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Strain measurement method for moving parts
using loT sensors
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Abstract: The aim of this study was to develop a method for installing strain gauges on moving, lubricating

oil-filled, and sealed parts, such as drive shafts of equipment, including construction machinery. A measuring

device was constructed using an embedded CPU and an IoT sensor to measure the strain of the strain gauge,

which allowed for the measurement of axial torque and axial force, and subsequent analysis. To verify the

performance of the developed device, the axial torque and axial force of the forklift were measured during

operation using a strain gauge attached to the inside of the drive shaft. This study confirmed the possibility of

measuring and analyzing the strain of a moving part, such as the inside of a drive shaft, which is sealed and filled

with hydraulic oil.
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AR : strain initiated change in resistance, S

R : resistance of the strain gauge under load, &2
R, : original resistance, &

GF : gauge factor

e : strain

V' : output voltage, mV

V, : input voltage, mV

F,  : centrifugal force, N
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m, : sensor total weight, g
R, : tire radius of tire, m
Vyen, : velocity of forklift, km/h
T : residuals

Yi : measured data

f(z;) : model function

e(T) : temperature compensation for strain

T : temperature

catoje - HEE 2023.3 41



&
o
-
rE
ol
rlo
AV
it
lo
E
ol
2

Hyo] H
Z:Efﬂlo AlolA= =AY <l
EXE o] &3ty

- E

)

A71M ARS A WIHQ), RS A AIH
(Q), GFe HEETEA 2EHS] ﬂlom o o]g&3s}
=50 A o3 FaA U= BlEdTelth .
Wy g ow|sic)

T2 FEFAA 2EHQ AlOIAE o] &3 MY
< A% 98t FA telemetry 7]1ES
TL2P7F E vk Sl

o] 7|&dl= #3 7|&

JEE R DR

rle rir

[e)
=

o
=
=y

<°

s
&

‘%“ﬁ o7 FA HFomiFH H

A Bol AHEH St kAR 53
L.;sll ;(1]9}50] M.J_
7] oy A FHsh= A 53
g3l= o A7 Yok
QI AlolAe} A E
O+ 5232 (inductive coupling method)
FEFHEZ 7|29 ATA AolE Hjioe] BQ

%7&. Tt Iy o] WA A E B3

FHE AAste= Zlo] dasty

o
o oy
|

|
ﬁg

Y

o o -z
2

A

=,

EWAEGE AR

T —

> m

¢

o]

=)
oA

i

do > 4r ok o |m
o o b g L )

o
b
E
gg

2= T Al (velocimetry) & /\}%—‘3}

1:}3] 2 ol Be g

_,] ‘»Lal- /\]/\Eﬂg ,\}%g}
S0 %LE 3 o) RFo] WA
o AN EAl 2o WE wolz
247} vk EY 4R B3ke] @47}
#g57) 47 ok

ok 2EHQl 54 Roks

o [oT AlAe Tz A3

i\
2
>

R

rr

R=)

T

o & N 2 O o
o [

ol

FIF

gy &
2 Ho mi o 2
(L

!

2]

o b rif ox ©

)

S
N
4%/
()

42

Journal of Drive and Control 2023. 3

W

22 7137 YR dHole 3
TEHE Fol 40 UF 5 AYL
3 ToT ME AFE-3 ééfﬂl‘?l =7

2 B ol
Pr to ol
_,\ci oX, NIO

=

J

_>L
rlr
[
o
—
=
_>.:
it
o -
ofo
ol
X
>

]/\Eﬂo /‘474]0}04 EE
14E1%‘°ﬂ &8 =49
=2

o ¢
>FOU

o
Ru)

o |8 =

o K
[ o

o 21

=

R % 2 4
oy
o
o
e R e N 1)

e

Moo > TNy
i

2 oo N2 AL NS BT B

Nt
9,1‘.
rir o

A
o

o

=

R

i)
o T
EY

ATolA= A Fer 7R ZIA
e e e 4 H“«] HYES SA}
7] #% EZHOZ [oT(:= MEMSMicro  Electro
Mechanical Systems)) AlA1$} YHIT|= CPUE ©] &3
=4 AAE 74 L AZE St o] & o] &3t A

SARS FASAT ALE Ao s e 9
sho] 22U AANE AAARte] Eejoln oo
waslel o8 F Aol % Eas 9L 243

i, ol 3] B4 RES 2EH SHo| 7}

elstaitt

off ;g

ol el
Ein=3

d

2.

=N X9 #4

%Loﬂfﬂ% MEMS E=+= [oT AAS o] &3ty
=3 H%Oﬂ 2EdG Rl AlAE
ZA3la o] & o] 83 = EF

T

RN SO e OI‘J

Table 1 Specifications of parts used to construct
the measuring device

Components Model Size in mm | Weight

Embedded CPU RP2040 50.8%x22.8x7 3g
Load cell amplifier HX711 33.6x20.5%3.0 8 g
MicroSD memory 42x24x12 S5g
Real time module DS3231 38x22x14 8 g
Battery 18650 69x18 45 ¢

LED - -

Strain gauge KFG-3 10x3
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(a) Diagram of strain measurement module
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(b) Block diagram of strain measurement module
Fig. 1 A schematic diagram of module to measure
strain
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(b) Strain gauge wiring picture
Fig. 3 The picture of installed strain gauge in
drive axle of a forklift
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Fig. 7 Result of measured strain for drive axles
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under real driving conditions
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