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ABSTRACT: This article introduces research results on optimization of oriented nesting layout
for pieces of irregular shapes to be cut in rectangular material sheets in order that number of cut
pieces is maximized or material waste is minimized. The optimized alternative is selected when material
utilization coefficient is maximized with the requirement on strain, texture, fiber orientation of material
sheet. This solution may be applied in some industries using sheet material and having requirement on
orientation when cutting .
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1. INTRODUCTION certain constraints on orientation of the piece
on the sheet and in this case the choice of the

For pieces to be cut from sheet material in optimal layout scheme cannot cover the free

wood  processing and other industries, the rotation of the piece around its pole as it is the

texture, or aesthetical requirements, or . .
case of non-oriented pieces layout scheme.

mechanical properties requirements may place
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Fig.1. The Piece S, rotating an angle ¢ around pole O,

must be performed after the optimal layout
For economy of material in the layout L . .
scheme minimizing cutting scrap is

scheme of oriented pieces, the cutting operation . . .
determined. For this reason research on optimal
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nesting problems and automation of the
stamping process is a primary concern of
manufacturers.

In industrial production the layout scheme
of parallel translation (fig. 3) is preferred for
high material utilization efficiency and
convenient standardization of preparation and
cutting operations.

When the pieces are cuts without
orientation on the sheet material like sheet
synthetic material, sheet metal, synthetic
leather ..., the optimal layout scheme is chosen

so that the number of pieces per sheet is
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Fig. 2. Position of default angle and dimensions of piece

Mathematical foundations for solution of
optimal nesting problems are presented in
references [5], [6], [7], [8]. Piece contour is
described and digitalized into computer [6].
The system of parallel translation of the layout
scheme is characterized by godographs [8].
Algorithm determining conditions of non-

intersection of pieces and conditions of fitting

maximized at any rotation angle ¢ around the
pole O (8 can range from 0° to 360°) like on
fig.1. But when the pieces are cuts with certain
orientation (fig. 2) that is necessary for
mechanical properties of the pieces or for
ornament pattern, or for texture of the sheet
material like printed fabric, woven fabric...,
then the layout scheme does not allow but
certain default oriented angle ¢ (¢ is fixed).
The optimal nesting problem is in this case
called “Optimal layout scheme when oriented
pieces are cut from sheet material of fixed one

side edge”.

Fig. 3. Layout scheme of oriented identical pieces

into the material area is presented in reference
(51

For resolving this problem on computer, it
is necessary to find the algorithm for optimal
layout scheme of oriented pieces on sheet
material of fixed one side edge, specifically of
rectangular shape, with the objective of
maximizing the number of pieces per sheet and

minimizing the cutting scrap so as to
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ameliorate material utilization efficiency and to

reduce operating cost.

2. FORMULATION OF PROBLEM

The problem of arranging identical
oriented pieces on sheet material can be

formulated like this:

S1

Fig. 4. Position of 4 pieces in the layout scheme

3. ALGORITHM FOR SOLUTION OF
PROBLEM

The criteria of economy of the layout

scheme is UC, denoted as m, which is

calculated as:

n:'FiO.mO%

p
Where: Fy — Area of n pieces ( Fo =
n*S);
S - Area of one piece;
Fp — area of material sheet ( Fp = LxH);

n — Number of arranged pieces.

Given a combination of identical pieces S;
and a material area limited by the rectangle
ABCD of length L and width H, to find the
arrangement of identical oriented pieces into
the rectangle ABCD so that the utility
coefficient (UC) is highest which mean that the

number of obtained pieces is maximized.

Y

Godograph G,

e

Fig. 5. Godograph of the piece

Number of arranged pieces depends on
angle 0 between axis O;0, and axis OX as
illustrated on fig. 5.

To each position of the piece S, one
coordinate system X’OY’ is attached. The
support distances h,, hy, h;, hy are determined
as in fig. 2. The said distances are called
support distances and determine the arranging
area Q which is limited by the rectangle
O, KMN (fig. 6). All coordinates of poles O; of
pieces arranged in this area have the condition
of fitting into the material sheet ensured.

The algorithm for finding optimal layout
scheme in this case consits of the following

steps:
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Place the piece S, into the position tangent
with two edges AB and AC of the material
sheet. The pole O of the coordinate system
XOY is placed into the point A (fig. 6).
Consequently, coordinates of the pole O,
of the piece are determined as O;(X,Y)
as Oj(h;,h;). In the system of parallel
translation of the layout scheme, the
condition of non-intersection of pieces
requires that the pole of the piece S, will
lie on the concurrent godograph of the
piece S; and must fall into the area Q
(O,KMN). For this reason for determining
the position of pole O,, the concurrent
godograph G; of the piece S; must be
constructed and the point set Ry,
R,,....Rj,..., Ry of the godograph G, and
falling into the area Q2 must be found.

Construct the piece S, by placing its pole
O, one by on into the position of the point
set Ry, Ry,...,Rj,..., Ri. At each position of
S, the coordinate of pole O5(X,,Y>) will be
determined.

Determine the position of the piece S; by
the principle of the most compact
arrangement into the basic parallelogram,
to construct concurrent godograph G, of

the piece S, with pole O,. Then

intersection of the two godographs G; and
G, is the position of the pole O; of the
piece S;. The position of O; must satisfy
the condition of falling into the area Q2. At
this position the coordinates of pole

0;(X3,Y3) are determined.

The position of the piece S, is determined
by constructing the parallelogram
0,0,0504, whose three vertices are
determined as O;, O,, O;. Pole O, of the
piece S, must likewise satisfy the
condition of falling into the area Q. At the
position of S,, the coordinates of pole
04(X4,Y,) are determined.

By recursion on four poles Oy(X;,Y)),
0,(X2,Y2), 03(X5,Y3), 04(X4,Y,) in the
area ), count the number of pieces
arranged in the material sheet [7].
Consider all options where position of pole
0O, of the piece S, is placed into the point
set R;, Ry...Rj.., R Among all
considered options the chosen optimal one

is the one having most arranged pieces.

Trang 46



TAP CHi PHAT TRIEN KH&CN, TAP 13, SO K4 - 2010

C
D
hs Y
M B
(9]
L
et
re
¢
_/"-
4 - X
'.‘ + g ] ]
by =3 i2al < y h
L o N & & ) K
A 2 ] B
M\‘\. .»/ y\‘\. .o/l g
f I” Godograph of pi
hl \h\. /:’./ \H\/’// hi
H

Fig. 6. Arrangement of oriented pieces on sheet material

The algorithm for optimal arrangement is represented in figure 7.
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- Enter data describing the piece contour: (area S; point set Py,P;...,P,)
- Enter material sheet dimensions (L,H); np.:=0; j=1..k

Determine support distances hy, h, hs, hy and area contaning poles Q (area PQRS)

A 4

Place the piece S; oriented whose pole is O,(hy; hs); (Place pole O(0,0) into point A)

v

- Construct concurrent godograph G, of the piece S;;
- Save point set Q1,Q.,...Qm 0of Gy

v

Extract point set Rj,R,...Ry of the godograph G, which fall into the area Q (area X’0,Y”)

N
Lo 4

v

- Construct the piece S, whose pole O, coincides with the point R, of the godograph G,
- Determine coordinates of pole Ox(X,Y>);Construct concurrent godograph G, of the piece S,

- Determine intersection point O’ between G, and G,

O’ falls into QO?

(0,=0% 0;=90" or 45

- Construct the piece S; whose pole Oj; coincides with O’ ; Determine coordinates of pole Os.
(X5,Y3)

| Construct the piece S, whose pole O, is one vertex of the parallelogram O;0,0;04
- Determine coordinates of pole O4(X4,Y4)

v

Apply recursion on coordinates of vertices of parallelogram 0,0,0;0; in the area Q for counting
the number of pieces (n) that can be arranged into the material sheet ABCD

j=jt1 F

Output number of pieces N,y

A

Fig. 7. Algorithm for optimal layout scheme of identical oriented pieces
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4. SOFTWARE FOR OPTIMAL CUTTING
SCHEME

The software is written according to the

above algorithm in the language Delphi and

=T = ey

Fig. 8. The sample piece contour is digitalized into the

computer

includes description of the sample piece
contour by digitalizing the piece contour into
the computer from its scanner picture or other
descriptive software. The figures 8 and 9 show

the application of the software.

Fig. 9. Arrangement by software

Table 1. Application of the software

Sample piece | Data describing the piece

contour

Data describing the

material sheet

Arrangement by software

A Width (mm) 86,1

Length (mm) 99,8

Area (mm?) 34234

The material sheet of | - Number of | 153.
rectangular  shape | arranged

has length L and | pieces:

width - H  (LxH: | Coefficient of | 54,56
1200mm x 800mm) utility %

5. CONCLUSION

Research on optimal layout scheme of
identical oriented pieces on sheet material of
limited one side edge, specifically of

rectangular shape, has provided algorithm for

maximum material utilization coefficient in
case the pieces of arbitrarily complex shapes
are to be arranged for cutting. The knowledge
of the maximum material utilization coefficient
has theoretical and practical significance in

replacing previous manual solution of layout
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problems. This is also the basis for building operations in certain industries, pursuing the
application software that will be incorporated objective of material saving, cost reduction and
into CNC machines for automation of pressing productivity enhancement.

TOI UU HOA SO PO SAP XEP CO PINH HUONG TREN TAM VAT LIEU
HINH CHU NHAT

¢)) )

Tréan Ping Béng®™, Pham Ngoc Tuén
(1) Truong Cao ding nghé Cong nghé va Néng 1am Nam Bo

(2) Truong Dai Hoc Bach Khoa, PHQG-HCM

TOM TAT: Bai bdo gi6i thiéu cdc két qud nghién cieu vé t6i wu héa so d6 sdp xép dinh hwong
mot loai chi tiét cé hinh dang phure tap dwoc cdt tir vt liéu dang tam cé cé hinh dang la hinh chir nhat,
sao cho s6 lugng chi tiét sdp xép duwoc la nhiéu nhdt, hay néi cach khdc la phan vt liéu thita bo di la it
nhat. Phuong dn 16i wu dwoc lua chon tuwong tng voi hé $6 sir dung vdt liéu lon nhat véi yéu cau vé dp
bén co hoc, tinh chét hoa van, thé SOI,... can phdi theo mot huong cua tam vat liéu. Giai phap nay co
thé dwoc dp dung cho mét sé nganh cong nghiép sir dung vit liéu dang tam va cé yéu cau dinh hudng
khi cdt vt ligu.

Tir khéa: t6i wu héa so do, vat liu dang tam
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