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Fabrication of tough and flexible hummingbird-inspired flapping wings

OLt#t%EpE, (IE) HPEAN (RIX)

Hidetaka KAMIMURA

Hiroto TANAKA, Tokyo Institute of Technology, 2-12-1, Ookayama, Meguro-ku, Tokyo

The goal is to achieve tough and flexible hummingbird-inspired flapping wings. Wing shafts, which are rod-shaped
support structure that supports the wing, were made of polymer, and the bone which is the base of wing shafts was
made of CFRP. We propose a method for fabricating artificial wings by micro laser processing and hot press
lamination. Artificial wing shafts were designed based on the bending stiffness of the real hummingbird wing shafts.
The width of the wing shafts was continuously decreased toward the tip, and the thickness was tapered stepwise. As a
result, the bending rigidity of the wing shafts successfully mimicked that of real feathers.

Key Words: Humming bird, Flexible wing, Bending stiffness, Heat press bonding

1. ¥#E
EWRITHEREZ R B AN V72 B E LT3 F R IT
FHR B AR E 2 A THIE =0 5. FRAREIL, Wik
& DHEMIFIZE AT EACER L TlEA S #7723 %
HoLtZEAOND. LEN-T, TR AREHEERH
TEROMEZEHT D Z ENTENE, BEx ARBREE T
REZe T RUBEEAPIEZ S MITa Ry &L TX 50
RS D. LrL, ~F R U EO TR 2 A L 7=
ek NTHETITM Y10 H L7- CFRP (R FEMEHER{LAHIE)
T EEER R LT LW AT, RERRICENT
LEW, 7 X3 T o720, Z 2 TRIFFE T,
B OO SR E ISR & [F CRBIREM B A V2 HIE R 1B %2 &
FL, NT R BOMFTEIEAG 2B L7z 2 7 CZik/e i
ZRUWE L7, BUE LB OSRRE O Fr R O 2 TR B %17
VY, TR U B PRI A SR L7

2. EEteEME

2-1 M EEEY BT 5T R odiFRIEE LT, Fv
LR ATV RANTF R Y O od il F WL EHRIE A A L
7o (B 1D O NTRIE, PHha R U7z Hetk o SCRkE & 3
P oI, B LOBR TR S, SCRfE % Jeiiic
AR LMD ICT B Z & T, dFIbERdk s LB+ 5. X
G CBMEOM B E L TEWEIEZFEORY A I Fa R
LTz, XSRS 50 um OR Y A 2 K7 4 L A& FEE
LCEYEL, BFECIIES 25um DORY A 2 7 4%
ALK, 74V ARLEOEFIIIES 13um ©® B A7 —
DRIEET U NEERI Y — N R Lis, IR Y A
I RZ7A4NADEIZES 50um @ CFRP &z HEiafz. AT
B OIS ITRT% A BIEIC FL, F2, F3 O X 9 10& 5 &4+

1.0x10%
é 1.0x10- .
2 P10
7 [ ]
e ! = o P9
£ 1.0x10° 4 o P8
» o e P7
= / d ® P6
S P5
< 1.0x107F P4
3 /’ P3
(T eS1
109055 40 15 20 25 30 35
Distance from tip, x [mm]
Fig. 1 Bending stiffness of faether shafts of an Amazilia

hummingbird .
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Fig. 2 Design of the artificial wing.
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Fig. 4 Process flow.
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Fig. 7 Displacement - force diagram.

o



