m Yo 1.29m

3.1. Equations of motion
The EoM of the formulated model is derived with the Lagrange’s approach and they
may be expressed as:

d oL oL oE oE
dpo oty P .D =qQ, )
dt 9q; 0qi 9qi 04

3.2.  Description of road surface irregularities
The present analysis utilises the PSD of road surface irregularities by Honda et al. [53].
The random road surface input f(x) may be expressed by function:

N
f(x) = ;5 cos(2 i X + @) @)
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Meanwhile & is the maximum displacement, @, the frequency in the interval @,,;,t10 @max in
which the PSD function is ¢
The parameters o and « are determined using following expressions:
5 = 4S(wi)Aw @3)
Where,1=1,2,3....... N
Aw= (a)max - a)min)/ N (©)

PSD of vertical irregularities obtained by Fast Fourier Transformation of time-domain
data. Power regression analysis is utilised to determine the best-fit curves for the considered
road surface profiles for the evaluation of the values of C, and N to represent the PSD as:

S(n) =CS n (6)

Meanwhile Sr (77) is PSD of road surface input, C, is an empirical constant, 7 is spatial
frequency in cycles/m, N is slope at which amplitude decreases with frequency and 1ISO 2631-
1 [55] specifies the value of overall vertical weighted acceleration to be expressed as:

ay, =[D Wia,)?J"? ()
and the value of overall lateral weighted acceleration to be expressed as:

By z[zwday)z]l/z ©)

W,, are Frequency weightings for vertical and lateral motion respectively and a, , are
sprung mass centre vertical and lateral RMS acceleration.

The vibration total value of weighted RMS acceleration as per annexure 1SO 2631-1
[55] is expressed as:

a,=[kZay +k7af, "2 )
where, k, and k, are the constants with values as 1.4 and 1 respectively.

4. Results

Meanwhile S(wi)is the PSD function (in m%cycle), and @,,, and @max are the cut-off

frequency range, respectively. Time-domain data of vertical and lateral irregularities obtained
using surface profilometer is shown in Figure 2.
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Figure 2. Time-domain data of vertical irregularities.

4.1.  Sprung mass displacement

The sprung mass displacement in the time-domain is shown in Figure 3 when the
vehicle is traversing the random road surface. The peak displacement of 0.13 m is observed. In
the present analysis the random irregularities are considered as stationary and ergodic.

Displacement (m)
(=]

(n} 100 200 300 400 S00 B600 700
Time (S)

Figure 3: Sprung mass displacement in time domain subjected to random inputs

4.2.  Power Spectral Density acceleration

Vertical Power Spectral Density acceleration of sprung mass center from simulation
and experimental testing are shown in Figure 4 and Figure 5. Similarly lateral Power Spectral
Density acceleration of sprung mass center from simulation and experimental testing are shown
in Figure 6 and Figure 7, The simulated and experimental test results can be compared well
and the model is justified.
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Figure 4: Vertical MSAR of sprung mass (simulation).
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Figure 5: Vertical MSAR of sprung mass (field measurements).
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Figure 6: Lateral MSAR of sprung mass (simulation).
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Figure 7. Lateral MSAR of sprung mass (field measurements).
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4.3. Ride comfort
The ride quality and the ride comfort of a light passenger four wheel vehicle are

important concerns for the occupants nowadays. The ride quality is defined as the ability of a
vehicle suspension to maintain the vehicle motion well inside the range of human comfort
which depends on displacement, acceleration, jerk and other aspects i.e. noise, humidity and
temperature. To determine the vehicle ride quality vehicle is investigated based on the
abovementioned factors. For determining the ride comfort the vehicle is judged based on the
influence of mechanical vibrations on the occupants. The ride quality and ride quality is
predicted using different evaluation methods worldwide. The I1SO specification [54, 55] of the
same is the most popular evaluation method universally accepted by all nations. The principal
frequency weighting values described in I1SO 2631-1 [55] are multiplied in RMSAR of the
sprung mass c.g. and the weighted Root Mean Square (RMS) acceleration values are plotted
for frequency (Figures 8 and 9). Weighted vertical RMSAR (Figure 8) describes that the
response of sprung mass c.g. remains inside the ISO comfort boundary excluding the frequency
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range from 1.4 to 7.2 Hz for 8 hrs comfort. Vertical ride lies in discomfort for frequency range
from 1.6 to 6.6 Hz for 4 hrs comfort and from 1.7 to 6.5 Hz for 2.5 hrs comfort. The vertical
ride is well inside the comfort range for 1 hr comfort except for frequency range from 1.9 to
3.3 Hz. Weighted lateral RMSAR (Figure 9) indicates that the response of sprung mass c.g.
remains inside the 1SO comfort criteria except for frequency at nearly 3 to 3.5 Hz for 4 hrs
comfort and from 2.8 to 3.7 Hz for 8 hrs comfort. For 1 hr and 2.5 hrs comfort lateral ride
remains within the boundary.
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- Figure 8. Weighted vertical RMSAR for sprung mass c.g. -
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Figu_re 9. Weight_ed lateral RMSAR for sprung ;nass c.g..

The overall weighted vertical RMS acceleration & overall weighted lateral RMS
acceleration for the frequency range from 1 to 80 Hz are evaluated as 2.27 m/s?> & 0.58 m/s?
respectively. The total value of weighted RMS acceleration is evaluated as 2.32 m/s? . This
value is the level of 'very uncomfortable' vehicle ride comfort index according to the ISO 2631-
1 annexure.

Conclusions

From the present ride analysis, it is found that weighted vertical RMSAR of sprung
mass c.g. remains inside the 1ISO-2631 comfort guidelines apart from frequency range from 1.4
to 7.2 Hz for 8 hrs comfort, 1.6 to 6.6 Hz for 4 hrs comfort, from 1.7 to 6.5 Hz for 2.5 hrs
comfort and from 1.9 to 3.3 Hz for 1 hr comfort. Weighted lateral RMSAR of sprung mass c.g.
remains inside the ISO comfort guidelines apart from the frequency at nearly 3 to 3.5 Hz for 4
hrs comfort and from 2.8 to 3.7 Hz for 8 hrs comfort. For 1 hr and 2.5 hrs comfort lateral ride
remains within the comfort boundary. The present formulated model is also useful for the
investigation of vehicle stability using eigenvalue analysis. The damping is present in the
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system the eigenvalues would be complex conjugate and the system is unstable provided the
real part of the eigenvalue of a rigid body in a particular mode remains positive. The eigenvalue
analysis also provides information about the damped and natural frequencies of the considered
rigid bodies in different modes, decay rate and the damping present in the system. A human
biodynamic subject model may be integrated with this vehicle model to analyse the seat to head
transmissibility characteristics and induced acceleration analysis in human segments.

References

Gopala Rao, L.V.V, Sharma, R.C., Satyanarayana, V.S.V., Palli, S. Stochastic optimal
preview control response of a quarter-car nonlinear suspension model using spectral
decomposition method, Noise and Vibration Worldwide, 2022, 53(4-5), pp. 225-232.
Sharma, S.K., Sharma, R.C., Lee, J. In situ and experimental analysis of longitudinal load on
carbody fatigue life using nonlinear damage accumulation. International Journal of
Damage Mechanics, 2022, 31(4), pp. 605-622.

Sharma, S.K., Sharma, R.C., Lee, J., Jang, H.-L.Numerical and Experimental Analysis of DVA
on the Flexible-Rigid Rail Vehicle Carbody Resonant Vibration. Sensors, 2022, 22(5),
1922.

Sharma, R.C., Sharma, S.K. Ride Analysis of Road Surface-Three-Wheeled Vehicle-Human
Subject Interactions Subjected to Random Excitation. SAE International Journal of
Commercial Vehicles, 2022, 15(3), 17.

Rao, L.V.V.G., Sharma, R.C., Satyanarayana, V.S.V. Optimal Response of a Quarter Car
Vehicle Model with Optimal Skyhook Damper Based on Preview Control Jordan
Journal of Mechanical and Industrial Engineering, 2022, 16(2), pp. 301-307.

Sharma, R.C., Bhardawaj, S., Avesh, M., Sharma, N. Parametric analysis of the ride comfort
of indian railway vehicle. International Journal of Vehicle Structures and
Systems, 2021, 13(4), pp. 528-535.

Sharma, R.C., Palli, S., Avesh, M., Sharma, N. Vibration isolation of railway vehicle car body
using semi-active suspension. International Journal of Vehicle Structures and
Systems, 2021, 13(4), pp. 482-487.

Sharma, R.C., Sharma, N., Singh, G., Palli, S. Modeling and Simulation of Human Body-
Vehicle-Track System for the Investigation of Ride Comfort. SAE International
Journal of Commercial Vehicles, 2021, 15(2).

Sharma, R.C., Sharma, S., Sharma, N., Sharma, S.K. Linear and Nonlinear Analysis of Ride
and Stability of a Three-Wheeled Vehicle Subjected to Random and Bump Inputs
Using Bond Graph and Simulink Methodology. SAE International Journal of
Commercial Vehicles, 2021, 15(1).

Palli, S., Dontikurti, R., Sharma, R.C., Sharma, N. Analysis of dynamic response of a railway
locomotive wusing ansys. International Journal of Vehicle Structures and
Systems, 2021, 13(2), pp. 250-255.

Sharma, S.K., Sharma, R.C., Lee, J. Effect of rail vehicle-track coupled dynamics on fatigue
failure of coil spring in a suspension system. Applied Sciences (Switzerland), 2021,
11(6), 2650.

Sharma, R.C., Sharma, S., Sharma, S.K., Sharma, N., Singh, G. Analysis of bio-dynamic
model of seated human subject and optimization of the passenger ride comfort for
three-wheel vehicle using random search technique Proceedings of the Institution of
Mechanical Engineers, Part K: Journal of Multi-body Dynamics, 2021, 235(1), pp.
106-121.

Sharma, R.C., Vashist, A., Sharma, N., Singh, G. Sensitivity Analysis of Ride Characteristics
of Four-Wheel Vehicle under Random Road Surface Undulations. SAE Technical

Res Militaris, vol.12, n°5, December Issue 2022 1341


https://www.scopus.com/authid/detail.uri?authorId=6505611424
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57194406394
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/record/display.uri?eid=2-s2.0-85131380491&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85131380491&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85131380491&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/13056?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=54398768400
https://www.scopus.com/record/display.uri?eid=2-s2.0-85115638531&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85115638531&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21098?origin=resultslist
https://www.scopus.com/sourceid/21098?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=54398768400
https://www.scopus.com/authid/detail.uri?authorId=57223215575
https://www.scopus.com/record/display.uri?eid=2-s2.0-85126409777&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85126409777&origin=resultslist&sort=plf-f
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85128871005&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85128871005&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/19700174664?origin=resultslist
https://www.scopus.com/sourceid/19700174664?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=6505611424
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57194406394
https://www.scopus.com/record/display.uri?eid=2-s2.0-85126937536&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85126937536&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/20000195025?origin=resultslist
https://www.scopus.com/sourceid/20000195025?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57214094263
https://www.scopus.com/authid/detail.uri?authorId=55233747700
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85122035148&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85122035148&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=55233747700
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85122012594&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85122012594&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/authid/detail.uri?authorId=57216389036
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/record/display.uri?eid=2-s2.0-85117889198&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85117889198&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/19700174664?origin=resultslist
https://www.scopus.com/sourceid/19700174664?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57217115579
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85109972334&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85109972334&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85109972334&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/19700174664?origin=resultslist
https://www.scopus.com/sourceid/19700174664?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=57224882078
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85108458861&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85108458861&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=54398768400
https://www.scopus.com/record/display.uri?eid=2-s2.0-85103297133&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85103297133&origin=resultslist&sort=plf-f
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57217115579
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/authid/detail.uri?authorId=57216389036
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099300416&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099300416&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099300416&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/20984?origin=resultslist
https://www.scopus.com/sourceid/20984?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57558863900
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/authid/detail.uri?authorId=57216389036
https://www.scopus.com/record/display.uri?eid=2-s2.0-85127439311&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85127439311&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100239259?origin=resultslist

WURES MILITARLS Social Science Journal

Papers, 2021, (2021).

Wu, Q., Cole, C., Spiryagin, M., ...Shabana, A., Cantone, L. Freight train air brake models.
International Journal of Rail Transportation, 2021.

Bhardawaj, S., Sharma, R.C., Sharma, S.K., Sharma, N. On the planning and construction of
railway curved track. International Journal of Vehicle Structures and Systems, 2021,
13(2), pp. 151-159.

Sharma, R.C., Palli, S., Sharma, N., Sharma, S.K. Ride behaviour of a four-wheel vehicle using
h infinity semi-active suspension control under deterministic and random inputs.
International Journal of Vehicle Structures and Systems, 2021, 13(2), pp. 234-237.

Sharma, S.K., Sharma, R.C. Multi-objective Design Optimization of Locomotive Nose. SAE
Technical Papers, 2021, (2021), 2021-01-5053.

Bhardawaj, S., Sharma, R.C., Sharma, S.K. Development of multibody dynamical using MR
damper based semi-active bio-inspired chaotic fruit fly and fuzzy logic hybrid
suspension control for rail vehicle system. Proceedings of the Institution of
Mechanical Engineers, Part K: Journal of Multi-body Dynamics, 2020, 234(4), pp.
723-744.

Sharma, R.C., Sharma, S., Sharma, S.K., Sharma, N. Analysis of generalized force and its
influence on ride and stability of railway vehicle. Noise and Vibration
Worldwide, 2020, 51(6), pp. 95-109.

Bhardawaj, S., Sharma, R.C., Sharma, S.K. Ride Analysis of Track-Vehicle-Human Body
Interaction Subjected to Random Excitation. Journal of the Chinese Society of
Mechanical Engineers, Transactions of the Chinese Institute of Engineers, Series
C/Chung-Kuo Chi Hsueh Kung Ch'eng Hsuebo Pao, 2020, 41(2), pp. 229-238.

Sharma, R.C., Sharma, S.K., Sharma, N., Sharma, S. Analysis of ride and stability of an ICF
railway coach. International Journal of Vehicle Noise and Vibration, 2020, 16(3-4),
pp. 127-144.

Sharma, S., Sharma, R.C., Sharma, S.K., ...Palli, S., Bhardawaj, S. Vibration isolation of the
quarter car model of road vehicle system using dynamic vibration absorber.
International Journal of Vehicle Structures and Systems, 2020, 12(5), pp. 513-516.

Palli, S., Sharma, R.C., Sharma, S.K., Chintada, V.B. On methods used for setting the curve
for railway tracks. Journal of Critical Reviews, 2020, 7(19), pp. 241-246.

Palli, S., Sharma, R.C., Sharma, S.K., Muddada, V., Sharma, N. A case study on noise
pollution and its effects. Journal of Critical Reviews, 2020, 7(19), pp. 261-267.

Bhardawaj, S., Sharma, R.C., Sharma, S.K. Development in the modeling of rail vehicle
system for the analysis of lateral stability. Materials Today: Proceedings, 2020, 25, pp.
610-619.

Sharma, R.C., Avesh, M., Sharma, S.K., ...Palli, S., Sharma, N. Linear and non-linear stability
analysis of a constrained railway wheel axle. International Journal of Vehicle
Structures and Systems, 2020, 12(2), pp. 128-133.

Bhardawaj, S., Sharma, R.C., Sharma, S.K. Analysis of frontal car crash characteristics using
ANSYS. Materials Today: Proceedings, 2020, 25, pp. 898-902.

Kanth Choppara, R., Chandmal Sharma, R., Kumar Sharma, S., Gupta, T. Aero dynamic cross
wind analysis of locomotive. IOP Conference Series: Materials Science and
Engineering, 2019, 691(1), 012035.

Bhardawaj, S., Chandmal Sharma, R., Kumar Sharma, S. Development and advancement in
the wheel-rail rolling contact mechanics. IOP Conference Series: Materials Science
and Engineering, 2019, 691(1), 012034.

Bhardawaj, S., Sharma, R.C., Sharma, S.K. A survey of railway track modelling. International
Journal of Vehicle Structures and Systems, 2019, 11(5), pp. 508-518.

Avesh, M., Srivastava, R., Sharma, R.C., Sharma, N. Effective design of active suspension

Res Militaris, vol.12, n°5, December Issue 2022 1342


https://www.scopus.com/sourceid/21100239259?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55486727300
https://www.scopus.com/authid/detail.uri?authorId=18036659400
https://www.scopus.com/authid/detail.uri?authorId=23398781100
https://www.scopus.com/authid/detail.uri?authorId=7005046353
https://www.scopus.com/authid/detail.uri?authorId=8854957800
https://www.scopus.com/record/display.uri?eid=2-s2.0-85121685061&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100456187?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57214094263
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85108460451&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85108460451&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85108460082&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85108460082&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/record/display.uri?eid=2-s2.0-85106050663&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100239259?origin=resultslist
https://www.scopus.com/sourceid/21100239259?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57214094263
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85091790399&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85091790399&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85091790399&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/20984?origin=resultslist
https://www.scopus.com/sourceid/20984?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57217115579
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85086315531&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85086315531&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/13056?origin=resultslist
https://www.scopus.com/sourceid/13056?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57214094263
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088584657&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088584657&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/20521?origin=resultslist
https://www.scopus.com/sourceid/20521?origin=resultslist
https://www.scopus.com/sourceid/20521?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/authid/detail.uri?authorId=57217115579
https://www.scopus.com/record/display.uri?eid=2-s2.0-85108460537&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85108460537&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/7500153107?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57217115579
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=57214094263
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099480456&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099480456&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=56884713700
https://www.scopus.com/record/display.uri?eid=2-s2.0-85090123708&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85090123708&origin=resultslist&sort=plf-f
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=56695103400
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85090111229&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85090111229&origin=resultslist&sort=plf-f
https://www.scopus.com/authid/detail.uri?authorId=57214094263
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088572785&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088572785&origin=resultslist&sort=plf-f
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55233747700
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088555307&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088555307&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57214094263
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088320024&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088320024&origin=resultslist&sort=plf-f
https://www.scopus.com/authid/detail.uri?authorId=57214078801
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=57215184285
https://www.scopus.com/record/display.uri?eid=2-s2.0-85078106360&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85078106360&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57214094263
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85078084413&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85078084413&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57214094263
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85081181033&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55233747700
https://www.scopus.com/authid/detail.uri?authorId=56701662100
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85081032444&origin=resultslist&sort=plf-f

WURES MILITARLS Social Science Journal

system using fuzzy logic control approach. International Journal of Vehicle Structures
and Systems, 2019, 11(5), pp. 536-5309.

Avesh, M., Srivastava, R., Sharma, R.C. Parametric optimization for the design of passenger
vehicle suspension system with the application of genetic algorithm. International
Journal of Vehicle Structures and Systems, 2019, 11(2), pp. 154-160.

Sharma, S.K., Sharma, R.C. Pothole detection and warning system for Indian roads. Lecture
Notes in Mechanical Engineering, 2019, pp. 511-519.

Sharma, R.C., Sharma, S.K. Sensitivity analysis of three-wheel vehicle’s suspension
parameters influencing ride behavior. Noise and Vibration Worldwide, 2018, 49(7-8),
pp. 272-280.

Palli, S., Koona, R., Sharma, S.K., Sharma, R.C. A review on dynamic analysis of rail vehicle
coach International Journal of Vehicle Structures and Systems, 2018, 10(3), pp. 204—
211.

Sharma, S.K., Sharma, R.C. Simulation of quarter-car model with magnetorheological
dampers for ride quality improvement. International Journal of Vehicle Structures and
Systems, 2018, 10(3), pp. 169-173.

Sharma, R.C., Sharma, S.K., Palli, S. Rail vehicle modelling and simulation using Lagrangian
method. International Journal of Vehicle Structures and Systems, 2018, 10(3), pp.
188-194.

Hyo-Jun Kim, Hyun Seok Yang,Young-Pil Park, Improving the vehicle performance with
active suspension using road-sensing algorithm, Computers and Structures 80 (2002)
1569-1577.

Yuping He, John McPhee, Multidisciplinary design optimization of mechatronic vehicles with
active suspensions, Journal of Sound and Vibration 283 (2005) 217-241.

T.P.J. van der Sande , B.L.J. Gysen, I.J.M. Besselink, J.J.H. Paulides, E.A. Lomonova, H.
Nijmeijer, Robust control of an electromagnetic active suspension system: Simulations
and measurements, Mechatronics 23 (2013) 204-212.

R.S. Prabakar, C.Sujatha, S.Narayanan, Optimal semi-active preview control response of a half
car vehicle model with magnetorheological damper, Journal of Sound and Vibration
326 (2009) 400-420.

Sharma, R.C., Goyal, K.K. Improved suspension design of indian railway general sleeper ICF
coach for optimum ride comfort. Journal of Vibration Engineering and
Technologies, 2017, 5(6), pp. 547-556.

Sharma, R.C., Palli, S., Sharma, S.K., Roy, M. Modernization of railway track with composite
sleepers. International Journal of Vehicle Structures and Systems, 2017, 9(5), pp. 321-
329.

Sharma, R.C., Palli, S., Koona, R. Stress and vibrational analysis of an Indian Railway RCF
bogie. International Journal of Vehicle Structures and Systems, 2017, 9(5), pp. 296—
302.

Sharma, R.C. Ride, eigenvalue and stability analysis of three-wheel vehicle using Lagrangian
dynamics. International Journal of Vehicle Noise and Vibration, 2017, 13(1), pp. 13—
25.

Sharma, S.K., Sharma, R.C., Sharma, N. Combined multi-body-system and finite element
analysis of a rail locomotive crashworthiness, International Journal of Vehicle
Structures and Systems, 2020, 12(4), pp. 428-435.

Palli, S., Sharma, R.C., Rao, P.P.D. Dynamic behaviour of a 7 DoF passenger car model.
International Journal of Vehicle Structures and Systems, 2017, 9(1), pp. 57-63.

Sharma, R.C., Palli, S. Analysis of creep force and its sensitivity on stability and vertical-lateral
ride for railway vehicle. International Journal of Vehicle Noise and Vibration, 2016,
12(1), pp. 60-76.

Res Militaris, vol.12, n°5, December Issue 2022 1343


https://www.scopus.com/record/display.uri?eid=2-s2.0-85081032444&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55233747700
https://www.scopus.com/authid/detail.uri?authorId=56701662100
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/record/display.uri?eid=2-s2.0-85071759839&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85071759839&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/record/display.uri?eid=2-s2.0-85066804282&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100431311?origin=resultslist
https://www.scopus.com/sourceid/21100431311?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/record/display.uri?eid=2-s2.0-85053604817&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85053604817&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/13056?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=6507602764
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/record/display.uri?eid=2-s2.0-85052233515&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85052233515&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/record/display.uri?eid=2-s2.0-85052218633&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85052218633&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/record/display.uri?eid=2-s2.0-85052202231&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85052202231&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=7007168931
https://www.scopus.com/record/display.uri?eid=2-s2.0-85039923651&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85039923651&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100364384?origin=resultslist
https://www.scopus.com/sourceid/21100364384?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=57224822576
https://www.scopus.com/record/display.uri?eid=2-s2.0-85042886058&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85042886058&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=6507602764
https://www.scopus.com/record/display.uri?eid=2-s2.0-85042856774&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85042856774&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/record/display.uri?eid=2-s2.0-85028567366&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85028567366&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/7500153107?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55574195563
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57059765000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088561666&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088561666&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=57193448012
https://www.scopus.com/record/display.uri?eid=2-s2.0-85014072176&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/authid/detail.uri?authorId=56990860200
https://www.scopus.com/record/display.uri?eid=2-s2.0-84978946702&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-84978946702&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/7500153107?origin=resultslist

onss mriiTaRs Social Science Journal

Guide for the evaluation of human exposure to whole body vibrations, revision of documents
ISO/TC 108 (Secretriat-31) 100E (June 1969) and ISO/TC 108/W67 (Secretariat-19)
36 (June-1970) International Standards Organization (1969, 1970).

ISO 2631, 1997. Mechanical vibration and shock evaluation of human exposure to whole body
vibrations- Part 1: General requirements.

Sharma, R.C. Evaluation of passenger ride comfort of Indian rail and road vehicles with 1ISO
2631-1 standards: Part 2 - simulation. International Journal of Vehicle Structures and
Systems, 2016, 8(1), pp. 7-10.

Sharma, R.C. Evaluation of passenger ride comfort of Indian rail and road vehicles with ISO
2631-1 standards: Part 1 - mathematical modeling. International Journal of Vehicle
Structures and Systems, 2016, 8(1), pp. 1-6.

Honda H, Kajikawa Y, Kobori T. Spectra of road surface roughness on bridges. J Struct Div
ASCE 1982;108(ST9):1956-66.

Res Militaris, vol.12, n°5, December Issue 2022 1344


https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/record/display.uri?eid=2-s2.0-84963569140&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-84963569140&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=35338025500
https://www.scopus.com/record/display.uri?eid=2-s2.0-84963594930&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-84963594930&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100197978?origin=resultslist
https://www.scopus.com/sourceid/21100197978?origin=resultslist

	Vibration And Ride Comfort Analysis of Four-Wheel Vehicle System Using Lagrangian Dynamics
	Abstract
	1. Introduction
	2. Literature Review
	3. System Modeling
	3.1. Equations of motion
	3.2. Description of road surface irregularities

	4. Results
	4.1. Sprung mass displacement
	4.2. Power Spectral Density acceleration
	4.3. Ride comfort

	Conclusions
	References

