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Analysis of Eigenderivative for the Non-Proportional Damped Structure
Using the Iterative Method of the Sensitivity Coefficient

Jung Youn Lee
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Abstract

This study predicts the modified eigenvectors and eigenvalues of the non-proportional damped
structure due to the change in the mass, damping and stiffness of structure by iterative method of the
sensitivity coefficient using the original dynamic characteristicc.  The method is applied to the
non-proportional damped 3 degree of freedom system by modifying the mass, damping and stiffness.
The predicted dynamic characteristics are showed a good agreement with these from the structural
reanalysis using the modified mass, damping and stiffness.
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Fig. 1 Model of the damped 3 degree of freedom
system
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Table 1 Sensitivity coefficient of the 3 degree of
freedom
(a) Real part

i x 10"

0.3889{-0.1203) 0.4613| 0.0327; 0.4739| 0.0413
-0.1203| 0.3889| 0.0327| 04613 0.0413] 04739
-2.8243| 0.3142{-1.3078{-0.2765 3.2598{-0.0587
0.3142|-2.8234|-0.2765| -1.3078{ -0.0587| 3.2598
0.8238-0.0601|-5.6583| 0.3209(-1.3699-0.3781
-0.0601| 0.8238] 0.3209|-56583-0.3781|-1.3699

(b) Imaginary part

mode i x 10t
-0.6197| 0.0434| 02613} 0.0285| 0.3000
0.1261{-0.2613| -0.0434( -0.3000{ -0.0285
0.1764|-0.3540|-0.2245| 0.0792 0.2641
0.2245) 0.3540!-0.2641|-0.0792
0.1922| 0.8487(-0.4118|-0.3341
-0.8487|-0.1922| 0.3341| 0.4118

mode

mode

x 107

-0.1261
06197
0.2955

-0.1742|-0.2955

-0.0371|-0.5699
0.5699| 0.0371

mode

x 10!

Table 2 Comparison of natural frequencies by modifying
structure in 3 degree of freedom system

modification
mode }(S(;t)
No. pro-
> | before | after posed °
~0.0690 | -0.1053 | ~0.1053
12 1 40,6453 | 0,5840; | +0.5840; 10000
-0.0786 | -0.1155 | -0.1155
Proposed| 34 | . 8036 | 0.7516i | 07516 {12000
00772 | -0.1333 | -0.1333
56 | +33043; | +2.0280i | +2.928; {10000
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Table 3 Conparison of eigenvectors by modifying structure

A=A Y E o] vl A 1HA H

in damped 3 degree of freedom system

(a) Before modification

Wi

mode

1

2

3 4 5

6

0.1967
+0.2024i

0.1967
-0.2024i

02503 | 02503 | 0.3263
+0.2552i |-0.2552i | +0.3190i

0.3263
-0.3190

0.3812
+0.3807i

0.3812
-0.3807;

0.1206 | 0.1206 [-0.1171
+0.1153i |-0.1153¢ [ -0.1239i

-0.1171
+0.1239%

04196
+0.4190i

041%
-0.4190¢

-0.2197 (-0.2197 | 0.0883
-0.2212i [+0.2212i | +0.0878:

0.0883
-0.0878i

0.0598
-0.0600i

0.0598
+0.0609:

0.2843 | 0.2843 | 04352
-0.3394i |+0.3394i | -0.5522i

04352
+0.55221

0.1124
-0.1180i

0.1124
+0.1180i

0.1276 | 0.1276 |-0.1707
~0.1626i | +0.1626: | +0.1998;

-0.1707
-0.1998i

0.1238
-0.1299;

0.1238
+0.1299¢

-0.2462 |-0.2462 | 0.1200

+0.2975i | -0.2975{ | -0.1497i

0.1200

+0.14971

(b) After modification w

mode

1

2

3 4 5

0.2354
+0.2411i

0.2354
-0.2411i

0.3047 | 0.3047 | 0.1591
+0.3084i | -0.3084i | +0.1424i

0.1591
-0.1424i

037117
+0.3710i

03717
-0.3710

0.0235 | 0.0235 |-0.1456
+0.01041-0.0104¢ | -0.1488{

-0.1456
+0.1488i

0.4015
+0.39951

0.4015
-0.399i

-0.2016 1-0.2016 | 0.1861
-0.1986i | +0.1986i | +0.1934

0.1861
-0.1934i

0.0785
-0.0839;

00785
+0.0839i

0.3400 { 0.3400 | 0.1886
-0.4577i |+0.4577i |-0.3064i

0.1886
+0.3064i

0.1207
-0.1324i

0.1207
+0.1324i

0.0088 | 0.0083 (-0.2032
-0.0326i {+0.0326i | +0.2860i

-0.2032
-0.2860i

- 0129
-0.1430i

0.1299
+0.1430¢

-0.2178 {-0.2178 | 0.2651

+0.3017:{-0.3017i | -0.36641

0.2651

+0.36641

(c) Proposed method v

mode

1

2

3 4 5

6

0.2354
+0.24111

0.2354
-0.2411i

0.3047 | 0.3047 [ 0.1591
+0.3084i | -0.3084i | +0.1424i

01591
-0.1424i

0.37117
+0.3710¢

03717
-0.3710i

0.0235 | 00235 |-0.1456
+0.0104i |-0.0104i |-0.1488;

-0.1456
+0.1483i

04015
+0.39951

04015
-0.39951

-0.2016 {-0.2016 | 0.1861
-0.1986i | +0.1986i | +0.1934i

0.181
-0.1934;

00785
-0.0839;

0078
+0.0839

0.3400 | 0.3400 | 01886
-0.4577 |+0.45771 | -0.3064i

0.1836
+0.3064i

0.1207
-0.1324i

0.1207
+0.1324i

0.0088 | 0.0088 1-0.2032
-0.03261 | +0.03261 | +0.2860i

-0.2032
-0.2860i

0.1299
-0.1430¢

0.129

+0.1430

-0.2178 |-0.2178 | 0.2651

+0.30171|-0.3017 | -0.3664¢

0.2651
+0.3664¢
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Table 4 Comparison of mode shapes by modifying structure
in damped 3 degree of freedom system

(a) After modification (b) Proposed method

q)ij (DI'J'
mode mode
1 2 3 1 2 3
0234 0.3047| 0.1591 0.2354] 0.3047] 0.1591
+0.24114] +0.3084i| +0.1424¢ +0.24111| +0.3084i| +0.1424i
0.3717| 0.0235| -0.1456 03717 0.0235| -0.1456
+0.3710i} +0.0104i| -0.1488; +0.3710i} +0.0104:) -0.1488i
04015 -0.2016{ 0.1861 0.4015] -0.2016] 0.1861
+0.3995:| -0.1986:| +0.1934; +0.3995i| -0.1986i| +0.1934i
0
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Fig. 3 Variation of mode shape by modifying structure
in damped 3 degree of freedom system
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