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Abstract: During real-time hybrid simulation(RTHS) of nonlinear specimens, the interaction between the specimen and the load-
ing system can lead to variations in the specimen’s behavior, consequently affecting the time delay in the servo system. Online esti-
mation of the system’ s time delay enables the application of an adaptive time-delay compensation method for controlling
time-varying systems. Nevertheless, during the initial stages of parameter identification, the estimated values frequently exhibit no-
table fluctuations, which can have a detrimental impact on the effectiveness of control. To this end, a two-stage adaptive
time-delay compensation method driven by the inverse model for RTHS is proposed. Firstly, the inverse model controller of the
system is used to perform coarse compensation to eliminate the test error caused by the main time delay. Then, the adaptive delay
compensation method based on recursive least squares is used to compensate the remaining delay to further control the accuracy. By
using the two-story shear frame as the prototype and the self-centering viscous dampers as the specimens, a time-delay compensa-
tion RTHS is carried out simultaneously on the two experimental substructures. Numerical simulations and experimental results
show that the control accuracy of the proposed method is higher than that of the single-stage time-delay compensation method , and

it can be applied to RTHS involving multiple experimental substructures.

Keywords: real-time hybrid simulation (RTHS) ; two-stage time-delay compensation; multiple experimental substructures; inverse

compensation;adaptive compensation
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Fig.1 Two-stage adaptive time-delay compensation

method
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Fig.2 Inverse model control strategy
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Fig.3 Adaptive time-delay compensation strategy based on

recursive least square method
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Fig. 6 Mechanism of self-centering viscous dampers
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Fig. 8 Hysteresis curve for the spring
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Tab. 2 Evaluation indexies of the controller

TH EZh 252K T /ms L/ % J/ %

) WIIEsh#%  29.3 17.06 18.52
S

b MEEsh ey 17.6 8.95 8.62
W Esh4  12.7 6.88 9.13

Casel
HREsEE 4.9 2.63 2.66
XL 1 h #% 1 0.84 1.34

Case2
AL B 0 0.03 0.04
WA Bl 4% 0 0.26 0.42

Case3
PR R4 Bl 2% 0 0.01 0.02

T BRI O R Casels FI @ I 2 45 500 4 Case2 ; PR 9Y F 38 ML
FEHi1E L Case3.

BVLEAE SRS Z 1 B BRI 5y 5 55 AF % T30
] 1 2 i ofe U, WSk R A2, DR AT B A R R
2o WG H IE N I RS £ D7 1k BR % M IROH i A
I E BT IVE S 4L & - B U R E G FA IR N =
FEWI s AE S BT, 38 N B R A o 2R
THBR T A o 20 AR RRAIR A 3 N7 B ¥ R
P A% 0 S 00 S 1 i 5 AT ARSI S ol S0
JE Uk W P 10 fr s o 10 (a) HR AT RLFE 3
Case2 1) Z 50)% i [l o 4,11 Case3 192 800 3
MW N2 LA, B B/ T 50005 B 10(h)
Case2 IS BRI TE 12 s B WL SL, 7 Cased IS UK
HE 4 s BFICSI, WBI I R 5 24 T 67 % 6

2 Case3 1YW 5 1F 50 & F &0 8 0 ms, He

4 P alitie Al Al el 4
N
2r,--
e TP R
% ol s
L\ Co-T\ Case2 - v- -, - == 0, - 4- 0,
ol -
‘1 Case3 —v— ¢, ——0, ——0,
-4} N e g e mm = == —@ = = = =
0 5 10 15 20
Irffa] / s
(a) B IRIEBNER
(a) Single valve actuator
4_ ‘l.'ll.l.'...__'_____!____!____f
ZfCa,seZ -, -, - A0,
= J =
% 0 A A A
a2t Case3 —v—0, ——0, ——0,
-4 b g Bt
0 5 10 15 20
I fa] /s
(b) XUREZh &%
(b) Double valve actuator

10 MUl 280y B i 7
Fig. 10 Adaptive process of parameters to be identified

A ASE 1Y F RAEAS B L 0.520 0 B, AT LA
It B I i D £ e B AT AR G 00 I A R RIOCR o TR
BT 25 1 S0 B0 88 A SN2 B i 2k Je iR 22 . A
BTl LR ), — R R R B4 9 mm, 2
KRALAE 2 18 mm, 17— 2 R 10 8% i & RS
I3 i 4 )R 22 B R AEANCA 0.04 mm, 358 B W 4 4
il 245 CAH S ar S TR A

10

— — ¥
g
5\& 0
& st
15 - = B

I -5 |

3.2

0 5 10 15 200 5 10 15 20
IR /s Bl /s

BI1L Case3 M B0 5% A0 5 I 437 35 fih £k B iR 22
Fig. 11 Desired displacement and measured displacement
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Tab.3 Controller performance in the test
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