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Sensing method of multi-component forces and moments
using a column structure

H. H. Shin, D. I. Kang, Y. K. Park, J. H. Kim, J. W. Joo and O. H. Kim
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Abstract

The column-type sensing element in building and mechanical construction parts was designed as three
forces and three moments sensor by attaching strain gages approximately. Compared to conventional
multi-component sensor, the designed sensor can solve the problem about low stiffness and high cost.

The radius of the column was designed analytically and compared with finite element analysis. The
coupling errors between components were minimized by using addition and subtraction procedure of
signals. The fabricated sensor was tested by using a deadweight force standard machine and a
six-component force calibration machine in Korea Research Institute of Standards and Science(KRISS).
The calibration showed that the multi-component force/moment sensor had coupling error less than 19.8
% between Fx and M, components, and 9.0 % in case of other components.
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Fig.1 A schematic diagram of column-type load
cell with strain gages to measure three
forces and three moments.
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Fig.2 Position of strain gages for the measurement
of forces and moments in the six-component
load cell.
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Table 1 Sensing output voltage and coupling
output voltage for column-type load

cell.
Output strain ( mV/V )
Load
Scir.l Scir.2 Scir.3 Scir.4 Scir,ﬁ Scir.G

Fx (12.2 kN) 1 0 0 01050
Fy (12.2 kN) 0 1 01057 0 0
Fz (200 kN) 0 0 2 0 0 0
-Mx (456.95 Nm)| 0 1 0 1 0 0
My (45695 Nm) | 1 0 0 0 1 0
Mz (69631 Nm) | 0 0 0 0 0 2
| S

ZARE SNCM 8F o2 AAsg) Als A<
= YA 210 GPa , Foldn] 0302 FHY
o, 4E 48 fFdFas T2 ANSYS
ver.5.62 AHE8H3Th 1ML 8H A 3AGEE
= 3AY 94E AMIIAY. Ay A
Fig3d 2ol sia gZol a 49 sl4E 8496
ANela, AA AFe 9481 MGon, BA =4
o2 2rde] vigwe] AHG x vy, oz W
o2 B% FEY. 715 BRAR g2 S
2A delMs tEe do] FA AL
el tHEes AES] A8 BESL 2¥€" 9

flo iy

e 4o Aol dF& Fbetd FoF ¢H
(Von-Mises stress)ys #¢lst3ich A4 s5<
Fass Mol FA set A Sl Yy
T FEY 57 o] 1526 MPaZ F8 SR

23t F,

Fig.3 Finite element mesh of sensing element.
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Fig.4 Process for eliminating coupling errors.
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Fig.5 Photograph of the column type multi-
components load cell.
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Table 2 Sensing output voltages of column type

multi-components load cell by experiment.

Output voltage ( ¢ V/V )

Load

Scirt | Scirz | Sei | Scira | Scirs | Seis
Fx 2693 125 -17| 15.3| 1423} -5.1
Fy 18.11 272.0 0.2 1405 151 54
Fz ~10.2 85| 421.0 76| -92 1.1
-Mx 43| 917 -03; 916 35 1.1
My 91.7f -09| -02 0.1f 915 3.3
Mz -0.2 0.4 1.0 1.0 0.8] 1186

Coupling error (%)

Sdr1 Sar2 Sar3 Sord4 Sars Sar6

Number of circuit

Fig.6 Coupling error of sensing output voltages of

column type multi- components load cell by

experiment.
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