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Morphing Wings- A Novel Design in
Aviation Industry

This article aims to study and investigate morphing wings, based on bierd’s
wings, and their effects on air vehicles. This is modeled afier shapes of wings
and flight of birds throughout the world. First, the shape of beird’s wings and
their use during defferent hight situation are investigated. Also, seven
different kinds of morphing wings, modeled afier wings of birds are
introduced. Then, the materials of these wings, which have been made since
2000, are elaborated on. Finally, it is resulted that achieving the knowledge
and manufacturing of these wings, are very important in the future.

Keywords: Morphing Wings, Air Vehicles, Birds
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9. Chord Morphing

10. Solidworks

11. Variable Wing Sweep Morphing
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14. Dash Speed

Biamo S

Gk g feelS
LTS

seile yad el

aleld _pl5

33,0 5 bz

oz ooy sl
FILETES

Jb Jsb Lialial b o (V) JSS

JU g S ks -Y-Y

ol o sk 5l Jigdnl 5y S8 s B
ly g Jsbo powre slalonlsn )3 (Jgone jobas (A JSi3)
sl el 5 ) (& JS3) 4tm3m by oMb Lasss
JU s Hlgenl paw o S5 5 JU L Aol S
golaw S5 g dlold Bl b 5y Job s b py JSS
o3> L5 b yiolol 39 oo Luw g9y LiblS 4 oo ¢ lgen
5,8dos 3gu0 sl g Job i b pdy IS sla Jb &S ol
Do by 4 Ty s 9 Ty cups b alasly 3 (Sealizdg
i3 b laglsn i JS oUlg b ol orizmen
[YEYY] b ) 095)1 45‘)). u))ib e Olﬁ:“’ 4

.\JIL;O Cauwddy

IPA] belgn S , oM 3(1) S

)3 65)9Us

aodlgo ¢ rigo F+

ol dabibact

(V0 (2l o )l 2593) ¥ olowd / oguwr 2,93 /VFAX (yliamno



bt dnbidecd

)> 5)9lio

aolgo rigo )

(V0 (atle oyl 2)93) ¥ ojloud ] ogms 0,93 ¥R (ylisane

(Pxe955-so0le)

slgp Cxivo 3 (ngh (> )b — i IS s

JU ¥y plbal -#-Y
Srhiiekd 35 9 P)lsen gaw b Jb 5y obal L
P opmitred Cably dalgd aliste (gilog byl > (e
Sras olg GialS el Jb ol el 3550 Jgy e
oilei ly Jb opl s Slas 8950 A3 s [¥Y] 393 g0 loglon
A58l bawgi sl S 53 Jbgs (VO USS ) s

sl 0 i S y3ls

[EVT AL 5y wleals ((VF) S

Ju Jeb J5b s | Jb g JSB i

| S8g5 g oyle e I—— | Loy, (59,8 |>
Ty s958 |>

Sl o leglas Jps [
g

59,9 g Sgmo galold I— |

| Loolen jl5045 o pun |—

| sailaizazud |> | Lo gl 5005 Cas pun I‘

Ju gl

| oSeotiaossssioe H

| Loy T s |—

& gaile Sy ey
(o slowlsn) Sas

| Vb et o 4 (b |—

T I»
o=t
I seile o yud —I—

JU 818,85 IS s a5 Slie (sl el (1Y) USG5

JS i el 05 03l L5 VY S 5 o jsboplen
&9 90k Jo by o beglen s (ol JU (dom
5 225 ©ogon Jbgg ol JpS piele el 135550
@L.’ ] 005 dus o Pow o s Ju J)A.S P)»J&A L ede
s glesily hly (pdomy JSG s b oS ob oL

L8 ¥5] ol by @0 Ty s 5 Salnzg il Lo

PV b sty S5 i 1Y) S5



(e955-so0le)

&3l dgrums 9 (58 omb doxo D o o1 LS,

Fadsk
LFV] Jogd ol s 2(VY) S5

((1S) gy JS5 et -4

039 Ime ©ygoty i IS i Slal (hupped bl b
Glncand 3 s oMo Jb &S el ) otge Dls Lol
280 S5 5 3 baCuomd (solod ) ditwguy Cjguody 0 (5D
Jsda copiomod Cal b9 oyl Bamdlis YA s [¥Y]
md e i 3,Skae blod 11, b (slacglis ¥

e g b

ol 350
(5 dmwgny JSUS puais
[FY] gl waais 2(VA) JSd

ey il

15. Actuator

ﬁ—fﬂ;fﬁ/ )

L] skag 2 Jb yy plale H(V0) UKW

s 3l (U JU Jgb UK g -Y-Y

3,80ee ol 4 B (e 5 (BU b Jobo JSS s
ol Bl el b cpl il lgn culie SS9 laglen
2P 8eS e ph S o b 5l g ol g oo Jliw!
It b Job JSs i V8 JSS 0 [¥Y] cosl o]
g 03 i S y90dle l38le 5 lawgi dlgy G > hed
And e Liales |y o] 5,Slas 3450

19 )bt 3 e 2 s Jsb S5 e 3(15) IS5

S sgin b 1) o] s AT
(coles g

Colis g (Sied bugle bd Clyss 4 Jogdpl wibas
Sole (S bwgia b (VW ) cosl byyo
sl (Saalinzg gl 3 Shos 53 Jrgbpl JSB b goxte 3
B e (oolan buwgi hgdpl g0 b3 ol JSG s
Shloud pan 3 (Sied hugie b 3,5 0 O)90
IS et ©pgoar b g s A agl> A il o}
bugie ks JSG 8 buwg e IS5 5 Sl o0 Jb
Sl cilisee blpd )3 1) by & T Cond g5 o0 (Ssed
Silaxy 085U Ll 5o Ly & Ty s dpme sl
JEV] 29 0

- 1> 5)9Us
adlgo ¢ rigo #Y

ol dabibact

(V0 (2l o )l 2593) ¥ olowd / oguwr 2,93 /VFAX (yliamno



aliboak

)3 (j.,iql.LD

Ln.olqm obrigo AY

(V0 (ol co)le 2593) ¥ 05l / ogu 2,93 VYRR (yliuno

(Pxe955-so0le)

tlgp Crio 3 (gl (b - iy S gL

5 [FF] el Sl e TM(gyial) otlS Jogse
Do o w313y dlge (pl sy p & gdm sl iy

o,k dge —V-F
sl eyl bawgi VY das Bl 5 (b)s y dlse
Ssie 4 agbyml Sl eS8 oMbl glas
gl pd Sl S Jobo 53 (e dlge sl (2K
b lyn (il elpl i ouiive HI Bl I 03
s 4 dlga ol b g g S 5858 (slad S (ol
oSG plgs g (e (92 L Glejen g iVl Cpols
Sghae 0l Sy () b 4] s 4l Cgime b
33 39g ol sl alrosd sladsed 3l il glgl
sm3e |y 5s5bsS sl e b ol glgl by cubls o
by iz gla s b 1) bobnh b p)ls [¥F]
Ol Sty g StV dlge™ i e ol
Rl caglie Ul bolind ;s wlg aad e
253 pglie dge cnl opizren cunl LS oo 5 (Saple
b b bg sk Atad cnjia g )5 i M (o)
slp ool (b 4 B iz olend ladse 4 a0y
byl (20 5 laloglon aSG1 s 4 .cunl (5,351 g5 0
e > Bb S &g dlge Wy HE il len ¢ O
3S) wly  Bbym o Al polie ln (clopylal
s VA USG5 [¥Y] ates pglie w03y )58 5 9l

ol 0045 0] s awns i 3lge pl 338 5l diges

[T u A
o ¥e Fe ¥ 44
1 l
&5 o5 T | D
alae TY F& Abd q
t t 1
S bl Sy o Jablews o

SA"I'—\" 5.)9)7:;:) l.tbub)y& J).g)lf )‘ d‘duyu :(\i) 5
[¥v] (Dy--va

16. Virginia Polythechnic Institue and State University
17. Elastic

18. High Recovery

19. Polyuaethane

20. Copolysters

21. Memory Materials

22. Glass Transition Temperature
23. Strchable Woven Materials
24. Spandex

25. Otis Bayer

26. Bunker

27. Shore Durometer

ooy 38 53 pda IS e ol el Slisios oY) Jgas

() gy S5 s 13500 JSUW5 puuds
5B (sl Shos b <l o 3Slas
laglon 1> IS (s pdulad mjs | lonlsr ) (oo (g pdysebes
o Ll e,
el sl S ety | ST
lolsn (slaygome

2SS sl b 5lw Slge ¥

bl los S (b |y (alisee iy g8 bl losige 251
w85 Ojge bl cpl B5le dlge (igelyy (390 Cliios
2 olesire i dSs ladl LUlg ()p jan
Alge sy ool Tl g SESTL g 5 (bl olSily
ol Slidios oyl e 55,8 sl ) 5 odlitol L5
YL gl el 4y cusS bl pdp IS VY S L b
Alga g (Swbe plp 3 polie (2lp Lalpd s 4 pglie
22l (Seolag 3l (slag il 50 (B (e (gl g alasd
Ol & e bjperdy A )3 e oyl (YY)
4 CatS il Vb doyd s 5 platS gl JSS plgs L dlge
il Slgo I iy et 5 4 sl 005 adyl cls
D)1y i JSs ol s UsS slacuend 5> odlitul ol
Slge g9 Sy 3la sl oy Slge s ol 51 (S
o dlgo b oS 5 CllB )5 4 do g5 L oS Cnl (o gtian
auds ol S5gaS glosle G )b 1) eSS b Shal oo
oz Slge o> iz T lajuidsneS o 1y (s
Iy JGsl (glos dlge oyl ansl o™ oaladls dlge wsliwl (gly
lod sie 4 Jiml glas S s ] Lolss b ooy YL
Js (glod 5§ s2aS (slod 3 o3lo 3965 o 4l et Uiz
S Sy Ojgod 258 Foie by Sl 035 Clo aded
lge wslisial BB Slge | g5 S S e Jas piy S



(95— s0ks)

&3l d9rums g (5B (omb Joxe e (1> LS,

l

[9Y] il ool IS5 i (Y +) JSUS

B3I g 4 Cumlior p S 05 Jb 2 (JS 5ok
b duglio > 08 adi o Slae 5 oslizal § 50 o
@ ol Gy b Soss laloglsnr cogo 398l (slalaglsn
el @ Ol 4 GiSly Gl Jb e Oles
O b sl Y (glosle (ke )0 s (Salizdg ]
b3 i 4S5 ] A5l 3 e S il polio 4 o
e b SosS i SS pus sblagles drwg JSie
Wl ol J Gl a8l Fute 0 domS o sl Gl
ey b So S sblogler <l 3590 ospde S 2
sl @il ) o5 Slaogad Canlipe p Il SS s ok

WSy dwsin Olps Joos —

g (yhrabadls dlge) ™ sieiign dlge jl edlitwl  —

JU JSS 5 (sl jhaladls gla S Jos jloolisel  —

Swolig ol sla 63851 ca

S 325 e =0
Coonl > a3 9 (BN Jlop ddlas 4 dlie oyl
Ee Un ] i3S > ol 015 sl iy S5 sl Jl
o 8925 1 xS SN Ll Joe cul g 223l Sloy 4 (3L
gl it 5 ] U S o il 155l ploxl g9 555,
e Joisa Gl 390 (slacsygld 9 lge 295 4 a2 bl
dae Asle 5l 350 dlge Cilw g aiS b cpsl sla Jlo
lis pl ) ol ol yuwo wro oyl pbl Il (jlralasls
odd &3y Sloy (x> > BN Jb JS 5 Slgn B 4 Lt
25 3 oS Sl g S Jb €85 g9 s s o
piY dlge cyizmen sl ol Syxe By s L S
b el 005 ol b ol (slacS oo 5 iy bl g
ol ly owas ol o] Sl olgiee 0ad S5 s & sy
Logases (2lpp &dE Jlwg jlgn 690 9 JSib a2 0 o5 55
Oflas il i B8y 5l 0SSl Coway el
Srdngle (Silan Coghie (i gw Bpae LI I (g il

sl [V’b]? o)¢.6 9

28. Thermoplastic
29. Smart Materials

L s 9295 -Y-¥

|y i 5 ) esle lyuis ojlsl dlge ol JoSUgo il
ol bl o yUyer by dnd dlgs cpl (sla Shg a0 0
)8 el Cubls g 039 ™ SituMygo s slge ol oS glis
Sl b 1) (SowY fbjes 5 (SOlSe oles L
iy blog 4 Gl Sk s ele cnl a8
[F¥] 555 o)l oyt 5 lasjlit

slraladls dlgo -Y-F

SN e S e Loy 5 00 JSCb 5
S 55,8 o adgl US4 (g5 58> el s &
slod 3l bod lyuss b odle ol Kb s S olo To
by ol s S sile o3l oyl et JWal glod 5l 508
S Sygody odle ol Hl8) JUdl Aol an S e
Jhalasls odlo gd odb gy in Gyl STk o g
Cygody 5 03> Cawd 1) 295 Aol clbs @ cuiS p clllB
slod 0l plovl Glidos 4 dx g5 LS o )18, Jlow (b >
a5 b ol 35 Bl a3 AD dgas jhraladls dlge ezl
Lol st aded Janl glod glyls b yoddy olod a5 iy
Y] e od ol |y JSs dlasls 3l L“’OT don

Solid State

Rubbery State " Flow State
N

Elastic Modulus

LEV Lod s by salabls lge S5 it 2(¥ o) KU

Tl 3go —¥-¥
& iy ot 5 Yl Bzl ol 5 & dga
odlo (pl e yoled ped o 4 aitud ond aid s algl s
Y U llas odle ol ol canlio o IS sl b (sl
LYol ) cles olad 0 b g Byl 95 4o s oaiS” JB

13 5)glis
adlgo ¢ rigo FF

R PR U T Y

(\b u.;l.gz(,o)%b”:) fa)L«J}/ ﬂ,wh)s:/““‘\‘\ ol;.«m)’



PRy

13 g)glis

adlgo o

£0

3]

(V0 (b coyle 2)93) ¥ ojloudd | ogus 2,55 /1R L

(1]
(2]
(3]

(4]
(5]
(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[13]

[16]

(Pxe955-so0le)

tlgp Crio 3 (gl (b - iy S gL

&l
Rabati, H., Tarikh Az Yeksoo, Pasargad, Tehran,
Iran, 1985 (In Persian).
Arianpour, A., Farhang Englisi be
Amirkabir, Tehran, Iran, 1942 (In Persian).
Scott, D., Moravej Hamedani, H., Adhami Mir
Hoseini, A., Parandegan, Department of
Environment Islamic Republic of Iran, Iran. Tehran,
1976 (In Persian).
Firouz, E., Haiat Vahsh Iran, Markaz Nashr
Daneshgahi, Tehran, Iran, 2015 (In Persian).
Moen, M., Farhang Farsi Moein, AmirKabir,
Tehran, Iran, 1990 (In Persian).
Mullens, B.A., "Horse Flies and Deer Flies
(Tabanidae)", in Medical and Veterinary
Entomology, ed: Elsevier, pp. 327-343, 2019.
Mansouri, J., "An Analysis of the Population of
Migratory and Aquatic Birds", Journal of
Environmental Studies, Vol. 12. No. 12, pp. 123-
150, 1982 (In Persian).
Pendleton, E., “How Active Aeroelastic Aings Are
a Return to Aviation’s Beginning and a Small Step
to Future Bird-like Wings”, Japan Society of
Aeronautical and Space Sciences  Aircraft
Symposium, Sendai, Japan, 2000.
Parker, H.F., "The Parker Variable Camber Wing",
National Advisory Committee for Aeronautics,
Report No. 77, Washington D.C., USA, 1920.
Powers, S., Webb, L., Friend, E., and Okos, W.,
"Flight Test Results from a Supercritical Mission
Adaptive Wing with Smooth Variable Camber",
The 28th National Heat Transfer Conference, San
Diego, CA, USA, 1992.
Pendleton, E., "How Active Aeroelastic Wings Are
a Return to Aviation's Beginning and a Small Step
to Future Bird-like Wings", Japan Society of
Aeronautical and Space Sciences  Aircraft
Symposium, Sendai, Japan, 2000.
Jardine, A.P., Bartley-Cho, J.D., and Flanagan, J.S.,
"Improved Design and Performance of the SMA
Torque Tube for the Darpa Smart Wing Program",
SPIE, Smart Structures and Materials: Industrial
and Commercial Applications of Smart Structures
Technologies, San Diego, California, USA, 1999.
Pendleton, E.W., Bessette, D., Field, P.B., Miller,
G.D., and Griffin, K.E., "Active Aeroelastic Wing
Flight Research Program: Technical Program and
Model Analytical Development", Aircraft, Vol. 37,
pp- 554-561, 2000.
Martin, C.A., Hallam, B.J., Flanagan, J.S., and
Bartley-Cho, J.D.”, Design, Fabrication, and
Testing of Scaled Wind Tunnel Model for the Smart
Wing Phase 2 Program", SPIE's 9th Annual
International Symposium on Smart Structures and
Materials, San Diego, California, USA, 2002.
Lagoudas D.C., Garner L.J., Rediniotis O.K., and
Wilson N., Modeling and Experiments of the
Hysteretic Response of an Active Hydrofoil
Actuated by SMA Line Actuators, Springer,
Dordrecht, Netherlands, 1999.
Kota, S., Osborne Jr, R., Ervin, G., Maric, D., Flick,
P., and Paul, D., "Mission Adaptive Compliant

Earsi,

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

Wing-design, Fabrication and Flight Test. Rto
Applied Vehicle Technology Panel (AVT)
Symposium", RTO MP-AVT-168, Evora, Portugal,
2009.

Love, M., Zink, S., Stroud, R., Bye, D., and Chase,
C., "Impact of Actuation Concepts on Morphing
Aircraft Structures", The 45th AIAA/ASME/ASCE/
AHS/ASC  Structures, Structural Dynamics &
Materials Conference, Palm Springs, California,
USA, 2004.

Bowman, J., Sanders, B., Cannon, B., Kudva, J.,
Joshi, S., and Weisshaar, T., "Development of Next
Generation Morphing Aircraft Structures", The 48th
AIAA/ASME/ASCE/AHS/ASC Structures, Structural
Dynamics, and Materials Conference, Honolulu,
Hawaii, USA, 2007.

Strelec, J.K., Lagoudas, D.C., Khan, M.A., and Yen,
J., "Design and Implementation of a Shape Memory
Alloy Actuated Reconfigurable Airfoil", Intelligent
Material Systems and Structures, Vol. 14, pp. 257-
273, 2003.

Mason, W., Robertshaw, H., and Inman, D.,
"Recent Experiments in Aerospace and Design
Engineering Education", The 42nd AIAA Aerospace
Sciences Meeting and Exhibit, Reno, Nevada, USA,
2004.

Jacob, J.D., Simpson, A., and Smith, S., "Design
and Flight Testing of Inflatable Wings with Wing
Warping”, SAE Technical Paper 0148-7191, 2005.

Samuel, J.B. and Pines, D.J., "Design and Testing
of a Pneumatic Telescopic Wing for Unmanned
Aerial Vehicles", Aircraft, Vol. 44, pp. 1088-1099,
2007.

Supekar, A.H., "Design, Analysis and Development
of a Morphable Wing Structure for Unmanned
Aerial Vehicle Performance Augmentation", M.Sc.
Thesis, Departement of Mechanical Engineering,
University of Texas at Arlington, Texas, USA,
2007.

Diaconu, C.G., Weaver, P.M., and Mattioni, F.,
"Concepts for Morphing Airfoil Sections Using Bi-
stable Laminated Composite Structures", 7Thin-
Walled Structures, Vol. 46, pp. 689-701, 2008.
Ursache, N.M., Melin, T., Isikveren, A.T., and
Friswell, M.L., “Technology Integration for Active
Poly-morphing Winglets Development", ASME
2008 Conference on Smart Materials, Adaptive
Structures and Intelligent Systems, Ellicott City,
Maryland, USA, 2008.

Icardi, U. and Ferrero, L., "Preliminary Study of an
Adaptive Wing with Shape Memory Alloy Torsion
Actuators", Materials & Design, Vol. 30, pp. 4200-
4210, 2009.

Vos, R., Gurdal, Z., and Abdalla, M., "Mechanism
for Warp-controlled Twist of a Morphing Wing",
Aircraft, Vol. 47, pp. 450-457, 2010.

Vocke, R.D., Kothera, C.S., Woods, B.K., and
Wereley, N.M., "Development and Testing of a
Span-extending Morphing Wing", [Intelligent
Material Systems and Structures, Vol. 22, pp. 879-
890, 2011.

Wang, 1., Gibbs, S.C., and Dowell, E.H.,
"Aeroelastic Model of Multisegmented Folding
Wings: Theory and Experiment", Aircraft, Vol. 49,
pp. 911-921, 2012.



[30]

[31]

[32]

[33]

[34]

[35]

[36]

(95— s0ks)

&3l d9rums g (5B (omb Joxe e (1> LS,

Colorado, J., Barrientos, A., Rossi, C., and Parra, C.,
"Inertial Attitude Control of a Bat-like Morphing-
Wing Air Vehicle", Bioinspiration & Biomimetics,
Vol. 8, p. 016001, 2012.

Tong, X., Ge, W., Sun, C., and Liu, X., "Topology
Optimization of Compliant Adaptive Wing Leading
Edge with Composite Materials", Chinese J.
Aeronautics, Vol. 27, pp. 1488-1494, 2014.

Tarabi, A., Ghasemloo, S., and Mani, M.,
"Experimental Investigation of a Variable-span
Morphing Wing Model for an Unmanned Aerial
Vehicle", The Brazilian Society of Mechanical
Sciences and Engineering, Vol. 38, pp. 1833-1841,
2016.

Rodrigue, H., Cho, S., Han, M.-W., Bhandari, B.,
Shim, J.-E., and Ahn, S.-H., "Effect of Twist
Morphing Wing Segment on Aerodynamic
Performance of UAV", Mechanical Science and
Technology, Vol. 30, pp. 229-236, 2016.

Gabor, O.S., Koreanschi, A., Botez, R.M., Mamou,
M., and Mebarki, Y., "Numerical Simulation and
Wind Tunnel Tests Investigation and Validation of
a Morphing Wing-tip Demonstrator Aerodynamic
Performance", Aerospace Science and Technology,
Vol. 53, pp. 136-153, 2016.

Siddall, R., Ortega Ancel, A., and Kova¢, M.,
"Wind and Water Tunnel Testing of a Morphing
Aquatic Micro Air Vehicle", Interface Focus, Vol.
7, p- 20160085, 2017.

Béguin, B. and Breitsamter, C., "Effects of
Membrane Pre-stress on the Aerodynamic
Characteristics of an Elasto-flexible Morphing

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Wing", Aerospace Science and Technology, Vol.
37, pp. 138-150, 2014.

Galantai, V.P., "Design and Analysis of Morphing
Wing for Unmanned Aerial Vehicles”, M.Sc.
Thesis, Department of Mechanical and Engineering,
University of Toronto, Toronto, Canada, 2012.
Ismail, N., Zulkifli, A., Basri, M.H., Talib, R., and
Yusoff, H., "Lift Performance of a Twist Morphing
Wing”, J. Teknologi, Vol. 75, pp. 31-35, 2015.
Fahy, F. and Thompson, D., Fundamentals of Sound
and Vibration, CRC Press, London, 2016.
Weisshaar, T.A., “Morphing Aircraft Technology-
New Shapes for Aircraft Design", Meeting
Proceedings RTO-MP-AVT-141, Neuilly-sur-Seine,
France, RTO, 2006.

Wing Twist Morphing. Available: http:/news.mit.
edu/2016/morphing-airplane-wing-design-1103, 2020.
Dimino, 1., Lecce, L., and Pecora, R., "Morphing
Wing Technologies: Large Commercial Aircraft
and Civil Helicopters”, Butterworth-Heinemann,
Oxford, 2017.

Ajaj, R.M., Beaverstock, C.S., Friswell, and M.I.,
"Morphing Aircraft: The Need for a New Design
Philosophy", Aerospace Science and Technology,
Vol. 49, pp. 154-166, 2016.

Kikuta, M.T., “Mechanical Properties of Candidate
Materials for Morphing Wings", M.Sc. Thesis,
Department of Mechanical Engineering, Virginia
Polytechnic  Institute and State University,
Blacksburg, Virginia, USA, 2003.

55

13 5)glis

badlgo ¢

R PR U T Y

(\b u.;l.gz‘,a)%b”:) fa)Lw:v/ ﬂ,wh)s:/““‘\‘\ ol;.mc)’



