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A Study on the Pseudoinverse Kinematic Motion Control of
6-Axis Arc Welding Robot

Jin-Seob Choi*, Dong-Won Kim**, Sung-Mo Yang***

ABSTRACT

In robotic arc welding, the roll (rotation) of the torch about its direction vector does not
have any effect on the welding operation. Thus we could use this redundant degree of freedom
for the motion conirol of the robot manipulator. This paper presents an algorithm for the
pseudoinverse kinematic motion control of the 6-axis robot, which utilizes the above mentioned
redunancy. The prototype welding operation and the tool path are also graphically simulated.
Since the proposed algorithm requires only the position and normal vector of the weldline
as an input data, it is useful for the CAD-based off-line programming of the arc welding
robot. In addition, it also has the advantages of the redundant manipulator motion control,
like singularity avoidance and collision free motion planning, when compared with the other
motion control method based on the direct inverse kinematics.

Key Words : Robotic Arc Welding(EXE o}3 £4), Torch Roll Rotation(2x & 33),
Redundancy (d-8-45), Pseudoinverse Matrix (A8 @)
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2yEe) 7|78 B4E olgdd A4 48T PAY o,
Table 1. Compariséh of This Study with The Existent Literature
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#3 AHED 6(R) 6(R)+2(P)=8 | 6(R)+1(S)=7 | 3(R) | 7(R) 3R 2(R) +2(T) =4
owen | 3P +3(0)-1 | 3(P)+3(0)=6 | 3(P)+3(0)=6 | 2(P) | 3(P) 2(P) 2(P)
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*) R :Robot, P :Positioner, S:Sliding Base, T :XY-Table
**) P . Position, O : Orientation
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(c) (f)

Fig. 4 Graphic Representation for Robot Pseudoinverse Solutions on the Weldline

175



10.

. Tsuneo Yoshikawa,

. Whitney,

H#34

BOTICS MECHANICS AND CONTROL

SECOND EDITION, Addison Wesley, PP.2

“Analysis and Control of
Robot Manipulators with Redundancy”, Ro-

botics Research: The 1st Int. Symposium,
PP.735~747, 1984.

D. E., “The Mathematics of

Coordinated Control of Prosthetic Arms and

MIT press,

Manipulators”, Trans. ASME J. Dynamic
Systems, Measurement, and Control, Vol.
94, No. 4, PP.303~309, 1972.

MUSA K. JOUANEH, ‘Trajectory Planning
for Coordinated Motion of a Robot and a
Positioning Table : Part 1-Path Specification”
IEEE Transactions on Robotics and

Vol. 6, No. 6, PP.735~745,

Automation,
1990.

. Shaheen Ahmad and Shengwu Luo,

“Coordinated Motion Control of Multiple
Robotic Devices for Welding and Redun-
dancy Coordination through Constrained
IEEE
Transactions on Robotics and Automation,
Vol. 5, No. 4, PP.409~417, 1989.

C. A. Klein and B. E. Blaho, “Dexterity
measures for the design and control of
Int.
No. 2,

Optimization in Cartesian Space”,

kinematically redundant manipulators”,
J. Robotics Research, Vol. B8,
PP.72~83, 1987.

Ken Fernandez and George E. Cook, ‘A
Generalized Method for Automatic Downhand
and Wirefeed Control of a Welding Robot
and Positioner”, NASA Tech. Paper 2807,
Feb. 1988.

MM, $917], ‘2zl HUIY AP A% ¢
BHE BEE AXAGYE B A7, WY
83|z, A3y, A28, PP.23~38, 1990.
ANY, “ZRE AR NAE 9F ZRE Y
dogq #AF AT, KAIST, 4A 349 =g
1988.

C. A, Klein and C. H. Huang,
of Pseudoinverse Control

‘Review

for Use with

176

11.

12.

13.

14.

15.

186.

CHTY - FHE

Kinematically Redundant Manipulators”, IEEE
Trans. Syst., Man, Cybern., Vol. SMC-13,
No. 3, PP.245~250, Apr. 1983.

V. C. Klema and A. J. Laub, “The Sin-
gular Value Decomposition : Its Computation
IEEE Trans.
AC-25, No. 2, Apr.

and Some Applications”,
Autom. Contr., Vol
1980.

R. V. Mayorga and A. K. C. Wong, ‘A
Singularities Prevention Approach for Re-
dundant Robot Manipulators”, IEEE Proc.
Robotics and Automation, PP.812~817,
1990.

A9, HYE, 4T, 99¢ AF AREE
Ze WuyFdolgd 54 AT o
Review”, @=45A1g<3 =23, PP.62~
67, 1990.
Tsuneo Yoshikawa,
Mechanisms”, Int. J. Robotics Research,
Vol. 4, No. 2, PP.3~9, 1985

Whitney, D. E., ‘Resolved Motion Rate
Control of Manipulators and Human
Prostheses”, IEEE Thansactions on Man-
Machine Systems, Vol. MMS-10, No. 2,
June 1969, PP.47~53.

R. P. Paul,
Mathematics, Programming, and Control.
Cambridge : MIT Press., PP.103, 1981.

“Manipulability of Robotic

Robot Manipulators :

=
2 8

Ex}83 (homogeneous matrix)

ATg (homogeneous matrix) =

= Nx Ox ax Px

ARg AP ny oy ay py
Nz 0z az Pz
0 0 01 0 0 01

q71A,



#I3FYYFELYA A10¥ A25 (1993.69)

ARp A ZHEAo] TIR B HEAY (3%3)
CERE

APg @ A ZIEAo] thyt B 2EAL (3X1)
olF%d

n (normal vector) = nxi + nyj *+ nzk

o (orientation vector)= oxi + oyj + ozk

a (approach vector) = axi + ayj + azk

p (position vector) = pxi + pyj + pzk

In| = n=zo X a

i=1[1,00]T, j=[0,1,0]T,

2. 88 BHES B ENMY TEU A

3 $4 AME oW, £AEY ¥4 HHs) B
Q% HEAY 237 PYFA B AT U] 4
o] Augh.

(°Rp)(PRs)(SRw) = Rot(z,¢) (1)
)74, o global coordinate, p : positioner coor-
dinate
s : weld structure coordinate, w:@ weld
point coordinate
(1) Ao g2 HE
(PRs) = (°Rp)-1Rot(z,9)(sRw)-1 (2)

gaon =g TaAMUY HAzt(ilting angle,
61) 3 8Azt(rotation angle, 62) & ETFshe (3x3)
PYPoly, L&gL 7+ @ 847} A-COS(p) +B -

k = [0,0,1]7
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SIN(p) +C 98 Aste (33) BFolt. oIy
Jrol 09 82 ()& 9o BRYoEYH o8
P90

Aij-COS(¢) + Bij-SIN(¢) + Cij = 0 (3)

(4)

(3) 43 (44X T o0& (2) 4 tUste EA
v #8g 6, 68 TIH

C0S2(g) + SIN2(g¢) = 0

3. RBHRHY) A

J = [ JyJ2Jd3 343536 ]
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Jai nzi
L Jsi - ozi
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