39 3 > Vol. 39 No. 3
2019 6

Journal of Vibration, Measurement & Diagnosis Jun. 2019

doi:10. 16450/]. cnki. issn. 1004-6801. 2019. 03. 024

WMRA )

1 1 2 2
’ ’ ’
(1. ,056038) (2. ,730050)
(wavelet multi-resolution analysis, WMRA) s
s o s Bouc-
wen s 3 s
; s WMRA s ,
; , . (serial seismic isola-
tion system, SIS) s s
TB12; TU352.1"2;Th113
) /
b
. . [9]
, Morlet
i . [10-12]
b
, Bouc-wen
[1]
°© ’ )
b b N
’ > ’ b
Y o b ; )
’ SIS s SIS
el [5-6] Bouc-wen ,
b
. [7] .
1 WMRA
| ’ 1.1 WMRA
[8]
R WMRA , WMRA
[13]
* (51578274) (QN2017038);
(17129033058)

:2018-04-25; :2018-07-06



620

39

2

"'CV—Z CV71CV()CV1CV2C'"CL_

—oo oo .J

f) = ic,-()_kgojw(l) -+ i id,-_kgo,_k(z) @)

k=—an j:jok:7w

2o () = 20720 — k)
212t — k) (D)
(1) 3G dia

sD},,k([) —

Jo J .
@) 1 S

1.2

WMRA

mx (1) + r(x,2) =— mx, (1) (2)

Bouc-wen

n—1

}:chrk%—ﬁ\\%\r\r —yr |r|" (3
: X .r(x,x2) =F.(x)+F.(2)

3 C ; k 3 BsY

Lck Byl
N,, [k:kA[(kzoal9'"9N171)9At

) (2)

re =— m(x,, + 20) 4)
s =) s 2o = 2, () 1y = (1) v, =

().

3. 4 s

re o T S P
-
e —rea = (At/12)(5r, + 81y —rin)  (5)
coksBsy 0
0, = [cokafoy]™ s (3. (D (5),

Yo = (12/At>(7’/c _1"/371> -

.. .. . .. (6)
(—12m/AD) (xp — X1 + Xgp — Tyom)
(5)
Y. = .0, T¢& D)
: & .
(6) , Vi .
o 6). (M
51+ 81y — s = Wi (8)
(3) (8, (3)
(7
o = Loz sgus i €D
@1 = 52, + 874 — X4 (10a)
Qi = 5ik +8J.rk ’ —:'(k ) (10b)

ng,3 - 5‘1”/1‘ ‘7’"(:1:}3 _’_:1:%,/3) ”71771(:1:}3 _’_:1:%,/3)_’_

el m(l‘,hl + Lo, b—1 ) -

8‘ih71 ‘ ‘m(.x'kﬂ +:1"g,/<71)

n—1

‘i‘/hg ‘ ‘m(.x'kfz _'_:1"’“,;(72) ‘ 7)1(:1"&72 _'_:1"%,,;172)

(10¢)
oy == 5xy | m(Zy + 2,0 |1 —8xy | m(Z +
Zo) "+ 20y | my + 2,0
(10d)
WMRA
{c}
{d} e 0
0~ W= an

E=[8.8.8.8 ;
ér:[é étle’i:1’2’3?45&:[(‘j(wko

.o ~ T .
S Ky ] ’

&= Ldyu, dys1 = d ik, dy.x, Ihsw=
diagl w, s wy » Wy w, ] ;
&,‘,W,» Cakaﬂv)’
(11D 7
L
Y=Q0E+e= Dlaq te (12)
=1
(1D 0 I s q
Z s Qy l . L
0=1w (13)
: Q r
W,
(13) , =)

E~Q'Y (1D



5% 31 BT 3% . 45 . T WMRA 1 B 72 45 4 i A8 4 28 1 2 B0 51 621
o Q0 , = (1D , ky = 24.5 kN/m 19.6 kN/m ,
k= 24.5 kN/m 19.6 kN/m .
2 s SNR =50 dB
) BZI:CI ki, ky /3] ’
s Bouc—wen o
s 1
. , o (a),(b),(d),(e)
m, — 125 kg,cl — 0.0?kN . S/m,kl - ’
24.5 kN/m, m, = 125kg,c, = 0.07 kN « s ,
s/m,k, =24.5 kN/m, )
‘8:0.5’720.59n:2o ’
, 0.51 g, 30 s . (o.D
t=15s R
200 0.8 3.0
P — HME o7k — HRE — #HE
f= - - BHHINE ’ - - HAME 25 - HEHE
« 150F 0.6F g ~
5 o 05| mmiam e Z 20 L
€ 100f 04 2 s :
R P E— 03} <
) S o2l— o 1.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
t/s t/'s t/'s
(a) FEJEc, (b) RIEEE, © B
(a) Damping c, (b) Stiffness £,
100 3.0 0.8,
g - - HRME “E 2.5k o - HAME <= RME
E st E 0.6t
B 70 e - Z 20t e R -
€ 60 S ‘ 0.4f
S sof o 03]
40 o . ool .
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
t/s t/s t/s
(d) FJEe, (e) RIEk, ® 7
(d) Damping ¢, (e) Stiffness &,
1
Fig. 1 Theoretical value and identification value of each layer structure and model parameter
2

(a) 3

R (b) s
SIS
Bouc

. SIS

° wen .



622 39
1
200 [16]
— i > .
- WA 4 CC4X 0.2 g .
100 |
. . B
] 0f , (o) (D .
»
2 (a) (b
-100 |
b b
- 00 1 1 1 °
-0.010 -0.005 0 0.005 0.010 a 100%
% /m
b
(a) P4 R ] ith 2
b b
a) Hysteresis curve of the superstructure
e P 100% .
200 - ;b
— MY v
4
.E ol ’ ’
i 0
i§
-100 | 1
_ Tab. 1 The horizontal basic mechanical properties of the rub-

(b) Hysteresis curve of isolation layer

2

Fig. 2 Theoretical value and identification value of hys-

ool—
~0.04-0.02 0 0.02 0.04 0.06 0.08 0.10

P /m
(b) R 2 v el i 2%

teresis curve

1 m,

CC4

(x/y/2)
[161].
§ 0.2g «x
(CC4X 0.2 &)
SIS

Fig. 3 Test model

ber bearing

keﬁ/ C feﬁ/
(kN « mm™") o ((kN ¢ s) e mm™ ")
LRB90-15 0. 206 0.185 0.008 3
0.5 £~0.020
o4 — R (E — RRME
’ - - RHME | S 0.015 - - RHNE
- 03 I~
o2 b 1 0010
g g
< 01 =0.005 L
0 L A T A P L 1
5 10 15 5 10 15
t/s t/s
(a) SFRANIE (b) FEXPHE
(a) Equivalent stiffness (b) Equivalent damping
2 n 2 -
— HE — HGIME
1 1
Q 0 [ ~0 //__\\
-1 -1}
-2 -2 . . .
0 5 10 15 0 5 10 15
t/s t/s
(© B @ v

4 CC4X 0.2 g
Fig. 4 Comparison of the experiment value and the iden-

tification value of the parameters for CC4X 0.2 g

5 CC4X 0.2 g .
o (a)



WMRA

623

Fig. 5

— R E -
- WA g

W1 /KN

20 5 o0 s 10 15
7% / mm
(a) VIl 22

(a) Hysteresis curve

— RRfE
4F . - RBME

k/ (KN « mm")

t/s
(b) [T I
(b) Instantaneous stiffness

5 CC4X 0.2 g .

Comparison between identification value and iden—
tification value of hysteresis loops, instantaneous

stiffness for CC4X 0.2 g

. (b

D ,

2) SIS ,

4 Boun-wen

SIS ,

(1]

(2]

(3]

(4]

(5]

(6]

L7]

(8]

(1. . 2015, 32(7); 1-
10.
Du Yongfeng, Zhao Lijie, Zhang Tao. Study on con-
struction mechanics of long complicated isolated struc-
tures and life-cycle monitoring[J]. Engineering Me-
chanics, 2015, 32 (7). 1-10. (in Chinese)
Chang C H. Modeling of laminated rubber bearings u-
sing an analytical stiffness matrix[J]. International
Journal of Solids and Structures, 2002, 39(24) . 6055-
6078.
Furukawa T, Ito M, Izawa K, et al. System identifi-
cation of base-isolated building using seismic response
data[J]. Journal of Engineering Mechanics, 2005, 131
(3): 268-275.
[rl.
, 2008, 27(7) . 11-16.
Jiang Yicheng, Nie Sufei, Ye Zhixiong, et al. Experi-
mental study on mechanical properties of multi-lead
rubber rubber bearing and its explicit finite element a-
nalysis[J]. Engineering Mechanics, 2008, 27(7): 11-
16. (in Chinese)
Yin Qiang. Zhou Li, Wang Xinming. Parameter iden-
tification of hysteretic rubber-bearing based on sequen-
tial nonlinear least-square estimation [ J]. Earthquake
Engineering and Engineering Vibration, 2010, 9(3):
375-383.
, . ASNLSE
(. .

Yin Qiang. Zhou Li. Damageidentification for rubber-

, 2012, 32(5): 710-715.

bearing isolated structure based on ASNLSE method
[J]. Journal of Vibration, Measurement & Diagnosis.
2012, 32(5): 710-715. (in Chinese)

L. , 2013, 32
(20): 1-4.
Lei Ying, He Mingyu, Lin Shuzhi. Model-free identi-
fication for nonlinear properties of rubber-bearings in
base-isolated buildings[ J]. Journal of Vibration and
Shock, 2013, 32(20): 1-4. (in Chinese)

’ s ’

(1. . , 2016,

36(1): 86-91.



624

39

[9]

(10]

[11]

[12]

Du Yongfeng, Zhao Lijie. Li Wanrun,et al. Identifica-
tion for time-varying nonlinear properties of rubber-
bearings in base isolated buildings[ J]. Journal of Vi-
bration, Measurement & Diagnosis. 2016, 36(1) ; 86-
91. (in Chinese)

[y , 2014, 33
(13): 124-129.
Huang Dongmei, Zhou Shi, Ren Weixin. Parameter i-
dentification of time-varying and typical nonlinear vi-
bration system based on wavelet transform[ ] ]. Journal
of Vibration and Shock, 2014, 33(13).: 124-129.
Chinese)
Shi Yuanfeng, Chang C C. Wavelet-based identifica-

(in

tion of time-varying shear-beam buildings using incom-
plete and noisy measurement data[ J]. Nonlinear Engi-
neering., 2013, 2(12). 29-37.

s , Wieslaw ] S,

L.

, 2013, 26(1): 814.
Xu Xin, Shi Zhiyu. Wieslaw ] S, et al. Time-varying
system physical parameters identification using the
continuous wavelet transform of acceleration response
[J]. Journal of Vibration Engineering, 2013, 26(1):
8-14. (in Chinese)

[JJ.

, 2016, 44(10) . 31-35.
Wang Chao, Zhu Hongping, Wu Qiaoyun, et al.
Time-varying parameter identification of structure u-
sing wavelet multiresolution analysis[J]. Journal of
Huazhong University of Science and Technology: Na-
ture Science Edition, 2016, 44(10): 31-35. (in Chi-

nese)

[13]

[14]

(15]

[16]

[M].
, 1999. 50-53.
Yang ] N, Lin S. Onrline identification of non-linear
hysteretic structures using an adaptive tracking tech-
nique[ J]. International Journal of Non-Linear Mechan-
ics, 2004(2) . 1481-1491.

’ ’ 1

1. . 2016, 33
(9): 94-102.

Zhao Lijie, Du Yongfeng, Li Wanrun, et al. Physical
parameter identification of time-varying structure based
on wavelet muli-resolution analysis [ J]. Engineering
Mechanics, 2016, 33(9): 94-102. (in Chinese)

’ ’

1l . 2015
(7). 20-29.

Du Yongfeng, Wu Zhongtie, Zhu Qiankun. Finite ele-
ment analysis of nonlinear mechanical behavior of se-

ries seismicisolation system based on tests[]]. China

Civil Engineering Journal, 2015(7): 20-29. (in Chi-

nese)

,  ,1988 7

(
»
»2016 33 9 °
E-mail:ljzhaocz(@126. com

., 51962 3

N

E-mail: dooyf@ sohu. com



676 Journal of Vibration,Measurement &. Diagnosis Vol. 39

Time-Varying Nonlinear Parametric Identification of Isolated Structure
Based on Wavelet Multiresolution Anslysis

ZHAO Lijie', LIN Donggin', DU Yong feng®, LI Wanrun®
(1. School of Civil Engineering, Hebei University of Engineering Handan, 056038, China)
(2. Institute of Earthquake Protection and Disaster Mitigation., Lanzhou University of Technology Lanzhou, 730050, China)

Abstract In order to study the time-varying nonlinear mechanical behavior of isolated structures under
earthquake action, a novel method of identifying time-varying nonlinear parameters of isolated structures is
proposed based on wavelet multi-resolution analysis (WMRA) theory. The classic hysteresis nonlinear
Bouc-wen model used to describe isolation bearings is studied. In the motion equation established, the
three-order effective numerical difference technique is cited to linearize increment expression of restoring
force in nonlinear model and form a recursive observation equation. The time-varying parameters to be i-
dentified in observation equation are expressed approximately using WMRA, and their identification can be
transformed into time-invariant wavelet reconstruction coefficient estimation in multivariable linear regres-
sion model. Numerical simulation and shaking table test data of serial seismic isolation system (SIS) are
employed to identify evolution law with time of structural parameters and isolation layer parameters, and
correctness and applicability of the method are verified. It can be used to evaluate mechanical states of the

isolated structures during both construction period and operation period.

Keywords seismic isolation structures ; time-varying nonlinear; wavelet multi-resolution; hysteresis non-

linearity model; parameter identification

Evaluation Method of Bearing Health State Based on Similarity of Principal Curve

YIN Aijun', LIANG Ziziao', ZHANG Bo*, WANG Donglei*

(1. State Key Laboratory of Mechanical Transmissions, Chongqing University Chongqing, 400044, China)
(2. Southwest Oil and Gasfield Company-Chongqing Gas District Chongqing, 400021, China)
(3. Institute of Chemical Materials, China Academy of Engineering Physics Chengdu, 621900, China)

Abstract  In order to more effectively assess bearing performance degradation degree, a rolling bearing state eval-
uation method is proposed based on the similarity of the main manifold space curve. The high dimensional feature
of vibration signal is extracted and then is converted to low dimensional space using the manifold learning algorithm
of Laplacian eigenmaps (LLE). Then samples from the curve according to soft-K principal curve algorithm are com-
bined with the discrete Frechet distance to plot the condition assessment curve. Comparing with the hidden Markov
model (HMM), deep belief network (DBN) method, small breakdown of equipment could be detected earlier,and

the health state quantitative assessment of a rolling bearing is achieved.

Keywords state evaluation; rolling bearing; principal curves; discrete Frechet distance; degree of per-

formance degradation

Eddy Current Testing of Directionality in Anisotropic Carbon
Fiber Reinforced Polymer Composite

XU Shuai', CHENG Jun', YANG Jiquan', LIU Yijian', QIU Jinhao®
(1. Jiangsu Key Laboratory of 3D Printing Equipment and Manufacturing. Nanjing Normal University Nanjing, 210023, China)
(2. State Key Laboratory of Mechanical Structural Mechanics and Control, Nanjing University
of Aeronautics and Astronautics Nanjing, 210016, China)

Abstract According to the laminated structure and the electrical anisotropy of carbon fiber reinforced pol-



