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In order to realize a flight system that takes the hovering and agile flight capabilities of hummingbirds as
a benchmark, this study focuses on improving efficiency through flapping control. As part of the experi-
ment, in addition to feed-forward control, two types of feedback control were implemented where the flap-
ping motion at the root of the wing follows both a sine wave and a triangle wave. As a result, compared to
the feed-forward control, the sine wave showed a decrease of 6-9% in both lift and lift efficiency, while the

triangle wave showed an increase of 5-16%.
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Fig. 1 Flapping angle



5. NI ZFEEEIT 10Hz & L7-.

~A ALK DT Ty TEIENTOND DT
15 BEITH Y, HIEHBIE S 10 BE%IcT —4 o
77— (DL850E, #iFHHIkstt) 12 MY B E2%E
THIET 1 BT —2BSEITY. FHEEICD
WTIE, 74— K7+ U— FEIERCIZZE(LETR
(PA18-5B, TEXIO) D%, 7 14— R/Nv 7 HilfHI
(ZIXEERE (3803, HEEMKS) OfELFiEL
7.

EENIE- S HEOZEMIIK 3 ISR T LB TH S.
T —7 )V EICEE SN AEO S 6 s R E v
H (Nano17Ti SI-8-0.05, ATI Industrial Automation, Inc.,
USA) ZH 0 113, =0 LICEIPNE - A2 EE L
TWD. ek, EBRCHEA L2 2 o E ITEE 80 mm,
e REGL R 28 mm OV FE B OHkR A Bk S 7
HOT, EHLHLLEEIT019g Thotz, £27 7
v B 7L, BEFAN y @TATE R DNLE
JFaR e LTz,

3. MRLEER

3.1 E—4A

F9, 3O0ODONRT—NZRBWT, X O AEMAE
CERBOMED T 71X 4 DL hotz. T2
T, 2 MOEEZNEI Wingl] [Wing2] & LT
W5, 7o, BEERIIEER [ms], MEEHTAE [deg]E #

Flapping machine

— % @— Flapping mechanisrﬂ

Force-torque sensor
»7 N covered by black tape

Fig. 3 Flapping machine
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Fig. 4 Motor angle
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Fig. 5 Flapping angle
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Fig. 6 Comparison of each pattern



TR E HIT 5-16% BT 5 Z &3 43ho iz,
s E X #

[1] M. Keennon, K. Klingebiel, H. Won, and A. Andriukov: “De-
velopment of the nano hummingbird: A tailless flapping wing
Micro Air Vehicle,” 50th AIAA Aerospace Sciences Meeting
including the New Horizons Forum and Aerospace Exposi-
tion, ATAA 2012-0588, 2012.

[2] Y. Nan, M. Karasek, M. E. Lalami, and A. Preumont: “Ex-
perimental optimization of wing shape for a hummingbird-
like flapping wing Micro Air Vehicle,” Bioinspiration & Bi-
omimetics, vol. 12, no. 2, 026010, 2017.

[3] M. Maeda, T. Nakata, I. Kitamura, H. Tanaka, and H. Liu:
“Quantifying the dynamic wing morphing of hovering hum-
mingbird,” Royal Society Open Science, vol. 4, no. 9, 170307,
2017.

[4] J. Dang, T. Fujii, and H. Tanaka, “Design of a hummingbird-
mimetic flexible wing with soft limiter of passive feathering”,
8th International Symposium on Aero Aqua Bio-Mechanisms
(ISABMEC 2022), pp.97-100 2022.



