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Aseismic and vibration control of
frame structures with CuZnAl SMA dampers

SI Narchao, LU Song-hua, FU Ming-xi, WANG Xiao-dong, SHI Qiang-jun
(School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The relationship between the residual strain and the temperature under free stress condition is analyzed
by using constitutive relation of SMA. The damping performance of the frame with CuZnAl SM A dampers is tested
by dynamic data collecting analysis meter. Then the stress —strain curve of CuZnAl SM A is measured by electronic
universal testing machine. The change of microstructure during thermo-mechanical cycle is analyzed by transmission
electron microscope. The effects of different heat-treatment processes on the area of hysteretic loop and the damping
capability of CuZnAl SM A after thermo-mechanical cycles are studied. Experimental results show that CuZnAl SM A
has good damping capability in frame structure and can obviously reduce the vibration frequency. CuZnAl SMA in
martensitic state has better damping ability, and the damping effect of the alloy after being quenched into water and
aged for 7h is the best.
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Table 1 Different heat-treatments of CuZnAl shape memory alloy

Number  Heating temperature/ C  Keeping time/ h Quenching Aging temperature/ C Aging time/ h
1 830~ 850 0.5 Oil, room temperature 140~ 150 7, 10
2 830~ 850 0.5 Water, room temperature 140~ 150 7, 10
3 830~ 850 0.5 0il, 150 C 140~ 150 7, 10
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Fig. 1 Relations between recovery strain and

temperature of CuZnAl alloy
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Fig.2 Vibration attenuation curves and spectrum curves of frame structure
(a) and (¢) —Without CuZnAl SM A dampers; (b) and (d) —With CuZnAl SM A dampers
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Table 2 Comparison of frame structure without

dampers and one with dampers
Without CuZnAl SMA dampers With CuZnAl SMA dampers

Attenuation Amplitude Attenuation Amplitude
time, damping time, damping
tx ratio, T Ix ratio, T

11 0.963 314 9 0.470 168

22 0.915 244 18 0.298 317

34 0. 881 088 28 0.224 885

45 0. 882 985 38 0.168 791

56 0. 866 540 49 0. 112 698
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Table 3 Vibration frequency of

structure with different dampers

Damper Vibration Damper Vibration

No. frequency/ No. frequency/
Hz Hz
50m17 7 66m110 18
50m27 66m210 10
50m37 7 66m310 10
50m110 3 130m17 8
50m210 8 130m27 5
50m310 8 130m37 11
66m17 11 130m110 6
66m?27 44 130m210 11
66m37 24 130m310 7
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Table 4 Comparison of vibration damping effect of CuZnAl alloys with M. of 66 C
66m17 66m27 66m37
Ao tx n Ao i n Ao tx n
10 0. 956 543 9 0. 697 754 9 0. 768 555
20 0. 677 734 19 0.507 813 19 0. 567 871
2048 31 0. 480 957 2048 29 0.334 473 2048 30 0. 388 672
41 0. 329 590 39 0. 158 691 40 0. 321 289
52 0.238 770 50 0. 104 492 50 0. 240 234
66m110 66m210 66m310
Ao tx n Ao i n Ao tx n
9 0.470 168 10 0.721 191 9 0. 549 805
18 0.298 317 20 0.471 680 19 0. 346 191
1961 28 0. 224 885 2048 30 0. 399 902 2048 29 0.265 137
38 0. 168 791 40 0.272 461 38 0.182617
49 0. 112 698 51 0.180 176 48 0. 142 090
Hh 2% T AR 43 1 K+ 66m 17 A1 66m37 [, X+ M. L0
h 66 CHIG 4, AR T h i 50 R 5 i ZQW
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Table 5 Effect of different heat-treatments 0 1.|40 z.éo 4)20 5;0
on area of hysteretic loop i PisplacsmEntm
Damper No. Area/ mm? 08 |®
66m 17 302. 1 % 0.6
66m27 346.7 E 04t
66m37 321.4 02}
66m110 308.2 1 1 L 1
0 120 2.40 3.60 4.80
amZ A B Displacement/mm
66m310 326.5 1.0
0.8
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Fig. 3 Tensile curves of sample

66m?27 after different thermo-mechanical cycles
(a) —1; (b) —30; (¢) —50
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Fig.4 TEM images and corresponding
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