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Identification of Characteristic Matrices in Vibration Equation
(1st Report, Proposition of a New Method and Example of Calculation)

by Jun-ichi Michimoto, Member Kazuoki Muranaka

Summary

The mass, the damping and the stiffeness matrices in the equation of vibration are called as the
characteristic matrices of a vibration system. In this paper, a new method to identify the characteristic
matrices from the response of the vibration system (transfer function) is proposed. In this method, the
initial value of characteristic matrices are estimated by the 1st report of Ookuma and Nagamatuy, and
modified so as to minimize the error between the actual and the estimated transfer function. This
modification is iterated, and stopped when the error becomes minimum or the curve fit of the transfer
function is sufficient. ‘

In order to confirm the accuracy of the proposed method, the transfer function is calculated using the
given characteristic matrices, and from its transfer function the characteristic matrices are again
identified. The identified characteristic matrices are compared with the original ones, and a good
agreement can be seen between them when the transfer function contains sufficient information about
the vibration system. When the transfer function containing insufficient information about the vibration
system is used for identification, the fitness of transfer function is found be good. However the identified

characteristic matrices are considerably different from true matrices.
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Fig.1 Cantilever beam mociel
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Table 1 Characteristic matrices used to calculate origi-
nal response

¢ 0.4282x10%  -0.9739x10°  0.6933x103  -0.1881x10% ]
| -0.9738x10°  0.2641x183  -0.2559x10%  0.1188x10°
IKI = | g goaax10® -0.2550x10¢  0.3830x104  -0.3153x10¢
| -0.1981x10°  0.1188x10¢ -0.3153x104  0.5018x104
r0.1146x10°% 0.0 0.8 0.0
] 0.0 0.2292x10°3 0.0 0.0
] = 0.0 0.0 0.2292x10°% 0.0
0.0 0.0 0.0 0.2292x10°? J
0.1000x10°¢ 0.0 0.0 0.0
1= 00 0.2000x10°% 9.0 0.0
] 6.0 6.0 0.2000x10°* 0.0
0.0 0.0 0.0 0.2000x10"

Table 2 Characteristic matrices identified by 1st
report of Ookuma and Nagamatu

[ 0.4282x10°  -0.9739x103 0.6932x10%  -0.1980x10% ]
[x] = 0.9739x103 0.2641x10*  -0.2558x10¢ 0.1188x104
0.6932x103 0.2558x104 0.3829x104  -0.3153x104
L -0.1980x103 0.1188x10¢  ~0.3153x10¢ 0.51068x104
[ 0.1146x10°3 -9.1875x10°°  0.1484x10°°  0.4562x107° 7
] = -0.1875x10-°  0.2292x16°%  0.4098x10°% -0.1220x1077
0.1484x10-%  0.4098x10°°  0.2292x10°%  0.9102x10°°
L 0.4562x10-% -0.1220x10°7  0.9102x16°%  0.2292x1073
[ 0.1001x10-%  0.2508x10°% -0.2269x10°7  0.5464x10°7 ]
[ = 0.2508x10-%  0.2000x10°* -0.4663x10°7  0.7643x1077
-0.2269x10-7 -0.4563x10°7  0.1985x10°¢  0.4931x10°7
L 0.5464x10°7  0.7643x10°7  0.4931x10°7  0.2003x10°¢ U
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10°¢ 1 1 1 1 -
0 200 400 600 800 1000

Frequency ( Hz } )
Fig.2 Comparison between original and initial trans-
fer function at point @ excited on point @

102~

identified

original

Compliance ( mm/N )

10-¢ 1 1 i K] J
1) 200 400 600 800 1000

Frequency ( Hz }

Fig.3 Comparison between original and identified
transfer function at point D excited on point @

or

Compliance ( mm/N )

original

1077 il H . i g
] 200 400 600 800 1000

Frequency { Hz )

Fig.4 Comparison between original and identified
transfer function at point & excited on point @

102

identified

Compliance ( mm/N )

original

0 200 400 600 800 1000
Frequency ( Mz )
Fig.5 Comparison between original and identified
transfer function at point ® excited on point @

Compliance ( mm/N )

original

1 1 1
0 200 400 600 800 1000

Frequency ( Hz )
Fig.6 Comparison between original and identified
transfer function at point @ excited on point O
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1 & Table 3 DEFUTFIZLHE T 2L ZDEEBE{ -
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RELEEZHOT, LrbBETHIONTEE2EEL L0
THREHERTS &, REREOEEBRHIIFIEALRL
Bz 302 B 2BETNRES L, ZHid 1
DHEEIRL - & ED|BITE LT T, 2OPIRER
DBRETHCEEN TRV 21T, & 5 ITBHTHO
S EET TAETAREOBHEEREP L2k
BERLTHwZ EEZohb, %B, K- RROE 2K
DHETH, BETHNONHRELER L v SIRAT
Lo BERTk o7,

ML, OfEZEERLIL EOO~@DEDEEBEES 2B
WTEEITH OS2 ER L TRIEHE L 75 %
Table 4 /R T, ChHEVRLEK2ED & 2DOFERT
HY, ZOFETIIIRENEEOEHE Iz Table1 ®
BB —HELTWw3, 20X, BHETFIOXNHMESL
ERLCRAET 2BE0BHERR S I, RBRIINT
ZEHRPLTLITFEEIN TV S ERE L ROLIREIEE
ZRAVCTHLHABRNEER CHETHIVEETE I,

3.3 ZEEEIRL TROIBENCE & B -8R
Table 3 Characteristic matrices identified using trans-

fer function excited on point @O (Antisym-
metric matrices)

[ 0.5849x104 -0.1581x105  0.1116x10% -0.3016x10¢ ]
K] = -0.9345x104 0.2340x10° -0.2320x10° 0.2078x16%
0.4860x10% ~0.1998x10° 0.3448x10° -0.3480x10°
L ~0.1769x10°  0.6240x10%  -0.7622x10°  0.2347x10% J
[ 0.1146x10°3 -0.2253x10-7 -0.1130x10°2 -0.4222x10°3 7
™ = 0.2205x10"°° 6.3352x10°2 0.2027x10°2  0.1429x10°2
~0.1322x10°¢8 0.2449x10°3 0.1804x10°2 -0.5141x10°?
L ~0.7506x10"% -0.1334x10°2 -0.8929x10°% -0.4222x10°2 J
r0.9993x10-% -0.1966x1072 -0.9858x10°¢ -0.2659x10°¢ 1
[cl = 0.1766x10-7 0.2925x10°2 0.1769x10°7 0.1246x106°2
-0.7393x10"8 0.2128x10"¢ 0.1573x10°3 -0.4488x107¢
L -0.1980x10-7 -0.1162x10°3 -0.7791x10"* -0.3682x10°3
Table 4 Characteristic matrices identified using trans-
fer function excited on point @ (Symmetric
matrices)
0.4292x10°  -0.9739x10%  0.6933x10°  -0.1081x10° ]
K] = -0.9739x10° 0.2641x104 -0.2559x10¢4 0.1188x10¢
0.6933x10%  -0.2550x10¢  0.3830x10¢ -0.3153x10°
L -0.1881x10%  0.1189x104  -0.3153x10%  0.5018x10¢ |
0.1146x10°% -0.1502x10°° 0.1875x10°° 0.2730x10°° 7
M = -0.1502x10°° 0.2292x10°% -0.6385x10°° -0.2256x107°°
0.1875x16°% -0.6385x10°°  0.2292x10°°  0.8303x107'°
L 0.2730x10°° -0.2256x10-°  0.8303x10°%° 0.2292x10°3 J
" 0.1000x10°% -0.3677x10°° 0.1870x18°° -0.7478x10°% ]
(] = -0.3877x10°° 0.2000x10°¢ 0.1084x10°8 0.5473x10°°%
0.1870x10"° 0.1084x10"8 0.2000x10°¢ -0.4098x10°°
L -0.7479x10°° 0.5473x10°° -0.4098x10°° 0.2000x10°4

Table 5 Characteristic matrices identified using trans-
fer function excited on four points (Antisym-
metric matrices)

[ 0.4292x10> -0.8739x10° 0.6933x10%  -0.1981x103 ]
[x] = -0.9739x103 0.2641x104  -0.2559x10% 0.1189x10¢
0.6933x10%  -0.2559x10* 0.3830x10* -0.3153x10°
L -0.1981x103 0.1189x10%  -0.3153x10¢ 0.5018x10*
0.1146x10°3 ~0.1574x107'° -0.8721x107'! ~0.4739x10° ']
] = -0.1307x106°'°  0.2292x10°2 -0.3794x10°'° 0.3278x10°!!}
-0.6245x10° "' -0.4415x107'° 0.2292x107%  0.2926x10"'°
L -0.5707x10°1' 0.4394x10°'° 0.1399x10°'° 0.2282x10°% J
[ 0.1000x10°% -0.2848x10°% 0.2806x107° -0.1581x1071°]
[l = -0.2954x10°°  0.2000x10°¢  0.2931x10°1° -0.1385x10"°
0.2882x10°%  0.3841x107'¢ 0.2000x10°¢ -0.1713x10°*

L -0.2238x107'° 0.1518x10°° -0.2235x10°%  0.2000x10°¢ J

Fig. D) RTHEEFVODA»@m 2T hZh
BIRL7: & 2 0OED» S@QEDIREIGE AV TRBEOE
HE{To0, FHETHONHEEZERL RV THEEL %
HATFIDEHER{E % Table5 IR T, TR 2EEEDEL
THELIBOBERTH S, ZITHOHE-> T IIREN
WRMIMEFNORS TH 5 D T Maxwell-Betti DX
EEBHD L, o 2 EOREERLL & & D@RDHR
BICEI, OAZRILKE2ONTEIRELL: L 20Q&ED
BERELLB>TWRETTHS, LichoT, D&
S>MWBERE T REN CIRBIGE B CREAE LT
5k, FHTIICHIREORE LRSS THREES N
BTN T TINCE S %8 > T3, Z L T, Table 5 ®
75 Table 1 ORI R KL TBY, Zh
5 OBEFTIEBVLTHELEFHIEE LR —HL T
72o Elo, BHTHIONREEERBLLSEED, JITR
LR ERICR L —BERL TV,

3.4 PEATREBREEER AR Lo & ZEOBER

INETOSEITIZ 1000 Hz T 100 & & A
TOREDCIRSGGE A28, ZORBEKER
Fig2ioRan3 &5 T4 HOBEREHNETASTY
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FHEE 110 Hz » 5 650 Hz 0 1108 & L& L, 110
Hz »% 380 Hz $ TO S5 L LB EDFHERT > 72,
Fig7» 56, ZhesDRRFEBECIZL TN 2D 5
B 1ECEEESNEEL THWa I bhr b, OE%E
EBLRE2DO~-@ADIESHEEERVT, BHETHION
2 EEL TSHE L -5 MITY % Table 68 X U
Table 7R ¥, Table 613 110 Hz 5 650 Hz ¥ T®D
110 fH o B s T ORI L REIGE 2 Ay T 2 B D
BUFFELU-BOBHTIITHY, it Tablel OFH
TR —BL T3, —7, Table 713 110 Hz » 5
380 Hz & To 55 D AW S TORIKRS LIREIGCE 2 H
WTAEKRED R LAHE L LBROBETIITH S, £z, &
OEETH 2 B CEHE L QS OER L RIEFE
AOREICEOGEBMB L LB L ER 1 Fig 7Td
2, [@E s - BT Table 1 0BT E €< B

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

REHHEAOB®ITIOREICE T 2 5% 197

Table 6 Characteristic matrices identified using trans-
fer function excited on point @ (Symmetric
matrices, Analyzed frequency range: 110-650

Hz)

0.4282¢10°  -0.9738x10°  0.6933x10°  -0.1981x10%

(] = | “0-9739x10%  0.2641x10¢  -0.2550x10¢ 0. 1188x10"

0.6333x10°  -0.2558x10%  0.3830x10%  -0.3153x10¢

L -0.1981x10°  0.1189x10° -0.3153x10°  0.5018x104
[ 0.1146x10-%  0.9515x10°°  0.1963x10°°  0.1196x10°° ]

(- | 095181070 0.2292x10°3  -0.4412x10°° -0.3022x10°°

0.1963x10°° -0.4412x10°°  0.2292x10°3 -0.3042x10"°
0.1196x10°° -0.3022x10°® -0.3042x10°®  0.2202x10°3
0.1000x10°% -0.8537x10°° -0.7258x10°%  0.1395x10°° )

(] = | "0-6337x107°  0.2001x10°¢  0.5051x10 01087107

-0.7258x10°%  0.5051x10°®  0.1896x10°¢  0.1694x10°7
0.1395x10°%  0.1067x10°7  0.1894x10°7  0.2000x10-%

Table 7 Characteristic matrices identified using trans-
fer function excited on point @ (Symmetric
matrices, Analyzed frequency range: 110-380

Hz)
0.4160x103 -0.8851x103 0.4688x103 0.1351x102
K] = -0.8851x102 0.2159x104 -0.1456x10% -9.3603x10°
L - 0.4688x103 ~0.1456x10¢ 0.1447x10° 0.7572x102
L 0.1351x10° ~6.3603x10° 0.7572x102 0.7479x103
[ 0.1283x10°3 -D.4952x10°4 0.7691x10°4 -0.7679x10°%
] = -0.4952x10°4 0.4070x10°% -0.2734x10°3 0.2693x10°3
0.7691x10°% -0.2734x10°2 0.6408x10°% -0.3938x107°
L ~0.7679x107¢ 0.2693x10~3 -0.3838x10°2 0.5803x10°3 J
0.6349x10°° 0.1458x10°% -0.2645x10"4 0.3187x16°¢
[y - 0.1458x10°% -0.3820x10°¢ 0.1053x10-3 -0.1266x10°3
- -0.2645x10"4 0.1053x10°3 -0.1705x10°3 0.2284x10°3
0.3187x10°¢ -0.1266x10°3 0.2284x10-3 -0.2530x10°3
102 r
e
=
E
g WEF original ':‘/idencified
H
@
5
“ &
0+
:
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0 200 400 600 800 1000

frequency { Hz )

Fig.7 Comparison between original and identified
transfer function at point @ excited on point @
(Analyzed frequency range : 110-380 Hz)
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(b) Calculated using characteristic matrices of Table 3

Fig.8 Vibration mode
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{b) Calculated using characteristic matrices of Table 3

Fig.9 Distribution of kinetic energy
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