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Abstract: In order to fully explore the optimized load-bearing structure of the tunnel boring ma-
chine cutterhead, the variation and reconstruction mechanism for the dynamic load-bearing struc-
ture based on the classical layout scheme was further researched. Specifically, the explicit topolo-
gy optimization method was used as a design tool to drive the variation and reconstruction of the
load-bearing structure of the tunnel boring machine cutterhead and the EFEM was also used to a-
chieve the suppression of the structural dynamic response by guiding and enhancing the dissipa-
tion of the vibration energy of the tunnel boring machine cutterhead. In this paper, the cutter-
head structure of a certain type of the EPB tunnel boring machine was verified. The verification
results show that under the same opening rate and load input conditions, compared with the origi-
nal cutterhead structure, the average deformation of the cutterhead structure designed in the pa-
per is reduced by 24.49% , the maximum stress is reduced by 41. 34% , and the statics perform-

ance is improved; compared with the original cutterhead structure, the energy flexibility of the
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optimized cutterhead structure is improved by more than 22. 0%, the maximum dynamic response

and the minimum dynamic response are reduced by 7. 8% and 27. 7% respectively, and the dy-

namic performance is effectively improved. Therefore, the structural variation and reconstruction

design method from the view of energy proposed in this paper has great engineering application

value and also provides a new idea for the dynamics design of large-size structures represented by

tunnel boring machines.

Keywords: cutterhead panels; structural variation; energy finite element method;

topology optimization
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Fig. 1 Diagram of the energy balance in a micro element
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Table 1 Natural frequency for each order of the original and

optimized structures

. [ 4 9% /Hz

- JE I 24 1 f 45 ¥
1 B s 85. 39 88. 85
2 RS 93. 94 94.18
3B 94. 00 95. 27
4 R 96. 34 98. 90
5 MRS 109. 77 129. 59
6 B REEs 121,42 137.59

A2 RiEMFAE MG THEH

Table 2 Average deformation of the original and optimized

structures
i - AE T/ mm
- e 45 th f 4 #g
1 B s 0.092 0.086
2 s 0.082 0. 069
3 B 0.082 0.071
4 BB 0.100 0.091
5 B s 0.084 0.065
6 B 0.092 0.072
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