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Slicing 3D CAD Model in STL Format and Laser Path
Generation

Munir Eragubi

Abstract—The program in this paper is an essential
component of the Rapid Prototyping Machine Manufacturing
Project. The process of Rapid Prototyping is an integrated
product manufacturing process without human interference.
Product data which has been designed by CAD software is
inserted into the program, then send directly to the Rapid
Prototyping Machine, which manufactures the final product
by converting a slice of the raw material powder to solid
material, then bond it to the previous layer automatically. The
program reads the data of 3D design, which has been saved in
STL format file, this requires a decoder for the codes used to
store these type of files, the program then displays the design
graphically to insure the form and dimensions of the model,
then the process of slicing of this model digitally starts from
the bottom of the design and finishes at the highest point; the
outer contour line of the slice defines the material of the model,
the inner contours defines the cavities within the model, a tool
path for the laser beam is generated to covers all the areas that
represent the material area, this Tool Path is used to generate
instruction codes sent to the laser source which controls the
direction of the Laser beam, which converts the raw material
powder to a solid final product.

Index Terms—STL file format, rapid prototyping, slicing 3D
model, laser path.

. INTRODUCTION

Rapid Prototyping (RP) refers to fabrication of parts
layer-by-layer. It involves adding raw material successively,
in layers, to create a solid of a predefined shape. The
process is fully automatic and it offers many advantages
over traditional manufacturing processes.

The first step to produce the part using RP technology is
to put the design of the required part in a numerical data.
There is a wide range of sources for 3-D model data input
for RP process.

Most of RP systems use a CAD model as the main source
for the data input. The CAD model can be a solid model or a
surface model [1].

To fabricate any design in current rapid prototyping
systems the 3-D model (surface or solid) has to be
transferred to STL (standard transform language) [2] format,
which is the most common standard interface between CAD
and RP systems.

The STL model is mathematically sliced by intersecting it
with horizontal planes. Each slice represents a cross-section
data for the part. The layer thickness is the distance between
these planes.
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Il. STL FILE FORMAT

STL format was developed and published in 1987 by 3D
systems for converting 3D CAD models for use in stereo
lithography and has become the de-facto standard for the
data input for all types of RP systems [3] and [4].

The STL file format is generated using a tessellation
process, which generates triangles to represent the CAD
model, these triangles are described by a set of X, Y and Z
coordinates for each of three vertices, and a unit normal
vector to indicate which side of the triangle contains the
mass. STL file can be in ASCII or in binary format, the
ASCII STL format file is larger but legible see Table I [5]
and [6].

TABLE Il: EXAMPLE OF STL FILE AND DESCRIPTION OF ASCII
REPRESENTATION FORMAT

STL File ASCII Format
solid ascii

facet normal 9.914449¢e-001 -
1.305262e-001 0.000000e+000

Description
The start of solid

Identifies the material side

The start of the triangle
outer loop
vertex
vertex 1.862222e+001
1.402943e+001 6.000000e+000
vertex 1.875000e+001
1.500000e+001 0.000000e+000
vertex 1.875000e+001

1.500000e+001 6.000000e+000

X, y,  for each vertex

endloop End of the triangle vertex
endfacet !End of the triangle
information
Endsolid End of the solid information

\M@

Fig. 1. Example of many objects in STL format.

STL is a very simple format, yet contains the potential for
defining any shape with any number of edges see Fig. 1.

Il. SLICE THE GEOMETRIC
Slicing the geometric requires the data from the bottom to
the top.
A. Find the Cutting Plan (Z;)

The program scans STL file, picks the Z-coordinate of all
the facets, compare, and find the top, the bottom of the
geometric (Zmin, Zmax ), add the layer thickness to Z ;.

Z=Zmint[layer thickness]



International Journal of Innovation, Management and Technology, Vol. 4, No. 4, August 2013

B. Find the Facets that Lintersect with the Cutting Plan

The program scans STL file to pick one facet at a time,
the Z-coordinate of its three vertices compared with the Z-
height of the current plane,

Zmin < Zc < Zmax
ZmiZmax are in one triangle

The program ignores the facet that does not intersect with
the cutting plane, and proceeds to check the next facets.

C. Find the Lines that Intersect with the Current Plan

When the facet which intersect with the cutting plane is
found; the program slices the facet according to the seven
possible cases divided into 5 groups, see Fig. 2.

Group 1- all vertices away from the cutting plane

Group 2- one point in the cutting plane with the two
remaining vertices in different regions.

Group 3- one point in the cutting plane with the two
remaining vertices can be above or below the cutting plane.

Group 4- two vertices lie in the cutting plane the
remaining vertex can be above or below the cutting plane.

Group 5-all the three vertices in the cutting plane

]

Group 1 Group 3

Group 2 Group 4

<

The possible cases of facet-plane slicing

Fig. 2. The possible cases examined for facet-plane slicing.

For each of these triangles, the program has to find which
lines intersect with the slicing plane, by checking

Lo<Z<ZyOrZ,<Z<Z.,0rzZ,<Z<Z
Z, &Zp& Z, of one triangle see Fig. 3.
a(Xa,Ya,Za)

The intersection
point for segment ab

C(Xe,YerZe)

(xy.2)

(Xb,YniZb)

Fig. 3. Three vertices of one triangle and the entersection points.

D. Find XY Coordinates of The Intersections

For each of these lines, will find (X, Y) coordinate of the
points where the edge is intersected by the slicing plane.
The general equation to find the points coordinate is:

X-X1_Y-Y1_2z-21 (1)
X2-X1 Y2-Y1 Z2-71

By connecting the intersection points in each triangle a

sets of straight-line will be formed see Fig. 4.

| Open STL file & Scan one Line F

NO

Read 3 Lines containing
Coordinates of the Facet

Does the Triangle NO
Intersect with
the current Plane

Find the Lines which
Intersect with the
current Plane

Find the Coofdinates of the
Intersection & Store Lines
Segments in Slicing File

"

(close sTL & slicing File )

Fig. 4. Slicing algorithm flow chart.

The slicing output is a list of lines -in a random order -
forms a closed contour.

E. Contour Construction

Contours are closed polygons that do not intersect with
each other. The start and the end vertices of a line are called
the head and the tail of the line, respectively. The position
of the head for one line is the same poison of the tail for the
neighbouring line.

The head-to-tail search connects the lines by cheeking the
coordinate of the head of one line with the tail of a
neighboring line, see Fig. 5.

This comparison process should produce a correct slice
contour. [7]

Open Slicing File &Transfer 1%
Line Segment to a Contour file

I Read the next segment I
eighbor NO
line?
Transfer the Segment &
Reorder
Contour NO
Closed
Find &
All Segments NO Trenster
Transferred segmentrot
included in
contour file

@ve & Close ContourﬁlD

Fig. 5. Contour construction algorithm flow chart.

F. Contour Filling

Contour filling is one of the most common problems in
graphics and picture analysis as in rapid prototyping, where
the contour is defined in a polygon, and the interior of the
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region has to be found.

There are many ways to solve this problem, party check
algorithms is a technique used to decide whether a point is
in the interior of the polygon [8].

Party check algorithms are based on the fact that a
straight line intersects any closed curve -such as the contour
of a region- an even number of times, see Fig. 6, by
counting the number of intersections, and finding the first
intersection, the segment between the first and the second
intersection is inside the contour, the segment between the
second and the third intersection is outside the contour.
When the lines are tangent to the contour the point of
contact must be counted twice as intersection [9].

min

Fig. 6. Contour filling.

The algorithm is not restricted to a simple connected
polygon, it will fill any number of regions if their contours
have been sorted together, see Fig. 7.

Fig. 7. Flow chart for the contour-filling algorithm

IV. RESULT AND DISCUSSION

The Algorithm proved the capability to process and slice
STL files, generate the tool path for RP operation.

A. View Geometry

The algorithm provides capability to view the design in
2D and 3D. This gives the ability to ensure that the correct
geometry is imported before starting the slicing process.
Algorithm views the model in x-y, x-z, y-z and 3D
coordinate systems, see Fig. 8.
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Fig. 8. Various views for the imported geometry.

B. Slicing Process

The algorithm is capable of slicing any STL file with any
layer thickness. The result of this operation is a random
segment order contour. When a long delay time is specified
a random construction of the contour can be observed see
Fig. 9.

lnix)

—
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(a) 25% of contour (b) 50% of contour

Fig. 9. Construction of contour as found in STL file.

C. Contour Construction

The algorithm orders the contour in this step to construct
a continuous tool path. It is very clear to see the importance
of this step, especially when circular contour is constructed
see Fig. 10.
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(a) 20% of contour (b) 50% of contour

Fig. 10. Construction of contour as found in STL file.

D. Filled Pattern

ey ey

O

@ (b)
Fig. 11. Raster scan pattern filling.
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The algorithm fills the cross section area with a raster

filling style, this can be seen in Fig. 11 where the cavities
inside the geometry were defined and only the solid areas
were filled.
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