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A Study on Finite Element Modeling of the Structure with Bolted Joints

Joo-Cheol Yoon®, Beom-Soo Kang” and Jeong Kim"*

ABSTRACT

In this study, in order to investigate a modeling technique of the structure with bolted joints, four kinds of finite

_element model are introduced; a solid bolt model, a coupled bolt model, a spider bolt model, and no bolt model. All
proposed models take account on prestrained effect and contact behavior of flanges to be joined. Among these models, a
solid bolt model, which is modeled by using a 3-D solid element and a surface-to-surface contact element between the
head/nut and the flange interfaces, has the best accurate responses compared with the experimental resuits. In addition,
coupled bolt model, which couples the degree of freedom between the head/nut and the flange, shows the best

effectiveness and usefulness in view of computational time and memory usage. Finally, the bolt model proposed here is

adopted for structural analysis of a large diesel engine of a ship consisting of several parts which is connected by long

stay bolts.
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Table 1 Strains obtained from the experiment and finite
element analysis (unit: um/ um)

Position A B C
Experiment |  32.930 20177 | 23328
Solid bolt 33.066 20.107 | 23348
Coupled bolt | 34.777 20097 | 23347
Spiderbolt |  29.894 20.102 | 23347
No bolt 33.896 20.116 | 23.348
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Table 2 Model size and calculation time for each model

. Coupled .
Solid bolt ‘L‘g’lte Spider bolt
Model size
(MB) 10.688 8.344 8.563
Elapsed time
(sec) 2843.0 1068.0 1446.0
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Fig. 12 Experimental setup for modal test (unit: mm)
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Table 3 Natural frequencies obtained from the experime-
nt and finite element analysis (unit: Hz)

Mode No. 1 2 3 4 5
Experiment | 120.0 | 332.0 | 424.0 | 640.0 | 1060.0
Solid bolt | 119.4 [ 334.0 | 426.5 | 634.9 | 1067.7
Coupled bolt] 121.0 | 334.3 | 431.9 | 643.4 | 1069.5
Spider bolt | 119.0 | 334.1 | 425.1 | 632.5 | 1068.0
No bolt 112.8 | 333.9 | 4134 | 603.1 | 1068.0

Fig. 14(a) Mode shape of solid bolt: mode 1

Fig. 14(b) Mode shape of solid bolt: mode 3
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Fig. 14(c) Mode shape of solid bolt: mode 5
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Fig. 15 Finite element model for a diesel engine of ship
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