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Equivalent Structure Model of Fish Bone Active Camber Morphing Concept
and Analysis of Aeroelastic Characteristics

HUANG Ke', ZHANG Jiaying', WANG Chen®
(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China; 2. College of Aerospace
Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: The fish bone active camber (FishBAC) is a kind of mechanism which depends on structural
deformation to realize changes in airfoil camber. Compared with traditional discrete flaps and lifting devices, it
can achieve wing curvature changes while maintaining the continuity and smoothness of the aerodynamic
surface. However, relying on structural elastic deformation to achieve the basic characteristics of wing
curvature may lead to potential aeroelastic problems. This paper investigates the potential aeroelastic issues of
flexible wings from two aspects of structural characteristics and aeroelastic characteristics. In the aspect of
structure analysis, an equivalent structural model of FishBAC is established based on Euler beam theory, and
a segmented stiffening method is employed to enhance computational efficiency while maintaining accuracy for
non-uniform beam structures, which is verified by the finite element analysis. In the analysis of aeroelastic
characteristics, the aeroelastic behavior is investigated based on an equivalent rigid-flexible coupled model and
unsteady aerodynamic theory. The findings indicate that consideration of structural flexibility is essential in
FishBAC modeling, as neglecting it may lead to deviations in predicting aeroelastic characteristics. The

results show that the static aeroelastic characteristics can be exactly predicted under the driving torque of less
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than 1.5 N-m. Additionally, using the airfoil model proposed in the paper to consider the rigid-flexible

coupling characteristics of the structure and predict the bending flutter that occurs in the flexible section, the

simplified model maintains consistency in flutter velocity prediction compared with MSC Nastran.

Key words: fish bone active camber (FishBAC) ; active camber morphing wing; equivalent structural

modeling; aeroelasticity; flutter analysis
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Table 1 Model parameters of FishBAC morphing concept
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FNELE AL B 2./ mm 260 BRI £, /GPa 2.14
YRR 14 5 W M i E,/MPa 4.56
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Fig.2 Schematic diagram of FishBAC structural model
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Fig.3 Schematic diagram of skin stiffness change

IR TAEPLE R ) AR KRS,
JIT A W BE AR G i KA 2 3 T R

FEA BB I STk B AR A T 15
El, = Ex bt} (3)

12
X F FishBAC 25 #4 5 5 K EE K DAL 33843 Wi
JE SRR EP AT A5 3]

El,= El,+ EI, + EI, (4)
H1 T 52 Hz B4 1) 38 A28 1 0 A 3 1Y) 43 A il 75 25 4
14 I BE B B IR A Ak, P 4 BT 2R T e R A B
HNTENAFR,X = x/c, AR KT HA
T 35 4 I RE , JIE LA AT LA AT G0 0 {80 Ak B A W L T
AT RIARNIAS o PR, 38 i DAL fa7 Ahoks 22 1k B e




5 3 3 TR SR B A R A AR L Bl SR R A 23 519

1000 o
EI, /,';

800 Sz 04

5 02

600

04 0.5 06 0.7 0.8

400} )
| I | Ly

o=t L L L} 1 L 1 1 1 1 2
0.35 0.45 0.5 0.6 0.7 0.85

EI/(N *m?)

Pl 4y O 90 5 o] ) 43 A

Fig.4 Chordwise distribution of flexural rigidity"

B — A~ W2 B A AR AT 2

M T 58 B N LA T R R B 22 T = A,
T AT SR RS R AR ORI AT il B
TSRO B 5 R e R A O 1 R 2 P S5
REHY B IE % S R IR T AT . RSt B
ANGE Rz ] DL B A R AL A

K Ansys #6474 BRIT 0BT, #9545 44 e
A5 L I R A B A5 RN 5 R . X 4%
RORE R 25 KA BR T D P 25 6 A R OT | A AR 3
SEM RIS T A AT AL, & AR R R A

R BIC R BR  RZEAE 3 LN £8 ERTIR,
SR AR R T 5 2 A0S A7 Bl 2 B 3 47 45 21 2

TR AT

0141 — saemymm Kot
0.12F+ —E%ﬁ%k{u@
— A R
8010
|
g 0.08
o
§ 0.06 ¥
o
A 0.04
0.02

20 40 60 80 100
Force /N
S S0 s F B T 45 R X e
Fig.5 Comparison of calculation results of equivalent

structural stiffness

2 BEFRUMEBSIEERELIN

2.1 EREMBRNEHDIN

1 TS AV P AE ML 3R 52 s 3l 0o A 2 A
EI RS L R S5 A AR AR R 24 R s
o S5 A 1) A v g R AR rh g A R R S X
FAZA R T 5, SR FH 2 BRI 12k T A B i Ak
B, X FishBAC 19 55 20 45 F B R, ] DLt 90
I TE A I LRS00 R A 0L ) BRI Ak v

R ECH A . B 6 FishBAC 855045 R

MRS n B ANEE n+-1 BL IR & 5 4 5 v RS 8L
2H Y3 HE A 2
w,(n+1)=w,(n+ 1)+ w,(n)+

ltan [a,(n+1)] (5)
a,(n+1)=a(n+1)+a,(n+1) (6)

ﬁn 1% Eﬁ'ﬂ En%n_'_l& —

i 5

Ntk iw,(n+1)
w,y(n)! toy(ntl)
o). !
! L |ty anto 1)
t i Lo(nt1)
\W,(lﬁ'l)
a(n+1)

6 FishBAC R 1% B W Ak vk J i 7 2 1]
Fig.6 Local schematics of FishBAC application of seg-

mental rigidization method

H 4 — BB 15 T — BOR L5 B — B
52 L5 — B2 86 J ) SR 0 52, R LA AR
B FE e 1 BB ) T2 5

M/? Fl
Wio = S~7 w/O e
2ET 3ET
: (7)
M! Fl
amO — aj() i p—
El 2ET

w0 Al @, A B R 32 A o 4 o 25 0 MR s
8 B K8 BE ML A1 o M o TR 52 K i 4R 7 )
F AR I A fe R B8 8 MV ffy o SCHR [ 22 ) v BT 1T 5
T IR X A S R AT R SR, TR 12 BEWI AL vk
Je FU B B i RV AT SR A%, AR LT AR 23 SR A 64 07
ERA T RIERAL , g e it St s o 7 i .

AR SCAE 45 A6 W 88 T 58 A B 153 v B R BT
RMg fi7 4k, 2R Fl Ansys A1 BRIC 23 i A7 B iE . 16 4%
Xt SRk B ) di i — S GG it i — B A g R R g,
K7, B A SB35, B 4y o il i A BR ot
5 AT LAAS B % ARG R Ak i (2 4% , 5 1] A A5 2
FEXT LG, 25 RS L I 8 v 7 o 45 2R BN T T 52 I
1 B R 35 R 25/ T 300 5 15 A 52 B s O R it
TR 22/ T 800, % AT M AR B T LAAR e 3 6 6

L
@I|||||||IIIII"——'
L
P17 FishBACH MRICH HAE R (TE5E %)

Fig.7 FishBAC finite element simulation model (Without
skin)



=
H

PN

56 %

520 Moa it =
B /m
0.006 333 2
| 0.005 629 5
0.004 925 8
| 0004222 1
0.003 5184
0.002 814 7
0:002 111 1
0.001 407 4
0:000 703 7
0.000 000 0
(a) Deformation results (Without skin, F=1 N)
BEE(;)%z/ 8678
N g o 1002 549 2
| T B0330s
[ .| — 1001 911 9
L LITTFE 1001 393 2
001 274 6
- 1000 955 9
:000 637 3
1000 318 7
:000 000 0

(b) Deformation results (With skin, F=1 N)
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Table 3 Structural properties of FishBAC
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