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Analysis of mass and location of proportional damping system using the
change of eigenvectors

Jung Youn Lee*

r

1 Abstract

I

—

reanalysis result which shows good agreement.

In spite of a large amount of previous research, detail study on modified mass in proportional damping system is
not well understood. 1t is common to predict structural dynamic design parameters due to the change of mass, but
to predict the amount of modified mass and the location where the mass is being modified are rarely found in previous
literature. Such inverse problem required detail analytical study in order to understand structural modification in
proportional damping system. This paper predicts the modified mass and the modified mass location in proportional
damping system using sensitivity coefficients and iterative method. The sensitivity coefficients are obtained from the
change of eigenvectors due to mass modification. This method is applied to a horizontal beam and three degree of

freedoms system. To validate the predicted changing mass and its location, the obtained results are compared to the
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(b) 3 degree of freedom

Fig. 1 Model of cantilever and 3 degree of freedom
system
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Table 1 Comparison of natural frequencies before and Table 2 Comparison of eigenvectors before and after
after modification in proportional damping sys- modification
tem

(a) cantilever

a) canfilever - ;
@ modd] before modification
o modification (rad’s) iy Wy 1 |-0.1662{-0,0158 | -0.5985 -0.0267’4,2010 -0.0329 | -1.8910] 00355 | -2.6080 | 0.0359
mode - - (%) ‘
7854 -0.0606 | 1. 7830 -0.0264 | 15380 | 0 182810.111912.6100]0.12
before «w,, after w,, Wy 2 |-07854]-0.0606 ] -1.7830 | -0.0264 | -1.5380| 0.0527| 0.1828 10,1119 2.61000.1248
3 |-1.5870]-0.0819 | -1.3820]0.1065 | 1.2430 | 0.0996 | 1.0380|-0.1242 | 2.6240, 0:2061
1 0.248 0.231 -6.79
4 2016000163 0.8362 | 0.1865 | 0.8847 | -0.1813 |-1.7210] 0.0467 | 2.6560| 0.2940
2 1.575 1.488 -5.52 5 | 17930 | -0.1268 | -1.9080] 0.0357 | 1.9050 | 0.0476 | -1.5890 | -0.1136| 2.5620]0.3695
3 4425 3.946 -10.83 6 | 10110 |-03590] 04115 0.4206 | 0.1987 | -0.4321 | 0,732110.3745 |-2.6980 | 0.5228
4 8.736 2184 631 7 101316} 0.5905 | -1.4470] -0.3454 ) 1.6760 | 02071 | 04202} 0.5646 | -2.9270 | D730
8 | 07398 0.7314]-1.4570 | 0.4169 | 09661 | -0.6685 | 1.3546]-0.5027 | 2.9900 | 0.9720
5 14475 13450 -7.08
P 5390 9 |-1.0580| 0.6538 | 02112]-1.1560 | 0.7884 | 0.9291 | 1.3170{-0.1083 | 2.8546 | 1.1730
T 22423 -631 10| 02223 [0.1134]0.3413| 0.3198 | 0.6065 [0.6659| 1.2050] 1.3170 ] 7.1126/ 3.5850
7 34.709 32514 -6.32
8 49.437 44.766 -9.44 1mode] after modification
9 67.679 62.982 -6.94 1 {-0.1560{-0.0148 | -0.5606 | -0.0249 | -1.1230 | -0.0306 | -1.7620 0.0329 | -2.4240 | -0.0332
10 | 90313 26.916 376 2 |-07386] 00566 |- L6450 |-0.0221 | -1.3600| 0.0521 | 03131 | 01079 | 2.6460 | 0.1198
3 |-L4016{-0.0738|-12390| 0.0940 | 1.0520 | 0.0850 | 0.7387 |-0.1185|-2.6320| 0.1877
(b) 3 degree of freedom system 4 |-1.8250] 00154 | 0.8987 | 0.1776 | 0.9816 | -0.1706|-1.4910| 0.0474 | 2.5740 | 6,269
= = 5 | 17450 | 0.1051 | -1.7590] 0.0238 | 1.6750 | 0.0485 | -1.5350|-0.0895 | 24940 | 0.3433
modification (rad/s) s ™ - " -
mode i Wi %) 6 | 11290 |-03196] 0.2811| 03974 | 0.0555 | 04073 | 0:9100 | 03313 | -26520| 04941
before wg,,; after wy, Wegi 7 |-03634] 05430 |-1.3530] 03198 | 1.5550 | 0.1510|-0.0914 | 0.5498 | -3.0580 | -0.7323
1 0.0342 0.0148 56.68 8 | 0422107077 |-12910| 6.3552 | 05478 | -0:6131 | 0.9057 | -0.4779] 27880 | 0.8481
9 |-0.8076]-0.6029 | 0.5308 |-1.0940 | 1.0400 | 0.87%2| 10440 |-0.1443 | 2.4960 | 0.9833
2 0.1987 0.1778 -10.49
10| 0.1563 | 0.0899 | 0.3500 | 0.2637 | 03499 | 0.5484 | 15540 | 11770 | 7.3300 | 3.6320
0.3257 0.3147 -3.38
(b) 3 degree of freedom system
1 OXIEA HEL M . .
4.1 IRIES HE HE modification
= 9l o T LA L -
Table I(a)y= S|B9 W{Es WIS el 22 mode before after

QBE Y 847} 57)0 1U§ 10709 232557 ER8k
o A% 712 BT tﬁ’é Ao vlaf 2o 10.83%
Hasrth 3AREA ] AGAES MBS Table 1(b)e]
e Sl 3 g7t Ao 56.68%%*] st
ol A Wil Yol e wadr,

T

1 10222704230 | 0.5029 | 0.1963 | 0.3744 | 0.4528
2 | 0.6233 | 0.1231 |-0.2830| 0.5772 | 0.1346 | -0.2258
3 102487 |-0.6874] 0.2588 LO.2120 -0.7130 1 0.1952
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Table 3 Delta eigenvectors before and after modification Table 5 Change of modal mass matrix after iteration
(a) cantilever (a) cantilever
[4¢] [Amy]
1 | 0.0102 | 0.0010 { 0.0379 | 0.0018 | 0.0780 | 0.0023 | 0.1290 { 0.0027 | 0.1840 | 0.0027 1 {01510 | 0.0868 [-0.1134] 0.0927 {-0.0145 0.1124 | 0.0640 |-0.0053 | 0.0102 | 0.0296
2 ] 0.0468 | 0.0040 | 0.1380 | 0.0043 | 0.1780 |-0.0006 | 0.1303 |-0.0040) 0.0360 |-0.0050 2 10,0868 | 0.1268 | 0.0233 | 0.0522 | 0.0232 ] 0.1230 { -0.0309| 0.0566 | 0.0128 |-0.0127
3 | 0.1860 | 0.0080 | 0.1430 (-0.0125 | -0.1910 -0.0146 | 0.2993 | 0.0057 |-0.0080 | 0.0184 3 [-0.1134] 0.0233 | 0.2696 [-0.0018 | 0.0654 | -0.0311-0.1231 | -0.0301 {-0.0510 | -0.0131
4 | 0.1910 | 0.0009 | 0.0625 | -0.0089 | 0.0969 | 0.0107 | 0.2300 | 0.0007 | -0.0820|-0.0244 4 {00927 | 0.0522 |-0.0018 | 0.1480 | 0.0056 | 0.0616 | 0.0299 | -0.1287] 0.0206 | 0.0575
5 |-00480] 00217 | 0.1490 | -0.0119-0.2300| 0.0009 | 0.0540 | 0.0242 | -0.0680 | -0.0262 5 10,0145 -0.0232 | 0.0634 | 0.0056 | 0.1607 -0.0151 | 0.0624 | -0.0416 | -0.1434 0.0750
6 | 0.1180 | 0.0394 | 0.1304 |-0.0232 { 02542 | 0.0248 | 0.1779 | -0.0432| 0.0460 | 0.0287 6 0112401230 |-0.0311 | 0.0616 |-0.0151 | 0.1640 | 0.0087 | 0.0628 | 0.0133 | 0.0175
7 [-0.2318{-0.0475| 0.0940 | 0.0256 {-0.1216| 0.0561 | 0.3288 |-0.0148 [ -0.1310|-0.0015 7 10.0640 1-0.0309 [-0.1231 0.0299 | 0.0624 | 0.0087 | 0.1591 {-0.0335-0.0349 | 0.0853
8 |-03177]-0.0237) 0.1660 |-0.0617 | 0.4183 | 0.0554 | 0.4483 | 0.0248 | 02020 | -0.1239 8 |-00053 | 0.0566 | -0.0301|-0.1287| 0.0416] 0.0628 | -0.0335| 02447 | 0.0025 | -0.0885
9 | 02504 | 0.0509 {03196 | 0.0620 | 0.2516 | 0.0509 |-0.2730|-0.0360|-0.3580|-0.1897 9 |0.0102 | 0.0128 {-0.0510] 0.0206 |-0.1434 | 0.0133 | -0.0349 | 6.0025 | 0.1746 |-0.0593
10 |-0.0660 |-0.0235 | 0.0087 |-0.0561 | 0.2566 | -0.1175| 0.3490 [ 0.1400 02180 | 0.0470 10 | 0.0296 |-0.0127|-0.0131 | 0.0575 | 0.0750 | 0.0175 | 0.0853 | -0.0885 | -0.0593 | 0.1043
(b) 3 degree of freedom system (b) 3 degree of freedom system
mode [Ad] mode [Amij]
1 -0.0264 -0.0486 -0.0501 1 0.2112 -0.0522 0.1080
2 -0.0461 0.0115 0.0573 2 -0.0522 0.1918 0.0031
3 -0.0367 -0.0256 -0.0636 3 0.1080 0.0031 0.0661
Table 4 Sensitivity coefficient in proportional damping 0.5 v
system 1S ® Aml
04 v Am3
() cantilever 3
®© 0.3 A AuGi At AN S S A AN 4
[a £ [ J
ij ©
> 02 TR N SO RO e e W S
1 |-0.0681|-0.0728| 0.0905 [0.0737 | 0.0057 |-0.0788 |-0.0440| 0.0054 | -0.0021 | -0.0169 £
2 | 00019 |-0.0554(-00296{-0.0393 | 0.0215 |-0.0052 | 0.0287 | -0.0425 | -0.0066 | 0.0081 g 0.1
3 {00003 | 00040 |-0.1087 |-0.0059| -0.0514 | 0.0180 | 0.0901 | 0.0244 | 0.0344 | 0.0085 a
0.0 r T
40,0001 | 0.0013 | 0.0014 |-0.0636 | -0.0101 |-0.0437|-0.0259| 0.1091 [-0.0158 | -0.0371
01 2 3 4 5 6 7 8 9 10
5 | 0.0000 |-0.0002| 0.0047 | 0.0035 |-0.0718 | 0.0138 |0.0691 | 0.0295 | 0.1175 | 0.0481 . .
No. of iteration
6 | 0.0000 | 0.0004 |-0.0006 | 0.0059 |-0.0048 | -0.0639 | -0.0031 | -0.0647 | 0.0071 | -0.0174
7 | 0.0000 |-0.0001 |-0.0013 | 0.0015 | 00113 | 0.0023 { -0.0648 | 0.0490 | 0.0367 | 0.0673 (a) cantilever
8 | 0.0000 | 0.0000 |-0.0002{-0.0032 {-0.0027 | 00150 |-0.0233 [-0.0965 | 0.0012 | 0.0768
9 | 00000 | 0.0000 | -0.0001 | 0.0002 {00047 | 0.0007 |-0.0078}-0.0024 | -00711 | 00725 5 0
3 v ¥V VvV VY VVYYyY
10 { 00000 00000 | 0.0000 | 0.0003 | 0.0012 | 0.0006 | 0.0078 {-0.0161 [0.0321 | -0.0399 £ os v
S v
@ ® Am1
E . r Y 'y y Y & & &
mode foy,l ® 04 [ g @ 000 @ @88
1 -0.1056 0.0587 0.1125 5 4
5 O
2 -0.0065 -0.0959 -0.0054 g 00
3 0.0045 0.0023 -0.0330 01 2 3 4 5 6 7 8 9 10
No. of iteration
e o o
Mok A [Am,] & g3t WAH Y] 3718 of (b) 3 degree of freedom system
&3} Ao g vrE 4o wal ety ot} ogro] A Fig. 2 Predicted mass according to the No. of iteration
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Table 6 Predictive mass in cantilever and 3 d.o.f system

(a) cantilever

mass(kg}
Element [—— — ot ratio
No. original adc%ltwe predictive Am, / Am (%)
m Am Am,
1 0.471 0.00 0.00 100.00
2 0.471 0.20 0.20 100.00
3 0.471 0.00 0.00 100.00
4 0.471 0.30 0.30 100.00
51047 0.00 0.00 100.00
{1 3 degree of freedom system
mass(kg)
Element —— — ratio
No, |original| additive predictive | | Am (%)
m Am Am, i
1 20 0.40 0.40 1060.00
2 1.5 0.00 0.00 100.00
3 2.5 0.90 0.90 100.00

< 138] uHE A] 29 Q4o 0.263kg, 49 22001 0.465kg
o2 o &ste] 2t gol UASHOU 4 ¥rESHES
o A S7HE A9 d&stgel 3 AREAR vk
2RSS 44 S90S o 1A Aol 04kg, 3UA

Aol = 0.9kg Z7eHE Ao dlxalc.
Table 6& A% 9179} 27)9) 0|3 ATE Uehih %

& gho] wol MAs| A fAH Heko) 91 ¢ 27)E
2 ol&stel Aok garelgol eEEE & & Qs

5 2 8
g 7alA 2220 WA X, o EEHS o83t 7
o) & d&as dnaEEe A

() d= Apgfe

Eﬂ.Q_ BH/H ]-._E
() ZEdFHE 3
=

o vjatsto] FaEe) Ag U oA % =
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