%58 % 41 17 S-S D | A = SO SO Vol. 58 No. 1
2026411 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jan. 2026

DOI.10.11918/202501006
SMA B £ (s EEEE e 25 1Y% E 45 1%
528z moath
5 W AR Ew K A FE 0B

(K2R dH TR, PE% 710061)

W OE: OVBOEMEREERATHRREN, AXRE T — M E T HRITIZ 4 4 (shape memory alloy, SMA) E# 8 B £ L
4 g BE ¥ [ 2. 2% ( shape memory alloy self-centering rotary friction damper, SMA-SRFD) , /48 7 X E AR XK THERHE FE T
SMA e A1 M L 36, 3t 8B A2 & SMA-SRFD ¥y % 4 M #h#E4T T b 047, 1 5 8 R T 2 48 FH#E4T 7 At , 3030E A K A b A
A ER M B SMA-SRFD Z A IR T A B FPERMABHAA FBARL SMA ERTEI AR EHATT 5
Batt, &REP SMA BARM R A - R &t & 2 HA SR, BA BTN EX A B AL F ;SMA-SRFD 32 b 241 5 #
ERENERY L, —HHTEHRBRL BN T TR AR THA, 28 F SMA-SRFD B R k7 R £ N, B0 R &
FE A R TR b AR 5 42 80 8 T =X 6 A9 BE 4B R 8K, SMA-SRFD B A 8k 28 2 W1 K% A LR He 34 B 2 38 o ) B B2 6 7 R 59 5 B
% SMA $2 47 % 7 th 3 An ,SMA-SRFD % Ak A # H A E & B E LA B, e sbh, xt SMA A0 F B oL,
MEBWNFEEMEELEZETMN,

KR BRICL AL H AR RS, E MW, 0 B RITAH

RESES: TU3S2. 1 MERERERD; A MEHS: 0367 -6234(2026)01 —0171 —13

Hysteresis characteristics and parameter influence analysis of
SMA self-centering rotational friction damper
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Abstract: To reduce the residual deformation of structures under seismic loading, a self-centering rotary friction
damper (SMA-SRFD) based on shape memory alloy (SMA) bolts was proposed. The basic structure and working
principle of the damper were introduced. Material property tests of SMA bolts were conducted, and theoretical
analysis of the force performance of the bolts and SMA-SRFD was carried out. The results were compared with those
from finite element analysis to verify the accuracy of the theoretical formulas used. A three-dimensional finite
element model of the SMA-SRFD was established, and a parametric analysis was performed with the rotation angle
of the frictional inclined plane, the friction coefficient, and the pre-tension of the SMA bolts as variables. The
results show that the stress-strain curve of the SMA bolt exhibits a typical “flag” shape, indicating good energy
dissipation and self-centering capabilities. The results of theoretical analysis and numerical simulation of the SMA-
SRFD are consistent, both accurately reflecting the force process of the damper. Increasing the inclination angle of
the inclined plane enhances the load-bearing capacity and equivalent stiffness of the SMA-SRFD, but the energy
dissipation and damping ratio decrease. By increasing the coefficient of friction between the contact surfaces, the
energy dissipation, equivalent stiffness, and equivalent damping ratio of the SMA-SRFD all increase, while the
self-centering capability weakens. As the pre-tension of the SMA bolts increases, the maximum load-bearing
capacity of the SMA-SRFD remains essentially the same, while the deformation decreases slightly. Moreover, the
different pre-tensions to the SMA bolts does not significantly change the hysteresis performance of the damper.
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Fig. 11  Comparison between cyclic tensile test results and FE
results of SMA bolt
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Tab.1 Finite element model parameters
TR s tanf " F,./kN
SS1 0.2 0.15 0
SS2 0.3 0.15 0
SS3 0.4 0.15 0
Ss4 0.3 0.20 0
SS5 0.3 0.30 0
SS6 0.3 0.15 5.5
SS7 0.3 0.15 11.1
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Fig. 13 Stress distribution diagram of SMA-SRFD at the maximum displacement amplitude
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Tab.2  Comparison of maximum bearing capacity of the FE
AR T AT LA R 2 20T SMA-SRFD

under cyclic loading

K e RIKET1/kN
1 2 3 4 5
ss1 98.6 110.0 123.8 130.8  148.6
SS2 131.5 151.9 165.6 180.1  199.3
SS3 156.3 186.2 203.4 218.1  237.5
sS4 149.8 173.7 192.5 210.5  230.0
SS5 179.4 234.9 262.5 275.2  304.0
SS6 131.6 149.9 165.6 180.1  196.3
ss7 139.7 155.6 170.0 183.9  200.2
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ARV B T SMA R A AR B BB ), Pk SMA-
SRFD (AR 52 B Rk s, i 50 (8) my Tl 45 21
FH—B, HE 14 (c) ATRLE B, Bl 5 Ak T 10 F 1) 3
K AT RS i, SMA-SRFD 194545k Wi J32 0, 7 444
i, A 3590k 4. 21 .8.30 113,75 kKN/mm , B K%
I3 50R 97.15% F1 65. 66% . [Ali} , 544 BHLJE He 78 s
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Fig. 14 Performance comparison of SMA-SRFD with different frictional slope angles
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Tab.3  Residual displacement of SMA-SRFD with different
frictional slope angles mm
EFRIEL tanf =0. 2 tanf =0.3 tang =0.4

1 0.051 0.025 0.020

2 0. 060 0.026 0.034

3 0.065 0.028 0.063

4 0.070 0.039 0. 106

5 0.085 0.074 0.183
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Fig. 15 Performance comparison of SMA-SRFD with different friction coefficients
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Tab.4  Residual displacement of SMA-SRFD with different
friction coefficients mm
PEAU AL n=0.15 ©=0.20 1=0.30
1 0.025 0.032 0.085
2 0.026 0.046 0.832
3 0.028 0.075 1.734
4 0.039 0.135 2.500
5 0.074 0.235 3.812
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Fig. 16  Performance comparison of SMA-SRFD with different SMA bolt preloading forces
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