ICCAS2003

October 22-25, Gyeongju TEMF Hotel, Gyeongju, Korea

A New Algorithm of Weaving Motion Using Bezier Spline

Won-Jee Chung*, Dae-Sun Hong*, Dae-Young Kim™",
Young-Kyo Seo”™" and Hyung-Pyo Hong ™

*School of Mechatronics, Changwon National University, Changwon, Korea
(Tel : +82-55-279-7574; E-mail: wjchung@changwon. ac . kr)
*School of Mechatronics, Changwon National University, Changwon, Korea
(Tel : +82-55-279-7577; E-mail: dshong@changwon. ac . kr)
** Department of Mechanical Design and Manufacturing Engineering, Changwon National University, Changwon, Korea
(Tel : +82-55-267-1138; E-mail: formeca@mail . changwon.ac.kr)
*** Doosan Mecatec.,Ltd, Changwon, Korea
(Tel : +81-55-270-0236; E-mail: sykoo@doosan. com)
(Tel : +81-55-258-0377; E-mail: hphongl@doosan. com)

Abstract: In this paper, we propose a new weaving trajectory algorithm for the arc welding of a articulated manipulator. The
algorithm uses the theory of Bezier spline. We make a comparison between the conventional a gorithms using Catmull-Rom curve
and the new algorithms using Bezier spline. The proposed algorithm has been evauated based on the MATLAB environment in
order to illustrate its good performance. The algorithm has been implemented on to the industrial manipulator of DR6 so as to
show its real possibility. Through simulations and real implementations, the proposed agorithm can result in high-speed and
flexible weaving trgjectory planning and can reduce the processing time because it needs one-half calculation compared to the

conventional algorithm using Catmull-Rom curve.
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1. INTRODUCTION

When a robot performs arc welding, a welding torch must
be woven aong welding lines. Weaving motion is periodic on
ahigh frequency and is perpendicular to awelding line. ™ The
weaving motion is a typical example of flexible motion for a
robot because the welding task of a robot should be performed
in asmilar manner as an experienced welding worker does. It
is desirable that severd tasks of welding should be feasible by
developing new flexible and efficient algorithms of weaving
motion to improve welding quality and productivity. Some
control methods can improve weaving trgectories. One is
accelerometer feedback, which has been investigated in the
field of vibration control. @ However, rdiahility is spoiled,
which is one of the most important properties of industrial
robots, because accelerometers must aways be attached on
arms when they do welding.

In this paper, weaving trajectories are improved for the arc
welding of a 6 degrees of freedom (DOF) articulated robot
manipulator such as DR6 robot (Doosan Mecatec Co., Ltd.,
Korea). For the case of DR6, only Catmull-Rom curve
strategy has been used for weaving motion. This strategy has
resulted in erroneous motion in the vicinity of starting and
ending points. On this problem, Bezier spline algorithm has
been incorporated in the proposed algorithm.

2. NEW WEAVING ALGORITHMS

The proposed agorithm is composed of smple weaving
and triangular weaving motion.
2.1 Simple weaving motion algorithm

In the smple weaving motion, the starting point (Vl), the
ending point (Vn +1), the reference point (Ref), the amplitude

d, the smooth constant g and the number of weaving n are
given. As shown in Fig. 1, first of al, we can find the unit
vector u by the vector B connecting the starting point and the

ending point. Second, we divide the starting point and ending
point equally by n (the number of weaving sections) using the
unit vector u. Third, the middle points |\/|i can find using

V. and V

i i+1°

And dso, the point P (i=1,23, -, 2n)

can find using |\/|i and iq. Fourth, the vector e which is

perpendicular to the vector u (the unit vector in the direction
of connecting the starting and ending points) can be found
while passing through the reference point as well.  Fifth, the
points kI (i=1,2,3, -+ ,2n) can find using the point R , the
amplitude d and the vector e.
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d : weaving amplitude, @ : smoothness constant
Fig. 1 Simple weaving motion

Consequently, the control points of Bezier splinein the first
section, which are divided equally, become (V,, K;, K,,V,,).
That is, V, is the starting point. Two points K, and K,

are in the direction of the vector e, which are decided by both
the smoothness constant q and the weaving amplitude d as
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shown in Fig.1. The second point V2 is one of the poaints,

which are divided equally by n. The weaving direction in the
first section is identical to the direction of vector e. The
control points of Bezier spline ae composed of

(V,,K;,K,,V;), and the weaving direction is oppositeto

tha of the previous section. In this way, the weaving
movement using Bezier spline is repeated n times.

2.2 Triangular weaving motion algorithm

In the triangular weaving, &,, b, C;, d, step, and c
(smoothness constant) are given. As shown in Fig. 2, firs,
(8,8, &), (bB,b,, b)), (c.c - .C)
should be calculated by Eq.(2), Eq.(3), Eq.(4). Second, we can
be found (Kyy Ky, K)o (Ky Ky oo Ky ) by

Eq.(6), Eq.(8). The cdculated points become the control
points of Bezier spline.

G-k yd—ycl’zdg)zq)

@

D D

where, D =/(x, =%, )7+ (Y — ¥, )?+ (2 Z,)?
& xa, ¥a, 241)
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Fig. 2 Triangular weaving motion
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k, =b +u,xc (i=123:-,n) ®)

The control points of Bezier spline in the first section
become (&, K;;, K, ,C;). Those of the second section

become (8, , Ky, ,K,,,C,). The first Bezier spline and the
second one are connected by straight line using point C; and

point &, . In this way, triangular weaving is completed until
it comes to the n-th section .

3. COMPARISON

We make a comparison between the conventional
agorithms using Catmull-Rom curve® ™ and the new
algorithms using Bezier spline.

3.1 Simple weaving motion

For simple weaving trajectories, as shown in Fig. 3, the
conventional agorithm using Catmull-Rom curve, even
though it can control the smoothness of a curve by using a
constant ¢ (0<c<1), needs two times cdculaion for
obtaining a third-order curve from 4 via points, compared to
the proposed a gorithm. On the other hand, as shownin Fig. 4,
the proposed a gorithm using Bezier spline needs just one-ha f

‘(x"‘ vaZa) cglculation from 4 control points as well as controlling the

smoothness of a curve through control points. It means that the
proposed agorithm can make its redization on industrial
robots easier than the conventiond agorithm in the sense of
computational load.
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Fig. 3 Simple weaving motion using catmull-rom curve
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Fig. 4 Simple weaving motion using bezier spline
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3.2 Triangular weaving motion

For triangular weaving trgectories, as shown in Fig. 5 and
Fig. 6, the conventiona agorithm using Catmull-Rom curve
can make weaving trgectories [except complete triangular
weaving, i.e., c=0] escape from normal welding paths so that a
welding torch can penetrate into the material to be welded.

On the other hand, as shown in Fig. 7, the proposed
algorithm using Bezier spline does not penetrate into the
material to be welded while controlling the smoothness of a
weaving trgjectory passing through the vertex of atriangle. In
addition, for the remaning part of a weaving usng
catmull-rom curve trgectory except the vertex of a triangle,
the proposed adgorithm can generate weaving trajectories with
keeping constant space between the materia to be welded and
awelding torch.
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Fig. 5 Triangular weaving motion
using catmull-rom curve at ¢=0
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Fig. 6 Triangular weaving motion
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Fig. 7 Triangular weaving motion using
bezier spline at ¢=0.1

4. SSMULATION

The proposed agorithm using bezier spline has been
evaluated based on the MATLAB!® environment in order to
illustrate its good performance.

4.1 Simple weaving result of simulation

Figure 8 shows the smulation result for simple weaving
motion based on the MATLAB environment. In this figure,
the starting point, the ending point and the reference point are
(5, 8, 0), (54, 37, 0), and (45, 23, 0), respectively, while the
weaving amplitude d and the smoothness constant q are given
by 2 and 0.4, respectively.
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Fig. 8 Simple weaving motion result
based on MATLAB

4.2 Triangular weaving result of simulation
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Fig. 9 Triangular weaving motion result
based on MATLAB

Figure 9 shows the simulation result for triangular weaving
motion based on the MATLAB environment. Referring to Fig.

2,8, b, c,and d aegivenby (1,0 0) (0,0, 0), (0,

0.5, 0), and (0, 0.5, 8), respectively, while step=0.8 and the
smoothness constant ¢c=0.1.

5. CONCLUSION

In this paper, we have proposed a new weaving trgectory
algorithm for the arc welding of an articulated manipulator.
The agorithm uses the theory of Bezier spline. We make a
comparison between the conventional agorithms using
Catmull-Rom curve and the new agorithms using Bezier
spline. The agorithm has been implemented on to the
industrial manipulator of DR6 so as to show itsreal possibility.
Through smulations and rea implementations, the proposed
algorithm can result in high-speed and flexible weaving
traectory planning and can reduce the processing time
because it needs one-half calculation compared to the
conventional algorithm using Catmull-Rom curve.
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