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Fig. 1. 3D schematic of vertical contact-separation TENG.
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Fig. 3. Working principle of friction generator.
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Fig. 5. The potential distribution picture with different distance.
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3.4 HESW

AL T E 7 PR IR BN TENG V-Q-

o B FEIREE A SRR (AL BRVE N it

A Ay JEE 82 P A, SR T ) P AT R TR A0 i — 3

Iy H BRI PR AR Ll i (So), A —FB AN

HL M 2 [ R T (- Q). 4@ Al FLtl B
HLff iR So — Q , W FLAR B A L Oy

TR <d°+x(t))+”(t), (1)

_5760 Er o
Hreo, e 43 5% S M PDMS M HLUH L, o %R
HLff i ) dy 4 PDMS JR R, = (1) LRk S

PDMS HY#EE. JFERASRT, ifsE s Q 4 0,
FOA (1) AT LR Ve -

Transferred charge Q

Bl 7 2 E A TENG (8 V-Q-z B A
Fig. 7. V-Q-z model of vertical contact TENGs.

190201-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 19 (2019) 190201
ox(t b
Voe = % (2) Q= / Idt. (6)

FERETHE V0, fRA (1) AT RS
T@ﬁf%*ﬁ% Qsc:

_ Sox(t)
Qsc = &+’ (3)
SRS s /NG
C= % (4)
AJ7% TENG fH AN
. E()S
¢= do + x(t)’ ®

4 FEREREITH

4.1 TENG #HBERIEKRBER

BHRSIR A 5 Hz i}, TENG(3 cm x 3 cm x
0.1 mm) j= A= i H F 0 6 PR IAE 17 U 1 R 8
iKE] 196 VA1 9.4 pA, L EFH T Z W& 8(a)
1 8(b) Frzn. &l 8(c) Jy—A 1A vy i H I 1)
K, A, B, C =xih AL PDMS #EER) 42
i, 5E A fih | 5E 4o B I IRPIR A . gk o) Fi 3 R
LRI B AT R Q, i AT B A

200 | (&)

Voltage/V
o

Time/s

0 0.2 0.4 0.6 0.8 1.0

AT AT )R T Y R B e G RS
A 8(c) iR, A-B NI IR il 3] 5¢ 12 il By
Bt (E2EAFE), B-C hog a3 58 24y B By
BL (F2EAJEW), I Origin k455 LR 24
1153 S FEAT B A AT LAAS 20 5% A 04 H A 43 0l oy
0.032 F1-0.031 pC, IE 5 3R~ fif 5 8 1 #2 4
. G5 RERM, FEEEIE K AL — A R N
TR M 0 C, B [ 2B R P o fir e
7 A . TR RS AR ], SR M 2 — 3,
Xt — AR T LR ik TENG /9 TAE R

4.2 HiEFEBEAXT TENG #H R # M

TENG J& 35 T 1 ft 2 v R i e J87 (BB 55K
N, S5ESG I RN & LA, TENG A< B 2
FLAPERY, ELA R = 0 PR BET, PRt 67 2 B
Xt M RE RS IR, T HAAAE— > e P BHLIG
Bt ). [ 9 TENG #i i 2o | i B3 i iy
H, IR B 7 2 FLBE (11000 MQ) A9 728 fb i34,
&1 9(a) AT LA A e Bl A AR BELAY 3G RIS R, Y
gk A B Y 1 MQ 59K 3] 1000 MQ B AL
M 9.4 V ZHEKF] 200 V. RS AR AR

12

[ (b)

Current/pA

0 0.2 0.4 0.6 0.8 1.0
Time/s

gl ©

Current/pA

0.032 uC

0.32

Time/s

Bl 8 {RNZEN 5 Hz i, TENG RS B4R () FFEGHLE; (b) MBS (c) — R i &
Fig. 8. Out performance of the TENG when the vibration frequency is 5 Hz: (a) The open circuit voltage; (b) the short circuit cur-
rent of the TEGs; (¢) the amount of the charge transferred in one cycle.
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Fig. 9. The output performance curves with external load at a frequency of 5 Hz: (a) The output voltage; (b) the output power and

current of TENG.
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Design and output performance of vibration energy
harvesting triboelectric nanogenerator”
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Abstract

With the advent of global warming and energy crisis, the search for renewable energy to reduce carbon
emissions has become one of the most urgent challenges. Ithas become a research hotspot to collect or harvest
various mechanical energy in nature and convert it into electric energy. Vibration is a common form of
mechanical movement in our daily life. It is visible both on most working machines and in nature and is a type
of potential energy. There are several methods that can convert such mechanical energy into electric energy.
Triboelectric nanogenerator (TENG) based on the principle of contact electrification and electrostatic induction
which first appeared in 2012 by Zhonglin Wang provides a feasible method of efficiently collecting the
vibrational energy with different vibrating frequencies. In this paper, a contact-separation mode of TENG is
designed and implemented. The voltage- quantity of charge- distance(V-Q-x)relation of TENG is calculated.
During the experiment, the factors such as load resistance, vibration frequency, etc. which affect the output
performance, are considered and analyzed. An electrically driven crank-connecting rod mechanism is employed
to provide the vibration source with adjustable frequency in a range of 1-6 Hz. The result shows that the
amount of charge transfer in each working cycle remains almost unchanged, while the voltage and current
increase with frequency increasing. When the frequency is 5 Hz, the best power matching resistance of the
TENG is about 33 M{2 and the maximum output power reaches 0.5 mW. For a further study, a COMSOL
software is used to simulate the distribution rule and variation rule of the electric potential in the contact-
separation process, then the theoretical charge density and the experimental charge density on the polymer
surface are compared and analyzed in order to provide theoretical and practical support for the design of TENG
with collected vibration energy and self-powered vibration sensor. The result shows that the electric potential is
proportional to the distance between two friction layers. While as the distance between two friction layers
increases, the electric potential and the charge density both show a tendency to concentrate in the middle of the
friction layer. The huge difference between experimental result and the simulation predicts thatmuch work
should be done continually to improve the output of the TENG. Finally, the obtained results conduce to
understanding the contact electrification and electrostatic induction mechanism and also provide a new method

of harvesting the vibration energy.

Keywords: triboelectric nanogenerator, output performance, vibration energy harvesting, contact separation,

metal-polymer
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