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(Dynamic Parameter Analysis of Bolted Joint)

(Sung-Nam Back, Tac-1lan Jee, Young-Pil Park)

Abstract : The dynamic characteristics of mechanical structure are strongly affected by the properties of joint
parameters. In this study, the test structures are construcied with two beam structures which are clamped by
bolts, and a bolted joint which is modelled as a lumped stiffness element. To identifly the dynamic joint
parameters with variance of clamping torque of bolts, the sensitivity analysis and the mode energy analysis
methods are investigated experimentally. As a result of these two methods, stiffnesses of bolted joint are
experimentally found to incrcasc as the clamping torgue increascs. Thesc stiffnesses identified from the
sensi_tivity analysis and the mode cnergy analysis mcthod have some difference.
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Table 1 Natural frequency and damping ratio of
model #1 by experiment

Mode No. |10kgf-cm|20kgf+cm|30kgf cm 40kgf-cm| Rigid

[9(Hz) | 211.86 | 215.02 | 216.38 | 216.87 | 225.99.

L) | 0.271 | 0.246 | 0.225 | 0.218 | -

QHz) | 65151 | 651,53 | 651.56 | 651,50 | 654.80
7] L0o) | 0.060 [ 0.058 | 0.0 | 0.060 | -
3/ 9(H2) | 1128.22 | 1143.83 | 1151, 05 | 1153 52 1205, 00]

t(x) | 0.084 | 0.063 | 0.052 | 0.054 -

Table 2 Natural frequency and damping ratic of
) mode! #2 by experiment

Mode No, |10kgf+cm|20kgfcm 30kgf+cm{40kgf-cm| Rigid

Q(iz) | 213.31 | 217.74 | 219.94 | 221.09 | 233.03
Ux)| 0.368 | 0.249 | 0.212 | 0209 | -
Q(Hz) | 624.46 | 628.83 | 631.06 | 632.16 | 651.74
Y(x)| 0.072 | 0.063 | 0.062 | 0.060 | -

5 2(Hz) | 1196.00 | 1207.92 | 1214.43 | 1217. 52 [1272. 94

(%) | 0.079 | 0.074 | 0.074 | 0.070 -
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Table 3 Identified joint stiffness with the clamping
torque by sensitivity analysis

Clamping Torque Ka Ky
(kgf-co) (1x10* Nw/rad) | (1x10° N/m)
10 5. 8076 2.0290
20 7.6054 2.2516
30 8.7553 2.4375
40 9, 2431 2.6690
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Table 4 Comparison of natural frequency of model #1
by sensitivity analysis{SA)
Mode No, 110 kgf:cm(20 kgf-cm 30 kgf-cml40 kgf-cm
[Exp. (He) | 211.86 | 215.02 | 216,38 | 216,87
1| SA (Hz) | 211.72 | 214.89 | 216.28 | 216.77

Error (%) | -0.07 | -0.06 | -0.05 | -0.05

Exp. (Hz) | 1128.22 | 1143.83 | 115105 | 1153.52
1154.09 |

+0. 05

3| SA (Hz) | 1129.04 | 1144.55 | 115160 |
Error (%) 1 +0,07 +0. 06 +0. 05

Table 5 Comparison of natural frequency of model #2

by sensitivity analysis{SA)

Mode No, 110 kgf-cm 20 kgf-cm |30 kgf-cm|40 kgfecm
Exp, (Hz)| 213.31 | 217.74 | 219.94 | 721.09
1| SA (Hz) | 218.78 222.94 223.33 223.34
[Error (%)| +2.56 +2.39 +1.54 +1.02
[Exp. (Hz)| 624.46 628. 83 631.06 632.16
| SA (Hz) | 626.93 631,02 633.11 633.87
_[Error ()| +0.40 | 0.3 | +0.32 | 0.3

Exp. (Hz)| 1196.00 | 1207.92 | 1214.43 | 1217.52
| SA (Hz) | 1193.58 | 1205.78 | 1212.44 | 1215.88
Error (%)| -0.20 -0.18 -0.16 -0.13
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Table 6 Identified joint stiffness of model #2

by MEA
Clamping Torque ] Ky
(kgf-cm) (1x10" Nm/rad) | (1%10" N/m)
10 5. 0775“ ol 12316
20 10. 6360 1.1958
03 | 9.835 | 1.715
40 19,1020 2.7697
Table 7 Identified joint stiffness of model #3
by MEA
Clamping Torque ke Ky
| (kgf-cm) (110" No/rad) | (1x10" N/m)
1% zem ) 12422
.20 1o 5749} 1ems
D 6”67395 3.3349
40 10. 0620 5. 2905
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