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Design of a six-axis force sensor with large range and high sensitivity

Han Kang' > Chen Liheng' > Li Hang' Xia Mingyi' Wu Qingwen'’
( 1.Changchun Institute of Optics Fine Mechanics and Physics Chinese Academy of Science Changchun 130033  China;
2.College of materials Science and Opto—Electronic Technology University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: To meet relevant requirements of the assemble experiment of the orbit telescope the factors of range stiffness and sensitivity
of six-axis force sensor are considered. In this way a six-axis force sensor with large range and high sensitivity is designed. First the
mathematical model of the classical cross beam six axisforce sensor is formulated. The mathematical expressions of the surface strain of
strained beam and the deformation stiffness of elastomer are compared. When each channel acts alone a scheme for improving the
sensitivity of sensor is presented. Then the sensor structure is designed in detail and the feasibility of the structure scheme is verified
from the finite element analysis. Finally the six-axis-dimensional force sensor is made and calibrated. Results show that the repeatability
error is less than 0. 33%FS and the measurement sensitivity of the force channel and the moment channel is larger than 0. 83 mV/V and
2.6 mV/V. The designed six—axis force sensor meets the requirements of the project and has been applied in the ground assemble
experiment of the on-erbit telescope.
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Fig.1 Theoretical model of cross beam elastic body
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Fig.2 Schematic diagram of elastic body under the force F,
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Fig.4 The structure of six-axis force sensor
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Fig.7 Deformation of the FEM model under each single load
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1
Table 1 The sensitivity and dimensional of the six-axis

force sensor

/ 1%
(mV/V)  F, F, F, M, M, M,
F, 1.26 - 0 0 0 8.9 0
F, 1.26 0 - 0 8.9 0 0
F, 0.9 0 4.8 - 1.9 0 0
M, 2.96 0 0 0 - 0 2.1
M, 2.96 0 0 0 0 - 2.1
M, 3.74 0 0 0 0 0 -
M, F
M, F,
3
3.1
8 o
8

Fig.8 The picture of designed six-axis force sensor
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Fig.9 The picture of calibration system

10

2

force sensor

6

Table 2 The repeatability error of the six-axis

[( %F+S)
F, 0.16
F, 0.17
F, 0.29
M, 0.23
M, 0.22
M, 0.33
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10

Fig.10 The calibration curves for each signal load
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Table 3 The sensitivity and dimensional of the six-axis
force sensor
/ 1% 1)
(mV/V) F F, F M, M, M
F, 1. 18 - 2.65 5.26 5.79 10. 25 5.34 )
2
F, 1.12 4.48 - 7.42 12. 14 5.59 0.38 )
F 0. 83 0 5.61 - 1.82 1.96 0. 66 .
M, 2.60 4.12 6.09 5.83 - 2.94 5.27 3)
M 2.77 6.16 5.36 3.93 2.13 - 2.09

=
Rad
o
W)

6.49
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Fig.11 The schematic diagram of ground test system for

on-orbit assembly telescope
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Fig.12  The picture of ground test system for on-orbit

assembly telescope
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Fig.13  The measuring curves of six-axis force sensor

during the test
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