202147 A &k HLodk 2= i 552 % 47 W

doi:10.6041/j. issn. 1000-1298.2021. 07. 044

BETRENERFHN S AREAE =R

EEE" 2 om' FEREY

(L ABJE TR T ORI TR 2405, B0 0632105 2.5 b Tl AL &% A=\ 3 RIS Be , FE 1L 063210)

FE o BE S Bk 7 Ik X ML N R R P S I B T — R S 4 A R R AT AL e N AR (A Rl R AT R
I o 2 16 R AR IR R AR B 0E AT B A3, T 75 1RO il 8 A 3R T LA A5 2 s Rl Rl R 4 ) R i A
S ST P R AT A SR AR, PR ARG T R R AT R B AT SR R ST TR 2E T, DU IR TR A A A o X R 22 0
I TEBCE TRAL BT R T — M Bh A 7 AR LR IR S R A TS A ) AR SRR AR ML NGB shad B TT A I Rl T
I B BUTE R 2, 2 AL SRR 1 B M it — 2 BIES B rT A AL N S AN 2 Al i . P A SCH R B b AT T &
S S5 SFN B2 R R 10 4 AR5 4. 892 5% | B Ko I B8 1K 7 5 0 B LI 598, 61 mm b
BRZEIR R, N 8. 711 9% o A SCHE H W Bl 245 7 #IME SR8 1A K T2 W il 3 o B 88 %) 35 & A A B A 4k, (L 76 ilf 3 ) — o
s, it 55 lf 43 B 25 1% 89 Jm R X 35 25 AN I G K

KRR SR IRE R AR 5 BhA T AME s hif IR R _
RESKS. TP242.6  XEARIEA: A X=HE. 1000-1298(2021)07-0395-07  OSID: Sk

Eeonn]

Collision Point Detection of Robot Body Based on Six-axis
Force/Torque Sensor
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. School of Mechanical Engineering, Nort ina University of Science and Technology, Tangshan , China
(1. School of Mechanical Engi ing, North China University of Sci d Technology, Tangshan 063210, Chi
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Abstract; Aiming at the shortcomings of the skin force sensor to detect the collision point of the robot, a
method using the six-axis force/torque sensor to detect the collision point of the robot body was proposed.
The sensor-collected data was used for self-constraint, without relying on the geometric information of the
collision body surface. The space collision external force vector line was firstly projected into the optimal
plane for preliminary solution, and finally brought into the original equation to solve the collision point.
In order to ensure that the absolute error of the calculation result was the smallest, an error factor was
introduced. In terms of data preprocessing, a dynamic force compensation algorithm was proposed to
ensure that the six-axis force/torque sensor at the base had a constant reading of zero when there was no
external force collision during the robot movement. The robot can be considered collide with the outside
world when the sensor value exceeded a certain threshold. Finally, a simulation experiment was
performed on the proposed algorithm. The experimental results showed that the maximum error of the
dynamic force compensation algorithm was 4. 892 5% , and the collision point detection algorithm had the
largest error at the experimental distance of 598. 61 mm, which was 8. 711 9% . The experimental results
showed that the accuracy of the proposed dynamic force compensation algorithm was not changed
significantly as the distance of the collision point was increased, but the relative error of the collision
point detection algorithm was increased with the increase of the collision distance when the collision force
was constant.
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Fig.1 Schematic of sensor installation location
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Fig.2 Schematic of projection method
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Fig.3 Schematic diagram of external force vector line
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Fig.7 Robot structure
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Tab.2 Experimental results of different collision points
o B g/ 3 AN Jr I il 18 437 w1/ WRALE,  HARFIRES JIAHXF A 2 % A7 B A XF

N 5 H1/N mm N mm N R/ % %24 /mm =%/ %
92.687 3 40.03 94.562 9 40. 4627 1.8756 0.4327

1 100 10.348 6 0 9.6745 0.043 6 0.674 1 2.204 4 0.043 6 1.5470
36.082 8 148. 03 37.550 1 149. 926 1.467 3 1.896 0
62.348 6 0 60.3813 1.346 8 1.967 3 1.346 8

2 100 73.948 3 38.49 72.750 0 37.6433 1.1983 2.3799 0.8467 1.7856
25.383 1 167.03 24.3152 167.8972 1.067 9 0.867 2
-82.9436 46. 83 -84.1905 47.316 1 1.2469 0.486 1

3 100 48.6725 0 49.607 1 2.3791 0.934 6 1.946 0 2.3791 2.3915
-27.4107 184.16 -29.0514 85.8391 1.6407 1.679 1
76.894 2 64.07 78.7615 1.8673 2.648 3
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-62.2817 486.49 -63.2758 503.803 7 0.994 1 17.3137
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26.004 2 519.73 27.138 8 1.1346 14.318 6
-68.4937 234.18 —-70.6343 253.864 3 2.1406 19.684 3

10 100 -24.679 1 126. 49 -23.6394 139.958 2 1.0397 1.8862 13.468 2 8.7119
-68.5533 536. 18 -69.518 1 555.1773 0.964 8 18.997 3
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Fig.8 Experimental results
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