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Static and Dynamic Characteristics Analysis and Topology Optimization of

the Mechanical Arm of Shotcreting Trolley
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Abstract: With the increasing demand of shotcreting trolley in China, and in view of the poor dynamic and static
performance of the mechanical arm of shotcreting trolley, a finite element model has been established of the mechanical
arm of shotcreting trolley, followed by a modal analysis. In order to improve the static and dynamic performance of the
shotcreting trolley mechanical arm, taking the minimum flexibility as the optimization objective, as well as the mass
and volume fraction of the cylinder connection plate and the stress on the mechanical arm as the constraint conditions,
the mechanical arm of the original shotcrete trolley is redesigned according to the results of topology optimization. The
optimized results show that the mass of the optimized new manipulator is reduced by 37 kg, or about 8% of its original
mass. The natural frequency of the first order elastic mode can be increased from 81.23 Hz to 89.09 Hz, with the

maximum stress reduced by 9% under the specified working conditions. It can be seen from the above results that the
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comprehensive static performance of the gun-arm structure of the shotcreting trolley has been greatly improved.

Keywords: mechanical arm of shotcreting trolley; topology optimization; modal analysis; static and dynamic

performance
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Fig. 1 Schematic diagram of large arm structure of

shotcreting trolley
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Fig. 2 Finite element model of the shotcreting trolley

mechanical arm
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Table 1 Chemical composition of HG70 high strength welded

structural steel

S i % g R B 1%
C 0.12 Cr 0.60
Si 0.40 Ni 0.60
MN 1.80 Nb 0.11
P 0.030 Nb+V+Ti 0.25
S 0.015 B 0.005
Mo 0.40
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Table 2 Mechanical indexes of HG70 high strength welding
structural steel
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Fig. 3 Schematic diagram of mechanical arm under force
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Fig. 4 Original mechanical arm stress distribution diagram
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Table 3  First 6 frequencies of the big arm of
the manipulator arm
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Fig. 5 Original mechanical arm modal analysis diagram
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Fig. 6 Topology optimization diagram after ten iterations of
the original manipulator
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Fig. 7 Model structure of the manipulator before and after

optimization
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Fig. 8 Modal analysis diagram of the optimized manipulator
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before and after optimization
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