Chinese Physical Society

YIRS Acta Physica Sinica

€D Institute of Physics, CAS

ERiCIZA € BRARG L RBTMR S
R Bk kB

Global analysis of crises in shape memory thin plate system
Yue Xiao-Le  Xiang Yi-Lin  Zhang Ying

5|5 &, Citation: Acta Physica Sinica, 68, 180501 (2019) DOI: 10.7498/aps.68.20190155
TEZER 2 View online: https:/doi.org/10.7498/aps.68.20190155
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

AE EHIE B Duffing R GC AR LG
Crises in a non—autonomous fractional—order Duffing system

PB4, 2016, 65(18): 180502  hitps://doi.org/10.7498/aps.65.180502

i el SRR ARICAZ 5 4 v T A AR S 2R TR SIS
Study on surface relief related to reverse martensitic transformation in Mn—based high—temperature antiferromagnetic shape memory

alloy
YA 2015, 64(1): 016801  https:/doi.org/10.7498/aps.64.016801

IKHETR) A W3 e LRI 7 BRAR 1) 42 SRy o0

Global analysis of stochastic bifurcation in permanent magnet synchronous generator for wind turbine system

WIFR2EH. 2017, 66(19): 190501  hitps://doi.org/10.7498/aps.66.190501

LT SR ) 22 AR 42 Ry B (B 20 Br
Global threshold analysis of multicarrier multipactor based on the critical density of electrons

YIBR2EA. 2016, 65(4): 047901 hitps://doi.org/10.7498/aps.65.047901

Mdm24: S R4 (1 pS53-Mdm 24 711 42 Jmy 8 g 2 Ak e 1
Global dynamics and stability of p5S3—Mdm?2 oscillator mediated by Mdm2 production rate
PP, 2016, 65(2): 028701  htips://doi.org/10.7498/aps.65.028701

Bel-23E M ES 5 RS 22 )R 3l 12 o i

Modeling of Bel-2 protein suppressed calcium signaling and its global dynamics analysis

YrH2E 4. 2017, 66(23): 238701  https://doi.org/10.7498/aps.66.238701


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190155
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.65.180502
https://doi.org/10.7498/aps.64.016801
https://doi.org/10.7498/aps.66.190501
https://doi.org/10.7498/aps.65.047901
https://doi.org/10.7498/aps.65.028701
https://doi.org/10.7498/aps.66.238701

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 18 (2019) 180501

ERiBIZEEERARAE/ATAR ST

&Rt

mA KE

(AT K= B4 2R, V% 710072)

(2019 4£ 1 A 27 HYE; 2019 4 6 A 6 BYEIENH)

JERICAC G A TAR RN A ME s 2Ok A T R GEAE IR AP A A T 77 A i 2 2 42 a3 2450
ASCVIBARICAZ & Wi h 1 2R G W TE RS 4, 53 B A i JEE R sl A i 74 2 1 2 B0 R R G2 19 42 )y 3
J1°f. Sl ARy AR, AT DOV B R G o R A R AR B G, RIS R 5 B A bR B 5 1, BRIR G I
G191 B R R, R RGN 2 /A SRR, A, REEEE IRIE AR AL e R
A AR A, JF R — R AN R L BRI A, R 20 & 4 43 B -Wada, Wada-Wada, Wada-73
T AR SO . T S N A DI AR A, AT LY AT A s 00 S B o SRR AR 4 SR T e e e 4 R
JE 55 AN AT SR B, I ARACAZ B B WERAE R G b R A R R RE A BRI S 1

KR RICICA G, RS, WL, R

PACS: 05.45.-a, 05.45.Ac, 05.45.Pq

ail%

1 5

JE MR8 124 4 (shape memory alloy, SMA)
FI A phRE 7 2 PR R IR T IR AR AR B 3
Ak, ARAS K S AT D R R AR A AL 2 e 4
B, RS A A AR I IE Pac A2, SN g
V5 B AHAE P A . AT PSRBT, SMA #
il A Tl 2 HAT 5 R BB T, TEMLIR S5 4 1 28
W KEBEAIUDE R GE ) e AR Bl S LA A A5 A6 55 5 T
N2 0 B0 HE G T SMA Jelbi )21
RefFoT 3 2 A TP e IR E M m 28 T SMA 22 ¥k
T LSRRGV RS E N AT N BRI
GAFAR LMD ) SRR D7 T -1, X SMA AR
RGN AR T2 >, M T R b, 42
Jri 3 AT RE % 48 7R B 22 1 Bl a4 B B A AT
J12 BE A BE SR I SMA AR 2R e AE ML LR 31 Fl
I Bl il A TR ) Ry PR

DOI: 10.7498/aps.68.20190155

P 0208 A SR il 2R e TR A UL 42 )R o3
WG, FEZ TR G | FIR T AN S SR
A DL BRI B L BRI A O
PR T BRI SRR IR M | S 0 e A
AFEE BB R, SO G TRIRARTER. N
PR AR P 5 | 5 A 7R W5 Sk 9 O AN AR E
JERBIIE & A A S Y. & IR R8P S
G| TR S T G0 A AR E SR
B &AM, G IPE SR s | . Rl o7
P AT LA B 3 4, (H BAARSE R ARVEAE,
pE— P2 il 4 R R EA TR . ARk, ARG
WO G A BT ST, 190 70 53 %80y 054300 il 42 R
%5 (14-17),

BARGPAFAEZA W51, W5 s 5l LA
SRR, WAl LRI “URrp A 3, FhAa R 1Y
SHEEEE. ARG TR ECh =4 DL, Hil
B AT — s AT R /NeR, 78 3 = A K DL |
B, MIFRIESEGA A2 Wada itk B RESEL

*ER A RFL R (S 11672230, 11672232) FIBEPEA HAARIESREFFT ] (S 2017IM1029) B B PRAL.

+ fEVEE . E-mail: xiaoleyue@nwpu.edu.cn
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

180501-1


http://doi.org/10.7498/aps.68.20190155
mailto:xiaoleyue@nwpu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 18 (2019) 180501

AR, WL PR IR K LEBUAE , PR A s 5%
A2, AAE YT -Wada $il R RAE | 0 IE-Wada 3834
FL9EE M Wada-Wada 3 L9855 13l FLoEs
YRR TN B — ST E AL, R TR E RGN
RER G A B E A B R S, TR RGN
IR T S S T e S DR D 2 5 | A e
SN RGER AT ARMET, BEE MW B R
K, B0 R 57 A G I FEAG 3] 1 5.
Forp 2 Sp T SCHTMR S | T RS | fef (DA i 25
INERIAI AT RGN 42 R B P02 (E 7 %)
R —E W JRBR M. B2 M Ak bR 3Ry b
LA R Z R TG — R G E, T

S SR NASCRT LASRICE) ) RG] T

W5 A E R, IR REAALAE B/ NX I, 7425
PRI A X 8 7 221 i

ARICLA SMA it sl 71 R G B Ext 42, i
TGN BRI 73 28 280, A2 Jm o 8 K 2k
il I, il 52 A AR R DA BE— L B R GEAE
AR R R R BRI SRR O R, IT i
T XHE E I A AL, B0 5 B RS AL WF
FEAE AR TR AU X ) 28 G2 14 3 2500 A

2 SMA ¥R A4

15 SMA it b, FHXE T B IGAA, o [ E H
SEJRAE, 25 AR AR T 5 FCAAR Y S i 5 R
SMA il AT B . 1) IR e A2 5 TR
FHOC, ARUIAHFR O B IR, iR A AR O B IR, %
M SMA WA A B R, B BB ARICAZAL
B 58 X Ty 9 5 IRPAARAZ I SR, 2T,
Ly AREE; Ty N AR I S BE , il 2
I, BIRIREGE, a, b, ¢ BIOAPRER B, 2

b2

Ty =T; _ 1
A M+4ac (1)

A Falk 23 iURIFSY, SMA AR A4 A F 150 5
LA — D IR Z AR, R 1T N
(e)-RiJ1 (o) FIRF:

o =a(T — Ty)e — be® + c£°. (2)

Savi 45 1024 25 1 TR Z T SMA SR 1
B FASRL, SRR [25]) TEUCERA - iEAR Y SMA
Bk ) PRSI AR LA S) 1 B8 AR SO TR p,
JRJE b, KGE500 1, b ) SMA Wi, 783552

HERRJE e T, 3220 ) fE SR 71 Fy = Fsin2t
H, w1 .

Bl 1 SMA AR IR [ 1R 3
Fig. 1. Transverse vibration of SMA thin plate.
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Fig. 2. Multivalued bifurcation diagram of the system (7)
with the variation of amplitude g.
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Fig. 3. Global diagram of the system (7): (a) g = 0.0471; (b) g = 0.0472.
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Fig. 4. Global diagram of the system (7): (a) g = 0.0482; (b) g = 0.0483.
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Fig. 5. Global diagram of the system (7): (a) g = 0.0491; (b) g = 0.0492.
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Fig. 6. Global diagram of the system (7): (a) g = 0.0490; (b) g = 0.0491.
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Fig. 8. Global diagram of the system (7): (a) g = 0.0460; (b) g = 0.0461.
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Fig. 9. Global diagram of the system (7): (a) g = 0.0478; (b) g = 0.0479; (c), (d) the region refinement of panels (a) and (b).
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Fig. 10. Global diagram of the system (7): (a) g = 0.0533; (b) g = 0.0534.
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Fig. 11. Multivalued bifurcation diagram of the system (7)
with the variation of temperature 6.
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Fig. 12. Global diagram of the system (7): (a) 6 = 0.8379; (b) 6 = 0.08380.

008t ff 0.08

—-0.08F

~0.08
~0.10 —0.05 0 0.05 0.10 ~0.10 —0.05 0 0.05 0.10
xr xr
H B2 3 2
0.08 0.08 [I
> 0 > 0Fr = '
I g
~0.08 —0.08F 3
e s R NN
~0.10 —0.05 0 0.05 0.10 ~0.10 —0.05 0 0.05 0.10
x xr

B 13 &% (7) W4ERE  (a) 0 = 0.4088; (b) § = 0.4089; (c) 6 = 0.7182; (d) § = 0.7183
Fig. 13. Global diagram of the system (7): (a) # = 0.4088; (b) 6 = 0.4089; (c) 6 = 0.7182; (d) § = 0.7183.
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Fig. 14. Global diagram of the system (7): (a) § = 0.0950; (b) 6 = 0.0951.
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Global analysis of crises in shape memory thin plate system”
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Abstract

The unique global properties of shape memory alloy are mainly derived from the martensite phase
transition and its inverse, which result from the change of temperature and external load. In this paper, the
global characteristics of shape memory alloy thin plate system are analyzed with the temperature and harmonic
excitation amplitude as control parameters. Based on the method of Poincare map, the complex crisis
phenomenon of the system including the sudden change in number, size and type of attractors can be observed
through the global multivalued bifurcation diagram. However, the specific crisis type is not clear, it is necessary
to be analyzed from the global viewpoint. By computing the global diagram with the composite cell coordinate
system method which constructs a composite cell state space by multistage division of the continuous phase
space, the attractors, saddles and basins of attraction of the system can be obtained more accurately. The vivid
evolutionary processes of the crisis phenomena of the system are illustrated, and it can be found that the system
presents a complex global structure with amplitude and temperature changing. There exist two kinds of crises:
one is the boundary crisis resulting from the collision between a chaotic/periodic attractor and a chaotic saddle
within the basin boundary, which causes the attractor to vanish, and the other is the merging crisis caused by
the collision of two or more attractors with the chaotic saddle within the basin boundary where a new chaotic
attractor appears. When multiple attractors coexist in the system, the basin boundary may be smooth or
fractal, and for any point at boundary, its small open neighborhood always has a nonempty intersection with
three or more basins, which is known as Wada basin boundary. It is difficult to predict the dynamic behavior of
the system accurately due to the fractal, the Wada-Wada, Wada-fractal and fractal-Wada basin boundary
metamorphoses which can be observed along with the variation of temperature and amplitude through the
composite cell coordinate system method, which owns a unique advantage in depicting basin boundary.
Furthermore, the Wada property is displayed more clearly by refining specified region. The results of this paper
provide a theoretical analysis tool for adjusting the dynamic response of shape memory alloy thin plate system
and optimizing the deformation and vibration control of mechanical equipment through controlling temperature

and excitation intensity.
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