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Dynamic Parameter Analysis of Bolted Joint
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Abstract

The dynamic characteristics of mechanical structure are strongly affected by the properties of
joint parameters. In this study, the test structures are constructed with two beams which are
clamped by bolts, and a bolted joint which is modelled as a lumped stiffness element. To identify
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 increase as the clamping torque
increases. These stiffnesses identified from the sensitivity analysis and the mode energy analysis

method have some difference.
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Table 1 Natural frequency and damping ratio of model #1

Mode 10 kgf-cm 20 kgf-cm 30 kgf-cm 40 kgf-cm
Q(Hz) 211.86 215.02 216.38 216.87
: §(%) 0.271 0.246 0.225 0.218
Q(Hz) 651.51 651.53 651.56 651.50
’ &%) 0.060 0.058 0.058 0.060
Q(Hz) 1128.22 1143.83 1151.05 1153.52
’ §(%) 0.084 0.063 0.052 0.054

Table 2 Natural frequency and damping ratio of model #2

Mode 10 kgf-cm 20 kgf-cm 30 kgf-cm 40 kgf-cm
Q(Hz) 213.31 217.74 219.94 221.09
: ¢(%) 0.368 0.249 0.212 0.209
Q(Hz) 624.46 628.83 631.06 632.16
’ $(%) 0.072 0.063 0.062 0.060
Q(Hz) 1196.00 1207.43 1214.43 1217.52
’ ¢(%) 0.079 0.074 0.074 0.070

Table 3 Identified joint stiffness by sensitivity analysis

Clamping torque (kgf-cm) Ke( x10* Nm/rad) Ky( x10*N/m)
10 5.8078 2.0290
20 7.6054 2.2516
30 8.7553 2.4375
40 9.2431 2.6690

Table 4 Comparison with experiment and extimated natural frequency of model #1
(using stiffness value of Table 3)

Mode 10 kgf-cm 20 kgf-cm 30 kgf-cm 40 kgf-cm
Exp.(Hz) 211.86 215.02 216.38 216.87
1 Est.(Hz) 211.72 214.89 216.28 216.77
Error (%) —0.07 —0.06 —0.05 -0.05
Exp.(Hz) 1128.22 1143.83 1151.05 1153.52
3 Est.(Hz) 1129.04 1144.55 1151.60 1154.09
Error (%) +0.07 +0.06 +0.05 +0.05
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Table 5 Comparison with experiment and extimated natural frequency of model #2
(using stiffness value of Table 3)

Mode 10 kgf-cm 20 kgf-cm 30 kgf-cm 40 kgf-cm
Exp.(Hz) 213.31 217.74 219.94 221.09
1 Est.(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
2 Est.(Hz) 626.93 631.02 633.11 633.87
Error(%) +0.40 +0.35 +0.32 +0.32
Exp.(Hz) 1196.00 1207.92 1214.43 1217.52
3 Est.(Hz) 1193.58 1205.78 1212.44 1215.88
Error (%) ~0.20 ~0.18 ~0.16 ~0.13

Table 6 Comparison with experiment and extimated natural frequency of model #3
(using stiffness value of Table 3)

Mode 10 kgf-cm 20 kgf-cm 30 kgf-cm 40 kgf-cm
Exp.(Hz) 228.35 229.27 229.79 229.93
1 Est.(Hz) 227.55 229.92 230.95 231.34
Error (%) ~0.35 +0.28 +0.50 +0.61
Exp.(Hz) 598.54 601.66 603.18 603.68
2 Est.(Hz) 590.78 598.26 601.66 602.97
Error (%) -1.30 —0.57 —0.25 —0.12
Exp.(Hz) 1265.98 1266.43 1266.61 1266.63
3 Est.(Hz) 1222.28 1231.11 1237.05 1243.02
Error (%) ~3.46 -2.79 -2.33 -1.86

42 D=0l X] aA

42,1 ZolAMH O a=a=0°l2 B=10"22 753} g=
=AY WdT2EL Fig 63 o] gute] A 107~10"°2.2 1054 W34S 4$
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Table 7 Comparison with experiment and extimated natural frequency of model #4
(using stiffness value of Table 3)
Mode 10 kgf-cm 20 kgf-cm 30 kgf-cm 40 kgf-cm

Exp.(Hz) 233.77 236.17 236.86 237.10
1 Est.(Hz) 235.94 237.17 237.72 237.95
Error (%) +0.94 +0.42 +0.36 +0.36
Exp.(Hz) 575.44 593.16 597.60 601.13
2 Est.(Hz) 589.73 598.87 602.91 604.36
Error (%) +2.48 +0.96 +0.89 +0.54
Exp.(Hz) 1165.77 1186.99 1193.96 1196.65
3 Est.(Hz) 1170.85 1184.41 1191.21 1194.79
Error (%) +0.44 —0.22 -0.23 —0.16

Table 8 Comparison with experiment and extimated natural frequency of model #5

(using stiffness value of Table 3)
Mode 10 kgf-cm 20 kgf-cm 30 kgf-cm 40 kgf-cm
Exp.(Hz) 236.24 236.66 236.80 236.86
1 Est.(Hz) 235.56 235.91 236.08 236.19
Error (%) -0.29 -0.32 -0.30 —0.28
Exp.(Hz) 634.88 641.15 642.51 643.55
2 Est.(Hz) 632.46 638.23 640.85 642.10
Error (%) -0.38 —0.46 —-0.26 —0.23
Exp.(Hz) 1159.72 1181.43 1187.99 1188.00
3 Est.(Hz) 1166.11 1185.08 1193.60 1196.80
Error (%) +0.55 +0.31 +0.47 +0.75
Substructure 1 Ky Substructure 2

g e e | Dl | =0 = s s e e e e R

I R |

| 10/ N0 |

Ks=6x10*(Nm/rad), K,=2x10"(N/m)
[Cx]:a’l[Mx] +BI[K1]. [CZ]ZGZ[M21+32[K2]

Fig. 6 Model for MEA simulation(model #3)
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Table 9 Identified joint stiffness of model #2 by MEA
Clampi
amping K, Error K, Error
torque . o ; o
{ x10* Nm/rad) (%) { x10"N/m) (%)
(kgf-cm)
10 5.0775 -12.6 1.2376 -39.0
20 10.6360 39.8 1.1958 -46.9
30 9.8365 12.3 1.7115 -29.8
40 19.1020 106.7 2.7697 3.8
Table 10 Identified joint stiffness of model #3 by MEA
Clampi
amping K, Error K, Error
torque
( x10*Nm/rad) (%) { X10"N/m) (%)
(kgf-cm)
10 29171 -49.8 1.2422 -38.8
20 5.7149 -24.9 1.2718 -43.5
30 6.6395 -24.2 3.3349 36.8
40 10.0620 8.9 5.2905 98.2
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Table 11 Comparison with experiment and extimated natural frequency of model #2
(using stiffness value of Table 10)

Mode 10 kgf-cm 20 kgf-cm 30 kgf-cm 40 kgf-cm
Exp.(Hz) 213.31 217.74 219.94 221.09
1 Est.(Hz) 206.83 218.49 220.48 224.54
Error(%) —-3.04 +0.34 +0.25 +1.56
Exp.(Hz) 624.46 628.83 631.06 632.16
2 Est.(Hz) 609.54 620.18 632.57 638.90
Error (%) -2.39 -1.38 +0.24 +1.07
Exp.(Hz) 1196.00 1207.92 1214.43 1217.52
3 Est.(Hz) 1135.74 1160.53 1215.74 1235.31
Error (%) —5.04 —-3.92 +0.11 +1.46

Table 12 Comparison with experiment and extimated natural frequency of model #3
(using stiffness value of Table 10)

Mode 10 kgf-cm 20 kgf-cm 30 kgf>cm 40 kgf-cm
Exp.(Hz) 228.35 229.27 229.79 229.93
1 Est.(Hz) 218.08 227.08 228.98 232.07
Error (%) —4.50 —0.96 —-0.35 +0.93
Exp.(Hz) 598.54 601.66 603.18 603.68
2 Est.(Hz) 564.07 588.95 595.37 605.44
Error (%) —5.76 -2.11 . -1.29 —0.29
Exp.(Hz) 1265.98 1266.43 ) 1266.61 1266.63
3 Est.(Hz) 1162.65 1166.65 1254.28 1271.39
Error(%) —8.16 i —7.88 —-0.97 +0.38
o ¢ gty Ao N
o : MEA of Model #3
3 | -
£ E
Ewe b Z10’
o 2
X
o : Senaitivity Anolysis|
a: MEA of Model #2
o: MEA of Model #3
10 . 1 " 1 i 1 1 10 . A N SR N I 1

(a) Rotational stiffness

10 20 30
Clamping Torque (kgf-cm)

40

10 20
Clamping Torque

30 40
(kgf-cm)

(b) Bending stiffness

Fig. 13 Joint stiffness with clamping torque
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