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In this paper, we describe the development of a 5-axis force/moment sensor of an intelligent gripper designed to grasp the
weight of an unknown object and the position of the object in the gripper. The 5-axis force/moment sensor consists of an Fx
force sensor, Fy force sensor, and Fz force sensor to measure weight, along with an Mx moment sensor and Mz moment
sensor to determine the position of an object in the gripper. These sensors are all built within a single body. Each sensor
sensing part of the 5-axis force/moment sensor was newly modeled and custom designed using software, and each sensor
was manufactured by attaching a strain gauge. The results of the characteristic test of the fabricated 5-axis force/moment
sensor showed that the rated output error was within 0.1%, the reproducibility error was within 0.05%, and the nonlinearity
error was within 0.04%. Therefore, the 5-axis force/moment sensor developed in this paper can be attached to an intelligent
gripper and be used to grasp the weight of an unknown object as well as the position of the object in the gripper.
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Fig. 5 Structural analysis of 5-axis force/moment sensor
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Table 1 Rated strain at strain gage attachment location of 5-axis
force/moment sensor

Sensor &r &c1 &ra &cy ¢ Error [%]
Fx 253 -253 253 -253 1,012 1.2
Fy 252 -252 252 -252 1,008 0.8
Fz 253 -253 253 -253 1,012 1.2
Mx 248 -248 248 -248 992 -0.8
Mz 249 -249 249 -249 996 -0.4

Table 2 Rated output of each sensor of 5-axis force/moment sensor

Sensor Rated output [mV/V] Error [%]
Fx 0.51359 2.7
Fy 0.51156 2.3
Fz 0.51359 2.7
Mx 0.50344 0.7
My 0.50547 1.1
15.00, 0.70 mmo]git}. Table 2= 5= F/ZHIEAA S ZHAlA
o) JAZE S e 9L, o] AE NS Agtelr] Sle) AL
& o AEJAACIAI(N2A-13-S1452-350)9] Alo|A] 4=
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Table 3 Rated output error, nonlinearity error and reproducibility
error of each sensor of 5-axis force/moment sensor

R. O. R. O. R.O.
Sensor [FEM, [test, error

Nonlinearity Reproducibility

mV]  mVAV] (%] error [%] error [%]
Fx 0.51359  0.5078 -1.13 0.04 0.04
Fy 0.51156  0.5027 -1.73 0.04 0.04
Fz 0.51359  0.5036 -1.95 0.04 0.04
Mx 0.50344  0.5100 1.31 0.05 0.05
Mz 0.50547 05101 0.92 0.05 0.05
——Fx S.E.(%) ==Fy S.E.(%) Fz S.E.(%) Mx S.E.(%) —8=Mz S.E.(%)

0.06

0.05

0.04

0.03 /
0.02 / \
w S N\
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Nonlinearity Error(%)

(a) Nonlinearity error
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Applied Force or moment(N or Nm)

(b) Reproducibility error

Fig. 13 Nonlinearity error and reproducibility error of each sensor
of 5-axis force/moment sensor
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