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Method for Checking Missed Eigenvalues of
Rigenvalue Problem Considering Damping Matrix
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ABSTRACT

In the cose of the nonproportionally damped system such os the sailstructure interaction system, the structural control
system and composite structures, the eigenproblem with the damping matrix should be necessarily performed fo obtain
the exact dynamic response. However, most of the eigenvalue analysis methods such s the subspace iferation method
and the Lanczos method may miss some eigenvalues in the required ones. Therefore, the eigenvalue analysis method
must include @ technioue to check the missed eigenvalues to become the practical todis. In the case of the undamped
or proportionally damped system the missed eigenvalues can easily be checked by using the well-known Sturm sequence
property, while in the case of the non-proportionally damped system a checking fechnique has not been developed yet.
In this paper, a fechnique of checking the missed eigenvalues for the eigenproblem with the domping matrix is proposed
by applying the argument principle. To verify the effectiveness of the proposed method, two numerical examples are
considered.

Key words : nonproportional damping, eigenproblem with damping, missed eigenvalues, argument princiole
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Step 1: Calculate the size of the confour, p.

Step 2: Determine the initial checking points.
- Divide the contour into 6o equal parts.

Step 3: Perform the checking process.

Step 4: Analyze the variations of the arguments.

go to Step 6.

Step 5: Add the extra checking points.
- Go to Step 3.

Step 6: Check the missed eigenvalues.

- Select 1.005 times the magnitude of the gth eigenvalue (©=1.005 |4,/).

- If necessary, subdivide the part of the contour that is close to an eigenvalue.

~ Perform the LOL" factorization at each checking point.
- Calculate the argument 8, at each checking point.

- If an aggressive variation of the argument occurs at a checking point, then go to Step 5 and if not,

- Calculate the total variation of the argument and the number of rotations.
- Compare the number of rotations (V in equation (3)} with the number of considered eigenvalues (p).

{g- number of calculated eigenvalues, p: number of considered eigenvalues(p=g/2))

M4 2% (& M14%) 2000.6

CI=XIE T =2E 51



Zalie Tefst TRAISHO F2E TRA| 2AL 71Y

gelach o Ase HAH He ceat
e BANE B3 7 5 Uk

Apicr,2i=— & o joN 1—&F for i=1,...,n (8)

5i=—§(—a‘f—l_+ﬁwi)

2\[ sin

7M. wg & 72 Hl

AR LN 2

|=a

(10)

24 nRAFTY

Aol ARE AlzEle] A= 5001tk k9t
m 1011, Rayleigh 744]9] AlF o9 g& 242t
0069} 050]ck A=} 674¢) Aeg 3l & 294
2k o] Ze A shol7] W&ol Az} 671
o BRAdNE FEE TR EASA Ptk

1 GHo A At o] wEE 1HA
7t 95E AEEHA gofsle AE Lobry)
ﬁ!ﬂ%}%it} A=, 74*} %

sJete) AAk HHE
EERIEEE]
5 27

-lar 01] X9

1= 6
1.0054) & 2 FH3loh

1%

o

4=

A

3
2 P
2
_L
W
i‘
ke
o

101 9} 10241018 45822 ARG A

EREEERELES

3¢]

Jepd wiel 2o,

e ZuAN B FAD WL g
rrn% ol 3714 AAHe B girk X 3014

I‘II‘

uls o] W7 &
1oﬂ g2} £ 34 34

W 3}eko] 1080°0] 32,

e thardt 2o] it

_ 286 1080 _g
2r 360°

N

MARo R, FoE LHAT AAsE
tes} 2 B 1%@ el £4st
A2 A%t & 212 31 o

A=Y el ek
co. olgsl Atz
4g 79 LvXHXﬂOﬂH %a-a R

AsA Artele 71 YE SdstAth

M o &2 H> :lo o

T 3 HZ Y mzko HaE
First checking process
2.A0;
A; b; AG;, | YN
origin 0.0 - - 00

o 210° 108.9 1089

pr2Af 2154 106.5

p 230 316.5 1011 3165
p L4 50.0 935 4100
o 250° 1332 832 4932
o £60° 2037 70.5 5637
o L70° 259.2 55.5 619.2
o .80 297.6 384 657.6
o 90 3175 19.9 6775
e 2100° | 3299 124 689.9
e £101° | 3480 18.1 :
e £101.25° 57 17.7 7257

p L1015 448 39.1

p 210175 | 880 432 808.0
p 2102 108.4 204 8384
p L110° 139.1 30.7 859.1
p £L120° 151.8 12.7 8718

o 2130 1732 214

IR IR
~
&
o

E 2 MXb67he| MEs 17| o0 2140° 201.6 284 1.6
Mode Eigenvalues o 2150° | 2367 341 955.7
number Real Imaginary p2160° | 2744 387 994.4
1 0.02524 0.01817 o 2170° 316.4 420 1036.4
2 0.02524 0.01817 0
3 002718 0.08923 p 2180 00 | 436 | N | 10800
4 0.02718 0.08923 where O°< 6,<360°, A8,;=6,-8, and Y’ means
5 0.03103 0.15224 that the additional checking points are required and
6 0.03103 0.15224 ‘N’ the additional ones are not required.
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Mode number Eigenvalues -
Real Imaginary
1 -0.0304 +3.0301
2 -0.0304 -3.0301
3 -0.0309 +3.0901
4 -0.0309 -3.0901
5 -0.0374 +3.6581
6 -0.0374 -3.6581
7 -0.1427 +8.6586
8 -0.1427 -8.6586
9 -0.1404 +8.7465
10 ~0.1404 -8.7465
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First checking process Second checking process S'ag
zZ; (91' Aﬁj Y/N 2 0]' Aﬁj Y/N i
origin 0.00 - - 0.00
o8 269.6 269.6 N 269.6
- yary 176.2 266.6 N 536.2
o218 76.7 260.5 N 796.7
p 4 328.1 2514 N 10481
o3 2075 2394 N 12875
o0 s3 72.1 224.6 N 15121
o242 279.2 207.1 N 1719.2
o 248 106.1 196.9 N 1906.1
o254 270.3 104.2 N 20703
o 260° 495 139.2 N 2209.5
o 268 1615 1120 N 23215
p 72 244.6 83.1 N 2404.6
o278 297.9 533 N 24579
o284 3232 253 N 24832
o s K° 385.7 35 N 25157
o 291° 430 473 N 2563.0
0 s9%° 83.8 408 N 2603.8
0296 96.2 124 N 2616.2
o099 825 -13.7 N 2602.5
p 2102° 64.6 3284 or -316 y o £102° 64.6 -17.9 N 2584.6
o £105° 444 -20.2 N 2564.4
o 2108 226 318.0 or -420 Y o 2108 226 -21.8 N 2542 6
o s111° 359.6 -230 N 2519.6
o114 33%.7 313.1 or -469 Y o114 3367 -23.9 N 24957
o 117 310.8 249 N 2470.8
o £120° 285.2 309.5 or -50.5 Y o £120° 2852 -256 N 24452
p £L12F 258.8 -26.4 N 2418.8
02126 231.6 306.4 or -53.6 Y p £126° 231.6 -27.2 N 2391.6
p 2129 203.6 -28.0 N 2363.6
0 213° 1749 303.3 or -56.7 Y p 213" 174.9 -28.7 N 23349
o /13’ 1454 -205 N 2305.4
o0 2138 1152 300.3 or —59.7 Y o 2138 115.2 -30.2 N 2275.2
o £141° 84.4 -30.8 N 2244 4
o 2144 52.9 297.7 or 623 Y p 148 52.9 -31.5 N 22129
o £147° 207 -32.2 N 2180.7
o 2150° 348.0 295.1 or -64.9 14 0 £150° 3480 -7 N 2148.0
o0 2153 3148 -33.2 N 2114.8
e 2156° 281.1 293.1 or 66.9 Y o0 £156° 281.1 -33.7 N 2081.1
o 2159 246.9 -34.2 N 2046.9
o 2162 2124 291.3 or —68.7 Y o 2162° 2124 -34.5 N 2012.4
o 2165° 1775 -34.9 N 19775
o168 142.3 289.9 or -70.1 Y o 2168 142.3 -36.2 N 1942.3
o 171° 107.0 -35.3 N 1907.0
o 2174 714 289.1 or -70.9 Y o 2178 714 -35.6 N 18714
o 177 3H7 -3b.7 N 1835.7
o 2 180° 0.0 288.6 or 714 Y 0 £180° 0.0 -35.7 N 1800.0

where 0°< §;<360°, A§,;=6,-8,, and 'Y means that the additional checking points are required and ‘N’ means that
the additional ones are not required.
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