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Prediction of the Dynamic Characteristics of a Bolt-Joint Plates
According to Bolting Conditions
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Abstract

General systems have many substructures assembled at joints. The bolted joint is generally used in
assembling the mechanical parts. However, there are no effective modeling methods to analyze the dynamic
characteristics of bolt jointed structure using the finite element (FE) analysis, especially in case of large area
contact. Moreover, the design methods for the appropriate bolt locations and the number of bolts considering
the dynamic characteristics are not guided properly. In this study, a proper modeling method is developed to
simulate the dynamic characteristics of a structure with the large interfaced area using the cone frusta method
and spring elements. The natural frequencies are also controlled by adjusting the bolt-joint location and the
number of bolts considering relative distances in mode shapes at the interface of bolt-jointed plates. The
Modeling method and the optimized design method are verified based on the experimental and the FE

analysis results.
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Table 1 Experimental result for various joint conditions

mode 4 bolt 6boitA | 6boltB 8 bolt
1st mode 661 704 665 726
2nd mode 768 778 811 840
3rd mode 1153 1380 1041 1390
4th mode 1239 1410 1276 1440
5th mode 1325 1630 1361 1830
6th mode 1439 1800 1808 1850
7th mode 1678 2060 2077 2160
8th mode 1817 - - -
9th mode 1944 - - -

3 mode (1153Hz)

S

5% mode (1325Hz)

9t mode (1944Hz)

204 mode (768Hz)

4t mode (1239Hz2)

6 mode {1439Hz)

ce T

8tk mode {181 7112)

Fig. 3 Mode shapes for 4 bolt assembled plates
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Table 2 Analytical result for various joint conditions

4 bolt 6 bolt B (short)
mode | Exp. FEM error | Exp. FEM error
M) (o) (B | H)| H) | )
Ist 661 639 3.36 665 652 191
2nd | 768 764 054 | 811 825 1.72
3rd 1153 1208 479 | 1041 1267 21.68
4th 1239 1288 - 399 | 1276 1410 1049
5th 1325 1407 6.19 | 1361 1466 7.73
6th | 1439 1487 333 | 1808 | 1831 127
7th | 1678 1725 278 | 2077 | 1871 9.93
8h | 1817 2036 12.04 - - -
9th 1944 2048 534 - - -
6 bolt A (long) 8 bolt
mode | Exp. FEM emor | Exp. | FEM error
Hz) (Ho ) |Hy | H) | (%)
Ist 704 696 117 | 726 733 0.9
2nd | 778 768 129 | 840 826 1.62
3d 1380 1395 106 | 1390 1399 0.65
4th | 1410 1476 468 | 1440 | 1480 2.78
Sth 1630 1706 464 | 1830 1817 0.72
6th 1800 1748. 292 | 1850 1832 0.97
7th 2060 1807 1229 | 2160 2158 0.09
8th - - - - - -
(Exp. : experiment results)
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Fig. 11 Flow chart for installing bolts
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Table 4 Coefficients of function f,
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O 0.03345 | 0.03956 | 0.05047 | 0.02440
as, -0.31199 | -0.36804 | -0.47142 | -0.22641
ay, 1.42360 | 1.66890 | 2.15950 | 1.02050
as, -3.34020 | -3.84620 | -5.04720 | -2.31580
. 4.00300 | 4.37090 | 5.72440 | 2.52250
a;, | -1.70220 | -1.73140 | -2.32770 | -1.00990
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Table 6 Optimized frequency response

Sboit 6bolt
mode| 4bolt |Frequencyl,, .. ofFreduency; rease
. value Response (%) Response (%)
classification m — = — (Hz) (Hz)
1" additional | 2 additional 1st [665.45] 68827 | 343 | 72637 | 9.15
bolt bolt
2nd [808.91] 811.09 | 027 | 81598 | 0.87
function used A 5 z
3rd 12325 13769 | 1172 | 14754 | 1971
x value 4 6 4th {1279.1] 15042 | 17.60 | 18748 | 46.57
. length 265 53 5th {1461.5| 15059 | 3.04 | 15397 | 5.35
conversion 6th [1541.5| 16594 | 7.65 | 17987 | 16.69
value (mm) | i 15 365 ' : ' :
7th |1793.5] 1797.1 | 020 | 17509 | -2.38
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