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Fabrication of composite hinge mechanism for flapping-wing motion of
micro air vehicle

Lae-Hyong Kang’, Hee-Suk Jang”~, Ju-Young Leem”, and Jae-Hung Han™

ABSTRACT

This paper deals with a fabrication method of composite hinge mechanisms for flapping-wing micro air
vehicles. The fabrication process includes curing process of Graphite/Epoxyprepregs, laser cutting for high
fabrication repeatability, laminating of Graphite/Epoxy prepregs with Kapton film which is used for flexure, and
so on. The fabricated hinge mechanism was attached with PUMPS actuators and the measured flapping angle
was 173° when driving voltage was 300V 170Hz.
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Fig. 1 60mg, 3cm wingspan MAVI[1,2].

Fig. 2 Flight musculature. Contracting muscles are shown stippled:
(a) indirect flight muscles, typical of flies and midges; (b)
direct flight muscles, typical of dragonflies and grasshoppers
[4].
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Fig. 3 Generation of the wing stroke.
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Fig. 4 Flapper with hinge mechanism using carbon plates.
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Fig. 5 Rotational flexure mechanism [5].
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Fig. 6 MAV transmission system[1].
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Fig. 7 Fabrication process of hinge mechanism.
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Fig. 8 Lay-up for curing of Graphite/Epoxy composite.
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Fig. 9 Curing cycle for Graphite/Epoxy composite.
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Fig. 10 Dimension of the hinge mechanism.
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Fig. 12 The laminating process.

Fig. 13 A view of the hinge mechanism.

Fig. 14 FEM model of the hinge mechanism.
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Fig. 15 1st(a) and 2nd(b) mode shapes of the hinge mechanism.

Table 1 Material properties

CU-020NS Kapton film
= 119GPa 3.0GPa
= 8.67GPa 3.0GPa

G2, G13 5.18GPa -
G2 3.29GPa -
Vi2 0.31 0.34
y) 1,570kg/m® 1,200kg/m®
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Fig. 16 Upstroke(a) and downstroke(b) motions by pulling and pushing
the center plate.
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Fig. 17 Happer for modal test(a) and 1st mode shape of the flapper(b).
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Fig. 18 Flapping angles of the flapper: (a) 300V 1Hz; (b) 300V
170Hz.

5 %A HAYSE & 4% B

PUMPS 2t57]0] AZte 317 wAUze Faste 1
AE5el 14 RES 249 Fig. 17()e] 243 7]

ZES veiidlen, 53d BE 45 Figl7(b

S o
ehsich 4BA SRR 1Tl BHel 4 Ads
oA =

1

Nl

2
oid
AL 4o ooy & 44 o

He FHE RE AFESE FYsigled, WY A3
E5to] PUMPSE SZAIZ1 & 3] wlAUEA
452 LDV (Polytec OFV303)2 ZA3to] FFT
4" 13k 1§ e ¥ES AR dFe
$- 155.73Hz, SEHY AR AAS H$ 192.98Hzo]9lo

ol oEE 140Hz Hrh g £ Fuggr 33
Kk g, GAA 7)ol AZE A FF

A 7175 widel & AEelAs oF 170Hz HofA
M E e 2 stelen, 1 & BEE Hz §
ZAlS] GAA et FA| Fig. 18¢] UEhiSIth 4 o
M PUMPSe] gl HojZ s]Z2og 3lo] +300V, 1Hz 7}

ue o Eoox ko
N
O:

QA #55.07°9) QAR Zhwrh A Aew s|distgl o
AAzE A 9 sl IA3 WA 269 IAR 2 7t
Aok ole AFuk ZRIAC] AARA, o Foll s @
Al wAYZe] ZeHor FASA R fIel A=
ek g, 170Hzoll A £300V QI7F HYE 7IRE S

AR 2w 122°, 3% IAR 4w 51°8 7AE A
gelsieh. ol= wiule] @Bl HFHAE 2 B\
ZHAAL, EAR Fubg ERE gof Hoh 2 FEe Z
vl o] =& &

ot

o
poc)
lo
fu
=)
LU

]_
& 9

=
)

e N e ox v
>,

5, 0

=2
r
_O|L
2
o
Hu
32
o
x
e
T i
ofy

Talo] YAA Fue 40Hz, A3 G
7 267 ol4bo] HE wA| WA
A% Agw A4 WA

she, AR GAR 2E 122, sk

o

o

Y

oflt

ox
=2

§:)

il
W m ox ffr
O ox o
= [

u

Rl

o

_?L

2

% 7]

B oATE WeRT BustaTart Adsks AT
A (A1 oF# 5UD090B2ID) 2 44 Zolm, Ao ) 2l
Hoz FpEgUth £ ouA, Al WA A% KAIST ohi
A QT el 2l AU A=

o

A

1) Wood, RJ., “Liftoff of a 60mg Flapping-Wing MAV,”
Proceedings of the 2007 IEEE/RSJ International Conference
on Intelligent Robots and Systems, 2007.

2) Karpelson, M., Wei, G.-Y., Wood, R.J., “A Review of
Actuation and Power Electronics Options for Flapping-Wing
Robotic Insects,” IEEE International Conference on
Robotics and Automation, 2008.

3) Kang, L.-H., Lee, J.-W., Han, J.-H., Chung, S.-J., Ko,
H.-Y., “Development of Curved Shape Unimorph using a



12 A - A

LA R 7

Pre-stressed Substrate,” Smart Materials and Structures,
Vol. 18, No. 10, 104007, 2009.

4) Ward-Smith, A.J., Biophysical Aerodynamics and the
Natural Environment, John Wiley & Sons, New York,
1984.

5) Wood, R.J., Avadhanula, S., Sahai, R., Steltz, E.,
Fearing, R.S., “Microrobot Design Using Fiber Reinforced
Composites,” Journal of Mechanical Design, Vol. 130,
No. 5, 052304, 2008.

6) http://robotics.eecs.berkeley.edu/~ronf/Prototype/index.html



