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Abstract: To simplify the modeling, an equivalent simulation method was proposed to convert the
transformation energy of SMA into the thermoelastic strain energy of elastic plate and express it by
temperature difference. The equivalent approach and Boyd-Lagoudas extended model were compared and
analyzed for a SMA wire model. According to the compiled physical property subroutine of SMA based
on the Boyd-Lagoudas extended model, twinned martensite other than conventional detwinned martensite
and austenite was considered. The maximum error of the equivalent model was 9.8%, proving its
effectiveness and accuracy. For the active morphing skin composed of stainless steel and one-way SMA,
the variation magnitude of the wing arc height calculated by the equivalent approach was 4.03 mm,
consistent with the experimental value of 3.81 mm. It indicated that the equivalent thermoelastic energy

method was effective to carry out full-scale wing simulation and rapid design iteration.
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Table 1 Material properties parameters for SMA wire
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L x t x Fig. 9 Calculation results of step 4 of extended
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Fig. 8 Calculation results of step 3 of extended
Boyd-Lagoudas model

1.0 mm(=(1.8-0.8)mm) .
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AR R A3 K053 9 2920 0.75 F1110.28, B 44 iy 44 FH
SHERYN—-0.03, L TF, 2R RHR KDL
Pt L N N SN N 7y A 3 A ES |
127 MPa, i [0 {37 % 5 11, SMA 4% 44 () JEE 350 A 42 @
BB T IE Z 7 % 3129 032 mm. JLAT, SMA

F| [) A 1Y N AR 1.8%, 18 13 2 (25) 15 31 22 AT,
R R 60 K, B 4 @ A PRI 2] 220 K, Q1R 4
JEFETIER A i AYE, B2 UdE 1.8 mm,

AT, = g/a,
A e o, 53 1) 5 4 s W 1 7 748 R R I K 3R 88
SLPRN LT, HTFZ% 0 RP IS A HRAIEH,
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(25
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Fig. 10 Calculation results of step 1 of equivalent thermoelastic

energy method
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Fig. 11 Calculation results of step 2 of equivalent thermoelastic

energy method

SRR AR RS, SMA Fe b B IR0 4 )8
BB TS a1 7 Z J7 17 #5312 0.99 mm.,

ek B R T BRI A AH A 25 IR A, B T
I [CARARAS G5 SRR B M, PRFICIRAS R, SR PIR
AR RIIARICIZ G & TR ZE R sk 2 Fisk 3
B, ALFEAE RN JT . il AR T, DL R AR i TR
IR 7R AR IR AR IR B B, S5 R R e W],
K AIAE IR ZZ 2R 9.5%., S0 1 Al 7] 28
JE AR 22BN T 3%, fEIRIRIEAZ & SRR
T, RO AR B B AR R 50k 0, Al
S P4 M AT, Boyd-Lagoudas £ U A FL 15 5]
BB AR R A Bl Tt B iR 2208 /N F 0, 7E SR

®2 SMA BHMERBRSTHITELER

Table 2 Numerical results of SMA wire at high temperature

2H Boyd-Lagoudas %ﬁi i jﬁX‘J‘
¥Rl Bl R25/%
I KA 71 /MPa 321 320 0.3
H1n) 28I /mm 1 0.99 1
25 it 5 ER R AR -0.063 -0.069 95
IRAR T ORI R S8k 0.067 0.071 6
LARRENY G o 0.995 0.998 0.3
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Table 3 Numerical results of SMA wire at low temperature

S Boyd-Lagoudas 554X AR

P IRAsiA B R9E/%
RSN 71/MPa 127 130 2.3
1) A5 /mm 1.48 1.46 1.4
25 T PR AR FR A3 4 0.75 0.73 2.7
IRAR I [C AR TR 434 0.28 0.27 3.6
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FROAE H PR A T i R 2%

K FRE T3 4%, >R A 4 Boyd-Lagou-
das §" JEAR L F A2 Fp 1L E] A 3567 s, BT 454
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AT, BIHR A 5640 AN BN, 2408 N A, B
JLZR AN C3D20RT. SMA 58It Z b E X T 2
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Bim AN, Ul A] W3, Al 12 o TR 4 42 fid
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PR FE R 3T ROF BRAS, 1 SMA B 9IAR 28 3 A1
TR, A LT B AS, IR HARNIE L T —
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12 EFAIB SRR ER R

Fig. 12 Numerical model of the active morphing skin
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Fig. 13 Displacement and temperature distribution at the
initial condition
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Fig. 14 Morphing skin recovers to flat state under high-

temperature condition

H 0,
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Fig. 15 Morphing skin recovers to flat state in the experiment
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Fig. 16 Morphing skin recovers to bending state under

low-temperature condition
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Fig. 17 Morphing skin recovers to bending state

in the experiment
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