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Optimal 3-D Packing using 2-D Slice Data for Multiple Parts
Layout in Rapid Prototyping

Junghoen Hur, Kunwoo Lee, and Jachong Ahn

ABSTRACT

In Rapid Prototyping process, the time required to build multiple prototype parts can be reduc-
ed by packing several parts optimaily in a work volume. Interactive arrangement of the multiple
parts is a tedious process and does not guarantee the optimal placement of all the parts. In this
case, packing is a kind of 3-D nesting preblem because parts are represented by STL files with 3-
D information. 3-D nesting is well known to be a problem requiring an intense computation and
an efficient algorithm to solve the problem is still under investigation. This paper proposes that
packing 3-D parts can be simplified into a 2-D irregular polygon nesting problem by using the
characteristic of rapid prototyping process that the process uses 2-dimensional slicing data of the
parts and that slice of the STL parts are composed of polygons. Our algotithm uses no-fit-po-
lygon {NFP) to place each slice without overlapping other slices in the same z-level. The al-
lowable position of one part at a fixed orientation for given parts already packed can be det-
ermined by obtaining the union of all NFP's that ave obtained from each slice of the part. Genetic
algorithm is used to determine the order of parts to be placed and orientations of each part for the
optimal packing, Optimal orientation of a part is determined while rotating it about the axis nor-
mal to the slice by finite angles and flipping upside down. This algorithm can be applied to any
rapid prototyping process that does not need support structures.

Key words : Rapid prototyping, 3-D Packing, Slicing data, No-Fit-Polygon (NFP), Union of po-
lygon , Optimization, Genetic algorithm
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Fig. 1. Methodology of stereolithhography aparatus.
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solid test_sphere
facet normal -0.13 -0.13 -0.98
outer loop
vertex  1.50000 1.50000 1.50000
vertex 1.50000 1.11177 0.05111
veriex 1.11177 1.50000 0.05111
endloop
endfacet
endsolid test_sphere
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(b) Binary STL file
Fig. 2. Example of STL file.
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A%
Shice Y0 #0=2zer0
PILE( Saname} ¥ ename may inciude full path
SLICES( ) #
Z2d2 # 2= gbsohnte z of layer, d2 = layar Wickness
xy # Provide the coordingias of the comer points
xy # along each contouwr.
xy # Do nol duplicate the first poini.
Xy # The is no upper kmit on the number of points
Xy #in s conlowr.
c # Terminate the contour with 3 °C".
xy # Begin the second conour on this leval.
xy #
xy .
Xy l
xy #
c # Tesminate the 3acond CoMous.
Zroz # Bogin & naw layer (2 = 2.0Md + 42)
xy # Begin 3 new conlowr on a new laved.
xy 3
Xy ¥
Xy *
Xy *
c # Temminate the contour.
END # All loliowing §nes are ignored.

Fig. 3. Example of SLC file.
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float thickness [ —— - ik

int no_slice |- } 1 Point list Point list TR
- !l Point 1 Point 1 i

{1 Partorlentation ! v v [ 7
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[double rot_angle } H . [ %
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Fig. 4. Data structure for handling slice data.
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() -Loms )

X', ¥ : Coordmaies of new gosttion
X, Y : Candinptes of original posiian
8 : Angle of ruiation sbout Z sxis

1 : Layer oumber

y«JL’ x

(a) Rotation about Z axis

L

Stepl. Slice data of original part

N

Step2. Rotation of points about X-axis in 2D

Order of slice list

<

Step3. Reverse the order of slices
(b) Flipping upside down

Fig. 5. Manipulation for part orientation.
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Fig. 7. Same tesult for the different packing order.

Fig. 8. Locate a part with Bontom-MinY-MinX condition.
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(b) Step i
Fig. 9. Procedure of three-dimensional packing process.
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(b) Packing algorithm
Fig. 10. Algarithm for optimal packing.
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Fig, 13. Reference point map.

(€) Union of NFPs
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Fig. 14. Union of polygons.
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Fig. 18. Determination of reference point from bound-
ing box.
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Fig. 16. Example of the case, UCN (U#N).
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Refarence point of slice E
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X A.B, C, D : Slices aiready iocated in the vat

E : Siva % ba locaied

18) Slices
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(¢) Finding location of teferance poind from U-N
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Sl (O

{d) Final layoul

Fig. 17. Example of determining the location of a slice
in 2D space.
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(d) Final layout

Fig. 18. Simple example of three-dimensional packing process.
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Langth = Number of pate Length 2 Number of parts
!
-
L
A y J
Sequence of pan 1D tuinbets Onanton of sach pan

Fig. 19. Structure of genetic string.

Table 1. Orientation variables

Orientation

variable 12 3 4 5 6 7 8

Rotation angle
(degree)

Upside down No No No No Yes Yes Yes Yes

0 9 180 270 0O 90 180 270

211|371 1]4

Fig. 20. Example of genetic string,

=5 g} 4 2ol gt ek iSghe] WS A}
427 A g 24 A Ao wje} Dejzic

A& Z¢ 3718 =Y P, Py, Pl gl A4 A
7T 90EE AYsvt s FAx R
A Zoe tolld 3748 £dg JA ] R
A Zee 247} 164 87121 9] BiaF wWagh g 71
4 glet. o) of ubel Wpzke) ehle onl oS
9| Table 17} 7},

A& £ 3718 =i dit W) A} Ay F
th3-9] Fig. 203 & {427 dzicz 3z)
ole 379 2L wixdh= £A7}F Py, P, Pl
P\, P, P9} 7} mdo] wl3k wipgloe) 7, 1, 4908 1}
epdic}. Zh whek s pglell 23 mlo] wpsk .o
Table 1ol vieh}t 737 214 R},

7.3 K g2 HO _

A AR AHE Auishs S (objective
function)ell= A 3st A she w7l TiE ook
b & =2ellM bRz ol FAA A 283
Hpe d7lo] Byt Fol| 2l So) s A8 ol
olc}. o] g ALSH 22) g AHEE7| R it

2 due| Sy A28 24 g A () 2
< Yol & VAT S s A3 AL o] FH
o] 21e A asbshe yhake 2 Ay g)c.

fwj=wiX f1(5)+wy X foll &) 1)

w, w,: weight values

A : height of the packed volume

4, 1, :xy length of the bounding box enclosing
all the parts

ol AA ¥ Fol FEA Fol L3k
o AEHE e = X=F HA=|ojo} 3},
A B2 A 2dg S wley s
(bounding box)& x-yHHdell Fd3 A4y A
Holl it F2A A4 2 HAYe| L4 F TS5
#H= S e AEF go) A} B3] Sy 3}
2, Fol i) 2L 5o HAEEE v 5 gl
= A7 B} Tl GEE A 7)sk= 7o) 71
83 SHe] SEE 71EA= wol whiel & 3
<+ 7P 2R #r) & =FeA e f0F) L1, S
&3} o) A ejsjaict

{
fl(’ﬁ)=5xﬁ 2)

s : scale factor
H : height of the vat

4 x4
Loh )=
fall by =222 @)

W : width of the vat

D : depth of the vat

AP (fitmess)e FHYFE T AL g
7|22 Alke] Hol §Ae] HgAdel F 48 2
FA7 e F2 HLE fHol ®h

8. HZ o

Fig. 219l viepd 16709 28§ 22t 209 A4
g 32702 mlof] 3] £ =-FollA} A A% ) &
IS HEslam HANE pasoict. A YR}
Adei’l C++& o] 43ty Fa sl 2w UNIX7|4ke)
SGI19 Indigo2 XZel|A] zpge] al=|de}, 24 &
73] 271 350X 500% 500 mm® o]0, 7} 2L Z
Zq o) 90"y WY ¢ QA sk} Adeke
Zol7] #13] 7 & ¥7] ol 2+ 2o gt Ay
€ 3ot & o 28 shie) o i
224 H7) Gde]Ed] Folz| & dlojele AA ot
o ARy S FA7L E S VFRIER dle o)
o} o] & ks S 4N At gy ¢
A d4-g H g3 ")

3 Zroll 4} wislrl E Aol A7 Foll U4
zdld wiAed vl 7he| oFzke] ko] A
T A=, 7k F 2lg B2lr) e Akl

IZCAD,/CAMEL3) =23 A2 3% 197 9%



208 HAE, oy, A%

Cylinder Haif-cylinder

Psiam 2 Priam 3
Rod Sab

Fig. 21. Example models.
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A 837 #l3te] EvlEl Rl Sele AAsE 5
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System input:

-Vat size: 350X 500X 500 mm’
{for Cubital® machine)

-Slicing thickness(Input file): 5 mm
-Slice files of maltiple parts: 32
-Minimum rotational angle: 90°
-Weight for height influence, w,: 1.0
-Weight for area influence, w,: 0.7
-Scale factor, s: 4.0
-Number of iterations: 1000

PXCAD,/ CAME 3] =73 #| 24 A 3% 19973 99

z Origin of the coordinate system
X <~L‘ y  (vertex of the vat - invisible in this figure }

;344
4, : 500.00
1,:349.03
¢:112.5 seconds
(a} Simulation #5
z

xod,
1,:292
f,:500.00
1,:349.46
1:675.0 seconds

(b) Simulation #30

{,:240

i, .500.00
i.:3323%
+:4500.0 secands

() Simulation #200
Fig. 22. Results of the three-dimensional packing.
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(b} Magics"RP result
Fig. 23. Results of nesting practical multiple parts.
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Fig. 24. Convergence status of optimization process for
example parts.
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