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Simulation analysis of shaking table iterative control based on
surrogate specimen model

WANG Zhen', LU Wenlong', WU Bin', JIA Xuejun’
(1. School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China;
2. China Construction Second Engineering Bureau Co., Ltd., Wuhan 430070, China)

Abstract ; The specimen-table interaction effects can significantly affect the accuracy of shaking table acceleration
time history. Iterative control is often an important means to improve the reliability of test data. However, masonry,
reinforced concrete and other structures are prone to enter the nonlinear mechanical state due to cracking, which is
often not suitable for iterative loading. A simulation study is carried out on the iterative control method of the
shaking table based on the surrogate specimen model. First, a surrogate specimen model with similar dynamic
characteristics to the specimen was constructed, after completing the iterative loading of the shaking table and
obtaining the driving command with the surrogate specimen model, a real specimen-shaking table test was carried
out. The simulation results show that the shaking table iterative control based on the surrogate specimen model
effectively reduces the influence of the specimen-table interaction on the system control performance, and realizes
the high precision reproduction of the acceleration time history of the table.
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Fig. 1 Basic principle of shaking table iterative learning based on the surrogate specimen model
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Fig.2 Multi-degree-of-freedom system with specimen-shaking table coupling
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Fig.3 Simulation model of specimen-shaking table coupling system with three variable control
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Table 1  Parameters of the three degrees of freedom surrogate specimen
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Fig.4 Flow chart of shaking table iterative learning control
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Table 2 Acceleration history reproduction results of three degrees of freedom specimen-shaking table system %
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Fig.5 Bode diagram of three degrees of freedom specimen-shaking table system with three variable control
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Fig. 6 lterative output of three degrees of freedom surrogate model-shaking table system
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Fig.7 Simulation results of linear specimen-shaking table system using surrogate model iteration command
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Fig.8 Simulation results of linear specimen-shaking table system with desired signal
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Fig.9 Simulation results of linear specimen-shaking table system using initial command
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Table 3 Acceleration history reproduction results of linear specimen-shaking table system
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Table 4  Acceleration history reproduction results of nonlinear specimen-shaking table system
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TEEAUBIE G B Sh S I Ear SHAT 78 A i B E ARZRERlr LUk = At BB x & T
AIPE A Fan P 10 s, "I, = A i R 575 B i BEL R B R 8T R A, itk
Bk 1A AR R ) AR A e, T 7S A
P T IR 2 S RS B 0 A b N TR i B 15
O, BRI e 2 i BB AR IR A T — 0o 7=
RERE, A ERRAR 1 AR R R I B e R, AR B

T 53 5 2P S AR LA IR 30 5 1 SR ZE AT
JIXRFEG, AN 11 Fros . 1L AT SRR AR
MR PERE N 25 5 T A R S AR L 7 =28 Uit 0 10 20 30 40 50
PR T A T SEBUI A A3 TR E R 1 A s
Sk PARCRAE S PR Lk =N EN T RrN S T a5 B 10 SRR R RS 2R Lt
ﬁﬁ]‘ﬂ’]@%ﬁkﬁﬁﬁﬁ S 2 4 ) 2 48 B A e Fig. 10  Comparison of bottom shear force time history
MIEORE R, ST LRt ol SRR AR

between specimen and surrogate specimen model



44 WwoE T B 5 T # # 3 44 %

B b R A AR A AR SR T A TR AR AR B 65 S5 A T 4 W D VR TS AR mT LR A A e ) DB &2
BURGRE , A B0 E

Pk

z 2t E A
N I ([ A — N
x 17
R 0
H
ECH.
=
& 2
-3 L L L L
0 10 20 30 40 50

s []/s
11 {1EzhIFH Atk

Fig.11 Comparison of actuator force
M\
4 ZHig

AR SO = 2 i RN AR B4R SR £ Bt SR S8R 3 5 65 T2 6] AR B 1 T 2 i R G4
il PEREAY TRl , 753 R A PR RS A7 vk A 6 R b T 1 2 TR ARl A R i 9 30 15 R A2 ST 4 il 4
FAESE, FEMFEBWT

D) s T2 A SIRS G A RGBT, o8 TS REWARREE, 05 HEUREW . g
LA IEAR LRI, 33 2% 6 Y S BURS E 1 MR | JE A B R A A B A 14 i A o0
SRR B AN IR RE e — R E L M WA P v ) iR AR T ekl i 5 2 4
e LA IR BRI A A A T 3 PR BRS E

2) M LE T PRS2 15 1 28 Gk AU B B PR 30 & naan VR N i AME S R SCR H A AR
PR RS A2 ) FAT I IR (5 S A A | BEAT Rt T Bl R 2w ok &5 T AR 9 S 7 400, AT B
R bR i PR 3 5 5 R L B0 N JEE I A S BURS 2

it — AR 2 TR AR B A PR3 (5 kAR D7 6 A Rk, T — P IR IE . 7350 At
FRLAMAFE R IR A AT AR SO A7 A —E R BRYE . TR 20 B AR AT 5 | A gl Eshi
TG, A RER S 4B A QR O HAT A A0

SE

(1] wFfe, 265, E4E], % WERIRE 6 BORE P EEZELT]. DRI, 2014, 47(8) : 9-19.
GAO Chunhua, JI Jinbao, YAN Weiming, et al. Developments of shaking table technology in China[ J]. China Civil Engineering Journal, 2014,
47(8): 9-19. (in Chinese)

[2] ok, Fo1, FELL, 5 TRESERS BRI SN H#RLT]. TR %, 2022, 39(1) : 1-20.
WU Bin, WANG Zhen, XU Guoshan, et al. Research and application progress in hybrid testing of engineering structures [ J ]. Engineering
Mechanics, 2022, 39(1) : 1-20. (in Chinese)

[3] DYKESJ, SPENCER B F Jr, QUAST P, et al. Role of control-structure interaction in protective system design[ J]. Journal of Engineering
Mechanics, 1995, 121(2) : 322-338.

[4] MAOULT A, QUEVAL J, BAIRRAO R. Dynamic interaction between the shaking table and the specimen during seismic tests[ C] // Advances in
Performance-Based Earthquake Engineering. The Netherlands: Springer, 2010, 13 431.

[5] ZR=E, Bz, FR%, & R R IR 3 G 4= h AR | —XE RG R R [J]. b Tl R%#2:4, 2010, 36
(8): 1091-1098.
LI Zhenbao, TANG Zhenyun, ZHOU Daxing, et al. Effects on the earthquake simulation caused by the characteristics of the specimen in the
shaking table tests-part 1: Effects on the stability of the system[ J]. Journal of Beijing University of Technology, 2010, 36(8): 1091-1098.
(in Chinese)

(6] ZEsifl, BREafy, IR, 5. HRHIIRS G =SB EHSEEEARMBIE )], fka) TR, 2014, 27(3) : 416-425.
LUAN Qiangli, CHEN Zhangwei, XU Jinrong, et al. Three-variable control parameter tuning technology on seismic simulation shaking tables[ J].
Journal of Vibration Engineering, 2014, 27(3) : 416-425. (in Chinese)

(7] FEsiz, 2RE, L85, 5 WRERS G ER REN AL RLT]. MR TRS TAIRS, 2009, 29(6) : 162-169.



55 4 1 Fou AR TR PSR IR Sl 65 2R AR 1 0 EL 45

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

TANG Zhenyun, LI Zhenbao, JI Jinbao, et al. Development in shaking table control system[ J]. Earthquake Engineering and Engineering
Dynamics, 2009, 29(6) : 162-169. (in Chinese)
YAO J J, DIETZ M, XIAO R, et al. An overview of control schemes for hydraulic shaking tables[ J ]. Journal of Vibration and Control, 2016, 22
(12) . 2807-2823.
X, JESE, R, & ETRAEG L RIRS SR ARG )], 56 TR, 2009, 16(5) : 543-546, 617.
LIU Yijiang, ZHOU Huimeng, PENG Chuwu, et al. Shaking table servo hydraulic control system based on iterative learning control[ J ]. Control
Engineering of China, 2009, 16(5) : 543-546, 617. (in Chinese)
TWITCHELL B S, SYMANS M D. Analytical modeling, system identification, and tracking performance of uniaxial seismic simulators[ J].
Journal of Engineering Mechanics, 2003, 129(12) . 1485-1488.
VEEILL, 5, Somt, 45, RS~ BEIR ) &5 AR S 3l kI W oE [ 1] . MR T4k, 2017, 30(1) : 100-109.
XU Guoshan, XU Jingfeng, WU Bin, et al. Experimental validation on displacement-acceleration iterative learning control for shaking table[ J].
Journal of Vibration Engineering, 2017, 30(1); 100-109. (in Chinese)
2SR, BRTE, BREENL, 4. NEBS GR-63-CORE Fiasid s J A= HIsEmei e[ )], JR3h 5 nhif, 2015, 34(4) . 19-24.
LUAN Qiangli, CHEN Yu, CHEN Zhangwei, et al. Aseismic tests of NEBS GR-63-CORE and its control strategy[ J]. Journal of Vibration and
Shock, 2015, 34(4): 19-24. (in Chinese)
b, RSO, R, A TR R IR S B AR T R D7k [T ] B TARA, 2022, 55(3F 1) 203-208, 256.
WANG Zhen, LU Wenlong, WU Bin, et al. Iterative learning control method for shaking table test based on a surrogate specimen model [ J].
China Civil Engineering Journal, 2022, 55(S1): 203-208, 256. (in Chinese)
R, Ty, 2. FFBRITARIS R IRS G R R (M. Jbat: Blezmihist, 2017 44-47.
SHEN Gang, TANG Yu, LI Xiang, et al. Parallel redundant drive electro-hydraulic shaking table control system[ M ]. Beijing: Science Press,
2017 44-47. (in Chinese)
AL, RN 3 & F i B SERORBEZE [ D] N Wi, 2019,
KONG Jie. Research on key technologies of seismic simulation shaking table control[ D]. Hangzhou: Zhejiang University, 2019. (in Chinese)
BRISTOW D A, THARAYIL M, ALLEYNE A G. A survey of iterative learning control[ J ]. IEEE Control Systems Magazine, 2006, 26(3) ; 96—114.
M. =475 B VR ERIR S B RO EREORBIR S M D], P94, PSR, 2017.
LI Binbin. Research and application on the control technology for the seismic simulation shaking table system of tri-axial and six degrees of freedom[ D ].
Xi”an: Xi’an University of Architecture and Technology, 2017. (in Chinese)
FI5T7, LaH, BNE, LT WEENIRS GRS G AR 80 RS Ml [ 1], JR3 TRESER, 2019, 32(4) : 685-694.
LI Fangfang, JI Jinbao, LI Xiaojun, et al. Force feedback compensation control of shaking table system with interaction between shaking table and
specimen| J]. Journal of Vibration Engineering, 2019, 32(4) ; 685-694. (in Chinese)
FEols, R, RS, A5, Rl R A PDLR 30 13 42 il 1 BB SE MR B 5 (TI) ——S%oF 3l 1 - UG BE A 5 B SEE b2 (7] e
R R4, 2010, 36(9) : 1199-1205.
TANG Zhenyun, LI Zhenbao, ZHOU Daxing, et al. The effects on the earthquake simulation caused by the characteristics of the specimen in the
shaking table tests-part (2) ; The effects on the replaying precision of the recorded seismic waves and the real-time compensation[ J]. Journal of
Beijing University of Technology, 2010, 36(9) : 1199-1205. (in Chinese)
TR MR BUR D & A BT S R HEOR [ M. dbst. H5E HAAL, 2008 146-153.
HUANG Haohua. Design and application technology of seismic simulation shaking table[ M ]. Beijing; Seismological Press, 2008: 146—153.
(in Chinese)
WvdE, v, W, 45, MURARS) B R BOR RO [T]. WIESS30, 2011(6) : 98-101.
QIU Fawei, SHA Fenggiang, WANG Gang, et al. Shaking table control technology and software research[ J]. Chinese Hydraulics & Pneumatics,
2011(6) : 98-101. (in Chinese)



