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Abstract

Focused on the interface force loading problem on real-time substructure shaking table test, an
AMD system driven by electro-hydraulic servo actuator to avoid the use of reaction wall and sim-
plify the control system was developed. Based on the performance analysis of the hydraulic servo
valve, the hydraulic power mechanism and the hydraulic actuator, the system model of the AMD
system was established, and the designed and performance test of the AMD system is carried out
also. The tests results show that the AMD system has the characteristics of good dynamic perfor-
mance, small size, high control accuracy and large system stiffness and so on. It could be used as a
loading device for real-time substructure test and could also be used in the related fields such as
structural control testing.
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v i FUAR BN & e GV T R R G IR (O IR, AR T T R AR LIR B & I S 2
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Figure 1. Curve: Schematic diagram of an electro-hydraulic servo AMD system
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Figure 2. Structure of electro-hydraulic servo AMD control system
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Figure 3. Physical diagram of electro-hydraulic servo AMD system
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Figure 4. The block diagram of the transfer function of the electro-hydraulic servo system
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Figure 5. Step response curve. (a) Amplitude 10 mm, no load; (b) amplitude 10 mm, load 400 kg; (c) am-

plitude 10 mm, load 1000 kg
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Figure 6. Load 1000 kg, amplitude 97 mm, 1 Hz, PID control
6. $a#k 1000 kg, T&{E 97 mm, 1Hz, PID i
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Figure 7. Load 1000 kg, amplitude 9 mm, 9 Hz, PID control
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Figure 8. Load 1000 kg, amplitude 9 mm, 9 Hz, acceleration measurement signal
Bl 8. $181000 kg, PEME Omm, O Hz, MEEMBES

Table 1. Test result of step signal
= 1. MERESIKER

9T LN Uik b FT ] LT ]
1 10 mm TR 70 ms 130 ms
2 10 mm 400 kg 80 ms 110 ms
3 10 mm 1000 kg 100 ms 120 ms

B O

AR “ TREGUR SEMSIR LT E i S E S H 7 A “ [ K A e a0 1B,

12T
EEUH

E X 3R FE 4 BT H (51578024, 51278013)

SE

[1] Ghaboussi, J., Yun, G. and Hashash, Y. (2006) A Novel Predictor-Corrector Algorithm for Sub-Structure Pseu-
do-Dynamic Testing. Journal of Earthquake Engineering and Structural Dynamics, 35, 453-476.
https://doi.org/10.1002/eqe.540

[2] Elkhoraibi, T. and Mosalam, K.M. (2007) Towards Error-Free Hybrid Simulation Using Mixed Variables. Journal of

DOI: 10.12677/dsc.2018.72010 98 1RG5


https://doi.org/10.12677/dsc.2018.72010
https://doi.org/10.1002/eqe.540

KA, e

(3]
(4]
(5]
(6]

(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

Earthquake Engineering and Structural Dynamics, 36, 1497-1522. https://doi.org/10.1002/ege.691

R, M, R FEWERSTRRE AR ], £A TEAK, 2010(3): 119-123.

R, IBARAR, EHEE, . SUNRRIBGE) I (AT Sk R[], K R HLAAR, 2012, 31(6): 198-207.

JE 52, FR. TLD 4R35 & 745 a8 FBUE 07 7 Hr[3]. R BIEOR, 2010, 5(1): 9-19.

Ji, X., etal. (2009) A Substructure Shaking Table Test for Reproduction of Earthquake Responses of High-Rise Build-
ings. Earthquake Engineering & Structural Dynamics, 38, 1381-1399. https://doi.org/10.1002/eqe.907

Reinhorn, A.M., Bruneau, M., Chu, S.Y., et al. (2003) Large Scale Real Time Dynamic Hybrid Testing Tech-
nique—Shake Tables Substructure Testing.

Nakata, N. and Stehman, M. (2012) Substructure Shake Table Test Method Using a Controlled Mass: Formulation and
Numerical Simulation. Earthquake Engineering & Structural Dynamics, 41, 1977-1988.
https://doi.org/10.1002/ege.2169

Xu, H., Zhang, C., Li, H., et al. (2014) Real-Time Hybrid Simulation Approach for Performance Validation of Struc-

tural Active Control Systems: A Linear Motor Actuator Based Active Mass Driver Case Study. Structural Control &
Health Monitoring, 21, 574-589. https://doi.org/10.1002/stc.1585

FHEH. B F S =R B SR M R FT[D]. MR, 2011

Brodersen, M., Bjgrke, A.S. and Hggsberg, J. (2017) Active Tuned Mass Damper for Damping of Offshore Wind Tur-
bine Vibrations. Wind Energy, 20, 783-796. https://doi.org/10.1002/we.2063

Zhang, C., Xu, H., Li, H., et al. (2014) Dynamic Testing of Structural Active Control System Based on a Hybrid
Test-Simulation Method.

Jang, D.D., Jung, H.J. and Moon, Y.J. (2014) Active Mass Damper System Using Time Delay Control Algorithm for
Building Structure with Unknown Dynamics. Smart Structures & Systems, 13, 305-318.
https://doi.org/10.12989/ss5.2014.13.2.305

g, EaE. HRaRsh 32 m R e Sl RGN E B[], PRah S5, 2010, 29(12): 64-66.

R g, ZdkiE, R, 55 BRI IR B3 RIS REE[I]. Wa/RE Tk R 2274k, 2011, 43(9): 51-55.
Li, J.C., Samali, B. and Ha, G. (2017) Fuzzy Sliding Mode Control of a Five Storey Benchmark Model Equipped with

Active Mass Driver (AMD). Proceedings of the 6th International Conference on Motion and Vibration Control, Sai-
tama, 172-177.

Hans iXlth

HIPH R BT s

1. FTIF40M T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THIFIRMEESE: [ISSN], HAWITI ISSN: 2325-677X, RIA[ £ if]
2. FTFFENM T T http://enki.net/
Fo B bR SCHREE” BEN, N SCERRE, BIAT A

WhaiE A http://www.hanspub.org/Submission.aspx

WIFIHEAE . dsc@hanspub.org

DOI: 10.12677/dsc.2018.72010 99 B 1RG5


https://doi.org/10.12677/dsc.2018.72010
https://doi.org/10.1002/eqe.691
https://doi.org/10.1002/eqe.907
https://doi.org/10.1002/eqe.2169
https://doi.org/10.1002/stc.1585
https://doi.org/10.1002/we.2063
https://doi.org/10.12989/sss.2014.13.2.305
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:dsc@hanspub.org

	Design and Test of an Electro-Hydraulic Servo AMD System for Substructure Shaking Table Test
	Abstract
	Keywords
	用于子结构试验的电液伺服AMD系统设计与测试
	摘  要
	关键词
	1. 引言
	2. AMD系统原理
	纸型

	3. AMD系统分析
	3.1. 伺服阀压力–流量方程
	3.2. 作动器数学模型
	3.3. 液压缸执行机构力平衡方程

	4. AMD系统性能测试
	5. 结论
	致  谢
	基金项目
	参考文献

