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Abstract According to the viscous damping model, energy dissipation is related to external excitation frequencies in each cycle.
There is divergence in time domain calculation results of complex damping model. In order to overcome the two kinds of disadvan-
tages of damping models, frequency dependent damping model is obtained by time-frequency transformation principle on the basis of
complex damping model. Energy dissipation is not related to external excitation frequencies in each cycle. In addition, time-history
calculation of frequency dependent damping model is convergent. Real mode superposition method is not directly adopted, because
the damping matrix of mixed structure of multiple damping characteristic materials is non-proportional. By the transformations of fre-

quency dependent damping model and complex damping model, complex mode superposition method is proposed based on frequency
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dependent damping model. And it can be directly applied to mixed structure. The analysis results of the cases show that compared
with complex mode superposition method based on viscous damping model, the calculation results of the complex mode superposition
method based on frequency dependent damping model are unique. In addition, the method does not increase matrix dimensions and
has high computational efficiency. The analysis results of small damping cases show that calculation results of the two methods are
approximately equal. They are consistent with frequency domain calculation results of complex damping model. When the damping
ratios are larger, the difference of calculation results by the two methods will increase. While the calculation results of complex mode

superposition method based on frequency dependent damping model will remain consistent with frequency domain calculation results

of complex damping model.

Key words viscous damping, complex damping, frequency dependent, mixed structure, complex mode superposition method
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[ 3B A SR R [ i, S AR A O 28 M L A
R RS B IR IB A A AL B 1 SEBLAS B NV,
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4 FBI5yHR

CLBHJE 45 1 AN [] £ P A b4 Rk 2L 1 18— 4 DG
HH FE AR 2R D9, 3L S 1) VR A A A, B A RIS
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20t :
1.5%x 10°N/m the first kind of material
2.5t (& =0.02)
1.8 x 10° N/m
2.8t
2.0 % 10° N/m the second kind of material
3.0t & = 0.05)
2.4 % 10° N/m
(a) BEAL A
(a) Model A

4 S

Fig.4 Parameters of models
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2.0t I H 20 (82) Wl iHAE A AL 4 FH B B AR A IR
1.5 x 10° N/m the first kind of material }T‘é%ﬁﬁﬁ}jﬂ
25t (& =0.35)
1.8 X 10° N/m 0.18 -0.18 0 0
2.8t K -0.18 0.74 -0.55 0 10 N/
. . = m
20 x 10° N/m the second kind of material 0 —0.55 116 -0.61
3.0t (& =0.50) 0 0 ~061 135
S ) )
2.4 % 10° N/m (84)
() #7 B B SR PR P Je A S B [ FHJEAE R N
(b)Model B 1.05 -1.05 0 0
K4 BARZHED) 1|-1.05 285 -185 0 5
Fig.4 Parameters of models(continued) K, = E_ 0 _180 380 -2.00 x 10° N/m
o . 0 0 -2.00 4.40
JR RN (85)
20 (82) AT THEAL AL FH e B N A B 1 BH JE
20 0 0 O FEA
M= g 2(‘)5 208 8 t (80) 032 -032 0 0
) K -0.32 0.87 -0.55 0 < 105 N/
74 = m
0 0 0 30 b 0 -055 116 061
. 0 0 -0.61 1.35
KINEES S
W 4B [l (86)
15 -15 0 0 43 9 SR FH 3 T 00 % AH 5 2 M BH e A 20 1) B R
15 33 -18 0 . ABINE (PLZ) ST FPEFLJE B 19 R BT 2
K=10 _is 38 _po|X10Nm Gy Nz) LT SHEH RSB INE (F2) i
0 0 —20 44 BRI AL B B 7EMUE R AE T AL R RE, B

0 B e R AR IR 2 2 (B] 025 PR BRI,
(eI — 1%, SRR R ERGESBINETH RS
SER AL R I REC. X T fi] R S A A, B PERE R
AR AT RE S — B PR A B AR AR OL, U B 2
R

1 s
K.=—>'nk, (82)

Horb, w) NE BRI TC R JE H R,
B AR R R TR B FE AR N R AR BH JE AR B

N
006 -006 0 0
1[-0.06 024 -0.18 0 5
K, = — x 10° N/m
@w| 0 -018 038 -0.20
0 0 -020 044

(83)

s R 5 MK 6 fis, JigH 55T H e B
RIS (FFZ) vHHE 25 R0, Hodr, FFZ &5 |
55 T Je RS A N 30 IO 5, FL v B8 485 B T 40 A R
it

FER 5 b, BB bR AR ISR S I, FZ v 5506
AL BT FE 2 BUR B PLZ. NZ F1 FFZ i el AH
&, H—BE R E WS R: fi. £K] 5(a). Bl 5(b)

047  —— PLZ

NZ

e o o
S = L »
" )

displacement/m

| | |
o o o
W =

(=]
)
~
(o)}
)
=
(=]
S
—_
~
>

time/s
(a) Taft
5 A A KITRUZ ARSI 2
Fig.5 Top time history displacements of Model A
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displacement/cm

6 18

0 2 4 6 8 10 12 14

time/s
(b) El Centro

Bl 5 B A TR LRI RE (45)
Fig.5 Top time history displacements of Model A(continued)

- PLZ
Nz
FFZ

0.04 -
0031 5
0024 I
0.01 -

-0.014
-0.02]

displacement/m

|
o
fel
by
|

—-0.04
-0.05

time/s

(a) Taft

DN RN O NP~
|||.‘«A4||||

displacement/cm

time/s
(b) El Centro

K6 BB TZ A A AR
Fig.6 Top time history displacements of Model B

o A ERR > )T 11 s A 14 s B, PLZ 5 NZ.
FZ. FFZ i AH%E, St — 5k 1 PLZ [P IERATE.

FEXT AR A, 280 B (160 BH JE LE B 24 K.
W& 6 fi7~, PLZ 5 FFZ iR BAH%E, 111 NZ 5 FFZ
FEAERURZE 7. &l 6 Fios, Taft B/ T, PLZ Al
FFZ [N B 57E 4.18 s Abik B KAE 1, NZ [ %
7 4.16 s AL B KA 1, PLZ FINZ RAESI B IR
B B TE) A ALAAH 25 (WL 6(a)), 1H PLZ 5 FFZ %
KARAEMIXT 1R 2 6 N 0.61%, NZ 5 FFZ ) # KAz

FEAHAHRHRZE 6 N 6.79% (W3 1); El Centro 3 1 H
T, PLZ M FFZ I 31 3.42 s Abik 3 i KH 1,
NZ WAL AE 3.32 s &btk 2 5 KAE 1 (M. 6b), PLZ
FINZ AL e K AB I TR MR 45, 2 PLZ 5
FFZ BIAHRHRZ 6 4 0.30%, NZ 5 FFZ [f KA
EAHNGHRZE 6 N 20.05% (WL 1).

F 1 BB AR
Table 1 Displacement responses of Model B

Taft El Centro
FFZ NZ FFZ
PLZ PLZ
I/ecm  4.080 4.105 3.803 7.086 7.107 8.507
6/% — 0.61 6.79 — 0.30 20.05

SR 2 2 P BHL e AR F) RS B ik, A
A Y B RRFAE A AR B 4RO 8; R I3
TIRF AN S B JE AR ) AR S B NV I, AR
A LR B [ G ) B AR 4R 4, 4618
G0, BRI, A B 2 A B e R ) R RS B
V%, BT SR B e A () B RS B ik it
HERUN.

BEAk, A SR Tl HJR A S A, Rk BE e A Y
IR R RO R A PR . Xt
TR TREGEH, T8 H ARG &5 — B iR 7Y, iE
i 2o R A = R, AN R IR A A, RS
A [ (1Y BEJe RELR%, DR b R 1 BB R AR ) A
SBIET L RARAE 1 AR T
A AR 2 6 1 BEL B 7R B JE R B S A 1 45 A 1
PR T, BEEB AT R RAAE—1E, &
B S O E .
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PR AR SRR VEREL JE B By RERRG B . 540 o i 3R
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e T Rk PHLJE rb R A SRR I RE B S A U AR
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