Artificial Intelligence and Robotics Research A\ T e 5HLE8 AW, 2026, 15(5), 1293-1305 Hans X
Published Online September 2026 in Hans. https://www.hanspub.org/journal/airr
https://doi.org/10.12677/airr.2026.155118

ETADAMSHIARIRFH R Z Rl
MO F M RET R

s, BN, R
o AN R v TAR R S, i

Woks . 202647130 FHER: 20264F9H 100 &4 HiH: 20264F9H20H

HE

ASCH FA FR T M REZ MR /DN ERIZ SR E R ER FE, KA ADAMSH UL IR 522 e 4y
NEFATEN J1 505 B . APUIOA. PA66 KAR X =R T B EE 8N L T 2 £F T II32 322 e B 433 FF
RANEELIBHNEEZS R, BX AT EPEEWERL. BB, i) RIS RESS)
NESH, HRBETHRNIZTHERATEIERAERAR. SRRY, RTMEARE/NETETHE
Thie, {E b TAORH BRI BRI B R P BRI Z R, Bl /12 m NAFFE B R X . B, PU90A
R TR TR AR T TR ILBOVIIHE , SeB7T BIEIRIBAT AR o i RS sh At ot 5
PA6R TRABRBEMINIE, ZEsmSER, EEMHRAR; BERTEABRENIERT, BB
I BEEEAE P S IR BN F 4 . BF LG RATAR TENBR B3 F & R TR R A& MRS E
XK ia

KGN, ADAMS, RTHHEL, hii2Etkee, ok

Dynamic Performance Analysis of a
Mecanum-Wheeled Vehicle with Different
Roller Materials Based on ADAMS

Ruiqi Jin, Yujia Zhai, Zhengzhuo Liang

Marine Design & Research Institute of China, Shanghai

Received: July 13, 2026; accepted: September 10, 2026; published: September 20, 2026

Abstract

To investigate the differences in motion stability of Mecanum-wheeled vehicles equipped with rollers
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made of different materials, a dynamic simulation model of a four-wheel independently driven
Mecanum-wheeled vehicle was established using ADAMS. Straight-line and lateral motion simula-
tions were conducted for three roller materials, namely PU90A polyurethane, PA66 nylon, and rub-
ber, on a steel floor. By comparatively analyzing the vehicle velocity response, displacement, wheel-
ground contact force, and driving torque, the influence of roller material on the driving performance
of the Mecanum-wheeled vehicle was investigated. The results show that the roller material does
not affect the vehicle’s ability to perform the required motion functions; however, obvious differ-
ences exist in the dynamic responses due to variations in friction characteristics, contact stiffness,
and damping properties. Among the three materials, PU90A rollers exhibit relatively balanced per-
formance in terms of motion stability and wheel-ground contact characteristics, effectively reduc-
ing velocity fluctuations and contact impacts during operation. PA66 rollers provide relatively high
stiffness and rapid motion response, but generate more pronounced contact impacts. Rubber rollers
offer good adhesion, whereas their relatively high friction increases the driving load. The results can
provide a reference for roller material selection and structural optimization of Mecanum-wheeled
mobile platforms.
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Figure 1. Mecanum-wheeled vehicle
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Figure 2. Omnidirectional rotation mechanism of a Mecanum-wheeled vehicle
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Figure 3. Simplified model of Mecanum-wheeled vehicle
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Figure 4. Preprocessing of Mecanum wheels in ADAMS
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Table 1. Main parameters of three roller materials and wheel-ground contact parameters
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Figure 5. ADAMS software simulation result diagrams. (a) Result diagram of the traveling speed of the vehicle body along
the XYZ axes; (b) Result diagram of the traveling displacement of the vehicle body along the XYZ axes; (c) Result diagram
of the component of the contact force between each McNamee wheel and the ground along the XYZ axes; (d) Result diagram
of the driving torque of each McNamee wheel
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Figure 6. Comparison of speeds of vehicle made of three different roller materials when traveling in a
straight line forward
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Table 2. The standard deviation of the speed of the three roller materials when
moving forward in a straight line forward
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Figure 7. Comparison of relative displacements of vehicle made of three different roller materials traveling
in a straight line forward

E 7. ZMRFHELNE R EETE & TR AR I BRI EE

HiP 7 ZEAR GRS i 26 T DU Y, = FRL S BT 0 0E U5 A S8 ELEIE Bl I8 AT PULSEAOREF— 2L,
WA FIR RS RERE T8 /2 22 e NI /N BEAE B R . MHEEZ T, PU9OA A RHSAT ISR h A2 {k
BOAFRE, PAG6 MRL T Ae b Al NI BE R R, 75 J8 S B A e W R (MRS i 3, AR B kL B T LA
BAF ISR, HAIRB A BN SE.

=MIR TR ZHEE R AR tIR M S

600 1 —— PU90A
---. PAG6
....... *%Eﬁ

500 A

400

BHIEAR S TI/N
w
8

200 4

100 4

BiEl/s

Figure 8. Comparison of the resultant force of wheel-ground contact when a vehicle made of three different
roller materials travels forward in a straight line forward
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Table 3. Contact forces of three roller materials moving forward in a straight line forward
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Figure 9. Comparison of the average absolute torque of the four wheels of a vehicle made of three differ-
ent roller materials when moving forward in a straight line forward
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Figure 10. Comparison of speeds of vehicle made of three different roller materials when trav-
eling in a straight line laterally
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Figure 11. Comparison of relative displacements of vehicle made of three different roller materials trav-
eling in a straight line laterally
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Figure 12. Comparison of the resultant force of wheel-ground contact when a vehicle made of three
different roller materials travels forward in a straight line laterally
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Table 6. Variation of contact forces of three roller materials moving forward in a straight line

laterally
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