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Eigenderivative Analysis of the Damped Structurure due to Modification of
Mass and Stiffness

Jung Youn Lee*

[ Abstract T

reanalysis using the modified mass, damping and stiffness.

This study predicts the modified eigenvectors and eigenvalues of the damped structure due to the change in the
mass, damping and stiffness of structure by calculation of the sensitivity coefficient using the original dynamic
characteristic. The method is applied to examples of the damped 3 degree of freedom system by modifing the mass,
damping and stiffness. The predicted dynamic characteristics are in good agreement with these from the structural
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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 damped 3 .degree

Table 3 Comparison of eigenvectors by modifying stru-

of freedom cture in damped 3 degree of freedom system
(a) real part (a) before modification ,,;
' 1 mode
mode i x 10 1 5 3 P 3 3
0.1068 | -0.0184 | 0.0423 | -0.0045 | 0.0577 | -0.0045 01967 | 01967 | 02503 | 02503 [ 03263 | 03263
mode -0.0184 | 0.1068 | -0.0045 | 0.0423 | -0.0045 | 0.0577 +0.2024i | -0.2024i | +0.2552i | -0.2552i | +0.3190i | -0.3190i
j -0.3252 | -0.0130 | 0.1204 | -0.0373 | -0.0095 | -0.0243 0.3812 03812 | 0.1206 01206 | -0.1171 | -0.1171
« 107 |-00130 | -0.3252 | -0.0373 | 0.1204 | -0.0243 | -0.0095 +0.3807; | -0.3807/ | +0.1153i | -0.1153i | -0.1239 | +0.1239i
0.0779 | -0.0599 | -0.0979 | -0.0299 | 0.0228 | -0.0442 04196 | 04196 | 02197 | -02197 | 00883 | 00883
00599 | 00779 | 00299 | 00979 | -0.0442 | 0.0228 +0.4190i | -04190i | -0.2212i | +0.2212 | +0.0878{ | -0.0878i
00598 | 00598 | 02843 | 02843 |. 04352 | 04352
L. 00609 | +0.0609 | -0.3394i | +0.3394i | 0.5522i | +0.5522i
(b) imaginary part 01124 | 01124 | 01276 | 0.1276 | 01707 | -0.1707
) 1 -0.1180; | +0.1180i | -0.1626i | +0.1626i | +0.1998i | -0.1998;
mode ix 10
01238 | 01238 | -02462 | 02462 | 01200 | 0.1200
-0.0186 | -0.1072 | 0.0180 | 0.0274 | 0.0192 | 0.0405 -0.1299i | +0.1299 | +0.2975i | -0.2975i | -0.1497i | +0.1497i
ode 0.1072 | 0.0186 | -0.0274 | -0.0180 | -0.0405 | -0.0192
"~ 00355 | 01997 | -0.0365 | -0.0642 | 0.2212 | 0.0022 . .
N 1{).1 01997 | 00355 | 0.0642 | 0.0365 | -0.0022 | -0.2212 (b) after modification 1);;
-0.0838 | -0.0489 | -0.2754 | 00151 | -0.0443 | -0.0714 mode
00489 | 00838 | -00151 | 02754 | 00714 | 0.0443 L 2 3 4 5 6

Table 2 Comparison of natural frequencies by modi-
fying structure in 3 degree of freedom system

modification

mode No. —
before after pre

Est.

diction
-0.0071 -0.0084 -0.0083 0.982
+0.3024i | +0.3090i | +0.3089i | +0.012i
-0.1207 -0.1298 -0.1288 0916
+1.2326; | +1.2494i | +1.2479i | 20.008i
-0.1639 -0.1774 -0.1744 0.954
+1.5321i | *1.5534i | *1.5522i | 0.022i
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0.2001 0.2001 0.2424 0.2424 0.3298 0.3298
+0.2087; | -0.2087i | +0.2614i | -0.2614i | +0.3094i | -0.3094i

0.3810 0.3810 0.1203 0.1203 | -0.1130 -0.1130
+0.3804i | -0.3804i | +0.1074; | -0.1074i | -0.1271i | +0.1271i

0.4193 0.4193 -0.2276 -0.2276 0.0868 0.0868
+0.4180; | -0.4180i | -0.2267i | +0.2267i | +0.0951i | -0.0951i

0.0628 0.0628 0.2951 0.2951 0.4220 0.4220
+0.0636i | +0.0636i | -0.3367i | +0.3367i | -0.5672i | +0.5672i

0.1143 0.1143 0.1186 0.1186 01774 0.1774
-0.1209 | +0.1209; | -0.1642i | +0.1642i | +0.1981i | -0.1981i

0.1256 0.1256 -0.2537 -0.2537 0.1324 0.1324
-0.1331i | +0.1331i | +0.3138; | -0.3138; | -0.1518/ | +0.1518i

(c) proposed method ¢,

mode

1 2 3 4 5 6

0.2002 0.2002 0.2417 0.2417 0.3300 0.3300
+0.2087i | -0.2087i | +0.2613i | -0.2613i | +0.3093i | -0.3093i
0.3808 0.3808 0.1205 0.1205 0.1127 -0.1127
+0.3803; | -0.3803; | +0.1075i | -0.1075i | -0.1272i | +0.1272i
0.4193 0.4193 -0.2275 -0.2275 0.0865 0.0865
+0.4180i | -0.4180{ | -0.2266i | +0.2266/ | +0.0948i | -0.0948{

0.0628 0.0628 0.2948 0.2948 0.4222 0.4222
-0.0636i | +0.0636i | -0.3358; | +0.3358i | -0.5677i | H).5677i

0.1143 0.1143 0.1187 0.1187 -0.1774 -0.1774
-0.1208i | +0.1208i | -0.1644i | +0.1644i | +0.1978i | -0.1978i

0.1257 0.1257 -0.2534 -0.2534 0.1317 0.1317
-0.1330i | +0.1330i | +0.3132; | -0.3132i | -0.1512i | +0.1512;
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Table 4 Comparison of mode shapes by modifying
structure in damped 3 degree of freedom
system

(a) before modification
before modification ¢,;;
0.1967 | 02503 | 0.3263

+0.2024i | +0.2552i | +0.3190i
03812 0.1206 | -0.1171

+0.3807; | +0.1153i | -0.1239¢
0.4196 | -0.2197 | 0.0883
+0.4190: | -0.2212i | +0.0878i

(b) after modification (c¢) proposed method

after modification ¢;; proposed method ¢,
0.2001 0.2424 | 0.3298 02002 | 02417 | 0.3300
+0.2087i | +0.2614i | +0.3094i  +0.2087i | +0.2613i | +0.3093{
03810 | 0.1203 | -0.1130 03808 | 0.1205 | -0.1127
+0.3804i | +0.1074i | -0.1271i +0.3803; | +0.1075i | -0.1272i
04193 | -0.2276 0.0868 04193 | -0.2275 0.0865
+0.4180i | -0.2267i | +0.0951i  +0.4180i | -0.2266i | +0.0948i

0

———  befare modification

w L after modification
& .1 { — proposed mehtod
E
k]
5 1% mode
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S 27

3 : T S T T T

03 02 01 00 01 02 03 04 05

Generalized mode shape

Fig. 2 Generalized mode shape by modifying structure
in damped 3 degree of freedom system
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