el a4 A1sd Al235 2000 29

Journal of the Korean Society of Precision Engineering, Vol. 18, No.2, February 2001.

e Helo s/RHEHS 2t 323

-

ot

/BEHE

Design of 3-component Force/Moment Sensor with Force/Moment Ratio of
Wide Range

Gab-Soon Kim*

ABSTRACT

This paper describes the design of 3-component force/moment sensor with the force and moment ratio of wide range.
It can measure the x-direction force Fx, y-direction force Fy and z-direction moment Mz simultaneously. In order to
accurately measure forces and moment using 3-component force/moment sensor, it should get suitable force and
moment ratio(the ratio of force Fx=200 N and moment Mz=20 Nm is ten to one), and small interference error. in this
paper, In order to design the 3-component force/moment sensor with the force and moment ratio of wide range, the
procedures are performed as follows : 1) the derivation of the equations to predict the bending strains on the surfaces of
the plate-beams under the forces or the moments, 2) the determination of the sizes of the sensing elements of the
force/moment sensor by using the derived equations, 3) the Finite Element Method(FEM) analysis and the characteristic
test for confirming the strains from the theory analysis, 4) the selection of the attachment locations of the strain gages of
each sensor, 5) the analysis of the rated strain and the interference error at the attachment location of strain gages. It
reveals that the rated strains calculated from the derived equations make a good agreement with the results from the
Finite Element Method analysis and the characteristic test.
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Fig. 1 Structure of sensing element for a 3-component
force/moment sensor
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Table 1 The size and natural frequency of sensor 1

L t ke Wgy ds ky [USH
(mm) (mm) (N/m) (rad/s) {mm} (N/m) (rad/s
9 1.10 | 10735638 726 7.70 | 14012695 | 3707
10 1.28 12331254 778 7.10 13583236 3650
11 1.43 12918360 796 6.70 13130052 3588
12 1.56 | 12918360 | 796 6.40 | 12646008 | 3522
13 1.69 | 12918360 | 796 6.20 | 12440028 | 3493
14 1.80 | 12497143 783 598 | 11961697 | 3425
15 1.92 | 12331254 | 778 579 | 11721319 | 3390
16 2.02 11832363 762 5.60 11290524 3328
17 | 212 | 11403499 748 548 | 11051008 | 3292
Table 2 The size and natural frequency of sensor 2
Ll ' Op, d, Ky Wy
(mm) | (mm) (N/m) (rad/s) (mm) (N/m) (rad/s
9 1.10 | 10735638 726 143 | 40100295 | 6271
10 128 | 12331254 | 778 13.0 | 35897131 | 5933
1 143 | 12918360 | 796 12.1 | 32530524 | 5648
12 1.56 | 12918360 | 796 11.6 | 30522968 | 5472
13 169 | 12918360 | 796 1.0 | 28217244 | 5260
14 1.80 | 12497143 783 10.7 | 26841591 | 5131
15 1.92 12331254 778 10.3 25375319 4988
16 | 2.02 | 11832363 762 10.0 | 24029250 | 4854
17 ] 212 | 11403499 748 9.8 | 23151733 | 4765
Table 3 The size and natural frequency of sensor 3
! t K Opg d; Ky Wnp
(mmj; | (mm) (N/m) (rad/s) (mm (N/m) (rad/s
9 110 10735638 726 27.0 | 134337259 | 11478
10 1.28 12331254 778 240 | 112478251 | tos03
11 143 12918360 796 222 | 98733297 9840
12 1.56 12918360 796 209 | 85292943 9305
13 1.69 12918360 796 198 | 80012988 8858
i+ 1.80 12497143 783 190 | 73431981 8486
15 1.92 12331254 778 182 | 67739543 8151
16 202 11832363 762 17.6 | 62958084 7858
17 212 11403499 748 17.1 50149819 7616
1 A¥= AA 1, 2,38 Table 1, Table 2. Table
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Table 4 Rated strain and interference error of each

SEensors
Force/moment ) Rated strain | [prerference
sensor Analysis (ym/m) error (%)
Theory 992 0
Fx
FEM 994 0
sensor
Test 985 1.8
Theory 992 0
s Fy
ensorl FEM 994 0
sensor
Test 982 0.9
Theory 1004 0
Mz
FEM 1032 0
sensor
Test 1021 1.7
Fx Theory 992 0
sensor FEM 996 0
Fy Theory 992 0
Sensor2
sensor FEM 996 0
Mz Theory 1004 0
sensor FEM 1004 0
Fx Theory 992 0
sensor FEM 994 0
Fy Theory 992 0
Sensor3
sensor FEM 994 0
Mz Theory 1004 0
sensor FEM 956 0
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