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Lightweight design and FDM manufacturing of wheel frame for rail inspection robots using ABS
LIU Zehao', SU Liang'*, HE Yutong', WANG Junjie’, YAO Tingfei', ZHANG Kao'
(1. School of Mechanical Engineering and Mechanics, Xiangtan University, Xiangtan 411105, China;
2. Engineering Research Center of Complex Tracks Processing Technology and Equipment of Ministry of Education, Xiangtan 411105, China;
3. School of International Exchange, Xiangtan University , Xiangtan 411105, China)

Abstract : A lightweight design of an inspection robot was pursued by replacing and topologically optimizing the wheel frame
of a rail-type inspection robot, followed by fabrication via fused-deposition modelling (FDM). Initially, the wheel frame material
was substituted with acrylonitrile butadiene-styrene copolymer (ABS). Subsequently, the solid isotropic material with penalization
model was employed for topology optimization, and the optimal shape control Radial (X-direction) under a 10% volume constraint
was selected. The wheel-frame geometry was reconstructed under this optimal control, and simulations revealed that the optimized
frame has reduced its weight by 90.60% compared to the previous version, and it also meets safety requirements. Finally, an ABS
prototype of the wheel frame was successfully printed with a Tiertime UP 300 machine by adjusting the printing parameters and
model orientation. Compared with the original wheel frame, the lightweight ABS wheel frame has greatly reduced the mass, the
stress is far less than the yield stress of ABS material, and the safety factor meets the design requirements. The research results show
that the topology optimization of the wheel frame after replacing the ABS material can greatly reduce the quality of the wheel frame,
improve its operation efficiency and economy and enhance the adaptability in complex environment under the premise of ensuring
the use requirements, which provides a new idea for the lightweight of the wheel frame of the track inspection robot.

Keywords : orbital intelligent inspection robot ; acrylonitrile-butadiene-styrene copolymer wheel frame ; lightweight ;

topology optimization ; fused deposition modeling process
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‘ Set initial material and properties
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‘ Set load and boundary conditions
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‘ Set design space
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Replace with ABS
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‘ Select shape control ‘
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Topology optimisation
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design requirements are met
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Fig.1 Wheel frame lightweight design process
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Tab. 1 Initial strength analysis results

Max displace- ~ Min factor of =~ Max von Mises
ment/mm safety stress/MPa
4.736x107° 57.7 7.154 2989

Mass/g
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Tab. 2 Strength analysis results after changing material

Max displace- Min factor of Max von Mises Mass/
ment/mm safety stress/MPa £
2.066 5.2 8.691 1131
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Fig. 4 Design space settings
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Tab.3 Shape control scheme and optimisation results

Scheme Shape control Max displacement/mm Min factor of safety Max von Mises stress/MPa Mass/g
a Single draw(X-direction) 3.835 33 13.50 471
b Split draw(X-direction) 3.834 33 7.167 470
c Radial(X-direction) 4.304 3.8 11.97 419
d Single draw(Y-direction) 3.653 1.9 23.28 530
e Split draw(Y-direction) 3.650 2.0 22.62 530
f Radial(Y-direction) 3.342 3.8 11.95 543
g Single draw(Z-direction) 3.643 3.0 15.10 522
h Split draw(Z-direction) 4.117 2.9 15.47 457
i Radial(Z-direction) 3.868 2.9 15.31 458
j Milling 2.829 6.6 6.845 531
k Overhang(base surface) 5.469 2.3 19.98 528
1 Overhang(top surface) 9.280x107 1.6 28.05 535
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Tab. 4 Topology optimization results

Max . Max von
Volume . Min factor .
. displacement/ Mises stress/ ~ Mass/g
restraint/% of safety
mm MPa
10 8.815 1.7 25.94 279
13 8.321 2.2 20.76 283
15 7.105 22 20.66 337
20 6.066 2.0 22.19 337
30 3.697 35 13.03 477
40 2.970 4.1 10.92 560
45 -
9L —e— Max displacement/mm 4 2
—4— Min factor of safety 440 | 26
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Fig. 5 Optimize result line chart
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Tab.5 Strength verification results

Max Min factor Max von
displacement/mm of safety Mises stress/MPa

10.07 1.6 27.29 281

Mass/g
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Fig. 8 Strength verification results
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Fig. 10 ABS wheel frame manufactured by FDM
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