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Fig. 1 (a) schematic diagram of directional solidification equipment: (b) diagram of cutting anisotropic sample
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Tab.1 The parameters of columnar crystal Cu-Al-Mn SMA
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Cu Al Mn M, My A Ay
CG-1 71.3 18.6 10.1 58.1 33.1 69. 3 81.7
CG-2 70. 8 17.8 11.4 —47.2 —64.6 —54.1 —36.6
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Tab. 2 Specific system of low temperature aging treatment parameters

R /C PRAR I ]/ min
250 5 8 15 30 60 180 600 -
300 5 15 30 120 180 300 600 —
350 5 15 30 60 90 120 240 600
100 5 15 30 60 — — — —
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Fig. 2 Optical microscope (OM) image of as-cast columnar crystal Cu-Al-Mn alloys:
(a) CG-1 CU71, 3 Ahg. 6 Ml’llo, 13 (b) CG-2 CUm, 8 A117, 3 Mnn, 4
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Fig.3 (a) XRD analysis of as-cast alloys along solidification direction;
(b) EBSD diagram of CG-2 alloy along solidification direction
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Fig. 4 Anisotropic CG-1samples under different frequency of damping coefficient tan® curve
(a)0.5Hz; (b)1Hz; (¢)5Hz; (d)10Hz; (e)20Hz; (f)damping coefficient tan® relationship along

with the change of perspective(Contains the maximum tan® as measured by cyclic tension)
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Tab. 3 Damping coefficient tan® amplitude(tan®,,,) of anisotropic CG-1 samples

under different frequency and the corresponding temperature

0.5Hz 1Hz 5Hz 10Hz 20Hz
E
tan@ux  WE/C  tand WE/C  tan@. \E/C  tan@ux WE/C  tandu.. WE/C

0° 0.12 76.3 0. 10 80. 2 0.04 81.0 0.03 77.9 0.03 78.4
15° 0.13 90. 6 0.09 101.7 0.02 81.1 0.01 85.2 0.01 82.0
30° 0.11 94.0 0.08 80. 4 0.02 84.7 0.01 78.1 0.01 75.1
45° 0.12 78.3 0. 10 82.3 0.04 79.5 0.03 80.0 0.02 80. 4
60° 0. 10 97.2 0.07 87.0 0.02 87.8 0.01 81.1 0. 00 92.0
75° 0. 10 89.0 0. 06 89.5 0.02 86.7 0.01 87.2 0.01 91.3
90° 0.08 68. 2 0. 06 68. 8 0.03 69. 7 0.02 66.5 0.01 67.1
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Fig.5 Optical microscopephotos of CG-2 alloy samples: (a) as cast; (b)250°C 30min;
(¢) 300°C30min; (d) 400°C15min; (e) 350°C 60min; (f) 350°C120min
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Fig. 6 SEM images of CG-2 alloy samples aged at 400°C for different time:
(a) 5min; (b) 30min; (¢) 60min; (d) 240min
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Fig.7 The damping coefficient tan® curve of CG-2 alloy samples after the aging treatment under different frequency:
(a) 0.5Hz; (b) 1Hz; (¢) 5Hz; (d) 10Hz; (e) 20Hz; (f) curve about peak damping coefficient tan® and

bainite phase fraction after the aging treatment
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AHIX AP JE R B tan® A 0. 004~0. 014, BE 0. 5Hz,1Hz,5Hz B, 250°C {# i 600min i FE /) P4 FE I L
250°C PRI 15min BXFE Y P AR I K 25 A, FEARURE 19 WA I ( B K. DL IRHAR AR 43 %0k 0, 0. 05, 0. 2,
0. 23 1 4 2H 3R Dt e ] U025 2] B S5k A PN RE 0 . 24 D[R4 40 BGEE 2o 0. 4 B 0RE I 3t 3l 2 v 1) P
W FEA Y G, 3 AE T I ORT Y Y DL DA [ AR A8 A7 7 B VR, A0 & iz s S IR, D
DU LCARAT 0 AT DAGE & 4 i N FEME BB B2 &7 o (H 2 D[RR A R i — o & i L 30T SR B, AH Bt 18 32 3 BHL s 1R



46 M KA AR Cu- ALMn JARICAZ A 4 A RE L RE Y 45 10 St 1 e HE IR 3805 W T 52 855

AR EL . & BHJE RE 1 S i T K H R NFEIETH 2L . XA BLL AT LU Granato Ml Lucke $2 H B9 5T $L
A5 RS BELJE AL T R AT A R, D CCMAAR S THT 0938 s A5 G AT FLALT . fEE /9 DL TR AT L L P JE i BB 55 [T
ARAR ST ) B 3l i 23 PR Ay T DA 78 B AR X L 49 B ARG A5 4 B9 N FE PR RERR AR, 3 10y DL IR AR ET 4L
(0. 05<< y<C0. 25) 2> [ A ET FLAE W45 B0 0] FETROK 1 1Y BB St o 107 0 Ao 5 [ AR A2 (9 AR X LU 481 [ 1R =2 35 1Y
WAETEREFREARAN K . 456 W YRCR L i 0 DL IRIR ST LR e 4 & & 4 i INFEPE BE L (H3 22 1 DL IR A4 T
FL 23 ™ o A IQAARAR S 4 A% 3l R R AR S D AR 22 Y E A5 AT R Wt B3R AR 5 4 1) N AE M BE
F 4 REMMETHRGE CG-2 & 41k tand W {E KN iR
Tab.4 The peak tan® of CG-2 alloy samples after the aging treatment under

different frequency and the corresponding temperature

0.5Hz 1Hz 5Hz 10Hz 20Hz
Fe i R I I R I
tanyax tan®;,.x tan®,.x tan®,.x tan @y
/C /C /C /C /C
250°C 15min 0. 14 —17 0.11 —16 0. 04 —15 0. 04 —15 0.03 —14
250°C 600min 0.16 —12 0.12 —11 0. 04 —14 0.03 —10 0.02 —13
300°C 30min 0.13 —16 0.10 —15 0. 04 —22 0.03 —18 0.02 —21
300°C 120min 0.02 —32 0.01 —32 0.01 —35 0.01 —30 - -
300°C 300min — — - — - — — — — —
350°C 15min 0.13 —46 0.08 —46 0.03 —45 0.02 —52 0.02 —51
350°C 60min — — — — — — — — — —

350°C 600min — — — — — — _ _ _ _

400°C 60min 0.02 9 - - - - - - - -

3 %8

T 2B SEAIR A Cu-AL-Mn SMA 9 BELE F5 P F0 B w5 Dol B 3% M Dy T A 1 FH VS g, AR SOxF 2
ANFE LA AR AR i Cu-Al-Mn SMA(—FP 2 8 T 8 5 [CIRAHA S, 55 —FhE 3R T b B IRIRA 4 8D 72 R
) 4 2R 14 3 25 FAHIL B BELJE PR R i | 45 1) S5 1k o R 3k A Ak B8 42 ) 0 S0 AT T R SE . EEAEIBWNR .

(1) FFXF Cup s Alis s Mnuo, 1 A 42 T PG AR PO FE 6 7 I3 DX ) TG B S 5% i) o (LG A 4 i BELJE R 300 B
SR . 7E 0. 5Hz 1 1Hz MAIRHI T . 07 15°4 4 il FE i BHLJE Al 1 4 F HoAth iR L BHLJE R 2L tan® (.
G392k 0. 12 F100. 13, BHJE g 1 Bl 45 1) 5 M A B 38 R S22 0 s i Br I 9 B 3 5 5 Hz~ 20Hz Y i 3 T
i 5 A5 2% 1 B S ) o B 3R 1 BELJE R B B AIS . FL#RAIE T 0. 04,

(2) BERLAL PR IS Cugo s Aliz s Minyy o A5 4 B A& 23 A3 % — 5 1 09 DL ICAARAR , Bl 2 DL EC AT HE A 09 34
T, 4 i I AERE 7 H B SE R NS T BRI AR fh R 3. i/ e 1 DL EC IR AT LR & A A AR AR 1 P RE
A, tan® W 5 K ATIAF] 0. 13~0. 16,3 15 DU A X I [Q A4 AH A2 BT sl i 5T FLAE A 56 .
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Anisotropy and the effect of aging on internal friction
property of columnar crystal Cu-Al-Mn alloy

ZHU Yan', LI Xide', LI Mohan ', LIU Jili'"?, HUANG Wei's*

(1. Department of Engineering Structure and Mechanics, Wuhan University of Technology, Wuhan 430070, Hubei, China; 2. Hubei Key
Laboratory of Mechanics Theory and Application of Advanced Materials, Wuhan University of Technology, Wuhan 430070, Hubei,
China)

Abstract: Shape memory alloys with high performance and low cost have great potential applications in
engineering structures, mechanical instruments, civil architecture, and other fields, due to their
energy dissipation properties during thermoelastic martensitic transformation. In this paper, the
damping internal friction properties of self-developed columnar grain Cu-Al-Mn shape memory alloy
under variable frequency and temperature were studied. X-ray diffraction, differential scanning
calorimetry, dynamic thermo-mechanical analysis, microscopic analysis, and other experimental
methods were used to analyze the anisotropy of internal friction properties and the effect of aging
treatment at different frequencies. The results show that the damping coefficient of Cuy; 3 Aljs ¢ Mny,
alloy is obviously affected by the frequency. At the low frequency of 0. 5Hz and 1Hz, the damping
capacity of 0° and 15° alloy specimens is better than other specimens. And the peak value of damping
coefficient tan® is 0. 12 and 0. 13, respectively. The damping capacity decreases zigzag with the
increase of the anisotropy angle. At the high frequency of 5Hz ~ 20Hz, with the increase of
frequency, the damping coefficients of samples at different angles decrease and are all lower than
0.04. After aging, the internal friction capacity of Cuy sAli; sMny, 4 alloy increases initially and then
decreases with the increase of bainite precipitates. A very small amount of bainite can increase the
internal friction properties of the alloy at low frequencies, and the maximum tan® can reach 0. 13~
0.16., which is related to the pinning mechanism of bainite relative to the martensite phase
transformation interface.

Keywords: Cu-Al-Mn alloy; shape memory alloy; internal friction properties; damping coefficient;

anisotropy; aging precipitation



