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Design and Evaluation of Binocular Type Six-component Load Cell
by Using Experimental Technique

Dae Im Kang, Gab S. Kim, Su Y. Jeoung and Jin W. Joo
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Abstract

This paper presents the effective technique to design a six-axis load cell by using experimental
design with an orthogonal array. A binocular structure is used as a basic sensing element for a
load cell instead of the parallel plate structure. The finite element method is adopted to obtain
strain distributions of the sensing element, and by doing the analysis of variances, its results are
utilized in determining the factor which is more influential to the output strain. Calibration test
results show that the developed six-axis load cell with the maximum capacities of 196 N in forces
and 19.6 N. m in moments is evaluated to be useful with the coupling error less than 2.5%.
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Table 1 Levels of factors for the binocular struc-

ture (unit : mm)
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Table 2 Strains of binocular structure by FEM on 16 array

r Factor (mm) Strain (gm/m)
Trial
t a b c d g Fy Mz
1 1.5 4 5 5 15 10 807 493
2 1.5 4 5 5 20 20 1057 508
S S R
3 1.5 4 10 7 15 10 548 194
4 1.5 4 10 7 20 20 712 194
5 i 1.5 5 5 7 15 20 676 327
6 1.5 5 5 7 20 10 871 293
7 1.5 5 10 5 15 20 631 297
8 1.5 5 10 J 5 20 10 817 263
9 2.0 4 5 7 15 20 370 247
10 2.0 4 5 7 20 10 476 220
11 2.0 4 10 5 15 20 345 222
12 2.0 4 10 5 J 20 1w l 447 190
13 2.0 5 5 ) 15 10 433 [ 364
14 2.0 5 5 5 20 20 568 377
15 2.0 5 10 7 15 10 301 146
L
16 2.0 5 10 7 20 r’;20 391 148
Table 3 ANOVA summary for the force Fy
- I
Factor SS (X 10%) { V (X107 F P
t 4.86 1 4.86 183.45 67.9%
a 0.00342 J 1 0.00342 0.13 —0.3%
b 0.71 1 0.71 26.82 26.82%
c 0.361 1 0.361 13.63 13.63%
d 0.942 1 (0.942
£ 0.00156 1 0.00156 0.06 0.06%
Error 0.238 9 0.0265
Total

ol

;1m

a‘

A5k

7.115 15

BHER Y ol
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Table 2¢}
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S mlolstz] falA]= EAAEl widlel shitol
ARE-A] (analysis of variance, ANOVA) & 53 &

Fabeh chee BauAe saa] 93 BaE

olet. @

Sr=N—=1  fa=ksa—1

fe=fr—Afatfot-)

-

A

O



1926 el - 2t

L.
H L

A 4o .

g0l - A4

Table 4 ANOVA summary for the moment Mz

Factor SS (X107 f V (x10% F P
t 0.268 1 0.268 20.32 13.9%
a 0.00176 1 0.00176 0.13 -0.6%
b 0.863 1 0.863 65.39 46.4%
C 0.558 1 ().558 42.29 29.8%
d 0.588 1 (0.588 0.45 -0.4%
g 0.0154 1 0.0154 1.17 0.1%
error 0.119 9 (.0132
Total L 1.831 15
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Table 5 Design Process for determining dimensions of the binocular structure

Dimensions (mm) Strain { gm/m)
Case —
t a b c d g Force Moment
S S S

1 2 4 5 5 15 15 435 382
2 2 4 10 5 15 15 343 217
3 2 4 8 5 15 15 375 268
4 ] 2 L 4 8 7 15 15 325 182
5 4 8 361
6 4 8

7 4 8

of Hlnl gel Al Felghe iyl Slste] qiabel & A calahel ghe 4.6 mmoluh o & H4gkel 5mm
o QA wWEAe] Al sha o 4% vlel 3 = Agea oAb wate] wel, £ Case 33}

A e A4 W4T Weld 4A W Aol ¥vb Caseseld t=1.5mma @} (=2 mmel

=
Al olwf feka

sl & ol7l wlolrh ZH o2 NE] =19 mmz
o R do] Ao whE Zr oo} & 484 Axe A% Ao A9 418 pm/m, &
2] SHo] FHWzhE U+ AAE 2E Aol 7 MEZR 7FAEe] 7-¢ 283 pm/me| gl
of A A How T 4 gl HErF wv] wiiel chgofl dleof gk ZrEE ubErl fe del A
7

R | wtolch, ~xelel A wsts] wwl Table 52 Case 631 Case 75 7ol
o]zl 2] 8B T4 9bdAA wax (full bridge) & AAkE 22 d=10 mm=z A&l o wl, mele

s @l 0.5mV/Vel AAZHl vhedl shr] gal el ghri ofzt FobEd #AFAen A4y
A4z 7htel seelel AolAel A BAslE WYE A4 t=1.9 mm a=4 mm, b=8 mm, c=5 mm,
ghol =2k 250 pum/mo] slE= AAstelol Sht,  d=10 mmelx, of w 3% F L 291 um/m,
el AojAle] Lo, sgedt MHAE  wE & Fee 299 pm/molch gelabE of: %
o) Aolal ol 474z 4 Axeal Aolale] Aol olE FrtetrE A 4TI 6% 2=A
§ %7 few oy Futtast tteel gja £x 2 JF Zold of= Fx wolxAl wlH e x 3
b AlolAel Apdlez g Feigtas weletel  dhe e fASE AL % & sk
280~300 pm/mE 3 A ZFE R Al sk, ool Al AAE Aol Aok esE Aol
bollAl Aled g whe} o] whel Aebiel #1345
b= gel b getrel Fole are) S -

depls aglabs gheo] el kg FAl ok
nZ gl e HEe F 3 m

QlzbE 4mmz wAsioiv, mWlEXR v i

wx7) fel t=2 mm, c=5 mm, d=15 mmz I

deba belakel A% FAs o, Table 52

Case 1 &l 204 3= nls} Zro] b=5 mmU =2}

b=10 mm% wfe] ZF#o] 7zt 382 pm/mse} 217 Fx
pm/me] 22 o] & AYHztsle] b=8 mm=z A

doleh, wheol clAE A"l Slstel oot 5

mme v} 7 mme wfe] FHES Akt 2 Fig. 5 Configuration of hinocular type 6-component
268 pm/me}l 182 pym/me] 2 g 7+ wlhi o7 A load cell developed

B: Strain gage

lower ring



1928 Z2elsl -
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Fx S19 817 S24 S22

Fy S30 832 825 827

Fz S12 S8 S16 514

Mx 82 S6 87 84

My | Si1 | S10 | 813 | S15

Mz S20 823 §21 518
Fig. 6 Positions of strain gages and Whetstone
bridge circuit with strain gages for sensing

g-component forces and moments
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Table 6 Calibrated strain output of 6-component load cell developed ( gm/m FS)

-
Sensitivity Load Fx J Fy L_ Fz Mx My Mz
N Sex 1109 J 4 1 -5 21 -9
Sky 5 1116 -3 21 1 28
Sk L —12 6 887 -15 9 3
Swx -3 5* -2 J 1677 -1 —8
Swmy —%— —18* ‘_-0 —1 ! - 14 1644 10
Suz 10 l 11 —16 [ 13 -1 1171
Table 7 Coupling errors of 6-~component load cell developed (% FS/FS)
Sensitinity oad | gy Fy Fz Mx My Mz
Sex — 0.36 0.09 0.45 1.89 0.81
— 0.27 1.88 0.09 2.51
(.68 — 1.69 1.01 0.34
.32
1.08* 0.00
Swz 0.85 0.94 1.37 J 1.11 J 0.08 ‘ —

sfof Mxwl Mye| S44d #Astd olfelel & A% el Abd T2 dalel A 344

Heke wAelbsier, dadsdol N estetn Azdeh, 4By WY
5449 7ok Table ol vhebuleleh, el 8 28 pm/m o] stz M s Sk,

St % el ehFel 47 salAe an B b sk 28 SgAR Aoty 4 eas

At melAlsze] WyHE FAEE elvldeh Al4kstel Table 7ol uheldigier, Hold 23hi

shebal o) A7l B 44 1 16 Nomwl g @hEel AbAyel b Sel d3Eel AdRE o)

A wdlE 19,6 Nomel hslg wlel g4 F4 wAshs Fel o Fe] 44 ool A vge

G vhebala ookl ghe AEbAl olabel olat  vhehili 45k SRk ejulabe oirld, i
of WAAE MR deileh Fold uls sk Ad ool ek vhel ol A F3k Aol
ol Fx. By Mool o 470 5ot o4l ol & bols] Asl selshel 2A@ G2 vl
<]
S -

2 1100 gm/m ol A 1200 /zm/n o] ghel 3 ch SfoflA] Ham ube}l Fro] FHo A E 7MY ot
dulolont, el wiAl s ot Fz, Mx, Myel rH Mzell 2l&k Sp¥el HEEY 22E 2.51% ol
@ 44 Fughe olurh Gxl Az Al Fels o olsloli B 1.9% olulsl AE74] LaLE
oleh, olRe ¥ wRel HA4 248l ek weld A 6% ZEAL % AEdo] PSS
Aol ol & w2z 'J?L.P e Aake] ®le]  mglch

ol 4okt el Aol o8-8 feha o4 st

ouf @1 TS U FA el Aol ol 1.2 B

A5)907) witow sbghEich, welih 6% @ Ao
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