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Abstract; Toward the suspended thin-walled cylindrical shell with bolted connections, both
beam-shell hybrid and full-solid finite element models were established by using ANSYS software.
With the established models, the influence from boundary conditions and bolt preloads at the
flange-/hoisting- structure to the system dynamic characteristics was analyzed, and corresponding
numerical results were compared with experimental results. The results indicated that the finite
element model established can accurately simulate the contact pressure and its distribution at the
bolted interface. On the premise of guaranteeing computational accuracy, the beam-shell hybrid
model was more efficient than the full-solid model. The bolt preloads at the flange had a
significant effect on the fifth to eighth natural frequencies of the system, while that at the hoisting
structure had a great effect on the first three natural frequencies of the system.
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Fig. 1 Arrangement diagram of equipment and
components on the body of a guided bomb
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Fig. 3 Finite element model of bolted thin-walled cylindrical shell
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Fig. 4 Comparison between experimental results and simulation results
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of different modeling methods
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Table 2 Comparison of the first eight natural
frequencies under free boundary

conditions

FREp7ES S fo fs fu
RELE R /Hz 335 1 551.8 922.9 1208
DiE4 M/ Hz 335.23  553.55 924.76  1191.1
MXTRZE/%  0.04 0.32 0.20 -1.40

FREp7ES fis frs fa fis
IG5 R/ Hz 1448 1655 1752 1976
iE4EH/Hz 1453.3  1678.74 1759.8 1953.5
MXHRZE/%  0.37 1.43 0.45 -1.14
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Fig. 7 Comparison between simulation and first eight-order mode shapes under free boundary conditions
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Table 3 Comparison of the first eight natural
frequencies under hoisting boundary

conditions

EIESPIES Ju fo fis Jua
R/ H, 43 77.778  94.833  222.17
DT B4R/ Hz 40.247  82.516  94.899  214.6
MXHRZ/%  -6.40 6. 09 0.07 -2.32

FREpIES fs e Jar fis
RIGLEHR/Hz 371,742 493.086  564.52  633.62
ELER/Hz 359.83 486.03  556.59  621.01
XFIRZE/ % -3.20 -1.43 3.04 -2.82
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Fig. 9 Comparison between simulation and first eight-order mode shapes under hoisting boundary conditions
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Fig. 10 Natural frequency of the system under different pre-tightening forces at flange bolts
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Table 4 Value of the natural frequency of the system under different pre-tightening forces at flange bolts Hz

T J1/kN 2 4 6 8 10
S 40. 14 40.22 40.27 40. 30 40.33
fo 81.38 82. 19 82.78 83.25 83.62
S 92.92 94. 31 95.38 96.22 96.92
S 213. 68 214.38 214.79 215.07 215.27
fis 359.24 359. 66 359.97 360. 21 360. 40
S 469. 47 482.58 488.73 492. 40 494. 62
fi 521.49 548. 51 563.27 573. 10 579.37
S 601. 63 616. 12 625.28 631. 81 636.22
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Fig. 11 Natural frequency of the system under different pre-tightening forces at constrained position
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Table 5 Value of the natural frequency of the system under different pre-tightening
forces at the constraint position Hz
T 71/kN 2 4 6 8 10
S 34. 82 37.40 39. 07 40. 25 41. 15
S 75.44 79.41 81.29 82.52 83.41
S 90. 70 92. 46 93. 80 94.90 95.74
S 210. 35 212.55 213.78 214. 60 215.24
fis 354. 30 356.78 358.52 359. 83 360. 78
Jre 477.27 481. 82 484. 41 486. 03 487. 17
S 556. 32 556. 59 556.78 556. 59 556.72
fis 610. 07 615. 47 618. 82 621.01 622. 65
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