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Abstract

In order to improve the simulation accuracy of multi-bolt connection bond, this paper proposes an
equivalent modeling method based on the virtual material, which integrally considers the contact

SCEF|I M BRI, VP, BRA. B G RE RN 2 IR B A 5 M S AR IR ], @IS B, 2025, 14(1): 315-323.
DOI: 10.12677/m0s.2025.141030


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.141030
https://doi.org/10.12677/mos.2025.141030
https://www.hanspub.org/

FSE

pressure distribution inhomogeneity of the bond and the coupling characteristics between adjacent
bolts. Taking the multi-bolt connection plate structure as an example, the virtual material layer is
processed in a subregion according to the actual contact pressure distribution in the bond, and the
material parameters of the virtual material layer in each region are determined by the contact char-
acteristics of the region, so as to establish the equivalent model of the bond. A deep neural network
model is used to replace the complex finite element numerical calculation model, and a particle
swarm optimization algorithm is used to identify the material parameters of each virtual material
layer. The simulation results show that the modal frequency deviations of the model are all less than
1.9%, and the modal vibration shapes are consistent with the experimental results, which verifies
the effectiveness of the proposed method.
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Figure 1. Equivalent schematic diagram of the joint
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Figure 2. (a) Dimensional drawings of specimens; (b) Physical drawings of specimens

2. () WERTE; (b) KHEZYE

HIH ANSYS WPIRAFHEAT A BRITEE 0220 b, BETISRAS 45 & 0 i e o A s oL, anlsl 3 s
BRI, Rl & 8 i Bt I 7 R SR i A £L Ao O YR FUZATEUD, X — LR 5 SCHR[10]-[12] F Hiid ) 4
R nsh, ARMIEAR R RS ) 04 SIS REE, ARSI A DI, 2 IRk E A S
SRR, A B R R 0 o0 A AN ST LA R AR AR A (8] R AR

HI AT BRI T AR R PR, TCVE N R — R R R B AN R AL B 1 EAN R R R 2 K (e A
WEAARA AR o DRI, MR 22 SRR R 5 BRI R 0 A R A X 3 7 ANy, N
ANEREST RN 1 mm (ST RN o i T PR SRR T S2 (TR 0B AR D) A

DOI: 10.12677/m0s.2025.141030 317 A ()


https://doi.org/10.12677/mos.2025.141030

8

22
¥

2%

DU FRYE o DRI, R AR A 3 DX 7 A = AN XIS DXBRIDAN XL, fnls] 4 from. % X3
WM EZE S LR A e, WIS T 2 SRR R 5 A ) S5 AR

2024111115 15:43

82.342 LK
54378
46353
41.108
35.862
26.612
17.361
12,516
8.1525
0.3573
0 /b

Figure 3. Cloud view of contact pressure distribution in multi-bolted joints
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Figure 4. Virtual material layer classification results for multi-bolt joint combinations
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Figure 5. DNN model structure diagram
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Figure 6. Training results of the DNN model
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Figure 7. Modal testing test rig
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Figure 8. Results of the first 6 orders of modal tests of the specimen
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Figure 9. Parameter optimization identification flow chart
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Figure 10. Iterative convergence curves for optimization
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Table 1. Parameter optimization identification results
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Figure 11. Simulation results of the first 6 orders of modes of the specimen
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Table 2. Simulation results of the first 6 orders of modes of the specimen
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