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ABSTRACT

In this paper, the application of finite element method to design the shape of load cell as
an illustrative case study is described. The relationship between the various shapes of load cell
and their stress characteristic were analyzed by COSMOS simulation program. The results
obtained from the proposed analysis can be applied to determine the appropriate position of strain
gauges for good quality load cell. The experimental results show the good efficiency of the

proposed technique.
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r ARl AR2 AR3 AR4
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(I+r)URl R2 R3 R4
" Vo SEPUHY)
3w la 2AE
- 2AE
130 Vo =Cvo (2.7)

P=—2>""
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unuauMs 2.1040 a1 2.9 1214

(@ ) Se0+Y) @11)
Vs ) 2E
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THaAEadHUUAIRINDUNINUARTMUAA AN AINAYBINITE (P=Pmax) N (Vo/Vs)* = 3mV/V
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R1 R2 R3 R4  Ebh’
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* Q+rY\ Rl R2 R R4)°
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PATAIUUTIAUNMITEIAA (VO/VS)max w1 1dnnnsunuaums 2.19 asluauns 2.20
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AUU

S
[ﬂ] e (2.21)
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o 4 a [ o H a 0
Tvaaraauuumunuoluiemaalions 18U 19U (Vo/Vs)* NATLANAINATEHING 4

UaE 5 mv/yv
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v
= =

¢ Ao yunidoauul rad
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2.6 NoInIwaa
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Weamanavegnmeldiivesnnuesmeldmsnsziwessefaifissoiamoinnududs

210 (Normal Stress) ox = oy = oz = 0 Mng1lii 2.6 1214

(2:25)

=t o . . . 4
ANUIATEANAN (Principle Strain) £1 = £2 M1 1@ naums 2.25 aznNuoIgn
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wedmnudniuInalauuiad anuduiutseniaussduedna vo uaznesnazmiay

UNUDUNIT (2.27) aaaun1s

Rl R2

Vo= 16T

1+V
- (?JSng

3
L_E
16(1+v)SgVs

_ aD’E
16(1+v)SgVs

o o = a o ar o
a1 hveanesnwaa-dea lauvsatsuiu fvualae

g Yo _1
T C nD’E

_16(1+v)Sgls

r (ARl AR2 AR3 AR4
0= — + —
(1+r)?

Vs
R3 R4 J

(2.28)
(2.29)

(2.30)

(2.31)
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mistadmiunsiszgnaldnuuunadae 14
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B nD’St
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[ 1 o 4 o o o '
DATITIUUTIAUNDINTIA (VO/Vs)* ‘ummsnwaaiazgnnmuﬂ‘l"fszmn 4108 5 mV/V

noin T NdeandonuusIAuInIANA Vo gaimualagaums

VolVs
= —_— (2.33)
(VolVs)*
a q‘.’: d
2.7 JnuumsAadna masunoasuulnaavaa
Gage Method
Connection Application Circuit output Remark
system
c.,:f— Ks-&o
1-active-gage Ks * Gage factor E’fﬁi’fn"mmn
2-wire € : Strain 1 rigmmi;w
. O noniinear
E i Bridge voltage onrestion
Nr. of gage: 1 Moncaxial sress & - Duputvokage o o
(uniform tension or comprssion) Rg - Gage resistor
R : Fixed resistor
Hotemp.
1-an;livg-gaqe fr?é%?eﬁl
" m y - on es
el e c..:f Ks-&o cancelled:; xi
L output: non-
Nr. of gage: 1 Monoaxial stress '3&?2.5’ nggged
{uniform tension or comprassion) for large strain
; =E ke,
{-active-gage S e
(2in sgries] Rgr - Stiain € o tamparature
2-wire Rgz - Strain:€2  compensation;
(cancelling go=EHtE2 E;chl}tg;tﬂm
bending strain) - output

Nr. of gages: 2

R Fixad resistor
RgitRg=R
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l Bending e=ExKees
1-active-gage | O . No temperature
(2 in series) Re Rgi---- Strain : € tchomper[ls.}ltimlt:
g = ! in:&: ermal gliec
3-wire e R Stain:€: - O eadires
(cancelling O e,=578 cancelled;
bending strain) : o 2 E’emgdslia‘m
N. of gages: 2 Manoaxial stress ' ’; Fredresistor—— qupu
(uniform tension or compression) 5+ Re=R
. Bending e=EKse
1-active-gage S No temperature
(2 in series) " Rei - Strain  €: lc:mpel;s.;'tiol::
i 21 | Y- in:e: 2rmal effec
3 o il 7% g SHA €2 o eivies
- 1 e e G
ending strain strain
R - . cancelled; x1
r. of gages: 2 Moncasalsiess 5 R:Fixed 1oSiSor  ouiput
(uniform tension or comprassion) RprRgr=t
et YEy o
1
2-active-gage LI v:Poisons o lenperlure
I =t . compensation;
(at right angles) dg-— = Re, Rpﬁé o Dema e
L el ge rasistol  on leadwires
N of -9 . Rg; weeene Strain L €5 cancelled:
I. of gages: " Monoaxial stress Re: .. Siain - -ves X {14¥) output
uniform tension or comprassion ; .'
( pression) R Fixed resistor
2-active-gage c":f Eela
(cancelling
bending strain) Regt - Strain : &
Rgz -.- Strain : — &

Nr. of gages: 2

R : Fixed resistor

Monoaxial stress
(uniform tension or compression)

------ Strain © &
------ Strain : €0
R : Fixed resistor

No temp. com-
ensation;
ending strain

cancelled by

gages cemented
on front and
back;
nonlinearity
compensation
needed for large
strain; x2 output




or

diinnomyananl wszeemndmansz
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Ho temp. com-
R E pﬁw: ther-
§ " - -Es Tal el on
Opposite 2-active- g G g ok Iegidgr? S"'
age celled: bendin
3!_':]“ e i strain cancel?ed
A R Rer - Strain: € DY gages ce-
: . Rgz ... Strain: € ;'nf,"},i‘;f’,:z";ﬁ}f
. of gages: 2 Monoaxia stress (uniform R : Fixed resistor put coraction of
tension or compression E | nonlinearity
needed
i by lgmgénsalion-
4—act!ve-qagg thermal effect on
(bending strain Rps Rpp - leadw:lre;
meastring) Bending strain : €a gﬁr:ﬁ'm
Rgz . Rgi ... ttsnsmn}.ﬂmn
Nr. of gages: 4 Bending strain: —&, m{m "
e
4-active-gage -  Visakiid Temperatutrie
(gages at right <> v Poison'sration  compensation;
thermal effact
angles) Ret. Rgs ... i -
¥ ; Strain: €o  cancelled;
Nr. of gages: 4 Ry Re Rez.Ree.... X2(1+v) output
Monoaxial stress Strain : -veo
{uniform tension or compression)
- Temperature
; P oy o > e=Ekse compensation;
Active-dummy U= 2 melren;:lm effect
(4-gage method) e ggmelled'r :
Monoasial sress {uniform tension of comgrassion) Rgr.Rgs ... g
) bending strain
Dumm Strain : €. cancelled by
ummy
Nr.of gages:4  gage /Re Rz, R .. AU Sl
Strain; 0 00 fondand
Rey/ R : back; x2 output
&:f— Ks &0
2-active-dummy :gmgml& _
(twisting strain ke R‘T’h . thermal effect
measuring) wisting strain €= on leadwires
Rg? Rgz oo cancelled:
%2 output

Nr. of gages: 2

Twisting strain ;=&
R Fixed resistor

604795
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C=KséE Temperature
4-active-gage magr;sﬂ:fn}g
(twisting strain Rei.Rgy ... on leadwires
measuring) Twisting strain:€. ~ cancelled:
R bending strain
. Rg’_ Mg cancelled:
Nr. of gages: 4 Twisting strain: -€o x4 output
" e=EKse, No Temp.
4-aclive-gage 4 compensation;
i mean stress
(mean strain go=EitEtE+E measuring;
measuring) 4 x1 output;
coir':gctmn of
: R Fixed resistor nonlinearity
Nr. of gages: 4 R=Rer=Rg:=Ra:=Rg: ::reaq:d for large
|
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a 4 a o a l‘:’ o '
awnsoeedueld Taongnaminaddnduasimsdssavivumnludnyuzsvesaumsaig

o e "

é Ll = o L o -
18 d30190g luztuesaumsiFioyiut AaiIeturu MsAUINMINGATEIEN1QUNY]
VUIATBITUAB NI ULIINAUMIOYNUT NS LA IUzYeInNUaNgalumItIImAIY

¥ L .
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ayNus s UwAn LzYBIRNNANgavel Inssadniuneldussnaduvesemaluvusi
o a ° a =4 ' g
wmsiiu [2] B msdinnefimmanazanuvesnszudauninmgladuiieszeon
1 4 - " 4 w ad a a
dudeulsznyuluiuinnldduezindoudir llunsenowniinenisuuninaumsi¥a
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Auiina (Finite Difference Method)
o e w aa ' A da ' a
nanmIndiAgyedsmInaanduiissndemsmawamas lasdszunu Tansy
nnmslsuaumsiFioyius Iveg lugduuuvesszuuaunisnaa1aduiiios (System of
. Y a a ' P R ' aq ) '
Difference Method) 90Av893EMsnaaaduiileatinge I5aenarnduiinsniiuae
msnyuazmsiinnudnle soulutnnuazainlums@suTusunsuneununesine 14
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- % ; o o 4 & aa 4
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a - VoW ad da & w4 v aa ' & v
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- ' ' } 4 il " aa ¢ ™ '
Gunnmsmisglsnvesdlymeonithuiieivaw FuiiGoni dawud wuludrediaves
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¥ o o

wallszToxidausnit lddusdanunngd 3.1 Ade 35ms I ludsawud

v ¥
Usznevdiwdamudvinadg duiiannsaiiassglindnyusduduvoarvegiiion1d
NNAGAMAAT (Mathematical Model) #iigyindnyuzlndiissiuveaniadudunniiga
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L 1

= ° da ' e 4
muumwamauTauﬂs:ummzmmmaanmnummuuummn'uu
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o o .. 1 [ aa & a
$nuimin1d(Finite) Awmsunuzlsndnvuzvesilymid1edamud (Element) Failvuia
ANy Ay lauaasludlediukuegiitioy

b 4
-a o ' " @ 1 i aa ¢ o o
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AMUBANYUTUYDIA (Elasticity Problem) Tymiinernugumngiiuazauiou (Thermal

Problem) 593" 31lgyn1v83n15 11 (Fluid Problem)
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LORLUUA
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v 4
f
y |
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]-—’ X —

3 32 maniagusudnuazvesilymoesniusamudiuseg

Tuneun 2 madoniladunszunanielud s (Element Interpolation Functions) 144 8@
o = aa o " a = aa o o ' '

BuATIImasY (GannAnuueNAaAsluzIN 3.3) BRuddinainlsznoudas 3 gade
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h2—hl

h= x+hl (3.24)

1% h2 =kh1 (k=1,2,3....n)
N h=%((k—1)x+ L)

MC 6Px
O==—=—
I bW

o Pxhl((k-1)x+ L) 6
i hP((k-1)x+L)*

P’
g =
bh1*((k-1x+L)?

(3.25)
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do _,
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Tdx bR (k=Dx+L)"

(3.26)
0=(k-1)x+L-x(k=1)((k-D)x+L)2)
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M3 3.1 puandvesiagiinnadaivaawad

Tnaawad Wandoad iy
Material Aluminum 6063 Aluminum 7075
Elastic Modulas 68.9 E9 71.99 E9 N/m*2
Poisson's Ratio 0.33 0.33 NA
Shear Modulus 25.8 E9 27 E9 N/m”2
Mass Density 2700 2700 kg/m*3
Tensile Strength 172 E6 124.084 E 6 N/m”2
Yeild Strength 8.96E+07 5.5145 E7 N/m”2
Thermal Conductivity 200 120 W/(m.K)
Specific Heat 0.9 0.96 J/(g*celcias)

M9 3.2 guauliRvosmasung

Brand KYOWA
Type KFG-5-120-C1-23
Temperature Compensation For Aluminum
Gage Length 5 mm.

Gage Resistance (24°C, 50%RH) 1198+ 02 Q
Gage Factor (24°C, 50%RH) 2.16:1.0%
Adoptable Thermal Expansion 23.4 PPM/°C
Transverse Sensitivity(24°C, 50%RH) 0.40%
Aplicable Gage Cement —=/°C
Temperature Coefficient of Gage Factor CC-33A, PC-6
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Model name: Assem | Test
Study name  test?
Mesh type Sobd mesh

A

d‘. o as o' 4
UM 4.1 nmisimuaddmuald Inaawad
v d’ l'q'.v : s
aui 2 minaaevlasly I vanadyimin
' v
NSNATOUFININUN
1) solvaaaananini 4.2 Tasdes LI wiviimsinaeun

: @ U { o ]
2)Lﬂ1u1ﬁuﬂﬂ1ﬂﬁdﬁﬁ1Uﬁﬂﬂ

0370272005

¥

4 1 s ° o
JUN 42 msAegUnsalenin1sss



47

4.4 Waminaaed

dwun 1 mineasslagldldsunsy COSMOS WMsInsIEH  HamIsNaans
a ray: o o -’ Y i o
N3 1H Inaaad eI Tnaaadihmssnimin 10 kg mindeyalumaieit 1 hIRY14

¥ v
NNIIAAAIAATUINN A 1A

4 .005e+007
Model name: Assem1Test
Study name tr1 3.769e+007
Plot type  Static Nooal stress-Plot?
Deformaton Scale 188.842 3.534e+007
3 298e+007

. 3.063e+007
2.827e+007
2.591e+007
2.356e+007
2.120e+007
1.885e+007
1.648e+007
1.414e+007

von Mses (Nm*2)

G L] Ll L) L) L) T L] L] L] L L] L) L} Ll L] L L) L) L] L]
00 01 02 03 04 05 06 07 08 09 10
Parametric Distance

UM 4.4 nsnluaasnuduidr naaad



;ﬂﬁ 4.5 Factor of Safety N10 kg

48



! o ] - a 4
MIN 4.1 M nuiduninauu Ivasyaa

von Mises
Node X (mm) Y (mm) Z (mm) | Component
(N/m*2)
23738 5.44E+06 71.224 14.423 -0.85663 | step6_test-1
25990 1.14E+07 69.199 14.423 -0.85663 | step6 test-1
23731 1.51E+07 67.173 14423 | -0.85663 | step6_test-1
25997 1.82E+07 65.148 14.423 -0.85663 | step6_test-1
23736 2.13E+07 63.122 14.423 -0.85663 | step6_test-1
26001 2.39E+07 61.097 14.423 | -0.85663 | step6_test-1
23735 2.67E+07 59.071 14.423 -0.85663 | step6_test-1
26009 2.76E+07 57.045 14.423 -0.85663 | step6_test-1
23734 | 2.76E+07 55.02 14.423 | -0.85663 | step6_test-1
26016 2.86E+07 52.994 14.423 -0.85663 | step6_test-1
23733 2.90E+07 50.969 14.423 | -0.85663 | step6_test-1
26022 2.88E+07 48.943 14.423 -0.85663 | step6_test-1
23732 2.64E+07 46.918 14.423 -0.85663 | step6_test-1
26027 2.05E+07 44.892 14.423 -0.85663 | step6_test-1
23731 8.71E+06 42.867 14423 | -0.85663 | step6_test-1
26031 3.41E+06 40.841 14423 | -0.85663 | step6_test-1
23730 5.78E+06 38.816 14.423 -0.85663 | step6_test-1
26038 4 44E+06 36.79 14.423 -0.85663 | step6_test-1
23729 |  8.98E+06 34.765 14423 | -0.85663 | step6_test-1
26043 9.57E+06 32.739 14.423 -0.85663 | step6_test-1
23728 9.24E+06 30.714 14.423 -0.85663 | step6_test-1
26738 7.26E+06 28.688 14.423 -0.85663 | step6_test-1
23624 5.02E+06 26.663 14.423 -0.85663 | step6_test-1
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3UM 4.6 MsTRT RN Tnaawadn 10 kg

31N 4.7 Factor of Safety Tvaaiwadn 10 kg

4 076e+007

3.836e+007

3.597e+007

3.357e+007
. 3.117e+007
2.877e+007
2.638e+007
2.398e+007
2.158e+007
1 .918e+007
1678e+007
1.439e+007
1.199e+007
9.591e+006
7.193e+008
4 796e+0086
2.398e+006
1 .645e+000

FOS

1.000e+002
9.209e+001
8.418e+001
7.827e+001
6 836e+0M1
6.045e+001
$.254e+001
4.463e+001
3672e+001
. 2881e+001
2.069e+001

5.073e+000
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d' ' = J
MT19N 4.2 LLTASA 1m1mﬁuﬂnam¢ma

von Mises
Node X (mm) | Y (mm) | Z(mm)
(N/m*2)
1470 2.33E+06 63.281 10.5 6
1469 4.68E+06 62.008 10.5 6
1468 6.08E+06 60.734 10.5 6
1467 7.03E+06 59.461 10.5 6
1466 8.01E+06 58.188 10.5 6
1465 9.14E+06 56.915 10.5 6
1464 1.04E+07 55.642 10.5 6
1463 1.16E+07 54.368 10.5 6
1462 1.26E+07 53.095 10.5 6
1461 1.34E+07 51.822 10.5 6
1460 1.40E+07 50.549 10.5 6
1459 1.43E+07 49.276 10.5 6
1458 1.45E+07 48.003 10.5 6
1457 1.48E+07 46.729 10.5 6
1456 1.50E+07 45.456 10.5 6
1455 1.52E+07 44.183 10.5 6
1454 1.52E+07 4291 10.5 6
1453 1.51E+07 41.637 10.5 6
1452 1.48E+07 40.363 10.5 6
1451 1.41E+07 39.09 10.5 6
1450 1.26E+07 37.817 10.5 6
1449 1.02E+07 36.544 10.5 6
1448 5.94E+06 35271 10.5 6
1447 3.20E+06 33.997 10.5 6
1446 8.62E+06 32.724 10.5 6
1445 1.20E+07 31.451 10.5 6
1444 1.14E+07 30.178 10.5 6
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M3 4.2 (19)

1443 8.70E+06 28.905 10.5 6
1442 5.60E+06 27,032 10.5 6
1441 3.50E+06 26.358 10.5 6
1440 1.67E+06 25.085 10.5 6
1439 71.77E+05 23.812 10.5 6
1438 3.46E+05 22.539 10.5 6
1437 4.26E+05 21.266 10.5 6
1436 4.50E+05 19.992 10.5 6
536 1.90E+05 18.719 10.5 6
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ICCAS20605 June 2-5, KINTEX, Gyeonggi-Do, Korea

Case Study of Shape Design of Load Cell Using Finite Element Method
Saravut Reaugkittakamn, Jettiya Sripituk ,Sawai Pongswatd, Pittaya Pannil, Prapart Ukakimapumn

Department of Instrumentation Engineering Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Ladkrabung, Bangkok, Thailand
(Tel: 66-2-739-2407: Email: kuprapar(@kmitl.ac.th, sara_earb@yahoo.com)

Abstract: In this paper, the application of finite element method to design the shape of load celi as an illustrative case study is
described. The relationship between the various shapes of load cell and their stress characteristic were analyzed by COSMOS
simulation program. The results obtained from the proposed analysis can be applied to determine the appropriate position of strain

gauges for good quality load cell. The experimental results show the good efficiency of the proposed technique.

Keyword: COSMOS, Finite Element Method, Strain gauge, Load cell

1. INTRODUCTION

Currently, equipment or components such as mechanical
part, transformer, and security equipments are designed and
modeled using CAD (Computer Aided Design) before
continuing to build an actual one [1]. This is because it is easy
to specify and modify the constraints when modeling using
CAD. Moreover, it is convenient and fast as well as the
numerical design using software can be easily calculated. One
of the most widely used numerical methods is Finite Element
Method. This method can facilitate when studying and
designing of a part. Not only is this method is highly effective
and safe, but also the costs of testing can be reduced.

Strain gauge based load cell is one of the most commonly
used type in industry especially when dealing with force such
as tension, press, torque, and moment [2-3]. Designing load
cell according to the mechanics can only explain the maximum
force and the position highly potential to damage. However,
the characteristics of stress on load cell cannot be analyzed
using theory of mechanics. Therefore, the finite element
method is necessary to analyze and design load cell [4].

This paper proposes the case study of shape design of load
cell using finite element method. Load cell to be designed is
the one used to measure the torque by modeling it in the form
of beam which the maximum stress is of importance since
extra stress can permanently disfigure load cell. The
experiment starts with designing and modeling load cell using
CAD. Then the shape of modeled load cell is analyzed using
COSMOS simulation program. The stress characteristic
obtained will be further used to determine the optimal position
of strain gauge for good quality load cell.

2. THEORY AND CONCEPT

The shapes of dummy load cell as bending beam type can be
designed with the constant and non-constant cross-sectional
areas [5-6]. The maximum stress of dummy load cell with the
constant cross-sectional area as shown in Fig. | can be stated as

M1 )
o c
where M is the moment
o is the stress
[ is the moment inertia
c is the center of beam

The moment inertia / and the center of beam ¢ can be given by

c= 2 (2)
2
b A
o (hb)io = | [Wabdh="2
I=||\ho(hb)do = bdh = — 3
I [ 2 &
32
where b is the width of cross-sectional area
h is the thickness of cross-sectional area
Based on Eqgs. (1) ~ (3), the stress o can be written as
Mc 6M
O=—=—— 4)
I h*b

Fig. 1 Dummy load cell with the constant cross-sectional area

Fig. 2 Curve dummy load cell
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Based on Eq. (8), If we design h; = kh,, where k=1,2, ....n.
- - - we obtain
o : ®
" ' h=%[(k—l)x+ L] ©)

Fig. 3 Dummy load cell with curve cross-sectional area

To improve the stress sensitivity (effectiveness) of dummy
load cell with the constant cross-sectional area, the dummy
load cell with curve cross-sectional area as shown in Fig. 2 is
available. Fig. 3 shows its stress characteristic, the moment M
can be expressed as

P
_P 5)
2" (

L
where P is the pressure (), and 0 < x < 5

Substituting Eq. (5) into Eq. (4), we obtain

_3Px
ob

W (6)

Based on Eq. (6), If we design h = kg, and x = L/2, the
stress o will be equal to the normal stress acting on x-axis

o, (o= cr,) - Then, the thickness of cross-sectional area &
becomes

2h
h=x| — 7
[L] ()

Since the dummy load cell with curve cross-sectional
area is difficult to build up in practically. Therefore, the
purpose of this paper is to present the shape design of dummy
load cell with non-constant cross-sectional areas as shown in
Fig. 4.

hi 2

Fig. 4 Dummy load cell with non-constant
cross-sectional area

From Fig. 4, the stress characteristic can be expressed as

h="R, ®)

Substituting Eq. (9) into Eq. (4), the stress can be rewritten as

PL
o =— - (10)
bh[(k-1)x+L]

The position with maximum stress can be given by

do

—=0 11

i (1n

Substituting Eq. (10) into Eq. (11), we obtain

(k=1)x+L-x(k-1)[(k-1)x+L](2)=0 (12)
A
T

et o

I-4Te o
i
T

o

Fig.5 Stress of Dummy load cell with non-constant
cross-sectional area

T -l
O e

Fig. 6 Stress characteristic related with the applied force

The stress of load cell as shown in Fig. 4 was analyzed
using finite element method. The analysis results obtained
from COSMOS simulation program are showing in Fig. 5 and
Fig. 6. It is clearly seen that, Its stress characteristic is
distributed uniformly over the area. Moreover, it is easy to
build an actual one.
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3. DESIGN AND IMPLEMENTAITON OF Rkl

l‘-“-l
W e

LOAD CELL ‘

VT

In this paper, the application of finite element method is R
used to design the shape of load cell as an illustrative case v
study. The experiment starts with designing and modeling load S
cell using CAD. Then the shape of modeled load cell is g
analyzed using COSMOS program. The results obtained will W e
be further used to determine the appropriate position of strain "
gauge installation. : :::*

AR b

* 2 Wl 1T
2w
R [T

Fig. 9 Simulated stress characteristic of studied load cell

——
T _
e L ) Table 1 Relationships between the position x and their stress
e von Mises
Node (N/m*2) X (mm) Y (mm) Z (mm) Component
23738 | S44E+06 | 71224 | 14423 | -0.85663 | step6 test-1
25990 | 1.14E+07 | 69.199 14423 | -0.85663 | step6 test-1
Fig. 7 Modeling of wrench design 23737 | LSIE+07 | 67.173 14.423 | -0.85663 | step6 test-1
_ _ 25997 | 1.82E+07 | 65.148 14.423 | -0.85663 | step6 test-1
The studied load cell to be designed is the one used to 23736 | 2138407 | 63122 14423 | -0.85663 i}

measure the torque by modeling it in the form of beam as

shown in Fig. 7. For torque measurement of bolt spin should 26001 | 239€+07 | 61.097 | 14423 | 085663 | stepS test-1

be install the load cell at the handle of wrench. The application 23735 | 2.67E+07 | 59.071 14423 | -0.85663 | step6 test-1
of load cell with the proposed concept as referred in Egs. (7), 26009 | 2.76E+07 | 57.045 14.423 | -085663 | step6 test.1
(10), and (12) for wrench design is shown in Fig. 8.

23734 2.76E+07 55.02 14.423 -0.85663 | step6 test-1
26016 2.86E+07 52.994 14.423 -0.85663 | step6 test-1
23733 2.90E+07 50.969 14.423 -0.85663 | step6 test-1
26022 2.88E+07 48.943 14.423 -0.85663 | s test- |
23732 2.64EH07 | 46918 14.423 -0.85663 | stepb test-1
26027 2.05E+07 44.892 14.423 -0.85663 | stepb_test-1
23731 8.71E+06 42.867 14.423 -0.85663 | step6_test-1
26031 3.41E+06 40.841 14.423 -0.85663 | stepb test-1 |
23730 5.78E+06 38.816 14.423 -0.85663 | stepb test-1 |
26038 4.4EH6 36.79 14.423 -0.85663 | step6 test-1
23729 8.98E+06 34.765 14.423 -0.85663 | step6 test-1
26043 9.57E+06 32.739 14.423 -0.85663 | sl test-1
23728 9.24E+06 30.714 14.423 -0.85663 | s test-1
26738 7.26E+06 28.688 14.423 -0.85663 | stepb test-1
23624 5.02E+06 26.663 14.423 -0.85663 | step6 test-1

Fig. 8 Modeling of dummy load cell in wrench design To amplify the output signal of strain gauge, the amplifier

) . as shown in Fig. 11 is used. Its circuit diagram is shown in

From Fig. 8, the studied dummy load cell was Fig. 12. Fig. 13 shows the implementation of designed wrench
implemented based on the use of CNC machine with 5083 as illustrative case study in this paper.

aluminum as the raw material. The plies of the both ends are
designed for connecting with the head and handle of the
wrench. Fig. 9 and Table 1 show the COSMOS simulated
result of studied dummy load cell when the applied force is
about 10kg. From stress characteristic as shown in Table 1,
the appropriate position to install the strain gauges is
determined. The maximum stress is the importance factor for
choosing. From Table 1,the appropriate positions of x are
50.96 to 65.148 mm. 4-Active gauge installations as shown in
Fig.10, four 120-ohm gauges with a diameter of 5 mm are Fig. 10 4-Active gauge installations
used in the experiment.
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Fig. 12 Circuit diagram of the amplifier

4. EXPERIMENTAL RESULTS

03/02/2005

Fig. 13 Designed wrench in weighing system

The performances of the proposed technique were
studied using weighing system as shown in Fig. 13. The
experimental results as the voltage signals are shown in
Fig. 14, when the raising and falling varied weight (0 to 4kg
and 4 to Okg) are applied. The hysteresis error of
measurement about 1.725% of span oberved.
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Fig. 14 Experimental results for hysteresis test
5. CONCLUSION

The case study of shape design of load cell using finite
element method is described in this paper. The experiment
starts with designing and modeling load cell using CAD. Then
the shape of modeled load cell is analyzed using COSMOS
simulation program. The stress characteristic obtained will be
further used to determine the appropriate position of strain
gauges for good quality load cell. The experimental results
show the good efficiency of the proposed technique.
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