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Figure 1 (Color online) The structure of FF-TENG.

D VR A 2 2 B AN T 3R G b 2 A TR X r v AN HE Y 11
R, DN T B S AR ST I 5 0 5 ) A BE R A, 5
W % 1) L 4R 9T

2B, TR KGR R BC B AN R AL R
AR E M A, SRR 4T mis. BRI E
PTFE RIS % T fie e, ELAAT S 5 A ah B
/I IR, AR S50 P APTFEM B J: i, i —
% HoAth 2 Bt A7 SRR AT ST A3 #r

2.2 FF-TENG A it it f5

I8 B AR TR U 2028, ASCHIFF-TENGE T
Sy 2 2 e i ok 7 2 % (contact freestanding tri-
boelectric-layer, CF-TENG). PTFE A & #AMESTT
AR, ST AR AR A R B, PEARAC
TGS, K3(a)E/R T FF-TENGIPTFEH [Fiz 5l
AR L FE.

I Ak CAPTFE# R 5 45 98 HU iR 78 23 A 41 2 J5 IR
A, HUPTFE b R# fafar 40 A © 481k BB AR i,
HIFPTFER M, HAMENLSEN, T I FT
AT A2 R R, TEEIB()-DIRASHES, AT+
(A7 B, HIp AT TAPIRES, P3O0 AR ity 1F i fer 50
FHSE H 38 2 FI S PTFERTH 1 A AHAE. F AR HL
ZENE, B HERUA R RONE, XRIE3((b)-1; *4PTFE
VL ) 2 (A% S, RN PR 2 )= AR R A A
AR B I LT ) 2 0 HL R % #%, BB PTFEMEAR S Ze
e, MRS AN FELR () L 45 22 A B KA, *4PTFE
A s B, BT M e, B 3(a)-10R1 3 (b)-11.
PTFE /X [0l ] v () A7 B I 5 AR A&512840L. PTFREfi

686

20F —PTFE
——FEP
Kapton

Voltage (V)
o

15 20 25 30 35
Time (s)

Bl 2 (PR ) BE B A [ H A TR A R FF-TENG

B L R T B

Figure 2 (Color online) The comparison of output voltage of the FF-

TENG with different dielectric film.
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Figure 3 (Color online) The charges transition process of the FF-
TENG. (a) The process of the film flapping; (b) the current signal in one
period.
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Figure 4 (Color online) Model of the FF-TENG. (a) Structure of the
model; (b) the equivalent capacitance model.
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Figure 5 (Color online) The diagram of FF-TENG simulation model. (a) Two dimensional FF-TENG model; (b) the whole area simulation model;
(c) partial enlarged of PTFE in the middle position; (d) enlarged mesh two dimensional FF-TENG model; (e) partial enlarged of PTFE in the left

position; (f) partial enlarged of PTFE in the right position.
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Figure 6 (Color online) The FF-TENG electrostatic field simulation. (a) Overall potential distribution of the model; (b) electrostatic field distribution

of two-dimensional FF-TENG model.
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Figure 8 (Color online) The lay-out of test equipment for film
flapping characteristics experiment.
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Figure 9 (Color online) The envelope and instantaneous image of flapping film(s). (a), (b) Single film; (c), (d) double tandem films.
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Figure 12 (Color online) The output signal and flapping frequency of the single film FF-TENG under varying wind speed. (a) Open circuit voltage
Voc; (b) short circuit current Igy; (c) transferred charge quantity Q; (d) film flapping frequency.
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Research on a film-flapping triboelectric nanogenerator for wind
energy harvesting

YANG En'’, WANG Yan', WANG JianYe', WANG Chuan', LIU ChangXin', WU MengWei’,
MI JianChun’ & XU MinYi'

' Marine Engineering College, Dalian Maritime University, Dalian 116026, China;
2 Shanghai Branch, China Ship Scientific Research Center, Shanghai 200011, China;
} College of Engineering, Peking University, Beijing 100871, China

The power supply for numerous wireless sensor network nodes is a bottleneck that restricts the development of Internet of Things. As
a new energy harvesting method, Triboelectric Nanogenerator (TENG) has significant advantages in environmental energy
harvesting, which provides technical ideas for addressing the power supply problem of wireless sensor nodes. Based on the principle
of Triboelectric Nanogenerator and wind-induced flutter, this study proposes and systematically investigates a film-flapping
Triboelectric Nanogenerator (FF-TENG) to realize wind energy harvesting with high efficiency. Herein, the electric field distribution
in the film-flapping process is analyzed through simulation software, and the flapping state of the film is displayed using flow
visualization. Furthermore, the influence of film materials, wind speed, film length, and film series connection on the output of the
FF-TENG is studied. Increase in wind speed increased the film-flapping frequency and the FF-TENG’s short-circuit current, whereas
the open circuit voltage and transferred charges remained stable when the wind speed was higher than 4.7 m/s. Increase in the film
length decreased the flapping frequency sharply, and the output performance per unit length first increased and then decreased. For the
FF-TENG with double tandem films, under the excitation of the leader film, the trailer one obtained wider flapping amplitude, which
increased the output voltage of the FF-TENG with two tandem short films by 45% comparing with the one with single long film.
Experimentally, the FF-TENG with double tandem films powered a temperature sensor successfully, and at least 300 LED lights were
lighted simultaneously, which showed that it is promising for application in the field of wireless sensor power supplements.

triboelectric nanogenerator, wireless sensor network, environmental energy harvesting
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