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Modeling and Trajectory Optimization of Perching
Maneuvers for Morphing UAV

YUAN Liang , HE Zhen , WANG Yue

(College of Automation Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing, 211106, China)

Abstract; Aerodynamic modeling and trajectory optimization in longitudinal direction of a type of mor-
phing fixed-wing unmanned aerial vehicle (UAV) for perching maneuvers were investigated. The eleva-
tor was inefficient due to the low speed and high angle of attack in the later phase of perching maneuver.
To solve this problem, a morphing UAV which could change the position of wing was developed. The
indoor experiment was carried out, and the flight data was obtained by the motion capture system.
Based on this and flat plate theory of aerodynamics, aerodynamic model and longitudinal dynamic mode
were established. Using general pseudo-spectral optimization software (GPOPS) optimization tool to de-
sign the trajectory of the UAV model. The optimization results show that compared with conventional
fixed wing UAVs, morphing parts can significantly improve the UAV's attitude control efficiency and
maneuverability.
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Fig.1 Bird's aerobatic perching sequence
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Fig. 2 Deformation mode and spatial coordinate axis
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Fig. 6 Pitching moment generated by elevator
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Fig. 7 Pitching moment generated by morphing part

T8 X phy A 1T AZ A il I 45 ) 7 AR B DR A g
PEAT T M Z 05 P A PR AR AR PRAR 9% AL 30 23 531 ik
it . Ferp AL sl B 2 rp R A £ 9 A2 fE A
ARG AN 0, MERAEN TR ESHEN—
AN ZCRSE . TR X AR PR AR AR A 7 L
SHACIRES 0, MARBBEEAEL —n/2.7/2]Z [H], %
LT BB PRI O T #8245 3 — S RE R
1 e LB
3.3 MUERESH

TEEAT PUI S A IR o 28 PR AR AL (A0 7 AL 3l Bk
T AR A AL HAt B4 25 R AR AR B pR R
SR EME . T EE R RS TR
PRI A AT 4 S R B e 3 B A i A 3R
AR KL B U LA B AR ZS AN #1019 24 R ]
W —n/2<0,<n/2. LALESRWE 8 FiR.



272 Moal o= x K F ¥ &k %5 50 %
12 0.4 -
EAR AR HLE) IR AT S)
10k + BRERENS + B ENS)
0.2
8 )
2 E 00
N =
~
4l -0.2
2 . L L . -04 L L L L
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
t/s t/s
(a) Velocity (b) Track angle
' FERED '3 TFEFRERLE)
+ BEWENS + BRNIE NS
1ot o, 1ot N
F§ ++\ 8 +++
3 S 5
051 0.5F kY
0.0 L : L : 0.0 : L L L
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
t/s t/s
(c) Angle of attack (d) Pitch angle
4 TFEREEND R
o1 + BAEWENF) oshk* AARRWTENLS)
E 0 8 0.6
s ~
I 2r < 04F
)l +
-4 *\ 0.2
- . L L . 0.0 . . L .
0.0 02 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
t/s t/s
(e) Pitch rate (f) Elevator
0.08 pr 0.2
AR RS & e RIS
006k + BRI N Lo ¢ EEE
0.041 *
g
S * 35 -0.2
0.02F * a —,,
N m
0.00 £ w04
-0.02 . L : L -0.6 y
0.0 0.2 0.4 0.6 0.8 1.0 -6 -4 -2 0
t/s KL / m
(g) Deflection (h) Trajectory of perching maneuver

K8 AR fARAR AR A 9% L Bl 25 RS

Fig. 8 All state variables of variant and invariant perching maneuver

8 Ca) Sy A2 R FIAR A2 (R AR 5 HL 3N 1) B VB
WA S A MR & AR AR R AR A2 R S B0 T S G
&AL h # BE 9% 78 M 45 B 18] PO TRAT B A0 B R
12 m/sf%E % 3.2 m/s, R L ik E) 73. 330,

] 8 (b~ e) 43 5l hy 4 ¥ AIL 3 19 A 38 A L 300 £

ARFAVD 63 0 0R A0 £ o R 9 A8 P 2 . AT HR R AL L A
K5 0.2 s IF 207 8 - S0 A1 A0 A afode g . X
FWITCAHUIF UG AT 46 3k S, DL 9 3 R 0 R
ARFACD £ ok 453 B3 5 AT 199 42 fk i ARUHE R AT 325 1)
DR 3o 2R 3 R 285 I L T M o T B A 3 A



Hel b3

Hblio A AR AR R TR BB AR 0, [H o M
i 2571 A5°, T LA Hi AR 1AWV HIL sl AR 2 A0 A
i EL AR AR IR 1 N

P 8CH & ThIa A iy AR o, il s 1] 728 1 1y il 2%
A LA o0 T (153 € AT 25 Rl % TV Hbh Bz K £ ST
B 3, TH A e 5 2 1) b ol 0 O % 2 — N K Y A
JEE IR AR S AR AR R A5 PR TR BIL 0 1) e B A St A
FE . P 8Cg) kA A AR A il sf ] 725 Ak A il 8
S AT B E Ll TP fE 1 =0. 58 s FFIR A
FEASR SR AT B A RIS K = 0. 08 m, [ IRAE {4
WML TRAZ R IAFTLL A R 0.,

Pl 8 Ch) 2 A8 A R A8 (A A7 9 1L 2l i 28 1 A 7%
B WG A0 34 e R B v T AR A A 1 B
LG5 2 [0, 040 Ry ak o A BLIE 43 S IR b ATE T+
WIS B B A o B B R AR R A B T R R AR
A5 IRE B BE Y 2 AL AL R A e i TE T B BEER A
2 5 2 B 0 A e AR TE T B B 1 T LA
R A NCT: 6. 3 P v 3 B A A R0 Sl AR 1R A 75 AL
ST Y E T 5 B2 R SORE [R] 1 A8 PR 7% 2o 7 P i
If R BE A, AT LA H 06 BIL Bl — i e B[R] Py
TR T [ L 30 £ R ARE A A DR R AR A 1 B 4 L Bh A
o R SR AR X R VORI A
o AN K AR F RHLI A o« L AR A 6
SRR,

3.4 KREMIBARMNKEHESMEARX

FE R B B A A 0 AR RS LR
WHETEL —n/2.n/2] 2 1), 2 FOFE BE B2 /0N , 78 1A A
R AR (R WG v WL ACIR 25 0, 120 B2k 25° 1 457,
N T — g A R TG AL R R E 2 3R B
BLTE WG V% LB oK BE ) B S s vege , fE b 17 1 1k
BF X AR S AN A 0, B9 29 FSE TR E AT B 4 45
AN B ARAE R R ARAS 0, B2 S AN 45° (IR A
AR EBRAE . T BRAEAE E A 0 JF 46 45 /0 A8 Ak
FARDS 0, B L AL N 25°TF LG 45 /N . W EARHATD
i1 AR A 24 H Y0 1Bl 4 /N 5 RO TR A TR DL 3h
ORI

AL R X AR E AL & o T
e B AR /N AR 0, B ZTRTE L AT AR S
I AR A 0. R SEEL. B9 AR AR DS
0, ZIR T Medf o AL 2. 24 0, 20 [l
TE 45 AN B 5 — n/2<<0,<<=/2 WP IR LY
AT —86Y 0, L9 E A 40° LA N B L A J3
AR S U N — 5 1 A R AME S B 0, P A
NP R NV S VAN (X BRI =8 NP
0, ZIRAE L 307 /N, # A ML g it 2 4 i T O
FE R d SRR B AL 08 11 A T G 1k 5E K
SR AL R 2

5 G5 AR R TE AU 7% B 2l 45 5 0T A4k 273
]
---0,<40°
081 . 6,<35° P~ _
« 0,<30° ORI
o 0.6 RN -
8 *
< 04t -
‘I
02}
0.0 . . . .
00 02 04 06 08 10
t/s

B9 AR BBl AE ff#h £ il 22

Fig. 9 Elevator angle compensation for invatiant maneuver

X AR AT 7 AL Bl T A AR S AR A 0,
4 2 S B AN W i /NI GO0 R e A 5 — n/2<<
0,<<m/2 R LRI T — 2 T AW & il i
KA 2 B T7 SORAMZIRF] 0, Fr i3 I #AN ) T
Hio B 10 AR ARE 0, Z0RF & AW
AR 2 0, B 2R EDEON AR TE Y A A2
MK, e 0, BRI TE 5° LA I RE AL Hh 45 R .
F T DL S E A 7 AL B L AR AT A LA BT
1 181 7 380 LR A S AR S S BRARE T

0.20 —=
— 0,<25° .-
- 0,<20°
U] S .
« 6,<5°
E o0t
g@
& 005
0.00
0002 04 06 08 1.0

t/s
P10 AR PRl AR T o kb2 1 2k
Fig. 10 Deformation quantity compensation for vatiant

maneuver

3.5 WENTEBITH R ZRMAN

T e R S AR AR AR 3l 72 U AR S
0, W9 24 T [ I AT i A0 23 i a i AT AR B 19 3
PR I8 B 24 TR 9 1) e 0 A% RIS 3 doe (L Af . 24
2R [ R E A /N AP i S AR L R
oL AT o PR AE SEAT DA i B AR A 4R IR 19 45 E
FAF B EH 0, IRETEL — /2. n/2] 2 10], LA
FREVRVE N B s i . Z BDRER A A 0 B9 AR
BHORTEL —n/2.7/2 ] Z A BEATIRAC ) A3 3) TR
T B B A ik ELIR DA 2 B %) A (A 7 HL 8y 4
W RARMEATHY . d A 8(@) FB T AL R v AL 3 ik
e e R 8 A J9 0. 08 m, RIE IS %] ¢, Ny
0.58 s RHYMAIZE T HUNK H 8 HR iR
IR T4 E R BIE 0. 2 m B/, BUETEL



274 [

LIPS S

5% 50 %

T8 B RS ) P9 DA R R TR 9 AR 25 9 SRR A R
PEAT BB AL » 25 78 1 A TE R A A T AT 2
S L O N & K U SHIEH RS L 3P
FATX LB BEAT AL .

AL A v AL Bl 2 A 23 S A B B 5 1 B
B AR R AR R AT S (A S 0O gl AL B 0~
0.58 s34 2 ANBr BOW AR PR TR F I #f 0AT 30 A 21 A
HALBHAS AL B 0.58 s Z e . ZMSCHRL19 1F Al
BB 7 BetE AT AL » RGBT A A2 PR A P B 3l
M5 2 BB AT . iR AL RN %] ¢, =0. 58 s
P AT AR S B R AEL 23 8T 19«0 A D 1A 9 90 1R 25
AL EACRES AR 0, DB EfEL — /2,
n/2]Z 0. A SE 1 Bl i R B E & 2,08 0.2 m.
He AR A A A5 A1 8 AR L AR S B AR —
HEAT XS 2l B 11, B 11 Ca~b) 43 51 A5 T8

0.20 D
—BTEHFNA n=0 .
015k * BN m=0.08m
' * BHHIIL we=0.2 m
0.10 | .
g‘ L
~ 005t o
+
-++
0.00 o
-0.05 " " : :
0.0 0.2 0.4 0.6 0.8 1.0
t/s
(a) Deflection
15 —
ZBETENBNA s =0
+ BN 0x=0.08 m
« BHHLB) N
1.0F Amx=0.2 m t+
a
B
3 ey
0.5F %
%0 02 0.4 0.6 0.8 1.0
t/s
(b) Pitch angle
0.4
ZETENLBN A mx=0
ool * ZFHEILm=0.08 m
g * BB L we=02m
R 00f
:1?_1
@ -0.2
-0.4
-6 -4 -2 0
KA / m

(c) Trajectory of perching maneuver
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