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Abstract:

An innovative multidimensional shape memory alloy (SMA) damper is developed based on shape

memory alloy, which can produce axial and torsional damping by converting torsional deformation to stretching

of SMA wires. Construction and the working principle of the device are introduced in detail. Cyclic loading test

was carried out to study the influence of loading amplitudes, loading frequency and initial strain on the

performance of the damper. To simulate the mechanical property of the damper, a theoretical model of the damper

was established based on improved Graesser-Cozzarelli constitutive model. The results of numerical simulation

are in good agreement with experimental data, which verified the validity of the prediction model.
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Fig.1 Diagram of multidimensional SMA damper
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Fig.2 Tension experimental setup of multidimensional
SMA damper
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Fig.3 Torsion experimental setup of multidimensional
SMA damper
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Fig.4 Hysteresis loop of multidimensional SMA damper
under different loading frequencies and displacement
amplitudes (Initial displacement 0.5mm, 20°C)
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Table 1 Mechanical parameters of multidimensional SMA damper (initial strain of 0.5%)
e Rk d=2mm d=3mm d=4mm d=5mm

fiHz w K 4 w K 4 /4 K <4 /4 K 4
0.01 578 217 9.8 1024 152 11.9 1619 119 13.5 2399 100 15.3
0.05 559 230 9.7 1003 161 11.0 1470 126 11.6 1956 106 11.8
0.1 551 235 9.3 943 161 10.4 1337 128 10.4 1752 109 10.2
0.5 443 233 7.6 712 161 7.8 1031 131 7.8 1439 114 8.0
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Table 2 Mechanical parameters of multidimensional SMA damper (loading frequency of 0.05 Hz)
d=2mm d=3 mm d=4mm
WG R e/(Yo)
K 4 w K 4 w K é

0 503 212 9.4 872 149 10.4 1294 114 11.3

1 411 205 8.0 806 149 9.6 1218 121 10.0

2 397 199 7.9 706 152 8.2 1081 131 8.2

4 352 211 6.6 532 171 55 898 177 5.0
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Fig.6 Experimental result of torsion hysteresis loop of SMA

damper
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Table 3 Parameters for simulation of SMA damper (loading frequency 0.01 Hz)
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Fig.8 Experimental and simulation results of tension
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Fig.9 Experimental and simulation results of torsional

hysteresis loop of SMA damper
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Table 4 Comparison of energy dissipation per cycle between

experimental and numerical results (tension)

#7 MIEHGEERNERSHERUTL )
Table 7 Comparison of energy dissipation per cycle between
experimental and numerical results (torsion)

M E/rad  REBEE /(N « mm) S FY/N « mm)  RE/(%)
0.04 556.3 553.9 0.4
0.06 994.9 996.7 0.2
0.08 1593.4 1604.5 0.7
0.10 2369.1 2382.8 0.5

MR /mm  ARIGSE /(N » mm)  BUEET/(N « mm)  IR%/(%)

2 578.3 554.1 42
3 1024.7 997.3 2.6
4 1619.4 1606.2 0.8
5 2399.1 2384.6 0.6

RS BIZRIERIESERSHEREBILE
Table 5 Comparison of secant stiffness between experimental

and numerical results

MR E/mm  BIEE R /(N/mm)  BLEE H/(N/mm) iR 2E/(%)
2 217.2 214.6 12
3 152.4 1513 0.6
4 119.6 118.6 0.8
5 100.7 100.1 0.6

*o6 FYHRHRIGERSHERLIIIEL
Table 6 Comparison of equivalent damping ratios between
experimental and numerical results

f7FZIE{E/mm RIGLER/(%) UL (%) PR ZEN%)

2 9.8 9.5 3.1
3 11.9 11.7 1.7
4 13.5 12.9 44
5 15.3 15.1 1.3
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