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Application of adjustable negative Poisson’ s ratio
honeycomb structure on variable-area wing

HU Qihua', NIE Rui*, ZHANG Chao', QIU Jinhao', ZHANG Yupeng’, JI Hongli'
(1. State Key Labhoratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China; 2. College of Aviation Engineering, Civil Aviation Flight University of China, Guanghan 618307,
Sichuan, China; 3. China Aerospace Institute of Science and Technology, Beijing 100074, China)

Abstract; To improve the performance of variable area wing and realize smooth and flexible deformation, a new
variable area wing design based on negative Poisson’ s ratio honeycomb structure is proposed. Firstly, the negative
Poisson’ s ratio honeycomb structure element is applied to the design of variable area wing. By using the auxetic
characteristics of the negative Poisson’ s ratio element, the wing structure undergoes both span direction and chord
direction deformation, so as to achieve greater area change. Then, in order to realize the deformation control of
variable area wing structure, a new type of honeycomb structure unit with local negative Poisson’ s ratio adjustable
is designed. The control rules for its relative elastic modulus and Poisson’ s ratio are analyzed by finite element
simulation. Finally, by optimizing the parameters of the honeycomb structure unit in the wing structure, the
deformation control ability of honeycomb structure unit is validated. The results show that when the deformation of
the wing structure along the span direction is 10. 0% , the variable-area wing achieves a 23. 9% area change.
Furthermore , the deformed contour of the wing structure matches the target contour well, with a shape error of only
1.09% . The wing structure also exhibits good bearing performance. For a variable area wing structure made of
7075 aluminum alloy, the maximum out-of plane-displacement is 0. 645 mm under the aerodynamic load of 15 kPa.
The feasibility of variable area wing design based on negative Poisson’ s ratio honeycomb structure is preliminarily
validated, which provides a new idea for the design of variable area wing structures.
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Fig.1 Honeycomb unit structure diagram
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Fig.2  Structural parameters of new honeycomb structure unit
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Fig. 3 Finite element model for anti-tetrachiral circular

ligament honeycomb structure

XHF A LS WE « 7RSS 0,y Tl A
M5 7E B LS INTY « J7 ) bR EA u, ,y
Jria o B A, B SRR « 5 ) B RIR
BER 1, WSS HREARTE & D5 1) EIAERONAE &, h

u

s = (1)
WSSO x 70 ) &,
0. =0, -v(o, +0.) 2)

AP v SRR IR AL L, 18 A BRI 204607
LRI B S M AR AT 0 B, BB 45 MY i (=
i =y.i=2) T BN

&ii :Lvﬂaii(x7y7z)dv (3)
RN R E
E, = (L (4)
Sx

K o o x J7 1) AR SEON AR, ph it Jin A 32 % 2K
a7 BT A E
AL AR R E /B, SSHIRARs L

v, == (5)

)
&4

_ Ay - Ay,
' Ayo
Arfree, WERNAE, BEHN 1% 56, o tm N AE;
Ay I 3 5255 C Ml D Z I 5 I ES 5 Ay,
i CHD PSS HIRIGREE RS . €. D P AU B S5 1
FATTAS O R PR M 27 i, AL T e 55 25 A U o il
i) 174 Ab 58 25 MR AR ) 2B T T o il In]
AFE—E 225 16 1/2 AR 1) A T A5 K, T i B )
TGN, B 1/4 b C D P S ARE M 10 A5 T
(525 1, W] DUl S A AR A 1) AT
HRAE 13 5 S, BF 58 K SF- 5 1) )+l 1) 26 B 5
d, JEE T W) VIR B o, FEHER AR - T
ZERIARALE v, I x J7 A ARXT SRR E /B R
Wi, RO AT LAFS B S5 4« 7 ) SRR B R e
SBEd, d, ,r ZIRRER K 4 FR
SERFIAY r =4 mm B}, d, BYBCAEXT 454 1
FHXT SRR E /E A BB KWEW , E /E 23biE
d, BEEImmN, B d, 6.5 mm B ,d, M 4.5 mm
AEE] 9.5 mm, E /E WH 7.82 x 107 Jd/N R 1. 63 x
107 JB/NT 79.1% . d, ISAEXT TE58 8 E /E,
RN E /E 2WEE d, B3N, flan d,




55 8 1 WA AR A ATR SRS L s 5 R A AR TR ARALEE L A =27 -
#6.5 mm Bf,d, N 4.5 mm 22163 9.5 mm,E /E, -
‘ ‘ ) 4 —m— d=45mm e d=85mm =
MJFE 3.95 x 10 /R 3.34 x 10 7% /N T 15.4% 2.0} —— d=5.5mm —+ d=9.5 mm =
(=9.5 mm_
SN _ w
r AR TAEHY E, BUEEREYN, 2 d) =6.5 mm -1.8f 4 d,=6.5mm e .
v d=7.5mm s °
dy, =6.5 mm B, r )\ 2 mm ZE46E] 6 mm, E /E {UfY -1.6 ! I N
,.'/ A
WAT 3.87% . . -l4f T
ool t v .
o L o A v e
®— d=45mm 4 d=6.5mm ¢ d=85mm 10F o " A “ v : . : <« )
A v
91— d=55mm v d=7.5mm d=9.5 mm 08F 4 7 e ¢
| S—— . v ¢ < <
8+ . - . * 4
- 06F & <
TF . - 0.4 1 1 1 1 1 1
6l "4 5 6 7 8 9 10
S oo
% sL ¢ o o o .o, d,/mm
S (2) #r=4mmhf, d. d50 KR
qux 41 A —a 4 A A,
~ A A A A A
3r : MR S S A 1.81
| * o o o o *
2 e e e SR : : : : : 1.6+ . i E
1 -
141 'if;'
0 1 1 1 1 1 1 4 ° .
4 5 6 7 8 9 10 Lol § o u
5 ) X o u
d,/mm o Yy o "
(@) Hr=4 mmbf, d,. d5AIR BALRLE K3 R Lo P e
o e r=3 mm
45 0.8 .’:,' A r=4 mm
i - ] - " v r=5 mm
4.0 o :"'I\\\. 0.6 - ¢ =6 mm
-l : ;:\\:\ ™ 0.4 " L L I |
DN N ’
Ssl e, 2 4 6 8 10
<  Ng LN d,/mm
2 % ® l\I
= 3.6} $ 5. v (b) #d=6.5 mmk}, r. d 50 KIXFR
S A xy
=, = r=2mm  goa ] .
8 30t o r=3 mm 1A 5 GHBHSAMEXR
A
A= r=4mm . v Fig.5 Relationship between structural parameters and Poisson’ s
32 v r=5mm . ratio
¢ r=6 mm
; 517 s NI
305 : : : 4 3 RERYLE W A AAR S G R
d,/mm %}g %]J

(b) #1d=6.5 mmfY, r. dEHNBEHEERERRR

4 HEMSHSEMNEEREXR

Fig.4 Relationship between structural parameters and relative
elastic modulus

TN UE v, RS SR d,  d, ,r ZIAHY G
2, S s,

ERFY r =4 mm B, d, F 4, (I UEHR 252
W X SR TE AR LE v, P2 AR5 Bl d, R 6.5 mm
mf,d, 4.5 mm 2243 9.5 mm,v, WM -1.57 78
f£#) -0.76 08/ T 51.5% , d, "N 6. 5mm K}, d, )\
4.5 mm ZZAEF] 9.5 mm,v, WA -0.82 ZE{LF] -1.55,
HAINT 89.0% , AlLAK IR, d, B934 N2 /NG5 #a 1)
TIARA LR, o, B 3G 025 38 i 25 74 19 T30 48 LU fAL
SER ) IEAER A2 r X SRR AN HUABATAE — /2 520,
Md =6.5 mm.d, =6.5 mm B ,r )\ 2 mm ZZ{L |
M —1.44 28403 —1.64 H8MT 13.8% .,

6 mm,v,,

3.1 TERNERSEIZIT

R AR oS8 4544 FRos iz T 212 i ARLEE Y
it AT A5 A A SR 1 AR L I A SR
PAPCARONE , ThaZ 1w [R) Pt e AR AR T | AL 3R 45 4 S B
R . [RIEy T LIS M 7 52 K7 18]
R Al 5, BE SR 0 H bR e BRI &, 75 2 —Fb
JRr RS HnT IR A4 G TH R LU B s 4 4 BTl e 9
SRR M A T I B LI 454 1 AR T 4R

DWFFE S T DU B T 0 3 4 K B G AR T
FLFL BT b A N, 36 0E 32 06 53 445 40 38 3 3 75 )
RIS BBV R A RE T . BOE T —FP AR
FRBLILEEF ML ESH LT AR AG Fe s A FLARFE B
6 (a) Bz, HLIE S5 44 722 T BRUBS I 338 o AP .
P AN, P EFEE AL A B 3R
Hik o3 Al LU AR S — R L, S BB AR Y
B, RIS TS ME R SR,



- 28 - T S N AP NI % 56 &
3.2 THEHREEENSERIZIT Kl 7(b) oK,
A TARHLIE G A 6 (b) Fis , Horh AR AL 5 . )
K L, =350 mm, SURJERK N L, =320 mm, #HIE AR AT ARG T R 34 FARRIR(RIRIRD
SR Ly = 160 mm, 1| 7T 36 1 19 i 55 45 44 ) TR \
\

JE R 10 mm  ALFL G5 RIAR HoN w0, HLIL LS RS AR
AR, 58 B H A5 A8 T T 75 200 5% 1a] 30 8% 58 A )
R FE 53 WG SR S AT R 06 5 ) % A TR L B AR
TR HIRE S, SASMR L w 5 0.7.0.6.0.5.0.4 Y
AT ALEL AR A TS . A B AL 2544 A A
#Ae ), HASZ AL 5 L RE ), 648 T30
(18 FhCs [ PR R 8 N B A S 454

7S T AR ML 25 1 B S8 el e g 2 A FROT 2R i, %
T R T FRAILE A e B 4 R BT T R e e
WA 7 18 L 4 B A s B 0 A fe ST X A% 1 R
BT, 5 B 6T 45 0 i o 2 [ 1 3 2 ¢
R TRl 1) W5 S5/ T, d, A1 e, REAHTE], X
FlR—fTH e 5 oe, d, A1 e, NI, RO AT
DAIE 8 98 9V R T 1) 4 AT i R — B BT d, R
R SIS R BB I LA A ] TRl By DR A e s 45
(LSRR d, 1, 1, A5 SR BN G5 H v
FEAAE . 3 HN AR IEREAS ML S5 AT Hi 5 7R 5
ESE  AE R AR Ay B i —HE A & T,
NGRTC SIS r WIRREAE

ST ML LS5 F 8 x 8 MW % 45 My it T K
SRR TTLL I, R il ws A5 A HE A 5 AR TR T LB 45
FAARIR] , ELARIE BT HE AR (4 3 227k | X e 63 25 4 o
TCIY y J5 [l AR AR HEA TR A8 4 | il e iy I IR Aan

\

y
SIS
0 = s
BRI WIFERE WLR AN
(bWLE LR

Ele HMEZMTE

Fig.6  Schematic diagram of wing structure

dy| d3 | 4
r! r? r

Uk TP

\\\\\\‘y x

51 a2 7T
‘H%A§ d

(a) BEHBHN TR VRS R i
Lty
W
—

(b B B
7 SHSHSHERE

Fig.7 Schematic diagram of structural parameter distribution

L >xw



5 8 1]

WA AR A5 AT SRR L T A R e T AL L A 1 - 29 -

VIPLE S5 22 T 05 % o, A e Jm 1) y I
[EJ AR y A h

L1 X wx L1
- D1 -=+= — L
B R U S Rty
y =
L] Ll
(y—?)w+7,x2L3

(6)
3.3 TEHRNENSHMALIET
R SEALE S ) SME AR AL K 2 4 BT A O
RIS M s O 255 i FERL D S LR i 32 4
22 15 WA BRITT AT B S % 55 AR 5 1 AL bR
Hox; vy MR« TRARTE BAREY v BhARBRER Y,
HRAE T 20, 2 I JR L3 48 B -5 B AR Fe 5 1 B
Wi K, Hf n S5 5450

i (yi - Yi)z

(7)

[F) ot 52 SCHILIRE 2540 Y 1T BLAE A% b, R AL
SR
A
b = I -1 (8)

P A ALFAIE 5 9 AL, A, S HL3E AR T AT (Y
AR,

PeA Bt A b2l A 5 i HLI 4 B Fe i H
PRECET , i/ MEAR R 2Z K, AR HIFRALEE W AT 1w
A 8 BB A M BT, D I A5 F Y 32 AT I S8
A Ady,dy e dy b Rt AR S A
TR EL AT AT AL, d, B8N 24 i A5 R Y SO R
FUAEL, r Bt 2o 4 v 45 R A S JF AR FE AL, i 6700

wiEhled, ¥l |

i FUABL A /N EL R R B 2540 1Y)y D7 i S
VAR SE K v J7 LA IS A6 A y, 5 H AR AR BR Y, 22
[ ZE(E VAL d, F v, 2 S IE 25 40 A5 I 42 il
A ROTI

ARCAAL B IE ] CATIA B3 T BT 45 4
HEAT S (8 ABAQUS AR 43 6 52 %,
Ji , R AR BT R T AT AR A B L, S8 XS )
AR . Z e HATE AR IR B TS 3 2
x5 SRS S AR T /i ) AL R AE AR N, 75 20 A2 J5
(AR FRAA

ALA DAL IR 8 Fin, Sextwithsi =
Bt ST MU GBI I3 7 4 BRIT o, AR 2 AR
WE K My, - Y, FH HWIERR 2 K &2 //NFH
FRE K, , W2 K 3 K WX d, #4748 IE, o o
BIEREL, T LA E 2B K . Z 5 FIT d,
JETESLVFRE I, 2 o, B HEE G, 2K S5
()RR e R 25 d, , Z Ja #EAT 0 r (AL,
HLE K <K, , Sk QRSO i R

W HLFLE R AR KT I AR I BN 10.0%
BIE AR o B 0.04, HARA K, N 0.5% , Fc Kk
BEARURES: B 40 IR, b S 25 4 1) s R AR
B, %4 d, =8.5 mm, [N R ss 45 A TE AR i, T e
5 ) BB B SR 5 AR, Sy A S 0 2 ) RE
JEH N T T2 e VB SRR oK, A BETE ¢, =2..0 mm
t,=1.2 mm.r —r, =1.2 mm, KEWSE (A ,LE -,
A3} BRI E R 6.5 mm, {2, ) B
LRIEIIREE N 4 mm, S SIS RS AR L w 4 0. 7,
0.6,0.5,0. 4 Ff (53 45 14 28 AR ML 3R Y SR OT 4544
ZHA,

| ttea, sl Je

| smaoisitsg, y-vea |

S
K<k, suttmose R o] ——)

[

| d=1-058d=rt05=r+a0-7) |

A~

=
P
4| L-0.5=d,>r+0.5 |

d=d,ta(y-Y) |

B8 THRNBEMSHMUEZRRE

Fig.8 Flow chart of variable area wing structure parameter optimization algorithm



.30 - R

[N AN

5556 4%

K9 FoRaiM B R IR2E K FITHRAZ AR b 5
AR K FR 10 R A TF] w A %A
BZH G E, Y ws<0.5 B HLIE G5 58 A %
JIvs BT IR I AR IR il 40 IRSBUEAR, 2
ARZE KGR RT 1% , Ui 5B H ARSI Jr s (4

— =04 — = Ww=0.5 — - - W=0.6 - w=0.7

8-
7
6F
5,
|
i
!
0 5l lb 1‘5 iO 215 310 3‘5 4b
AR E

(a) AR IRZK SRR BEIR R

TOARA LU(E R T T 256 A S s b LRR . X
w=0.7 Flw=0.6 B, X454 SE3E 760 LA
ROCENE S WA 5 Hin R v &5, 9F 5
IEMLEZE A AR LR b T IR (E,

— =04 — = W=0.5 — - - W=0.6 -rrrr w=0.7

367

34}
32}
30} e

28 | -
26— —
ubl-— 77

22 P
Sk e e
18

b/%

0 5l lb 115 2‘0 2‘5 310 3:5 410
UK
(b) FAAE AL S DRI AR UK 5

9 MRIRE KMEREUE ) EERRBZEHXE

Fig.9 Relationship between shape error K, area change rate b and iteration times

360 ey
20F e
320 \l\'\_kf’v;——m,,,,;
280+ R S
sa0f T ERER e I N,
£ v BIVIER |
R e B |
* BAOYIEA - ’A;lw
80 B ,/‘//J;;,/'r}/‘/‘
40+ /;;'*,/r"’
ot .
0 60 120 180 240 300 360
x/mm
(a) w=0.4
360,
s0] I
‘\\'\'\ & = ..
280w sy ™ S
E 40| v BIKIBR
= - SIRIEAR
g0l ~+ BAOWEF |
™ P
40t s y
e
ofe=*" .
0 60 120 180 240 300 360
x/mm
(c) w=0.6

3601,
b S
320+ g = S
S A Sy
I - - 73:'3*7—4_‘;;
200wk e R S
£ 240f ~ BIKER
= oSSR
. hr 32k 10
80t FHAORIER "*(4—*"/"
===
40+ /././/' ¥ J-:r} =
obe .
0 60 120 180 240 300 360
Xx/mm
(b) w=0.5
3601
. g
320f ‘K\* e
280+ R |
g BRI
= got B SUIER
SE40RIER |
et
W eI
ot
0 60 120 180 240 300 360
x/mm
(d) w=0.7

E10 ARw TARERRHENSERMLE

Fig. 10 Position of marker points before and after iteration under different w

ARG R S5 S B3R 1, 45 R R WL b ) b
WERS S BATTIY d, - BOR, R R AR AR i 7
HIZAL T EESC AR A iZ I A . M FPa] AR B FRAR
AL FNFARAL ) Pt R v, S B SR B0 d, AN r
BN AERAE DRSS B9 FEAR A R34t | 2
P FAEAFBIRE M M LASEBLZ 1R B AR TR | DR s
TS A T B AT BRI d, R, G RT DL

W ARSI H ARSI B A b AN TR T 1Y
SLIVARIE AR, 7 B A SR AN TR e A
PRI s S5 A 2 B 7 vk | 3 LA B0 i) 437 A 4 i
PP SEELATE  AARASIE o AS SO H A 1L 86
AT RERSTE (R IR 45 M JE SEE AT HR T, a2 95
JRyERES A Z A, JLBURT LI EE R AL TP ) 1



55 8 ] WA AR A ATR SRS L s 5 R A AR TR ARALEE L A - 31 -
®1 RUBEHENSHEFTI

Tab.1 Optimized structural parameter sequence mm
w d} d5 & d3 & dS d; d8
0.7 7.68 4.72 6. 00 7.69 7.10 5.27 4.50 5.07
0.6 9.50 8. 08 8.27 9.13 8.41 7.43 5.01 6.22
0.5 9.50 9.50 9.50 9.50 9.50 8.76 7.07 7.26
0.4 9.50 9.50 9.50 9.50 9.50 9.50 7.90 8.32
w K 2 3 4 E 6 K 8
0.7 4.00 4.00 4.00 4.00 4.00 4.00 2.49 4.00
0.6 4.98 4.00 4.00 4.00 4.00 4.00 4.00 4.00
0.5 4.75 5.21 5.38 5.94 4.26 4.00 4.00 4.00
0.4 6.00 6.00 6.00 6.00 6.00 5.34 4.00 4.00
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Fig. 12 Out-of-plane displacement and stress under aerodynamic load
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