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An attempt to measure Kinetic energy of raindrops using strain gauges for rainfall estimation

Naoki KAGAWA™" Len TAKAHASHI® Ryona HAYASHI '

ABSTRACT
In recent years, disasters caused by localized torrential rains of short duration due to linear
precipitation belts have frequently occurred. Therefore, we are considering the early detection of
localized heavy rainfall to the extent that a disaster occurs by sound information from a distant
place, and as a preparation, we are trying to know the relationship between rain sound and rainfall.
In this paper, we report on a prototype sensor for measuring the kinetic energy of raindrops using
strain gauges, which is mounted on multiple sensor nodes and is intended to be distributed in the

field to estimate rainfall.
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Fig.1 Prototype sensor using a strain gauge.
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Fig.2 Measurement for spring constant estimation.
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Fig.3 Relationship between bending and load (circle, right axis) and relationship
between bending and electrical resistance (square, left axis) of using strain gages.
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Fig.4  Relationship between strain gauge bending and the output value of the detection
amplifier (HX711).
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Fig.5  Experimental environment for kinetic energy

X 6 HE{RALE Ty DR AT o 7o T D K

DR D —Hi

Fig.6  Anexample of falling water droplets with edge
detection by image processing. .

4. 2 ERBRER

X 7 IZRIERERO—FlERT. BliRE & ORI
NI IRNTZ D, AD ZBHAZRN O O ) 2 Fek L7208
DM T % &7 i-0, o AxT —2 7 7 A LD
BADAZ LT Lo TND., ZOREROEAIL, 40
73 34 B TOT RGN BN TWD., FFRFICHEE L
TLHEBO X A LAZ T ERE LT, 2 OREZIN K
DRI E R L HE L.

Z OWNE ZEERIEM L, 2588 O FEEIE D D ik
TRAXEHEE LTRER, 5.40E-9([J) & 72oTz. —
07, BRFEAT > D HEE S DR HHEE L 7 B~
FUXIEL 1.10E-4[J]1 L7220, EEZRALEXRET
BT R VIR I N LIEGA, D TRE R
EEEUT.

4. 3 EE

BE LY OEEZ R VENLHE LT
L7 Ki D=3 VX LK O TR D B HEE L7z
TRV FOMICKE TR E LB 2 biLd A
LT, BUHITHERLIZAD 2 "—2DH 7
YT L= FBKTEOE RO Y B G D EE LB
HETETWRNWIERNEBEZLND. 2NV T &
— TV T RET, BALO e KAEITL OfE & TR
ZIELTWAZ ENHfEESRS.

EoT, SEUEM L-t R — K HX711 IC#5#k
SNTEHLOLEVY LTI T L— EREWAD 3
— X ERETILEND DN, TO-OITIE, KiEH
H2E LB OOT 27 — 2 OIRENS O W IR AL D
W R 2 BT D 2 N TEDHIEZITV,
HEMEEZRIET O2LERDH D

5. F&dH & SHEORE

OF BT — % [ C R O 8) = )L % 2 5+l
THZEERATEFERELT, B> HEOHHA
EIE R 2 TRV, ZOFRKEIZOWTIE, HX711 @
AD EH OB OMENBRNZ LTS,
HX711 %> 7V 7 L— NI 10HZ TH D720, O
THRT =T bOMIEFORMEfICR L TT v
H—P 7Y 7 LTWBAREMEIEE D . iR
WYY 7 L— R¥IkHz OFHEET 7 E VT
HTIFRBREIT-o7-E 25, K 8 [T &) =R
AT DI ENTERL. ZORREEZEHID L
T, iR 7Y 7 b— b, BHEINE S I
DI NVXORMFIEZBERTLITETHS.

F 7o, EHEB) T RV D BT KL DL
LRERTICER L TWAAEERSH D, 2o Z i
DNTH T AT — UEEREDO K ORBE VA IEE
L7 ECORBEDEWEELET VOERPEEND.



:30.7 40:35.0 40:39.4 40:43.7

HTEFEF %] [min:sec]

el )7 —4

__-10
20
= -20
9z
- -30 °
3 °
=t ..
2 -40
2
< .
50
-60
40:13.4 40:17.8 40:22.1 40:26.4
[ 7
Fig.7
125 2107 . 1.00mm1 2B
13 ‘I
|
125 |
|_2_ ™
&
Z s
2
11
1.05 ||
|
I;
0.95 L : - :
1.588 1.5985 1.599 1.5995 16 16005

Time w10t

¥ 8 BV L— b 1kHz THUAS L7z K
DOT BT — D ~DEZHE =5 D— 1
Fig.8 An example of impact signal of a drop of water
on a strain gage acquired at a sampling rate of 1 kHz. .
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Reaction of the developed sensor to the impact of a single water drop.
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Fig.9  Schematic diagram of a multi-hop sensor

network under operational testing .
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