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Table 1 Types and performances of SMA

Type Performance

Phase transition hysteresis of 150 °C

Recoverable strain of 6%

NiTi-based
Recovery force of 400 MPa
Shape change rate=16%
Fe-based Recoverable strain of 2%
CuZnMn recoverable strain of 4%
Cu-based CuAIMn phase transition hysteresis of 24 °C

CuAlBe expansion rate of 11%
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R TN TR, I A4S AT AR T LB B AR T 46 A

b c

Original inner diameter ~ T'<<M,

S s

Expanding

!y S
;

Complete connection T> A,

Heating

K5 TERICIZ G &8 1 B 29 K AR S 2

Fig.5 Application examples and mechanisms of shape memory alloy pipe joints

(c) working principle

B1: (a) Yun-12 memory alloy pipe joint; (b) connection process;
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Table 2 Overview of the classification and functions of morphing

aircraft according to deformation degree

Deformation degree Specific method

Shock wave control bulge
Micro/small size deformation Active skin vibration
(partial changes to the wing) Circulation control

Synthetic jet

Curvature
Variable thickness
Wing twist

Medium-scale deformation
(wing shape change)
Variable wing tip

Folding wings
Large-scale deformation .
. Variable sweep angle
(overall changes to the wing) .
Variable length

Variable wing area

EARFAM TR E A SRR, 35 [ NextGen
AFSHER T — 3R E TS AL, 1% T8 AN AT
JE B AR T R] DO LR B T AR AN R sL L . oAtk
WU ZEAT T AT AL R 07T, Hoh A dE O B 220K
53 o B R B B R RS ARG IR Tl
K. B, WA R AR WM R LG T
Iz (i e, 9 HLPT DU 35 oG8 ML AT P RE AT # 0
CEWAR

FLAE 60 4EAR E Ah ik O 4 5K F LA AR AR B R B
FF-111 KA, DR X-5P7F0 F-145848 L3 5 450 6L,
WE 6. Kl 7. F-111 CHLIIHLE J5 55 B AR A3
H16°~72.5° WIUR X-5 0] LEEASEI 30 s (R [R] 3 A\ 4T
TR K. SR1, DR X-5 B e Fa et S8 T
KL BASL . R Ak, VR X-5 B AT SR JE R T 4%
JETALRAEY R AT HE BV B T TR 3. F-14 1AL
B G AAALTE A 200~68°. SRIM, F-14 H1 T 84K E
e, 4P R IR B L B 5, BB ot 3 A% PRl 30 L 7 B
MLBhPERE 7= A2 1 BT 82 W, F-14 1F 2006 4F 58 42 1B H
i

TnEE KL 58 K 2 Popov 2557 F 2k & A 44 kLA
SMA IR 4%, Wit T —Fi A H & B AR T 1) 22 R FE L
R AR E D 0.2~0.3 B, 38 T 5L S L3R
T IR A AR T 22%. EFxHA BT EK
Jb2E A FHEH T XB-70“ 2 Bph 7 B w22 e, [ 8 Fir
RO HERWIT R A& IR, 76 TR, BAm [~
% 25°~65°, (H b IR A58 B 8 AT I AT R 97 25°, s
AT RATI T R 65°) . MWERE i, AT S
A DALE i AT A B CHLE T AR E T, FF HLAKIE R
TRt Ja B s R AR B B3, 73— 25080 6L
fCF-BE 77 -

CLE ot Fe R W, Sl L LR R 5 R B
RAETT A T DUE CHLAE(RGE R AT AR KB BRAA E K
(K37t 7, AT S i RHLAR P RE AT 35 428 fiE

El6 DURX-5 KL
Fig.6 Bell X-5 aircraft’®”

7 F-14 CHLAR 5 Bl JE 5 b
Fig.7 Comparisons of F-14 aircraft before (a) and after (b) changing

to sweep”*!

I8 XB-70% L Ui 2 L Mg 2= JE AL
Fig.8 North American aviation XB-70 Valkyrie bomber™®”
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FAALAR 35 5 4 NIUSEEL T A5 J5 25 10 A2 1 B Sl MURS B 4%
o SLAbh, PR TS NHER] T SMA HIRE B R A K
ITEARTEAREN P B AT AT . I TR EhAN S N IR AR
LZRE VI HEAT 7 RER T, W B IRIC L R &
FHRHE s TARACIZ IR S Wt 38 1 44T 53 M E 5 1
JEAR AT T9

AU RO 2 SR I S5 NI — ELAE AT FU R e 45
HRIAZ I, AR AR B R WL 5 GO 8 e T B 3R |
A B AR 5 SR KA 52 B 45 ), A B BE IR B 4 55
AATRRZh S T B & A5 R AR A, JRIAIE 1 R A IKE)
SR BVIKEN BE ST, B T RAT SALIE B & M AR RS DL K
%2 R A IR B IR AT AT . BIBAEREAT 1 RAT
BRI, BTN HE S T AE A RAT IR LR S A 3R
ANE EE SR DI RE IA B T e KATIEE 60 m/s, W

K910 7w

FRHR ] PN RHATF B R v A AR TE 7 B AR 5 A AL
MR AT R R R TH RS 5 T A RN AL , (EAE SE B
TS Bk IF R . R, B e 7 Bk — 25
B AT AR 5 B AL R BRI SEBR R, DL — B H iz R
FRIRIF 78 7K T RS FE R
5.3 HRERE

P A TR FACAZ B 4 R0 A 2 e 1 DA K 45 K
AR DI SEEL T F-15 S BLE 75 s g E R B
B o IR AR AL 4 5 e 4 1 % 3 R T8 HURT S N R] AR
HAE, SRR EOR, 102G &R % B B IR
ITFATRE . B 1 N IKEE TR ARG I & & Se Bl < iE A
R S A W WA = IR Tat VAR st o) By el R R
146 & 58 B BORREW UR i RE T E BT & M. H
FH 36 ) R 48TH R 17 & 4 IR 5 25 e i 42 11 ik 88.9 kN
(IR Zh 77, HATFE A 152 mm; i FH T30 T B 1 d1zZ

9 FEARACAZ £ S A B AL 15 SR B AR PR L SRS IEY B TR S 6

Fig.9 Shape memory alloy (a); motor composite drive variant wing model (b); wind tunnel experiment (c)**"

K10 SMA Bl AT fi % A /N IRANE 2 K AT L5
Fig.10 Deflectable winglet (a) and trailing edge flight experiment (b—c) driven by SMA®
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Supersonic dash

Capture area control

Lip blunting \\’
i,

Deck launched
intercept mission

Subsonic cruise

,"""-'
-’ L
-~ =
Lolter @ \p/¥l\\$‘5

Compression ramp __.ﬁaa;

~

SupersonicJgeometryy

Combat at
dash altitude Variable geometry inlet provides up to
20% increase in mission radius
(relative to fixed inlet baseline design)

el
f"

S Enables strike aircraft optimized for
@ subsonic interdiction mission to also
perform supersonic intercept mission

B B A RIMEETARICAZ & &SIl <08 B 2h AT R 3575 50

Fig.11 Boeing relies on shape memory alloy to realize automatic deformation adjustment method of inlet'

G e IR BN A A D AR 0.8 I RAT S N R B H 3
200, BEAL, HIE N SRR EE LA R R LA TR, H
FES B 18t AR T Jeiont B4 gk A7 R 4 1)
5.4 EEebEREIEO

FE2001 4F, P H A FIHEAT 1 RAT A% B R R SR T
¥l (quiet technology demonstrator, QTDD) . X 4™ it % 3=
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FEFF R H — o 5 B P e 1R RS, ] 12 iR o X
TSR T AL G SRS, 7T DURYE ©ATIRA K
U TR 5 AT o ARG M 2 R0 HE D 4 Ok o O AE B
777-300ER fJ GE115B K AL L BEAT 0471856, 1ZC 12
B RIS T RIFIBCR . RIER BA — L4
s FEn IR A 7y R B b NG . AR, N
TN A S AR 1) 25 RO S B e (SR, DR 75 2 3t
— BRI .
5.5 BENHKITHHE

BEXT AT A% SRR BT e BT SO L 3 T O 17
R B LS R R 2 3 v S N T — ol i ek
BE T BRON B N E ) 5t (adaptive shock
control bump, ASCB) , W1 13 fi . i3 % FH 25495 15 4

SMA @

“*actuators

65]

J5 1A SMA XUFEE A2 RN , B T I #42he B % SMA 8¢
A0 35 B, 3 T R AL TR TR AR, AT R L 3R R AL
DLk /N P P . 7E 30 f1 AOA=2.31° i, ASCB fig %
WP 6.15%; 1 7€ 30 1 AOA=2.8° It} , Jik BH %% 3t #£ =
5% 10.28%.

6 ERShERSH
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126 e SR AT S T ] A A% 498 £ 1 46 T 124 2 5
N2 T R — A, 3 BOL T ARACAZ RO A 4 1 e
W2, I R IRIE 12 & B Bk o ik D . JT 4R
K AD T EPEEA S J e , 7 LA B 384 44 1) 34 14 1) 46 T3
R LEXBRCNL & Sk ARG S R 55
BEAT BEUE Rl 46, R AR KT BE T B A% St 05 1 A\ [0
A SR A B B e R H R

D FEARRBAR TRER A J5 1, JCH A2 5 FE S T A%
LY R G AR AR T AR B 0 M e ik S WL SR 30 AT S B

12 RENHLE BT

Fig.12 Covers removed (a), thrust reversers installed (b), contracted (c), and expanded (d) engine tail nozzle!*
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P13 &R SMA o 5 il st
Fig.13 Adaptive SMA shock wave control bulge®: (a) 2-D ASCB
and (b) 3-D ASCB
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Research Progress in Shape Memory Alloys and Their Applications in Aviation Field

Liang Xinzeng'?, Guan Weimian', Wang Xing', Zhao Jianguo', Li Shijian', Liu Yanmei', Liu Biao', Bai Jing’, Guan Zigqi’
(1. Shenyang Aircraft Industry (Group) Co., Ltd, Shenyang 110850, China)
(2. Key Laboratory for Anisotropy and Texture of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)
(3. Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Shape memory alloys (SMA) possess both the shape memory effect and superelasticity. This material plays a significant role in the
aviation field, and it is crucial to understand its types, mechanisms, preparation, and processing techniques. This review focused on the research
progress of SMA in aviation applications. Considering the material characteristics of SMA, its application research in aviation fields was analyzed,
such as pipe joints, deformable wings, air intake fairings, and intelligent noise reduction nozzles. The research findings indicate that as aviation
manufacturing technology advances, the application of SMA is expected to evolve towards high temperature resistance, lightweightness, and
intelligence.
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