BRy b7 —LOZHRE MLz ANOALETRD
fEIZ B9 D W5

B&5:jpn

H AR E:

2FH:2017-10-03

*F—7—NK (Ja):

*—7— K (En):

YRR

X—=ILT7 KL AR:

il=F
https://doi.org/10.24517/00009174

This work is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 3.0
International License.



http://creativecommons.org/licenses/by-nc-nd/3.0/

Bulletin of the JSSME E K%W%%Eﬁi% Vol. 00, No. 00, 2014

Transactions of the JSME (in Japanese)

ARy b7 —LORBEHEF AL - ADCEROFHBIIZEET S8R

SRR, NE IR, BEEE K2, 5

Assistance for positioning of human by using the passive joint of robot arm

Hiroshi TACHIYA™, Hiroaki KOZUKA™, Kenta TAKIZAWA™ and Hirokazu YOSHIDA™

"I Kanazawa University, Institute of Science and Engineering, Faculty of Mechanical Engineering
Kakuma-machi, Kanazawa-shi, Ishikawa 920-1192, Japan
"2Graduate School of Natural Science and Technology, Kanazawa University
Kakuma-machi, Kanazawa-shi, Ishikawa 920-1192, Japan

Received 22 June 2014

Abstract

The present study proposes a robot arm that can support precise positioning in operation by a human.
The robot arm has passive and actuated joints. The passive joint is not mechanically constrained and can
move passively with the motion of the output point of the robot arm. Therefore, a human can move the
output point of the robot arm by his will. When a human tries to move the output point along an object
path, the displacement of the passive joint is determined passively. Then, if the actuated joint is
controlled so that the output point may be on the object path, the human can achieve precise positioning.
Namely, using the proposed robot arm, the human can adjust the velocity, acceleration, applied force and
so on by his will, while the position is preciously compensated by the actuated joint. This paper describes
a mechanical form of such robot arm for drawing of planar figures and shows that the robot arm has
specific singularity condition. In order to avoid the singularity condition, the proposed robot arm
interchanges the actuated joint and the passive one situationally. The study fabricated the two degrees
of freedom robot arm for positioning assistance and described its control method. Furthermore, its

availability is confirmed by drawing some figures.
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Fig. 1 Outline of a robot arm for assistance of positioning. The robot arm consists of a passive joint that is mechanically free and
an actuated joint controlled by an actuator. The passive joint can be driven with external force by human. Then the actuated
joint is controlled so that the output point may move on an object position. As a result, accurate positioning is achieved.
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(a) Movement of a passive joint (b) Movement of an actuated joint

Fig. 2 Outline of a robot arm for assistance of positioning. Joints O and A are passive and actuated joints respectively. The passive
joint is driven by human. The actuated joint is actuated so as to move output point P along the target line.
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Fig. 3  Avoidance method for the singularity configuration. At certain configurations, operator can hardly move the output point.
Then, interchange of the active and passive joint can avoid such singularity condition.
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Fig. 4 Prototype of the robot arm for assistance of positioning. The prototype arm consists of a two degrees of freedom planar
seven link mechanism. The mechanism arranges the actuators on base and has closed-loop structure so that it possess
lightweight and high-rigidity features. The output point has a pen-holder that can move a pen up-and-down freely.
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Target line (Eq.1) E

(a) Calculation target point (b) Compensation by actuated joint movement

Fig. 5 Determination method for the displacement of the actuated joint. The angular displacement of the actuated joint is
determined so that deviation of the output point with respect to the target line is compensated.

4 -2 BRENEAENDIRESE

LB DHIBL T — A ORF REBACI, ZEBIEI OB UBREIBIEN 3 A S D R E BN K& < e
5. T, FRREBOEREO S, BHYERHCH I K & 7B B B & e 5 BRI 2 2 BhRIES, )y A B
RSN & 95, KBEIE OB BTN S OBES AT — L DOEBIC L VBT D, 22T, T—L2OFKEEICE
WTHIAERLZ X D & B O A2 &% bk U CEREIRIHI 2 60 % .

B6IZRT Lo, 7T—LDOHNEEEZ YV, BEANMAEL or & L, 01, 0, DBRENIRZEN % doy, do, &
THUE, oRy FOHAERISHT DA OB EITY 2 175 2 VR TEE .

Veosp, | | d6
a7 ) ®)
a7 I 6 FORLEZ AW TRATERSND.

3 :{—Llsin 6, -L,sin 02} ©

L cosg, L,cosé,

X)LV, FEHIDOMAED 61, 0 ThHHALEROFB T — LD mA BTGB op ~BHT 2556 04H
EIOBHBIRI 2R AN B doy & dO DILITIR TR SN D .

do,:df, =—L,(sin6,-tan g, +cosd,): L (sind, -tan g, +cosd,) @)

[DOI: 10.1299/transjsme.2014xxx000x] © 2014 The Japan Society of Mechanical Engineers



Kikai, Gijyutsu and Tokyo, Transactions of the JSME (in Japanese), Vol.00, No.00 (2014)

LU EDBRAZRMA LT, A TR TREBREES 2 RET 2. ok, 0, BIWepld, n—FJxra—
N KB REMTS L O BB OB B3R 5.

40, 140|214 (i=12;j=12;i%)) ®)

ERUiE, BRENRIETR K OV BRI OB A AN R A HI dO: B X UNde; & LTIRAT 5. BRENEAER & 2@
B0 B 2 IFEMERICR@) NG - SN AT Y. ek, KT DOTE a x#FLT 5L, RXLDOMEN1
fHECHIEDNENET 254, BFEEE O 0 Bz NWERICER L CTREIAZENHY, 7T —L20EERREY
EELIRD., £IT, a ZIEOfEE LT, —H, BREIBEEINEI0 Bbo7mBE%IX, B OMyNEN EO RN
LT, Lzl by BNAECRNWESIZT 5. ARG TIEERBREZIT), a %201 & L7,

PILETIE, Ao 2 iz AT DALEROMB T — L2 55 L L CEFRBBAESOREEZ R LR, S5I1C
BRI 2 723550, OIS L5238, Y 2 1758 % VoAt e B A AN T B O I L - T, A
FRICERENBIR 2 IR ERTRE & B 2 T 5.

Target line

Fig. 6 Determination method for the actuated and passive joints respectively. Those joints are determined so that the displacement
of the passive joint operated by human always become larger than that of the actuated joint.
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Fig. 7 Calculation method of the position errors. The maximum distance between the measured point P; and the target line is used
for evaluation of the position error.
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Fig. 8 Comparison of drawing lines by the robot arm for position assistance with free-hand drawing and fully controlled robot arm.
The operator using the robot arm for position assistance can draw accurate line comparable to the fully controlled robot.

150
—— Target
100 Position assist
—— Free hand
50 Usual robot
= O Switching point
g 0 :
g
-50
-100
-150
-500 -450 -400 -350 -300 -250 -200

X(mm)
Fig. 9 Comparison of drawing circles by the robot arm for position assistance with free-hand drawing and fully controlled robot.
Relatively larger position errors occurred at points where switching between the actuated joint and the passive joint.
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Table 1 Positioning errors of drawing circles

Method Error (mm)
Position assist 1.83
Free hand 9.80
Usual robot 1.26
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(a) Paths of drawing lines on wave plate (b) Position errors of drawing lines on wave plate

Fig. 10 Drawing lines on waved surface. Lines were drawn on wave plate by using the robot arm for position assistance. The height
of tip of the pen was adjusted by the operator. Although the position errors are greater than those of drawing lines on plane
plate, the lines are well drawn by cooperation human and fabricated robot arm.
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(a) Object path of “/%” (b) Results by the fabricated robot arm (c) Free-hand drawing

Fig. 11 Drawing result of a character “/X” on waved surface by the fabricated robot arm. The object data were given as discrete
values. The range between the discrete values was subjected to linear interpolation. The character is well drawn on the
waved surface compared to the result by free-hand drawing.
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