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A Study on Torch Path Generation for Laser Cutting Process
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Abstract

This paper addresses the problem of a torch path generation for the 2D laser cutting of a stock
plate nested with regular or irregular parts. Under the constraint of the relative positions of parts
enforced by nesting, the developed torch path algorithm generate feasible cutting path. In this
paper, the basic object is a polygon (a many-sided figure) with holes. A part may be represented

as a number of line segments connected end-to-end in counterclockwise order, and formed a closed

contour as required for cutting paths. The objective is to traverse this cutting contours with a

minimum path length. This paper proposes a simulated annealing based torch path algorithm, that
is an improved version of previously suggested TSP models. Since every piercing point of parts
is not fixed in advance, the algorithm solves an relaxed optimization problem for the constraint,
which is one of the main features of the proposed algorithm. For solving the torch path optimiza-

tion problem, an efficient generation mechanism of neighborhood structure and an annealing
schedule were introduced. In this way, a global solution can be obtained in a reasonable time.

Several examples are represented to illustrate the method.
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typedef struct edge EDGE
typedef struct e/mt ELEMENT

struct edge /1 Structure of edges
float stx, sty; 11 Start vertex of edge
float edx, edy; /1 End vertex of edge
EDGE *NextEdge; // Next edge

Y

struce eimt / Structure of contours
{

ELEMENT  *NextElmt;
ELEMENT *FirstHole;
EDGE *FirstEdge;
EDGE *LastEdge;
h

Fig. 2 Key data structure declarations

// Next element of contour
/ First hole list of part

1 First edge list of contour
/I Last edge list of contour

Part »

¢ # ¢ NextElmt NextElmt 4 o o

FirstEdge LastEdge
FirstHole " I}
] Y T
HOLE 7 HOLE 2
LastEdge

FirstEdge

l

Fig. 3 Hierachical data structure
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do a shifted pathing, X, ;
AC=cost(X)—cost(X,) ;
if (4C<0 or exp(dC/8)>R) accept{X=
X5
elsef
do a reversed pathing, X, ;
AC=cost(X)—cost(X,) ;
if (4C<0 or exp(dC/6)>R) accept(X
=Xr);
}
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update 6,
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Fig. 8 Intermediate results of SA optimization proc-
ess with increasing time from (a) to (d)
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Fig. 9 Optimization curve: cost vs. control parame-
ter of Fig. 8

Fig. 10 Example of torch path optimization for irregu-
lar parts with holes
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