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A study on flight attitude model of flapping-wing micro air vehicle

DUAN Hongjun ;SHI Xiao-ping
(Control and Smulation Center , Harbin Instituteof-Technology., Harbin 150001, China)

Abstract : Theflight quality of Flapping Wing Miero Aeria Vehicle (FWMAV) depends
much upon efficient eontrol of-flight attitude. So--an accurate model of flight attitude is of
utmost importance. The fly-mechani sm-of birds-and biginsects, especially the motion rule of
wings:were investigated , and the factors on mechanical design were al 0 considered to estab-
lish a complete dynamic model\ and mathematical model of flight attitude of FWMAV. Itis
learnt that the airframe is'subjectedto aerodynamic force, gravity, and propulsion from air-
foils. For airfoil motion with'two degrees of freedonrflapping and rotation, the propulsonis
an instantaneous aerodynamic force combined f rom instantaneous trandational force and rota-
tional force. -The numerical smulation also demonstrates the validity of the dynamic model.

Key words: aerogpace propulson system; flapping wing; micro air vehicle; flight atti-
tude; dynamic model ; numerical smulation
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, Fig.1 Description of coordinate systems

Px
' Fx =
Fy =
MAV Fe =
1.2
MAV
MAV ;
, Fa
1
1.1
MAV
D= %cxvzsb '
L = pEcyvzsb
S= %czvzsb ,
p 1Cx =20050 ¢y =sSnd ¢ = -
snP @
B )V 7 Sb
G« = - mgsn 9; G, = - mgcos ¥; G, =
0. ,m T
1:0XYz oxyz
QX yz O Xr Yr Zr

Py Pz,

- PV®SpcosU - mgsin 9+ Py
PVZS,sn0cosd - mgeos 9+ Py (1)
- pV>S,snfcosP + P,

Fng = Fa + Frans + Frot + Fuc.

;Ftrans
;Frol
 Fue
[3]_
[35] ’
_p ®
R = ZQLFIOC@)GE 2
_p R
Fo = ZCDLFJ'Oc(é)cZ (3)

[35]



6 1287
Fn =P Cor 000 ITZ cOd @
USV+W  UW=V+Ww,
@ W aoc @ @,
: O ,

) @ =0.225+1.58 sn(2. 131, - F = Fi+ By + Fu (5)
7.20°) ,Cob=1.92- 1.55 cos(2. 04, - 9.82) ; F = R+ Fo + Fur (6)
Cot ,

X » Ga =T0(0, 5) 6 Fo Fo
75- %) ;u )
¢ R ' ()
o€) ¢ Pi = Fux - Fox + Foux + Fue - Forx + Fronx
Py = Fiy + Foiy + Fouy + Fry + Fory + Frotry
P. = Riz + Foiz + Fotz + Frz + Forz + Frotrz
(7
1.3
z( z) 0xz n,
Z oxz , ol €.00)
. z oxz k = €oospi ) - Esmpicosh - {sndk,

% &drprsng - (cospi - N) (8)

x x'( x x') X' k—=-€ co$p: £ Srp.cosh +{ sn¢,
0xz , o, X X! ~&dmp snh +{cosh +n) (9

oxz ; ]

. Mw = P X k (10)
€.00), (7 (9) (10) ,
cosP S 0 Muwx = Fy€srprsin® - {cosh -Nn) -
Li =| - Srpicos® cogpicosk - snd Ry srpisnd - {cos® -Nn) +
srmpisn®” - co®isnd - cos F.€ srp.cosh +{sn%) -
cop, - S, 0 F.€ srpicos® +{ sn®k) (11)
Lr = | srp.cos® cosprcosh  dn®k Mwy = Fx(-&sinmp,sn® +{cosd +n) +
- drprsn® - co$Prsin®k  cos Fx€ drpisnd - {cos® -N) -
t F& cospr + R cosp (12)
( Mw: = Fif cO$pr + RE cOp -
t) Fx € Srprcosp, +{ sn®k) +
wo= (&8s, R € STpicosh +2 snd) (13)
- &P 1c0%picosh +Ehsmpisnd - {hcosh
E§pico%p Snd +Ehsrpicosh +{ hsnd)
vi = (-&p.sinp.,
2 [79]

& @.co%p.cosh - & ?Prs'rtprs'mh +Zhcosh |

-&p.co8p,sn® - & ¢rs'nprcos<h - Z<#sin¢?)
\Y
w = (VcosdcosP , - Vanoacosf ,vsnf)

2.1

[10]



1288 22
0 sn © i[® 3
q =|sn¥ cosswosW 06| (14)
r cosW - cosdsnW¥ ) , (15) (19) (20)
90 W ’ MAV .
) 0 ¥
P.q,r
(14) , Qi (1) @ (),
(t) l(h(t) il MWZ
9= qgdnW¥ + rcosW¥ Muy - Mux : '
. MAV
0 = (qosW¥ - rsnW¥)/cos (15)
W = p- tan %(geosW¥ - rsnW¥) - .
D(X) X + F(X,X) = U (21)
2. 2 X U
;D(X) ; F(X, X)
Q= (p!Q:r); H. :
’3 fl MWZ/JZ
OH/OL +Q x H = M + Mu (16) X=[0| F=|ts U= | Muy Jy
! H H:J ! Q’J = LIJ f MWX/J
(J3x,3y,32) ; Mo cos¥ : cosdsn¥ Q
D(X)—=1].9n¥ coswos¥ O ,
OH/IBt = (J«p,Jdyq,Jzr) (17) 0 sn 9
f1 = anW(dno- 1) - W2cosscos¥ +
QxH=((3-3)rq; {3y~ 1) 0snd(dssin¥ +OcosscosW) +
(3, ~-32) pr., (Jy - I ap) (18) W (ssn¥ +0cosscosW)) - M}/ J.,
(7). (18) (16) . f2 = Weoso(9+09nW) + Bsinscodd +
p = ((Jy - Jo) rq + Mo+ M) I (e - 3 (Voostsn¥ Psind + &) -
G= ((Jz- 3,) pr+ Moy + Muy)/ 3y (19) fos¥ @sind+ W) - Mo}/ Iy,
F= ((J3r= 3,)60 + Mo + Mu)/ 3, fs = @cosd +
Mox = % me25b|; Moy = % myV2$b|; {03z - Jy) (scosW (ssn¥ +6cosd) +
WeososnW (sn¥ + 1)) - Mox}/ JIx.
sz:szVZSbl.mx,my,mz
2 4
o
MAV
2.3
(21)
[11]
! . MAV
@i () =@usin(ATft - A) R=10cm; ©=5cm; m =
@ () =- @rsin(ATit - N) 20 1209 p =1.20kg/ m*; Vv
(1) =- hcosATft-Ad =5m/'s; f=12.5Hz;% = d% =60° Q. =
@ (1) = dkcosATft +A Pr=3CAh=DG =200\ =10° 0 =5 = 0.
(pl (t) :(pf(t) 1¢F(t) ,(h(t) y Px Py PZ
;(pL ,(pR,di 1% 2 , Mw: Mwy Muwx
A Ad 3 90 W 4




6 1289
10 , . MAV
— P‘
- 1)‘
05 [): 1 1
MAV
<
a

_()S L 1 1 | 1 1 1
0 001 0.02 003 0.04 005 0.06 0.07 0.08

t/s

2
Fig.2 Response curves of arfoil aerodynamic forces
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Fg.3 Response curves of, airfoil aerodynamic-moments
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