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Perf or mance analysis and parameter s optimization of fly-like aircraft

HU Minglang, WEI Rui-xuan, SONG'Min, LI Xia, GUO Qing, LIU Yue
(The Engineering Institute, Air Force Engineering University ) Xi'an 710038, China)

Abstract : With revised quas-steady--aerodynamic estimation and energy exhaustion
methods ,the fabric and kinematics parameters of fly-like-aircraft were optimized. Firstly ,the
aerodynamic-and energy exhaustion of several example-fly-like aircrafts was computed with
revised quas-steady aerodynamic. And-then, the minimal energy exhaustion of different
flight states and longest\flight-time together with its optimal kinematics parameters was
counted with number inserting approach. The result is as follows: 1) Fly-like aerodynamic
structure is more preferable to aircraft with sze of severa centimeters and millimeters,but
its capacity-ishot _superior to routine structure when its wingspanis more than 3 75 centime-
ters.2) Theoptimal kinematics parameters of fly-like aircraft are: the rotation is symmetric
and its duration of flip is0 2T 0 25T;acceleration and deceleration duration of stroke is
0.15T 0 2T;midstroke angle of attack is 25 30 degrees;the stroke amplitude should be
greater when possible ,and only when current frequency couldn't render adequate lifting force
can the stroke amplitude be advisably reduced for augmenting the frequency.
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Table 1l Mass digribution of the aircraft
1 I /
, g / / / /
g % g %
m t
R m Kolibri 216 132 61 37 17
m=mo (R/ Ro)3 (7) MicroStar 85 4.5 524 135 16
R, =3 75cm m =8¢ Black Widow 60 26 43 3 11 18 3
MicroBat 125 48 384 28 224
ror MAV
] . Harvard MFI 012 005 -41-7 0034 283
NAYV (nano air vechicle) 15cm
7. 6cm, , 1 ,
15mm, 15 + 70 %.
15cm ; (51
, 025 2m(m ’ n=a05,
o _ ) 450W - h/ kg,
, YFixj, i=1,2,3,4,5 450 W/ Kg.
15,3,5,75,15cm,j =025, 2

05,075,1,12515,1L75,2

2
Table 2\ Saling reference parameters of some example aircraft

Rcm nHz /SSem* mig mdg 3 (g- cm?) Jy/ (g cm?) J./ (g- cm®) Jw/ (g- cm?)

YF1x1 075 100250 0181 0064 38x10°° 49x10°° 36x10° 53x10°° 24x10°7
YF2x1 15 50 200 0725 0512 31x10°* 16x10* 12x10°° 17x10"* 7.6%x10°°
YF3x1 25 30 150 2014 237 14x10® 20x10%® 15x102 22x10°° 9 7x10°°
YF4x1 375 20 120 453 8 48x10°° 15x10% 11x10° 17x10°? 7.4x10*

YF5x1 75 10 90 1813 64 38x10% 49x10" 36x10°? 53x10°" 24x10°?

, ® 60° 180° 15°

, ; At 01T 05T
0.05T (T ) a
12 0° 90° 11° , At
, 01T 05T 0.05T : t
, -0t QAt 0. 06A t (
180°, t=t+050t,t<0
; >0 ) 10 Hz
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0. 97.mm, 1 5mm, , 20 %
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P =501.6J-g'-\h*. 3)
11 , 20 %
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,Drosophilo Virilis 2) 2 /
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Fig.1 Lift and energy consumption change with the kinematic parameters
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Table 3 Performance of example aircraft
1 2 3
/
/ / / / / / / I (w- h / Hz
w min W min w min W %

YF1x0.25 00006 1937 00008 1496 00010 1209 00011 1528 0 016 100
YF1x1 0 0047 74 3 0 0061 57. 8 0 0076 46. 2 0 0084 29 17 0 012 170
YF1x2 0 0134 36.9 00172 28 8 0 0215 231 0. 0238 41 32 0. 008 240

YF5x0 25 1 9350 241 2 5441 18 4 3 1452 14. 8 34835 48 38 6 23 30
YF5x1 15 47 - 19 983 - 25 153 - 27. 6159 95 89 - 65

YF5x2 43 187 - 55 72 - 69. 635 - 77.568 134 67 - 80




120 25

3 9 -7 , 7. 5cm , 242W
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Table 4 Optimized structural and kinematic parameters of example aircraft
. . /cm /g
fmin /min WHz a/ () t/ T AW/ T Dt/ T & ()
1 2035 -0145 025 0. 15 146
YF1x0. 75 58 1 0. 75 00096 2 150 26.42 \ - 0145 025 015 163
3 2388 -0 145\ 025 015 180
% 1 2378 |- 0,145 0. 25 02 163
YF2 x0. 25 741 15 0. 0256 2 60 227/ -0145 025 02 180
3 298 -0145 025 02 180
1 3043 -0145 025 02 146
YF1 x1 46. 2 075 0 0128 2 170 2812 -0145 025 0. 15 163
3 2486 -0145 025 02 180
1 2963 -0145 025 0. 15 146
45 YF2x0. 5 43 3 15 0. 0512 2 90 2672 -0145 025 0 15 163
3 2382 -0145 025 0 2 180
1 281 -0145 025 0. 15 146
YF3 x0. 25 50 4 25 0 1185 2 50 2546 -0145 025 0. 15 163
3 2311 -0145 025 0. 15 180
1 308 -0145 025 0. 15 146
YF1x1 5 3L 8 075 0 0192 2 210 27.59 -0145 025 0. 15 163
3 24.47 -0.145 025 0 2 180
1 30014 -0145 025 0 15 146
YF2 x0. 75 29. 3 15 0 0768 2 110 2651 -0145 025 02 163
3 2413 -0145 025 0 2 180
% 1 2853 -0145 025 02 146
YF3x0. 5 26 25 0. 237 2 70 2584 -0145 025 02 163
3 235 -0145 025 02 180
1 3051 -0145 025 0 15 146
YF4 x0. 25 337 375 04 2 40 2677 -0145 025 02 163
3 24.34 -0.145 025 02 180




1 121
) : /cm /g
/ min fmin WHz /() /T At/T At/ T &)
1 3116 -0145 025 02 146
YFLx2 231 0.75 0 0256 2 240 2874 -0145 025 0 15 163
3 258 -0145 025 0 15 180
1 3005 -0145 025 02 146
YF2x1 25 15 2 15 0 128 2 140 27.19 -0145 025 02 163
3 2471 -0145 025 0 15 180
1 2469 -0145 025 0 15 146
15 YF3x0. 75 149 25 0 3555 2 90 2254 -0145 025 0 15 163
3 2864 -0145 025 02 163
1 2484 -0145 025 0 15 146
YF4x0 5 14 8 375 08 2 60 2249 -0145 025 02 163
3 2895 -0145 0,25 02 163
1 2456\ -0 145 <0 25 015 146
YF5 x0. 25 14. 8 7.5 32 2 30 2219 -0145 025 02 163
3 28 77\ -0145 1 0. 25 02 163
4
1) ; 3
, 15'min ,
CYF1x2,YR2x1 25, YF3 X075,
YF4x0.5,YF5 xQ. 25. )
2) , , :
3) , 3 :
180°;
, , YF4 x0. 25
40 Hz, 3 ;
180°; YF4 x0. 5 60 Hz, 3
163°. :
4) , ;
, . YR2x125 ,
1 146° , 2
163°, 3 180°.
5) tr=0 1450t At =
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2 9T T ) Gimncsescy o i pa o L

edge vortices in insect flight [J]. Nature, 1996, 384

(6610) :626-630.



122

25

[3]

[4]

[5]

[6]

[7]

[8]

[9]

WuJ H,Sun M. Unsteady aerodynamics forces of a flap-
ping wing[J]. TheJournal of Experimental Biology ,2004 ,
207(8) :1137-1150.

Cordon J B,Wang Z J. Energ minimizing kinematics in
hoveringinsect flight[J]. TheJourna of Huid Mechanics,
2007 ,582:153-168

Wood R J. Desgn fabrication and analyssof a 3D of 3cm
flapping wing MAV [ C]// Proceeding of IEEE Conference
on letelligent Robots and System. [S.I.]: [s.n.],2007:
1576-1581

Shyy W ,Berg M ,Ljungovist D. Happing and flexible wings
for biologica and micro ar vehides[J]. Progressin Aerogace
Sdences, 1999 ,35:455-506

Sane S P. Induced airflow inflyinginsect |: A theoretical
model of the duced flow[J]. The Journa of Experimental
Biology ,2006 ,209:32-42

Ennos A R. Theinertia cause of the wing rotationin dip-
tera[J]. The Journa of Experimenta Biology,b1988,140
(1) : 161-169.

. [J1.

,2006 ,27(3) :353-364

[10]

[11]

[12]

[13]

ZHU Zgiang. Aerodynamic characteristics of small/ micro
unmanned aeria vehicles and their shape desgn[J]. Acta
Aeronautica et Astronautica Snica,2006 ,27 (3) :353-364.
(in Chinese)
[J].
,2007 ,27(3) :46-51

QU Dongcai. Key technologies and military application of
MAV[J]. Aircraft Desgn,2007,27(3) :46-51 (in Chi-
nese)
Sun M ,WuJ H. Aerodynamic force generation and power
requirements in forward flight in afruit fly with modeled
wing motion[J]. The Journal of Experimental Biology ,
2003 ,206(17) :3065-3083.
Vogel S. Hight in drosophila I: Hight performance of
tethered flies[J]. The Journd of Experimental Biology ,
1966 ,44:567-578
Hlington C P. The aerodynamics of hovering insect flight

: Lift and power requirements[Jd].. Philosophical Trans
actions of the Royal-Society B, 1984 305 (1122) : 145
181



