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[ Abstract] Landslides are significant geological hazard, with most events directly related to rainfall. Consequently, rainfall monito-
ring is critical for landslide forecasting and prediction. A self-powered rainfall sensor based on triboelectric nanogenerator ( TENG )
technology was developed for landslide monitoring. The sensor consists of a transmission unit and a sensing unit, which enable rainfall
measurement and self-powering through rain-induced contact electrification of nanomaterials. Experimental results indicate that the sen-
sor maintains a measurement error of 5% within the 0 ~300 mL/24 h range, with a linearity of 3. 4% . It is capable of being operated
in environments where the temperature is below 100 °C and the relative humidity is under 90% . Additionally, the output of the sensor
can achieve a maximum power of 203. 5 nW when an external load resistance of 7. 8 x 10" ) is applied. The performance of the sensor
can meet the practical requirements for field rainfall monitoring of landslides and also show potentials for the development of related
rainfall monitoring technologies.

[ Keywords ] self-powered ; rainfall sensor; triboelectric nanogenerator; landslide monitoring

I BT R U, 2 N R A AR I 22 b g S A R R R K A R T
AR T R, WA F R AT R AR T —EI AR M R s R A
FRESRN ) BRI RPN EE R R, TR, E T R R R A A AR ] A OG
WEFR 23 BIPRS00, 2 SR B SR B RO R S S T T ) AR TR
—ERE LI, SR B R T 20 R e B R S g 2 S B A M 0 Y R B B, M
%, B A £ 2 2 ) S5 R R AR RR e D . AR, B SRR IR AR AR AT T BRI, AR T RIS

Kim B, 20240727 EiTHE]: 2024-11-24
HEEWR . DX T ST AR (A 522) B E FE A& TR (2023 YFC3007004 )
F—1EE . LEK(1974—) , B 00K, WAL AZ N T+ S TR, MR A A+ TR, E-mail ;332788683 @ qq. com,
CEEEE . RN(1986—) , 5 DU, WGBS 1 w3z . 95 05 1) LA — IR AR B R ZEMLRE A BB | ¢ 5 W | Tll A 7= K v g
B, ) 255 [|) FR 0 FH . E-mail ; wuchuan@ cug. edu. cn,

¥ FE M HE . www. stae. com. cn



2025,25(15)

D, A5 35 T B I A R A R i A 6319

RGARE , Fen # % A7 SR FH R BEL R AR e R 1
T T — AR E A B AL AR, TTFE 1 mm/min F1 4
mm/min PR TSR 2Z/NT 0.4 mm B
M, AT R b X A IR O i R B R T
S AR B fh 2 A I AL IR e AR SE S A O
2P 4 S PR AR 1 3 8 A RN A% IR, RO
5 R R B =2 B) bR R G R S RN A
Bl A ) E — A Xk B R YA RN R A R R U
A AT T IIRST , 45 SR 38 W B A D% 4 % fR e
S A AR e AL AR ) AU

SR T 110 T A% JEAR 21 R AR At e =
A4 K BH BE F AR RN FE b, R FH K BH R FE b
AR D038 42 252 B TR K IR A GHE B4 B, & HELRICROKE
SRR 20k K, S BN TR R R B s
AT 5 7 R R b AL R D) S 0 O o i 4 4 F
BT RS AS N A A RO R A R LA
H & LIIRe WA S0k el s e ge i 7 Xy A
B AT A RN R v O R T B
ANV ISR T RS

JEEJEE AN K & B H AR JE: — BT % i e R
B, AT LK ALMGAZ sh stk b B gt H wip B 2
YK K L EE R B 2 A5 4 2 40 B A5 2 0, ) 4
RS 2 N S -2 - Sl i1 I VE5
R gg el g O R R A K AL IR 4
B, BRI K B HLE BUS Tz A AL A iR
B AR KGE AR RS Y Bl AR R R
VA TS 0 T v A SRS A IR I R T R R N
K & H B BB ) — o AL ARG & T AR
i, AT [ A S B A TR O R % R A T L AT 4R
T Wl W) 2R 6 1 R M R R e I R A 4
AR TAER,

1 ERSFEHNTIERE

1.1 AN

WE 1 (a) Fis A5 B £ 2 AL sl PG L 2R
HAOTH N, eshBon R GEFF AT AR (%
FEON 10 mL) 2B, BE A Al R 22 [A) 58 1 3% 41 0017 %
2,6 MME S HITA AL T LARE T O BR 3h 1 14 X4 45
¥, TAERHE S BLITAR AT 6 AR SRR
KB G 7R WK B AR R 5 S R 25 R e i
1 (b) WAL TTIAAPTE T B NP S 1 [, A5k
PATT PR AR B R A S P 2 A, A [
TETESCHE Y ] AR A2 A% 3 BT R AT R 38 5 &
HEFER  DIEE BN R Ay B2k AR T L4k Bl
AR EE A58 A P58 43, 32 20 5 Al R BE 455 A 1) K
b 123 R 32 sl R EE SRR 1) £ 0 % LL o 2

-
FESE IR
TR
o

Al Kapton

(b) Rk ITL 1Y

I

(a) HEPK 2514
Kl AR a g A R K

Fig. 1 Schematic diagram of the sensor structure
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Fig. 2 Schematic diagram of sensor working principle
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Fig. 3 Sensor test platform
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Table 1 Classification standard of rainfall intensity
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Fig. 4 Test results of sensing characteristics
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Fig. 5 Sensor measurement error
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Table 2 Sensor repeatability test results

SR HEM %
100 1.63
200 1.87
300 0.97
400 1.84
500 1.96
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Fig. 6 Test results of power generation

characteristics of the sensor
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