H49% B 10 MmOk OE T Rk % o iR Vol.49  No. 10
20174104 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Oct. 2017

DOI;10.11918/j.1ssn.0367-6234.201705036

jc@ﬁz tEE A BV EMR R TR

SR, KEH RS 2 =, kER, FiEA
(AEEARE MR K2 i Bl4 S TR 2R, db st 100191)

W OE KMHAANETRERAER B EEEAMNENARZUNE ZEANBE A VTR P EINBEZNIUMEL
MR EA N, T RHNEN A ESE LS AERLEAMBINEN R T o T 25 AN EARALRE. AR A
RELEAMAVNENHR FFMERKTHRGLRT B, HHAKXEZE S M AP R 200 KRBT RTINS
G HRE HARBEREAMBINEEMR TR Mo T ERT TN R NBTHEATARBZRNENA S H 4
Mz ETHEAERM _TECEANIMEGW AN AN T EZURFREARDBALGZER DI AN T E, ERE
T EAMBARBUYERGADHY A RELT T EURENEFHARAEARZLNRFHEA, 0T KEE
kbﬁ/\ﬁfﬂff}hﬁPz}]?ﬁfi“%kﬂi%‘h&% e, GRTAERLEAMBINERBFARSR.ETXH oM T, WA KRR
WEAMHNENEMER S RXAERERER AN EBALRXARA B R ELRDRAN T EE AN N HE LW
AAHENERGEMBERAMBLERTHEAR, URKEZLEAMEIEN TR E, W EABZLE A RILE £k
b B R KR T .
KPR KEZWIUTEEE ;AR A Bk, £ 5 H
FESES, V2714 XEFRETS: A XEHE: 0367-6234(2017) 10-0001-14

Recent advance in high-aspect-ratio composite wing

XIANG Jinwu, ZHANG Xuejiao, ZHAO Shiwei, CHENG Yun, ZHANG Zhifei, LI Daochun

(School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)

Abstract; The high-aspect-ratio composite wing is generally used in long-endurance Unmanned Aerial Vehicle
(UAV) , which uses lightweight and high-specific-strength composite structure. This type of wing has significant
geometric nonlinearity and aerodynamic nonlinearity during the flight, which further leads to the aeroelastic
nonlinearity of the wing. There is a huge difference for design analysis method between the high-aspect-ratio
composite wing and the conventional wing. In order to summarize the research status and forecast the future research
direction of the high-aspect-ratio composite wing, this paper analyzes and summarizes the design, analysis and
experiment methods of the existing high-aspect-ratio composite wing. The aeroelastic characteristics of wing would
be affected by the geometric and aerodynamic nonlinearities. The structural design and structural analysis methods of
high-aspect-ratio composite wing are introduced. Two kinds of aerodynamic analysis methods are introduced: the
aerodynamic analysis method based on the sirip theory and binary unsteady aerodynamic method and three
dimensional aerodynamic analysis method considering spanwise flow effect. Static aeroelasticity method, dynamic
aeroelastic analysis method and active control technology applied in the high-aspect-ratio wing are introduced. The
recent advance in aeroelastic tailoring of high-aspect-ratio composite wing is analyzed. Finally, the experimental
research progress of high-aspect-ratio composite wing is introduced. Based on the literature analysis, it can be seen
that the structural model of the existing high-aspect-ratio composite wing adopts the equivalent beam plate model,
while the aerodynamic model adopts the combination of the strip theory and the binary unsteady aerodynamics
considering the dynamic stall. The flight test,as well as the research based on the coupling of aerodynamic reduced-
order model and the structural model of the high-aspect-ratio composite wing may be the research and development
directions of the high-aspect-ratio composite wing in the future.
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Fig.1 Deformation of high-aspect-ratio flexible wing
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Fig.3 Trim deformation of flexible aircraft of flying-wing configuration



2510 1Y) A, 55 R LR AR RIS i -7
30 - _
—4535kg 40 Wit sl oft
\ — With st 't
~ |-=-68.03 kg(With stall effect) N — sl e N
'w 20 R { ‘» ——=Without stall effect / \
r \ /
5 o /
;‘é 10— ¥/ Y \’1 \‘ d “/ “ b % ._/\/\ ///
68.03 ke(Without stall effect) J | | | | 5 £ | |
| |
g 20 40 60 80 100 0 5 10 15 20 25 30
tls tls
50
0 With stall effect
g N i /’ \ 4 W = - ==Without stall effect
) v \\/’ “ }/ (t 1 E G
I ks Vo = 0 —w/\/ s
= - - ' 1= \
= 7 |-=-68.03 kg(With stall effect) L ‘| = %
\ \
68.03 kg(Without stall effect) N 7
—40 | | | | | -50 | | 1 | | N |
0 20 40 60 80 100 0 5 10 15 20 25 30
tls tls
40— 100 - :
——4535kg i
7 , . I
~=-68.03 keg(With stall effect) With stall effect i
—~ —~ e \ 141 . V. |
< 68.03 kg(Without stall effect) Q < Without stall effect i
=20 8 | S S0k 0
LI |
) { Q [
< { < [
| I \
I ] \
\
/ . \ 0 ~“'_,A——/|/_\|‘___4/ \ | i
0 20 40 60 80 100 5 10 15 20 25 30
tls tls
(a) AT 8L ARMT 45.35 .68.03 ke (b) Wik

4 CEARFUECHHEEFRRE

Fig.4 Time history for flexible aircraft of flying-wing configuration

Shearer % 4" Ji T UM/NAST 1 [ 4 £ 4
RO AR 2 AR T 1) i 3 05 LI RE , 78 o0 J7 B vh
FIA T Generalized BB IR T
FeME AT AR s g0 BT S AR R 5K
e R MEAILERL , 1 v o B i 32 s i HOR A7 1
ey 982z A1 Hamilton Ji B #E S e L A4 RE 2%
iz By BUE R A R XU 3. A F 28 31 PID 45
28 AT I XU AT U 0 A 1A A A o S 5 L
KEA R AL, Bt T XURAEAL BT - 2 H
JEE Y SRR 2R 50 LA KRB 7 L 3% 22 T 5% I KUY [ XU
A R MRS R BT 1 RE A (W) I ek 7 35
At BRI R 1Y 3 FhAa il U7 58, TFRE TR XU
- eIk il AR CIR AW i 0 DA NN Z A BN S g 6 iy
T

R Y VB I DXL Y S R, AT A I 2 ke
AT IR 2% 22 45 (gust load alleviation, GLA) , B(7E &
ATTH A WL 28 25 B4 XL Vsl 22 45 B (loads alleviation
function , LAF) , i 5 2 il 1 >k o 48 K AT 9 1 A5 ik
7T 380 o X2 7 U 0 1) 2085 | 8 R A% SRt PAD B 4
i, SR R g

Regan 25" fil Bray ' il i LAF Sk SCHL R4 M2k
fr I , LRt 22 R F 3 sl il ok S8 TG
NWLAGE, 8 X 22 45 il b 2 I R e ke it
()5 eV T LI 55 B0 2 A% e 22 8 R B R4 A
BB RN RS X N2 i, A AT
WA Je. R, Bl sl B X 22 U7 =X — B dE 2 A A
FEJ7 1] Perron 251 EFxt RRALMLE , R & & 44
REDLF 2 LR A BT AR 1 KA Vio 2511
BT RIS CHUR T G AR 20 35 38 52 I R 2
I ZE , I %F 52 G ARG 2 3547 00 Ak 3 3. Miller
SR AR S s DR e AL 5 T B R TE N
BLBE e X 22 , 485 R 3 112386 i B A% A &80 b D 2
I DXL 7 X AL ) B A 52 M 458 /N Gao 451
A BR ICER A AT 7 98 T REAT ]/ JC AL
)45 B P XL 2%

4.2 BUREBHIEE

KR 5% LU AL B 41 3 5 A X A, 2 T B 32
B TIHOR BEA R o KR 5% LRI B R
PRKJETZ L ML RATALL. SCHR[ 84 ] BF9E TR
X PRI AT B Jy 2 sl st A ] Sk



. 8- B®oR OE T

-

AN S

49

[87]%FX%F HALE HL3 % it T —Fh SOF &l #% 1 T
WA IR\ 28 7 0 2 5 1 PR B4R 3 4 ). SR [ 96 1 FF & T
— PR X K 5% bE 22 1 FR A A 4 o 2% A STk
[96 ] T K F il g B9 Ll |, Dillsaver 251 %441 —
AR R R 5% L 22 4 B A 3ule 4 ) ) 0L )2 i . S
HR[ 891 #1 X%t HALE ML A5 1 B4 XU A ik 22 FNTT
VAR P 4 J5 25 Y 1T 4 1 2% . Wang 28117 £ X6}
KIESL R AR S AR AR i AT B R T
— PR LM B AR IR 5 58 SCHR[91] B F IST
s LR AR A AR L S B TR HEZE it 1 4
KR 5% LU A3 i R AR A 42 il .

5 ARZWESMEILE S BMETH

AR AR R R B R R A%
6] S5 P S e SO B S A B SR B Bl S
F | T RASRAR A0 IO 2R AR RE , X Al Rr 1 D
R 5% LI P AL SR A T AR v il B4k <3l
ST AR A H A b e i ek DB Ay o
LV VAR Y A TR e S X N DN B b = R A DRSS L
AR, DT A ILEEL A M J3E AL 3R 25 28 2 4 o sl
PERB A AR SR P B |  BIOE R, R LR S
B EPERE.

TR 5% LA S A RHLIR A 28 LA
LENERAIE , HAEZSH Bt A R B R A 20K e ik
B HA BT R 2 R N R 2 AR LR
B AR SRS A& Z AR R, nl
PATE S/ NS YRR T AR 3 e AL BE.

TER 52 O A MBI AL AL, o 3
B N FAR bR R 29 TSR AR L3 A S0 e £ ]
AR BE R IR R AR AR PR RESE b X TALEE
SR LA, TR T A 5 325 2 A RS T i D2 Joi o 3
IERRTEE & X =SR2 AT A B TR AL
e R 5K L 25 MERMIL I AL 16 7 R L 36 BUE 3
WL RS N A LE  SR M A
QT AR AR UM A 2 b 2 R S R e LA
LA T R/ ME N H AR B B AE U RS T Ok,
Macquart 551" SR FHYR 45 24 SR 0o A2 45 b1 BH 2 £
JE S5 IREBEAT AL, IR B — 2 A Jm ok, it — 2
I AR SR K PR S AT B W BB L S0 0
et AR A, Xk A AT SR — JR B AR )2
A BFReRBCR R AT IR, B3/ T =5 AR
HLEE 45 ) 1% Jo o DI A 45 2R AN i 2 A 1 2R Y
R

HLI B B I 5 AR AT AT Ayl
Rz — WR— DR EENAABTSE, TR
JE5Z HU IR ML I A BIAIR M 53k AT I 36 4

1ER B AR sREO S T Ptk X T2 B s AR B
bR & 45 A AR AR AL , FE AR i £
R, Aa—H i AR B AR sRE, L —
REVEERAE R AR S AT — i e X #h 2L
I AT B RIER AR B AR AR A B T i | R
BB A FRR AT NS, 0 Ak i 45 58 0 42 5 B L
U Guo &5 "L ALILIE B 1) 45 # o B S E 8 H bR R
B, W5 B SRRV )2 A AR i AR o SRAS i
UG W 25 S AR XU 7 9 2% 25 44 v, i 3 el
Tl 2 A0 B B e 34 00, 3 25 B R LSRRI e
Ja SER B PR BT AL R R AR R T =4
Yotk LBt H A sR AR, 700 2 Fm B i 25 T
HATEERIAL G, DA EIIR E E h 29 R 25 R X 4T 2 L
BIORAL , FEEA T 200504 , 38 6 6l 2 S 50
HOEANCAR T N O T o — 25 B e R R
Yang %51 I 1 10 0 R R 9% H A A PRI
17 2 Birist e m k.

UTAE R, Bl AL vk AR KR 3% L A A RL
H AW SES ML AL R B
PO W e W Sk B LA SRS B A T AR
KR 5. Wan UV BSIE T R FREL T-RES05 (PSO)
AR s 1205 1k T — TR 00 1 5 5 5 s 1)
R AESR I —ANBEALE , AETLA 9 H AR S, i
PG AR B B LA W BIoE B R H . SCik [ 113]
FEH — B3 T BLISS L IR G Z RS
¥ WA R A~ 2 B Ak — 2 0 Ak
(B AT AL T ik /D B — G N L EE (R 2 AR, DT Dk
LR FREL, IR RIS 5B H ).

B T AR R A, R AT TR S I A Sk R BB
PR & 7 T AR 4, 10 Alyanak 46 21T
B STt 5y &S, R T E S R B i
AL, 5T T2 A MR KRB AL E L e 1y
BT RS T ).

6 AREZLEASMBILE R

R SZ S A A RLER BB AF 58 O A 6045
RSB I, B A b BR PR R 5 X
LA | 3 1 ez L 8 3 VAR T LN eI '
(E T B A RE.

DRI 56 14 2 B AL e A 1) R S AR
ARV 32 H 2R GO T A [R) S B A S sl i D il
. Su 5P RR L L T T BT R 4R
SRS WA AR 5 R0, 3k 2> S 20 A e R
oI T RAT AR, B LA B G A A% 8 KU Al
WL A G IR 1 AN T T8 R /AT 4% , Tang
SEUEUR I T — P BHLL R AR S M R SR R S



5510 1]

R, 5 ORI L A AR LI ST i J -9

SCHR[ 117119 JEF X1 A 3L AR A4 14 R 8 5%
FeRPENLIE  EAT T B A A FRIIR S |
DA 17 2 7 T A XU BB T Y. 3 T Hodges-Dowell
LA AT Ji 1 AH L 0 B2 43 A, F T i gy
Eﬁm&%@%ﬁﬁTﬁ?ﬁﬂmm@ﬂﬂmmﬁ
Rtk BIESE R SIS B, TR T LR
FRBCA AU LA LA XS iR 12 5 AR PR IR 7 S8 X
M 07 P 5 Ml KA | it AT 3 A TLART I 2 1 3 MO
3:E§r]tﬁgir] S RIS 22 L. Dowell 251124 XT;iﬂF?ﬁ

PEA SRR R A RS T2 DA SO fE
17 1 BB tE i [l 4

Dietz %51 £ X A JE 5% OIS WL A9 4 BR A %
DA77 IR 5T, K BUAE LI R & A i B o)
B2 ) PATCR (A B BRBR R 7 B 42, 0 i —
¥4 Bendiksen 25"V BT CFD J7 X KB 7% S
AL A R R4 5 4T T WF5E, 5 Sk [ 125 ]
WU 3 55 W) & B AF, 6 TR AL B pE
(washout ) BN, HA R FE T R 1n] AR 31| 38R
RIS, 5 A BR R R 5 1) & 7. Cesnik 55117712
HE TR 5% AR A I R ILTE AHLELAY X-HALE,
B AEIT AR s v AT I, 2P LR
LM e S AT RS O 1 T R AR
SR

Liu S5 R T —Fh B0 K R 5% L FE M 3L
T AR LM [ DX 17 1) 22 2 R A I BB T3 5 1%
FEAE IR 16 b SR FH T LA 4 fih = B AR AL 8 A
R0, SRR 23 (8] K AR TE R o, FE A5 XU
RIS W B g A 1 BSR4
By SR B 0 T A (7 12, A A R RN Bh J E
A JF R T I ) AR ) S5 S R g I
FET 8 A A7 57 B 3 /N R AR Bl 1Y AR S
PR SR T 2 LA AR LM ) R AR L R
TCALAR LM B AR E 1 o0 B R R AL TT 1
Bt b JLART A 2 11 %) R 7% L AL 3L 4k 3 R 1 Y
AR

7 # ®

1) BUA RS L B2 G MR L3 1 25 F 5 7 &2
SR FH A ORI R T I HT k.

2) B KIRSL R A A RLE S B £
KH R e 5% g R M) — ook w s M
SEA RIS AT AR A B M A K R 5% LU ML E 1Y
BRI

3) T CFD Wy 8l B A AL m] LA 554 []
RIS g L A sh , R &8
ARG BRSO 2O G R R 5% e A ¢

BIILIE SRR | HEAT S Bl st o A Al A ot
SN PRERY RS R KR LR G A BRI 5T Y
RIETTInZ—.

4) B R SZ LB G M RHILE O B 58 K 245
B E B A AT 5 i E I Y B, AT IR IR B R D
PG, AT IR0 2 K % LU &2 A AR L B 53 1)
By Z—.

2% ik

[1] NOLL T E, BROWN J M, PEREZ-DAVIS M E, et al. Investigation
of the helios prototype aircraft mishap[ R]. NASA Report, 2004.

[2] RAPINETT A. Zephyr: a high altitude long endurance unmanned air
vehicle[ D]. Guildford; University of Surrey, 2009.

[3] ROMEO G, FRULLA G, CESTINO E,et al. ELIPLAT: design,
aerodynamic, structural analysis of long-endurance solar-powered
stratospheric platform [ J ]. Journal of Aircraft, 2004, 41 (6):
1505-1520.DOI; 10.2514/1.2723.

[4] DENNIS T Y, LIM. A methodological approach for conducting a
business case analysis of the global observer joint capability
technology demonstration ( JCTD ) [ D ]. Monterey; Naval
Postgraduate School, 2007.

[5] MILLS G L, BUCHHOLTZ B, OLSEN A.Design, fabrication and
testing of a liquid hydrogen fuel tank for a long duration aircraft[ J].
AIP Conference Proceedings, 2012, 1434(1). 773-780.DOI; 10.
1063/1.4706990.

(6] Mg, 4+ KB, EUh. JT Hamilton JFIEEAY KR X L EHL
ARSI I]. HUEBREE, 2010, 32(5) :854-858. DOI:
10.16579/j.issn.1001.9669.2010.05.025.

TIAN Kunhong, GU Liangxian, WANG Hongwei. Inherence

characteristic analysis of high aspect ration wing based on hamilton’s

principle[ J]. Journal of Mechanical Strength, 2010, 32(5) ;854-

858. DOI:10.16579/].issn.1001.9669.2010.05.025.

X, Thi, sk, AF. IR AN AR 3R e BT

LHARTTTLI]. B/ ZEFEL,2015(4) :16-21.

LIU Feng, MA Jia, ZHANG Chun, et al. Quasi-equal strength

—
~
[

design and finite element analysis for composite main wing box of X
uav[ J]. Fiber Reinforced Plastics/Composites, 2015(4) :16-21.
BENJAMIN J, SAM C, DANIEL C, et al. Digital morphing wing

—
e2)
[

active wing shaping concept using composite lattice-based cellular
structures[ J ]. SOFT ROBOTICS, 2017,4 (1) :33-48.DOI: 10.
1089/5010.2016.0032.

[9] MYOUNGKEON L, CHANGMIN C, SEYONG J. HALE UAV
composite wing structure design[ J]. Advanced Materials Research,
2010, 123-125:105-108. DOI;10.4028/www.scientific.net/ AMR.
123125.105.

[10]#Je. KRIESZIL RIHAETC ANLE A 3 J) 2= AF 52 [ D] K Wb« [ By
BhesgoR RS, 2013,

YANG Long. Research on structural dynamics of solar energy
unmanned aerial vehicle [ D ]. Changsha; National University of
Defense Science and Technology, 2013.

[11]JFRENCH M, EASTEP F E. Aeroelastic model design using
parameter identification [ J ]. Journal of Aircraft, 1996, 33 (1) .
198-202.

[12]RICHARDS J, SULEMAN A, CANFIELD R, et al. Design of a



- 10 - oK BE

RPN N

49

scaled RPV for investigation of gust response of joined-wing
sensorcraft [ C ]//Proceedings of the 50th AIAA/ASME/ASCE/
AHS/ASC  Structures,  Structural Dynamics, and Materials
Conference. Palm Springs, Califormia: ATAA, 2013.1-14.DOI.10.
251416.2009-2218.

[ 13] WAN Zhiqiang. Geometrically nonlinear aeroelastic scaling for very
flexible aircraft[ J]. ATAA Journal.2014, 52 ( 10) ;2251 - 2260.
DOI; 10.2514/1.J052855.

[14]J1 Zhe, LIU Bin, XU Fei. Wing structural design of a high altitude
long endurance solar-powered platform [ J]. Advanced Materials,
2013, 753 (1) . 1287 - 1291. DOI. 10. 4028/ www. scientific. net/
AMR.753-755.1287.

(151 PRAE, 1R, S5 Rk ) BE 5L i) A R ST A AL [ 7]
BEM B, 2006, 23(2):169-174 .DOI; 10.3321/j.issn:
1000-3851.2006.02.029.

SHI Qinghua, XIANG Jinwu. Finite element analysis model of
composite thin space beam [ J ]. Journal of Composites, 2006,
23(2):169-174 .DOI;10.3321/j.issn: 1000—3851.2006.02.029.

[16 JHODGES D H, DOWELL E H. Nonlinear equations of motion for
the elastic bending and torsion of twisted nonuniform rotor blades,
NASA TN D-7818[ R ].Moffett Field, CA:NASA Ames. Research
Center, 1974.

[17]HODGES D H. Geometrically exact, intrinsic theory for dynamics of
curved and twisted anisotropic beams [ J]. AIAA Journal, 2003,
41(6): 1131-1137. DOI; 10.2514/1.40556.

(18T, RN, . KR e R LI 1 sl sk o B

[J]. dEmthias iR R 2441, 2003, 29 (12) :1087-1090. DO
10.13700/j.bh.1001-5965.2003.12.007.
XIE Changchuan, WU Zhigang, YANG Chao. Aeroelastic analysis
of flexible large aspect ratio wing[ J]. Journal of Beijing University of
Aeronautics and Astronautics, 2003, 29 (12):1087-1090. DOI.
10.13700/j.bh.1001-5965.2003.12.007.

[19]5kHTHk, RGN, . RATLIRSHLILNR S50 5 < sh ik

SABTLT]. Mizs TREUERE, 2010, 1(1):76-79. DOI. 10.16615/
j.cnki.1674-8190.2010.01.013.
ZHANG Xintan, WU Zhigang, YANG Chao. Vibration test and
aeroelastic analysis of wing in large static deformation [ ] J.
Aeronautical Science and Engineering, 2010, 1 (1) :76-79. DOI;
10.16615/j.cnki.1674-8190.2010.01.013.

(20747 pAE, SRk, RASTEWiRE 52 5 BORL IR B G2 3 A FR IR 23 B
[J]. T# 12, 2008, 25 (1) :86-91.

SHI Qinghua, XIANG Jinwu. Tatic and dynamic analysis for
composite rolating beams using large deformation theory [ J J.
Engineering Mechanics, 2008, 25(1) :86-91.

[21]PALACIOS R, CESNIK, C E S. Geometrically nonlinear theory of
composite beams with deformable cross sections| J]. AIAA Journal
2008, 46(2) :439-450.D01:10.2514/1.31620.

[22] %, AWM, $UNF, S JURTHEZMEHLIAME BT R

FREGIELT]. %S 4R, 2013, 34(6) : 1309-1318.DOI: 10.
7527/51000-6893.2013.0233.
WANG Rui, ZHOU Zhou, ZHU Xiaoping, et al. Improving the
geometrically nonlinear intrinsic beam element model of wing for
high efficiency[ J]. Acta Aeronautica et Astronautica Sinica, 2013,
34(6) : 1309-1318.DOI.10.7527/S1000-6893.2013.0233.

(23] 0L & H. Mo )m Jm AT [ M. . DRk 8 R i ik,
2002.

SHEN Huishen. Postbuckling behavior of plate [ M ]. Shanghai.
Shanghai Science and Technology Press, 2002.

[24] g, JElo. —Fop RS 500 K AR JLAT AR St i

[J]. RIERHERER, 2012, 33(2) :154-157. DOI;10.3969/
j.issn.1673-2057.2012.02.016.
HUANG Zhigiang, ZHOU Yun. A new type of bending unit and its
application in geometric nonlinearity [ J ]. Journal of Taiyuan
University of Science and Technology, 2012, 33 (2). 154 - 157.
DOI:10.3969/j.issn.1673-2057.2012.02.016.

(251474, RGN BT AR T S iR AT [ 1] fiizs 2248
2011, 32(5) : 833-840.DOI. CNKI: 11-1929/V.20101213.1757.
008
YANG Youxu, WU Zhigang. Flutter analysis of missile wing using
equivalent plate model[ J]. Acta Aeronautica et Astronautica Sinica,
2011, 32(5) :833-840. DOI. CNKI: 11-1929/V.20101213.1757.
008.

[26 ] XIANG Jinwu, YAN Yongju, LI Daochun. Recent advance in
nonlinear aeroelastic analysis and control of the aircraft[ J]. Chinese
Journal of Aeronautics, 2014, 27(1) . 12-22. DOI;10.1016/j.cja.
2013.12.009.

[27] PETERS D A. Two-dimensional incompressible unsteady airfoil
theory—an overview [ J ]. Journal of Fluids and Structures, 2008,
3(24): 295-312.D0I:10.1016/j.jfluidstructs.2007.09.001.

[28] CHANG C S, HODGES D H, PATIL M J. Flight dynamics of
highly flexible aircraft[ J]. Journal of Aircraft, 2008, 45(2) ; 538-
545. DOI.10.2514/1.30890.

[29]SU Weihua, CESNIK C E S. Dynamic response of highly flexible
flying wings[ J]. ATAA Journal, 2011, 49(2) . 324-339. DOI. 10.
2514/1.J050496.

[30]PEIRO J, GALVANETTO U.Assessment of added mass effects on
flutter boundaries using the Leishman-Beddoes dynamic sall model
[J]. Journal of Fluids and Structures, 2010, 26 (5): 814 —840.
DOI;10.1016/j.jfluidstructs.2010.04.002.

[31]LIU Xiangning, XIANG Jinwu. Stall flutter analysis of high-aspect-
ratio composite wing [ J]. Chinese Journal of Aeronautics, 2006,
19(1) . 36-41. DOI. 10.1016/S1000-9361(11)60265-3.

[32]ZHANG Jian, XIANG Jinwu. Nonlinear aeroelastic response of high-
aspect-ratio flexible wings[ J]. Chinese Journal of Aeronautics, 2009,
22(4): 355-363. DOI; 10.1016/S1000-9361(08)60111-9.

[33]ZHANG Jian, XIANG Jinwu. Preliminary validation of a coupled
model of nonlinear aeroelasticity and flight dynamics for HALE
Aircraft[ C]// Proceedings of the 3rd International Symposium on
Systems and Control in Aeronautics and Astronautics. Harbin,
China: IEEE Press, 2010. DOI.;10.1109/I1SSCAA.2010.5633261.

[34]MURUA J, PALACIOS R, GRAHAM J M R. Applications of the
unsteady vortex-lattice method in aircraft aeroelasticity and flight
dynamics[ J]. Progress in Aerospace Sciences, 2012, 55(5) ;46—
72. DOI:10.1016/j.paerosci.2012.06.001.

[35] HESSE H. Consistent aeroelastic linearisation and reduced-order
modelling in the dynamics of manoeuvring flexible aircraft [ D J.
London; Imperial College London, 2013.

[361X0%k, HT, E3r¥e, 5. M WIS im s it 5 &
BOTAHT[J]. LA 14, 2015, 32(10):239-249.DOI: 10.
6052/j.1ssn.1000-4750.2014.04.0284.

LIU Yan, XIE Changchuan, WANG Libo. Nonplanar aerodynamic

computation and trim analysis under large deflection flexible aircraft



5510 1]

AR, 55 KRIBSL L E A MR 58t <11 -

[J]. Engineering Mechanics, 2015, 32( 10) :239-249.DOI. 10.
6052/j.issn.1000-4750.2014.04.0284.

[37] i, BURER, Mo, & BT REMS I RN LT

HUEARLMEBR AL AT (1], PHAL Ak R 242241, 2014(4) .
536-541. DOI: 10.6052/j.issn.1000-4750.2014.04.0284.
MA Yanfeng, HE Erming, ZENG Xian’ang, et al. Studying
nonlinear flutter of high-aspect-ratio wing based on fluid solid
coupling [ J ]. Journal of Northwestern Polytechnical University,
2014(4) :536-541.DOI. 10.6052/j. issn. 1000 — 4750.2014. 04.
0284.

[38MIIEME. KIBZ L R Pt HL R i RS & B T PR [ D], K
U E PR, 2012,

LIU Zhaowei. The numerical research on fluid-structure interaction
of high-aspect-ratio flexible wings [ D ]. Changsha: National
University of Defense Technology, 2012.

[39] CARNIE G, QIN N. Fluid-structure interaction of HALE wing
configuration with an efficient moving grid method [ C ]//
Proceedings of 46th AIAA Aerospace Sciences Meeting and Exhibit.
Reno: AIAA, 2008. DOI. 10.2514/6.2008-309.

[40]BERAN P, SILVA W. Reduced-order modeling-new approaches for
computational physics [ C ]// Proceedings of 39th Aerospace
Sciences Meeting and Exhibit. Reno: ATIAA, 2001. DOI. 10.2514/
6.2001-853.

[41]GHOREYSHI M, JIRASEK A, CUMMINGS R M. Reduced order
unsteady aerodynamic modeling for stability and control analysis
using computational fluid dynamics [ J ]. Progress in Aerospace
Sciences, 2014, 71:167-217. DOI: 10.1016/]. paerosci.2014.09.
001.

[42]SMITH M J, PATIL M J, HODGES D H. CFD-based analysis of
nonlinear aeroelastic behavior of high-aspect-ratio wings [ C ]//
Proceedings of the 19th AIAA Applied Aerodynamics conference,
Fluid Dynamics and Co-located Conference. Anaheim, CA: AIAA,
2001.DOI;10.2514/6.2001-1582.

[43]JOSEPH A G. A numerical investigation of nonlinear aeroelastic
effects on flexible high aspect ratio wings [ D ]. California, Palo
Alto: Stanford University. 2002.

[441JOSEPH A. Garcia. Numerical investigation of nonlinear aeroelastic
effects on flexible high-aspect-ratio wings [ J]. Journal of Aircraft.
2005, 42(4) :1025-1036. DOI: 10.2514/1.6544.

(451 B0, OIRT:, /. HET MSC.Nastran I AMLE G PRI

FATRTTA ML) ], BEEM/ S A MEL, 2010(1) :3-6.DOL: 10.
3969/j.issn: 1003-0999.2010.01.001.
YIN Xingyan, FENG Zhenyu, LU Xiang. Finite element analysis of
unmanned aerial vehicle composite wing based on MSC.Nastran[ ] ].
Fiber Reinforced Plastics/Composites, 2010 (1) :3 - 6. DOI. 10.
3969/j.issn: 1003-0999.2010.01.001.

[46 VAN, I, At KPP 25 R BE X K i 5% L3R B 1 52

ML J]. LA S K K 222 4]), 2009,35(6) : 718-722.DOI;
10.13700/j.bh.1001-5965.2009.06.010.
LENG Jiazhen, XIE Changchuan, YANG Chao. Influence of
chordwise bending stiffness on aeroelastic characteristics of flexible
high-aspect-ratio wing [ J ]. Journal of Beijing University of
Aeronautics and Astronautics, 2009, 35(6):718-722. DOI. 10
13700/j.bh.1001-5965.2009.06.010.

(4710, RGN, B, . R CHLEL M AT 3T 4307 K
PALLI]. iz 24, 2010, 31(11) : 2146-2151.

PAN Deng, WU Zhigang, YANG Chao, et al. Nonlinear flight load
analysis and optimization for large flexible aircraft [ J ]. Acta
Aeronautica et Astronautica Sinica, 2010, 31(11) ;2146-2151.

(481 LRI, VRl —FJLITRAIE T iR Ze k3 s MR A 5 1%
[J]. 0154, 2011, 43(1) ;97104
AN Xiaomin, XU Min. An improved geometrically nonlinear
algorithm and its application for nonlinear aeroelasticity[ J]. Chinese
Journal of Theoretical and Applied Mechanics, 2011, 43(1):97-
104.

[4915Kk M, RGN, . BT 5RO K E LI F) ) 2% S5 B

PRAPHT[T]. Lm0 =S L K R 2254, 2010, 36 (11): 1373~
1377. DOI:10.13700/.bh.1001-5965.2010.11.014.
ZHANG Xu, WU Zhigang, YANG Chao. Dynamic and flutter
analysis of long-straight-wing based on equivalent beam model[ J].
Journal of Beijing University of Aeronautics and Astronautics, 2010,
36(11):1373-1377. DOI; 10.13700/j. bh. 1001 - 5965.2010. 11.
014.

[50] LU Liu, KIM T, LAI K L, Efficient analysis of HALE aircraft
structure for static aeroelastichehavior [ J . Journal of Aerospace
Engineering, 2017, 30(1): 1-1. DOI. 10.1061/( ASCE) AS.
1943-5525.0000663.

(ST, ShBpk, HOCO¥, % EshJ B ANLREZ IEHLI <

PARET[J]. AL S UK R 2424, 2017,43(8) : 1670
1676. DOI:10.13700/.bh.1001-5965.2016.0611.
HAO Shuai, MATielin, GAN Wenbiao, et al. Static aeroelastic
characteristics analysis of high-aspect-ratio wing for hydrogen-
powered UAV[J]. Journal of Beijing University of Aeronautics and
Astronautics, 2017, 43 (8): 1670 - 1676. DOI. 10. 13700/j.bh.
1001-5965.2016.0611.

[52]5Ks, SL/NT, JHUN, 45wz KAim C3RAG R e APLE <3
FAPERFSE[ )], RAT %4, 2016, 34(1) . 40-45.DOI;10.13645/
j.cnki.f.d.20150918.001.

ZHANG Qiang, ZHU Xiaoping, ZHOU Zhou, et al. Study on static
aeroelasticity of high altitude long endurance flying wing UAV[J].
Flight Dynamics, 2016, 34(1) : 40-45.DOI;10.13645/j.cnki.f.d.
20150918.001.

EH. TR RS BT SR [ D]. dea:dt
aﬁn SRR, 2007
LI Daochun. Nonlinear aeroelastic analysis and control of aircraft
[D]. Beijing: Beihang University, 2007.

[54]TANG D, DOWELL E H. Experimental and theoretical study of gust
response for high-aspect-ratiowing [ J ]. AIAA Journal, 2002,
40(3) :419-429. DOI; 10.2514/2.1691.

[55]PATIL M J, HODGES D H. On the importance of aerodynamic and
structural geometrical nonlinearities in aeroelastic behavior of high-
aspect-ratiowings [ J |. Journal of Fluids and Structures, 2004,
19(7) : 905-915.DOI;10.1016/]. jfluidstructs.2004.04.012.

[56] PATIL M J, HODGES D H, CESNIK C E S. Nonlinear
aeroelasticity and  flight dynamics of high-altitude long-
enduranceaircraft[ J . Journal of Aircraft, 2001, 38(1) . 88—94.
DOI:10.2514/2.2738.

[57]PATIL M J, HODGES D H, CESNIK C E S. Nonlinear aeroelastic
analysis of complete aircraft in subsonic flow [ J ]. Journal of
Aireraft, 2000, 37(5) : 753-760.DOI.10.2514/2.2685.

[58 ]CESNIK C E S, SU Weihua. Nonlinear aeroelastic modeling and
analysis of fully flexible aircraft [ C]// Proceedings of the 46th



12 WOk BT M k2% % R

49

ATAA/ASME/ASCE/AHS/ASC  Structures, Structural Dynamics
and Materials Conference. Austin, Texas: AIAA, 2005. DOI: 10.
2514/6.2005-2169.

[59] ZHAO Yonghui, HU Haiyan. Structural modeling and aeroelastic
analysis of high-aspect-ratio [ ] ]. Chinese Journal of Aeronautics,
2005, 18(1):25-30.D0OI:10.1016/S1000-9361( 11)60278~1.

[60 1B A, BIEA. RS I BRI BR A4 [ 1], 4R3I

A4, 2004, 17(1) ; 25-30. DOI: 10.16385/j.cnki.issn. 1004 -
4523.2004.01.007.
ZHAO Yonghui, HU Haiyan. Flutter analysis of a high-aspect-ratio
sandwich wing under large angle of attack[ J]. Journal of Vibration
Engineering, 2004, 17 (1) 25-30. DOI; 10. 16385/j. cnki. issn.
1004-4523.2004.01.007.

Lo1TXIMT, 1 FRak. KRB L 52 45 R ILIE Y I 2 1k IR 43 B

[J]. fWias 244k, 2006, 27(2): 213-218.DOI; 10.3321/j.issn:
1000-6893.200602.009.
LIU Xiangning, Xiang Jinwu. Study of nonlinear flutter of high-
aspect-ratio composite wing[ J]. Acta Aeronautica et Astronautica
Sinica, 2006, 27(2) : 213-218. DOI.10.3321/].issn: 1000-6893.
200602.009.

[621XIT, 1R, RS RS & A RLIL Y 3l B B 4%

[I]. AEmAta MR 244, 2006, 32(12) ; 1403-1407. DOI;
10.13700/.bh.1001-5965.2006.12.003.
LIU Xiangning, Xiang Jinwu. Study of aeroelastic tailoring of high-
aspect-ratio flexible composite wing[ J |. Journal of Beijing University
of Aeronautics and Astronautics, 2006, 32 (12). 1403 - 1407.
DOI:10.13700/j.bh.1001-5965.2006.12.003.

[63]3kfd, mFma. M Bl J7 4 N R a4 L R ML AR
[7]. iz, 2010, 31(11); 2115-2123.

ZHANG Jian, XIANG Jinwu. Stability of high-aspect-ratio flexible
wings loaded by a lateral follower force [ J]. Acta Aeronautica et
Astronautica Sinica, 2010, 31(11): 2115-2123.

[64]PATIL M J. Limit cycle oscillations of aircraft due to flutter-induced
drag[ C]//Proceedings of the 43rd ATAA/ASME/ASCE/AHS/ASC
Structures, Structural Dynamics, and Materials Conference. Denver,
Colorado: AIAA, 2002, 41(3) :571-576. DOI:10.2514/6.2002—
1409.

[65]KIM K, STRGANAC T W. Nonlinear responses of a cantilever wing
with an external store[ C]// Proceedings of the 44th ATAA/ASME/
ASCE/AHS Structures, Structural Dynamics, and Materials
Conference. Norfolk, Virginia; AIAA, 2003, 241. 3563 - 3571.
DOI:10.2514/6.2003-1708.

[66 ] KOUCHAKZADEH M A, RASEKH M, HADDADPOUR H. Panel
flutter analysis of general laminated composite plates[ J]. Composite
Structures, 2010, 92 (12): 2906 - 2915. DOI. 10. 1016/
j.compstruct.2010.05.001.

[67]KUO S Y. Flutter of rectangular composite plates with variable fiber
pacing[ J ]. Composite Structures, 2011,93 (10): 2533 - 2540.
DOI: 10.1016/j.compstruct.2011.04.015.

[68 ] ATTARAN A, MAJID D L, BASRI S, et al. Structural optimization
of anaeroelastically tailored composite flat plate made of woven
fiberglass/epoxy [ J ]. Aerospace Science and Technology, 2011,
15(5) : 393-401. DOI; 10.1016/j.ast.2010.09.005.

[69] KAMEYAMA M, FUKUNAGA H. Optimum design of composite
plate wings for aeroelastic characteristics using lamination parameters

[J]. Computers and Structures, 2007, 85(3/4) :213-224. DOI;

10.1016/j.compstruc.2006.08.051.

[70155E, #hil, 2R, 5. HT 12 1m B ok By AR A28 K AR 2k

PSR BT (7). fas 24,2013, 34(7) : 1501~
1511.DOI:10.7527/51000-6893.2013.0122.
XIE Liang, XU Min, AN Xiaomin, et al. Research of mesh
deforming method based on radial basis functions and nonlinear
aeroelastic simulation[ J]. Acta Aeronautica et Astronautica Sinica,
2013, 34(7). 1501 - 1511. DOI: 10. 7527/S1000 — 6893. 2013.
0122.

[71]RIRZE. JELe Bt S AT IR G T 1 2 30 %5
L[ D). JEat AR, 2009.

ZHAO Zhenjun. Multibody dynamic approach for coupling analysis
of nonlinear aeroelasticity and flight dynamics [ D ]. Beijng:
Tsinghua University, 2009.

[72] B4V, B oA, KR 5% HU ML 3R Yl 2 1 A< 3 1 o 7 B 5
[D]. )AL PRI ZSE AR, 2016.

XTAO Yanping, YANG Yiren. Research on nonlinear eodynamic
elastic response of high-aspect-ratio wings[ D]. Chengdu: Southwest
Jiaotong University, 2016.

(73] &M, Jiakem, . a3 e s bk st

[J]. EAMER, 2010, 27(2) :127-132. DOI: 10.13801/
j.enki.fhelxb.2010.02.027.
XIAO Zhipeng, WAN Zhigiang, YANG Chao. Robust aeroelastic
optimization design of a composite wing [ J ]. Acta Materiae
Compositae Sinica, 2010, 27 (2): 127 - 132. DOI. 10. 13801/
j.cenki.fhelxb.2010.02.027.

(7415665, =, BB, %5 ZaMEZ G B R AL Esh )
SEWEFEL)]. BHESER, 2010, 28(4) :59-63.

ZHANG Wei, GAO Hui, YAO Minghui, et al. Nonlinear dynamics
of a composite laminated cantilever plate[ J]. Science & Technology
Review, 2010, 28(4) : 59-63.

[75]QIAO Shengjun, GAO Hangshan, ZHANG Junran, et al. The study
of nonlinear flutter analysis method for an aircraft full composite wing
with high-aspect-ratio [ C ]//Proceedings of the 2nd Annual
International Conference on Advanced Material Engineering.[ S.L.]
AME-16,2016:818-824.D0I1:10.2991/AME-16.2016.135.

[76]LOVE M H, ZINK P S, WIESELMANN P A, et al. Body freedom
flutter of high aspect ratio flying wings [ C]// Proceedings of the
46th  ATAA/ASME/ASCE/AHS/ASC
dynamics and Materials Conference. Austin, Texas: AIAA, 2005.
DOI:10.2514/6.2005-1947.

[77]GONZALEZ P, BOSCHETTI P J, CARDENAS E M, et al. Static-

Structures,  Structural

stability analysis of an unmanned airplane as a flexible-body[ C]//
Proceedings of the ATAA atmosphere Flight Mechanics Conference.
Toronto, Ontario: AIAA, 2010:1-7. DOI. 10.2514/6.2010-8230.

[78]CESNIK C E S, BROWN E L. Modeling of high aspect ratio active
flexible wings for roll control[ C]//Proceedings of the 43rd ATAA/
ASME/ASCE/AHS/ASC  Structures, Structural Dynamics, and
Materials Conference. Denver, Colored: AIAA, 2002.1-15.DOI.
10.2514/6.2002-1719.

[79]CESNIK C E S, BROWN E L. Active warping control of a joined
wing-tail airplane configuration [ C ]// Proceedings of the 44th
ATAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics,
and Materials Conference. Norfolk, Virginia: AIAA, 2003:1-15.
DOI:10.2514/6.2003-1715.

[80] BROWN E L. Integrated strain actuation in aircraft with highly



5510 1]

R, 5 ORI L A AR LI ST i J 13-

flexible composite wings[ D]. Cambridge: Massachusetts Institute of
Technology, 2003.

[81]SU Weihua, CESNIK C E S. Dynamic response of highly flexible
flying wings[ J]. ATAA Journal, 2011,49(2) :324-339.DOI; 10.
2514/1.J050496.

[82]SU Weihua. Coupled nonlinear aeroelasticity and flight dynamics of
fully flexible aircraft[ D]. Michigan; The University of Michigan,
2008.

[83] SU Weihua, CESNIK C E S. Nonlinear aeroelasticity of a very
flexible blended-wing-body aircraft[ J ].Journal of Aircraft, 2010, 47
(5) :1539-1553.D01.:10.2514/1.47317.

[84]ZHAO Zhenjun, REN Gexue. Multibody dynamic approach of flight
dynamics and nonlinear aeroelasticity of flexible aircraft[ J]. AIAA
Journal, 2011, 49(1): 41 - 54. DOI. 10.2514/1.45334.

[85]akfd. oMt RHLARLME RSB 5 /AT3h i E e R S i
[D]. dext: Jentfi=sAiRss:, 2010.

ZHANG Jian. Modeling and simulation of coupled nonlinear
aeroelasticity and flight dynamics for flexible aircraft[ D]. Beijing:
Beihang University, 2010.

[86]5kfd, MR, Ft WHLIER IS T3 ¥ ilE

W BHBAEELT]. s i, 2011, 32(9): 1569-1582. DOI;
CNKI:11-1929/V.20110509.1158.006.
ZHANG Jian, XIANG Jinwu. Static and dynamic characteristics of
coupled nonlinear aeroelasticity and flight dynamics of flexible
aircraft [ J]. Acta Aeronautica et Astronautica Sinica, 2011, 32
(9): 1569-1582. DOI;CNKI:11-1929/V.20110509.1158.006.

[87]PATIL M J, HODGES D H. Output feedback control of nonlinear
aeroelastic response of a slender wing [ J]. Journal of Guidance
Control and Dynamics, 2002, 25 (2): 302-308. DOI.10.2514/2.
4882.

[88]DILLSAVER M J, CESNIK C E S, KOLMANOVSKY I V K. Gust
load alleviation control for very flexible aircraft[ C]//Proceedings of
ATAA Atmospheric Flight Mechanics Conference. Portland, Oregon:
ATAA, 2011.DOI:10.2514/6.2011-6368.

[89]COOK R G, PALACIOS R, GOULART P. Robust gust alleviation
and stabilization of very flexible aircraft[ J]. AIAA Journal, 2013,
51 (2): 330 - 340. DOI. 10.2514/1.J051697.

[90]DILLSAVER M J, CESNIK C E S, KOLMANOVSKY I V. Gust
response sensitivity characteristics of very flexible aircraft [ C ]//
Proceedings of AIAA Atmospheric Flight Mechanics Conference.
Minneapolis, Minnesota: AIAA, 2012.1-20. DOI. 10.2514/
6.2012-4576.

[91] AFONSO F, VALE J, OLIVEIRA E, et al. Active flutter
suppression of a high aspect-ratio wing using aileron control[ C]//
Proceedings of the 6th EASN International Conference on Innovation
in European Aeronautics Research, Porto, Portugal:[s.n.]. 2016.

[92]MILLER S, COOPER J E, VIO G A. Adaptive wing tip devices for
gust alleviation, trim and roll control [ C ]// Proceedings of the
AVT-168 Morphing Aircraft Symposium. Lisbon. Portugal: [s.n.],
2009.

[93]SHEARER C M, CESNIK C E S. Nonlinear flight dynamics of very
flexible aircraft[ J |. Journal of Aircraft, 2007, 44(5) : 1528-1545.
DOI.10.2514/1.27606.

[94]SHEARER C M. Coupled nonlinear flight dynamics, aeroelasticity,
and control of very flexible aircraft[ D]. Michigan; The University of
Michigan, 2006.

[95]SHEARER C M, CESNIK C E S. Modified generalized-a method
for integrating governing equations of very flexible aircraft[ C]//
Proceedings of the 47th ATAA/ASME/ASCE/AHS/ASC Structures,
Structural Dynamics, and Materials Conference. Newport, Rhode
Island: AIAA, 2006. DOI.10.2514/6.2006-1747.

[96]SHEARER C M, CESNIK C E S. Trajectory control for very flexible
aircraft [ J ]. Journal of Guidance Control and Dynamics, 2008,
31(2): 340-357. DOI; 10.2514/1.29335.

[97]BI Ying, XIE Changchuan, YANG Chao. Gust load alleviation wind
tunnel tests of a large-aspect-ratio flexible wing with piezoelectric
control[ J]. Chinese Journal of Aeronautics, 2017, 30(1); 292-
309. DOI; 10.1016/j.cja.2016.12.028.

(98]t it , RGN, BELE, 55, I Ja R KU 22 3 3h 5 il

PG REG [ )], LR A AR R 22440, 2017, 43(1) :184-192.
DOI:10.13700/j.bh.1001-5965.2016.0079.
YANG Junbin, WU Zhigang, DAI Yuting, et al. Wind tunnel test of
gust alleviation active control for flying wing configuration aircraft
[J]. Journal of Beijing University of Aeronautics and Astronautics,
2017,43( 1) :184-192. DOI. 10. 13700/]. bh. 1001 - 5965.2016.
0079.

[99]REGAN C D, JUTTE C V. Survey of application of active control
technology for gust alleviation and new challenges for lighter-weight
aircraft: NASA/TM - 2012 - 216008 [ R ]. Edwards, California:
Dryden Flight Research Center, 2012.

[100] BRAY R. Supersize wings-the challenges of designing the wings for
the world’ s largest passenger aircraft, the airbus A380[ J].Ingenia
Online, 2007(31) . 18-23.

[101] PERRON S G. Passive gust load alleviation through bend-twist
coupling of composite beams on typical commercial airplane wings
[D]. Cambridge: Massachusetts Institute of Technology, 2007.

[102]PERRON S G, DRELA M. Passive gust load alleviation through
bend-twist coupling of composite beams on typical commercial
airplane wings[ C]// Proceedings of the 54th ATIAA/ASME/AHS/
ASC Structures, Structural Dynamics, and Materials Conference.
Boston, Massachusetts: AIAA, 2013.:1-20.DOI.10.2514/6.2013—
1490.

[103]VIO G A, COOPER J E. Optimization of the compositesensorcraft
structure for gust alleviation[ C]// Proceedings of the 12th ATAA/
ISSMO Multidisciplinary Analysis and Optimization Conference.
Victoria, British Columbia Canada; AIAA, 2008:1-10.

[104 ]MILLER S, VIO G A, COOPER J E, et al. Optimization of a
scaledsensorcraft model with passive gust alleviation [ C ]//
Proceedings of the 12th ATAA/ISSMO Multidisciplinary Analysis
and Optimization Conference. Victoria, British Columbia Canada:
AIAA, 2008.1-18. DOI.10.2514/6.2008-5875.

[105]GUO S, FU Q, SENSBURG O K. Optimal design of a passive gust
alleviation device for a flying wing aircraft[ C]// Proceedings of the
12th ATAA Aviation Technology, Integration, and Operations
(ATIO) Conference and 14th AIAA/ISSM. Indianapolis Indiana:
AIAA, 2012.:1-12. DOI; 10.2514/6.2012-5625.

[106 ] DILLSAVER M J, CESNIK C E S, KOLMANOVSKY I V.
Trajectory control of very flexible aircraft with gust disturbance
[ C ]//Proceedings of AIAA Atmospheric Flight Mechanics
Conference. Boston, Massachusetts: AIAA, 2013.

[ 107 ]WANG Y, WYNN A, PALACIOS R. Nonlinear modalaeroservoelastic
analysis framework for flexible aircraft [ J]. AIAA Journal, 2016,



14 WOk BT M k2% % R

49

54 (10) : 3075-3090. DOI; 10.2514/1.J054537.

(108 5B R, BRoe, sk, 4. JET LR M R X LI & #

RHLIRESHOE LT [J]. iz TR, 2015, 6(1): 110~
115.D01:10.3969/].issn.1674-8190.2015.01.018.
SHI Xudong, CHEN Liang, ZHANG Bihui, et al. Structural
optimization design of high aspect ratio composite wing based on
genetic algorithm [ J ]. Advances in Aeronautical Science and
Engineering, 2015, 6(1):110-115. DOI; 10.3969/]. issn. 1674 -
8190.2015.01.018.

(10917758, . KJEsX A A M RHLIR ke fe (1], &

AR AR, 2005, 22 (3):145-149. DOI; 10.3321/j. issn:
1000-3851.2005.03.028.
WAN Zhigiang, YANG Chao. Aeroelastic optimization of a high-
aspect ratio composite wing[ J]. Acta Materiae Compositae Sinica,
2005,22 (3) :145-149. DOI:10.3321/j.issn; 1000-3851.2005.03.
028.

[110]MACQUART T,WERTER N,BREUKER RD. Aeroelastic tailoring
of blended composite structures using lamination parameters[ C]//
Proceedings of the 57th AIAA/ASCE/AHS/ASC Structures,
Structural Dynamics, & Materials Conference. San Diego,
California: AIAA, 2016. DOI;10.2514/6.2016-1966.

[111]LIU Qiang, JRAD M, MULANI S, et al. Global/Local
optimization of aircraft wing using parallel processing [ J]. ATAA
Journal, 2016, 54(11) :3338-3348. DOI: 10.2514/1.J054499.

[112]GUO Shijun, LI Daochun, LIU Y. Multi-objective optimization of
a composite wing subject to strength and aeroelastic constraints[ J].
Proceedings of the Institution of Mechanical Engineers Part G
Journal of Aerospace Engineering, 2012, 226 (9): 1095 - 1106.
DOI; 10.1177/09544100114177.

[113] R, s, XM, 55, = A REHR S L3 Ay 3 3t 5T 307

EBTFELT]. PEAE T R 274k, 2014,32(6) :843-848. DOI:
10.3969/j.issn.1000-2758.2014.06.001.
BAI Jungiang, XIN Liang, LIU Yan, et al. Exploring an aeroelastic
tailoring design method for composite backswept wing[ J]. Journal of
Northwestern Polytechnical University, 2014,32(6) .. 843 - 848.
DOI: 10.3969/].1ssn.1000-2758.2014.06.001.

[114] YANG Guowei, CHEN Dawei, CUI Kai. Response surface
technique for static aeroelastic optimization on a high-aspect-ratio
wing[ J]. Journal of Aircraft, 2009, 46(4) . 1444-1450. DOI. 10.
2514/1.42370.

[115] WAN Zhigiang, WANG Xiaozhe, YANG Chao. A highly efficient
aeroelastic optimization method based on a surrogate model [ J ].
International Journal of Aeronautical & Space Sciences, 2016,
17(4) :491-500. DOI:10.5139/1JASS.2016.17.4.491.

[116] ALYANAK E, PENDLETON E. Aeroelastic tailoring and active
aeroelastic wing impact on a lambda wing configuration[ J]. Journal
of Aircraft, 2017, 54(1) :561-571. DOI. 10.2514/1.C033040.

[117] TANG D, DOWELL E H. Experimental and theoretical study on
aeroelastic response of high-aspect-ratio wings[ J]. AIAA Journal
2001, 39(8) :1430-1441. DOI.10.2514/2.1484.

[118 ]TANG D M, DOWELL E H. Limit-cycle hysteresis response for a
high-aspect-ratio wing model [ J ]. Journal of Aircraft, 2002,
39(5) : 885-888. DOI:10.2514/2.3009.

[119] TANG Deman, DOWELL E H. Gust response for flexibly
suspended high-aspect-ratio wings [ J ]. AIAA Journal, 2010,

48 (10) ; 2430-2444. DOI;10.2514/1.J050309.

[120] LIU Yi, XIE Changchuan, YANG Chao, et al. Gust response
analysis and wind tunnel test for a high-aspect-ratio wing [ J ].
Chinese Journal of Aeronautics, 2016, 29 (1) :91-103. DOI. 10.
1016/j.¢ja.2015.12.013.

[121]KAMPCHEN M, DAFNIS A, REIMERDES H G, et al. Dynamic
aero-structural response of an elastic wing model [ J ]. Journal of
Fluids and Structures, 2003, 18 (1):63 -77. DOI. 10.1016/
S0889-9746(03) 00090-2.

[122]SU Weihua, CESNIK C E S. Nonlinear aeroelasticity of a very
flexible blended-wing-body aircraft[ J]. Journal of Aircraft, 2010,
47(5) :1539-1553. DOI.10.2514/1.47317.

[123] TANG D M, DOWELL E H. Effects of geometric structural
nonlinearity on flutter and limit cycle oscillations of high-aspect-ratio
wings[ J]. Journal of Fluids and Structures, 2004, 19(3). 291-
306. DOI; 10.1016/].jfluidstructs.2003.10.007.

[124]DOWELL E, EDWARDS J, STRGANAC T.
aeroelasticity[ J ]. Journal of Aircraft, 2003, 40(5). 857-974.
DOI.:10.2514/2.6876.

[125]DIETZ G, SCHEWE G, KIESSLING F, et al. Limit-cycle

Nonlinear

oscillation experiments at a transport aircraft wing model [ C ]//
Proceedings of the International Forum on Structural Dynamics and
Aeroelasticity. Amsterdam: IFASD, 2003.

[126 ] BENDIKSEN O O. Transonic limit cycle flutter of high-aspect-ratio
swept wings[ J]. Journal of Aircraft, 2008, 45(5): 1522-1533.
DOI. 10.2514/1.29547.

[127]CESNIK C E S, SENATORE P J, SU Weihua, et al. X-HALE: a
very flexible UAV for nonlinear aeroelastic tests[ C]// Proceedings
of the S51st ATAA/ASME/ASCE/AHS/ASC Structures, Structural
Dynamics, and Materials Conference. Orlando, Florida; AITAA,
2010:1-23. DOI: 10.2514/6.2010-2715.

[ 128 JCESNIK C E S, SU Weihua. Nonlinear aeroelastic simulation of X-
HALE: a very flexible UAV[ C]// Proceedings of the 49th ATAA
Aerospace Sciences Meeting including the New Horizons Forum and
Aerospace Exposition. Orlando, Florida; ATAA, 2011.:1-13.DOI.
10.2514/6.2011-1226.

[129] LIU Yi, XIE Changchuan, YANG Chao. Gust response analysis
for a high-aspect ratio wing [ C ]// International Forum on
Aeroelasticity and Structural Dynamics. Saint Petersburg, Russia:
IFASD, 2015:1-19.

(130T, B, K 3% L CHL LT 2kt S 3h st A e R

LI (1], T E B BORFBEA:, 2011(3) : 385-393.
DOI: 10.1007/s11431-010-4252-5.
XIE Changchuan, YANG Chao. Linearization method of nonlinear
aeroelastic stability for complete aircraft with high-aspect-ratio wings
[J]. Scientia Sinica ( Technologica), 2011, 41 (3) . 385-393.
DOI: 10.1007/s11431-010-4252-5.

[IBLTEHR, SRR, BREEMS. S5 AR R X LI B 2 i

BRAR T[], KHLE T, 2004(2) : 6-10.DOI;10.3969/].issn:
1673-4599.2004.02.002.
XIE Changchuan, ZHANG Xin, CHEN Jiabin. Dynamic modeling
and flutter analysis for high-aspect-ratio composite wing[ J |. Aircraft
Design, 2004(2) : 6-10. DOI:10.3969/j.issn: 1673-4599.2004.
02.002.

(%38 7k &)



