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A Study on Structural Safety of a Urethane Wheel Using FEM

Ha Jong Song*, Il Ho Jong*, Tac Won Park” , Ji Won Yoon*, Kab Jin Jun*,
Joong Kyung Park** and Hyung Lee**

ABSTRACT

Urethane is a high polymeric and elastic material useful in designing mechanic parts that cannot be molded with
rubber or plastic material. In particular, urethane is high in mechanical strength and anti-abrasive. Hereby, a urethane
coated aluminum wheel is used to support of the OHT vehicle moving back and forth to transport products. For the sake
of verifying the safety of the vehicle, structural safety for applied maximum dynamic load on a urethane wheel must be
examined carefully while driving. Therefore, we performed a dynamic simulation on the OHT vehicle model and we
determined the driving load. The area definition of applied load may be obtained from the previous study of Hertzian
and Non-Hertzian contact force model having exact properties of contact material. But the static analysis is simulated
after we have performed the actual contact area test for each load since the proper material properties of urethane have
not been guaranteed. In this study, the method of distributing loads for each node is included. Finally, in coMParison
with the results of analysis and load-displacement curve obtained from the compression test, we have defined the
material properties of urethane. In the analysis, we verified the safety of the wheel. Finally, we performed a mode
analysis using the obtained material properties. With these results, we presented a reliable finite element model.

~ Key Words : Finite Element Method(+% 3.8 22%), Urethane Wheel(-%-# & &), Contact Patch(d ), Distributed
Force(®& X 31%), Static Analysis(3 2 #]4]), Modal Analysis(2= 84)
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Fig. 1 Position of urethane wheels
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Fig. 2 Finite element model of a urethane wheel

Table 1 Element properties of finite element model

Element type Hexahedron element
Number of elements 2880
Number of nodes 3900
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Fig. 3 Boundary condition of a urethane wheel
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Fig. 4 Results of contact patch test

Table 2 Contact patch of a urethane wheel for each force

Force(kgf) a(mm) b(mm)
100 9 17
200 10 19
300 11 20
400 1.5 21
500 12 21.5
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Fig. 6 Applied nodes of urethane wheel for 500kgf

Fig. 7 Force distribution of a urethane wheel for 500kgf

Fig. 8 Force-displacement test set
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Fig. 9 Results of FEA and test for a urethane wheel

Table 4 Material properties of a urethane wheel

Material Aluminum Urethane
properties (AlI2017-T4)
E 72400MPa 145MPa
v 0.33 0.4

Table 5 Displacement of each force for FEA and Test

Force(kgf) FEA(mm) Test(mm)
100 0.38 0.33
200 0.65 0.65
300 0.81 0.82
400 0.97 0.98
500 1.11 1.12
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Table 7 Density of a urethane wheel

Material Urethane Aluminum
property (A12017-T4)
0 (kg/m’) 1059 2790
NODAL SOLUTION AN

0 1.781 3.562 $.343 7.124
890521 2.672 4.453 6,234 8.015

Fig. 12 Maximum stress of an aluminum wheel for
500kgf : 8.0MPa

Table 6 Maximum stress of a urethane wheel for 500kgf - -
Fig. 13 Result of modal analysis for a urethane wheel :

1* natural frequency -1925Hz
. Maximum Ultimate
Material ¢ MP ; th(MP
stress(MPa) strength(MPa) A9 Fig. 13 A4 B vhet ol e el
Urethane 10.1 46 2o A Afde | A 2FAFFIE 1925H B2
Aluminum 8.0 427 FAHA
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Fig. 14 Vibration test set of a urethane wheel
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Fig. 15 Result of a vibration test for a urethane wheel :
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Table 8 Results of modal analysis and the vibration test

1* Natural
atura Modal analysis Vibration test
frequency(Hz)
Urethane wheel 1925 1895
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