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Fig.1 Schematic diagram of configuration of ring spring

Fig.2  Operation state of ring spring
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Fig. 3 Schematic diagram of configuration of RD

2 IRBERITSH

PRIV SR (1 FRVE L AL AR SN ER FRVF I T L R
FUVE R FE 2 S VRIS e SRR VR R
/N AR SO ST R R BRI B ) S0 3 B RN T
o MEN B RD B8 280 SCRRL T 45 T

SE 0 HOWRL R SRR AR I, 1 2 SRR
s ) TAE L P, Hat AR N

27EK t
pz—fa“ﬁ (1)

D, D,

(A Az)
Ko, B R IRVHE TR 5 n, W EZ il ETNEG D, B
s AN B PR Hh o0 AR 5 D, R FRIE 5 P I3 3R
AT PP ELARS s A, LA 0310 g 47 B3 A A 58] B T
L o SRR (R AR Y B L R, Al 1) i SR ER
IR T o), HERIR N -

P

7A K,
X K R R K =tan (B+p ) , Horp p 7R BE4
438 o, Z 5, BT g — 2SR A A IR a5 RN T
BRI AX R -

(2)

g, =

2A
Ol = 0| 1+ l (3)

uDy(h = 8,)(1 - prang)
o MIAR H, HAE A 0.356, 0 A HURZS T HI A
SRANIRA [RIFE 5 D, Ay [ B 42 fo - 35 LA
3 RDiXHEI&EIT

A RD (3 R K F & P RE L B T
FHTAEE a5 i RD X1 L iZBHJE 2 1%
T 60Si2MnA F M /R () LA A TE 35 bR T B
515 2 A4 R T Q345 AR i T 1K,

RD B4 i) BROE 3L 5% iy #1452 200mm 1) 4
5 NAEA 173.8mm B RS I A, SR IR R BR
A 44, LTI A3 16°, 4N 22 8] 1 ]
B34 Sk 10mm. A3 11 5 K JRE 132 A e /N JRE 88 4 331 Ky
10mm F1 5.5mm , P R B Fe K JEE B 1 B /N5 B 40 )
N 9mm Al 4.5mm. IR MEW A hEE N
168mm , [ T T0 R 55 5S35 10 P 24 51 BE 447 4 16mm 2
A, H A IR RSN ER A 130 B 24 R 32mm. IR 3L 5 ]
AT 0 00 B JEE J3E g 20mm , THUME G B 174 V52 4
1 4 20mm 1 30mm , P JE 555 P v #8411 JE 3 45
A 20mm, U ER Y B A2 60mm, RD 344 1) R 5F
W&l 4 JE7R . I DAL BRI 550085 0 b4 RS 580 LA
SR, IFH5 9 A B0 Ml v A FEE 8 A R 7 R, T
B EAVE R RD IR RSN R e K I F7 . 5T
1, 24 RD 0 A4 Bl 1) 206 437 B g (EL 2K 31 20mm B
TP SRS 1 S IR B KN 108 922MPa, H B 2 18
HNER SRR T 90%. 3 T ix —HE T H 45 251, n]
W 20mm 7 A 45 61 RID il [ .46 15 7% 114 S BIRAAL




5

TRGEAE  PRIE S REL e e A [ 1 RE T e 81

B
J= 3
WE‘
| 1738 |

K4 RDIAPFRSE (A7 mm)

Fig.4 Dimensions of RD specimen (unit: mm)
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Fig.5 Experimental device for RD specimen
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Fig.6  Photo of RD specimen
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Table 1  Numerical values of performance parameters of RD specimen under various displacement amplitudes

Displacement amplitude (mm) Equivalent stiffness (kN/mm)

Energy dissipation per cycle (kN -mm)

Equivalent damping ratio (x1072)

5 10.33
10 10.22
15 10.48

20 10.56

106.28 6.55
480.75 6.37
1039.98 7.02
1732.94 6.53
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Fig.7 Hysteresis curves of RD under different displacement cases
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Fig.8 Hysteresis curves of RD specimen under different loading
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Table 2 Numerical values of performance parameters of RD specimen under various loading frequencies

Loading frequency (Hz) Equivalent stiffness (kN/mm)

Energy dissipation per cycle (kN +mm)

Equivalent damping ratio (x1072)

0.05 9.98
0.1 10.18
0.25 10.27
0.5 10.13

1810.74 7.22
1812.05 7.08
1724.51 6.71
1687.32 6.63
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Fig.9 Finite element model of RD specimen
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Fig.10  Experimental and simulated hysteresis curves of RD specimen
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Table 3 Comparison between experimental and simulated values of performance parameters of RD specimen
Equivalent stiffness Energy dissipation per cycle Equivalent damping ratio
Displacement
(kN/mm) Error (%) (kN - mm) Error (%) (X107) Error (%)
amplitude (mm)
Test Simulation Test Simulation Test Simulation
5 10.33 10.21 1.16 106.28 121.40 14.23 7.22 7.88 9.14
10 10.22 10.20 0.20 480.75 492.68 2.45 7.08 7.69 8.61
15 10.48 10.25 2.19 1039.98 1098.46 11.39 6.71 7.58 12.97
20 10.56 10.26 2.84 1791.24 1893.53 5.71 6.75 7.34 8.74

7E : Error= | test value - simulation valuel / test value X 100%
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EXPERIMENTAL STUDY ON HYSTERETIC PERFORMANCE OF
RING SPRING DAMPER *

Xu Meng'  Zhuang Peng'**"  Han Miao"*’
(1.School of Civil and Transportation Engineering , Beijing University of Civil Engineering and Architecture ,
Beijing 100044, China)
(2.Beijing University of Civil Engineering and Architecture Beijing Advanced Innovation Center for Future Urban Design ,
Beijing 100044, China )
(3.Beijing University of Civil Engineering and Architecture Beijing Higher Institution Engineering Research Center of
Structural Engineering and New Materials , Beijing 100044 , China )

Abstract Ring spring is a kind of vibration reduction component that is widely used in mechanical engineering field. In
this investigation, the ring spring was introduced to seismic control of civil engineering structures, and a re-centering
damper with the ring spring (Ring spring damper, RD) was designed. A set of cyclic loading test was conducted to inves-
tigate hysteretic behavior of the RD. Firstly, the configuration and working principle of the RD was described. Further-
more, the RD specimen was designed and fabricated. The influence of displacement amplitude and loading frequency on
the hysteretic performance of the RD was studied. Finally, based on ABAQUS software, the hysteresis behavior of the
RD specimen was simulated. The results show that the RD has a stable hysteretic performance and provides good energy
dissipation and excellent re-centering capacity. Besides, the simulated results closely match the experimental data, indi-

cating the validity of the established finite element model of the RD.

Key words Ring spring damper, seismic control, re-centering, energy dissipation, hysteretic performance
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