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ABSTRACT

Rapid prototyping technology (RP) is a technology to
construct prototype layer by layer directly from a
computer file (CAD Model). To minimize construction
time and volume of material, a part orientation is an
issue for RP planning process. This paper presents an
algorithm to analyze part orientation according to
minimize building time and material. A concept of
bounding box has been applied to determine part
orientation on a minimum volume of support structure.
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1. Introduction

Rapid prototyping process is a manufacturing
process that manufactures products directly from CAD
model without mold and die. It was introduced to
shorten prototype construction time. This process
converts a 3D CAD model to be a stack of 2D contours
which are used to generate machine commands to build
an object layer by layer. In this process, material is
added to produce a part layer by layer. Several
techniques have been developed for rapid prototyping
process and they can be classified into 3 categories
based on the initial state of materials [1] liquid-based,
solid-based and powder-based. Stereolithography
apparatus (SLA), a popular technique in a liquid-based
system, is the first commercial rapid prototyping
system. In this technique, UV laser is used to solidify
photo-curable liquid polymer to form layers. Selective
Laser Sintering (SLS) is a famous technique in a
powder-based rapid prototyping system. This technique
is similar to SLA but instead of curing liquid polymer
with UV laser, CO, laser is used in SLS to sinter
powder to form a layer. Similarly, 3D printing is also a
popular technique in a powder-based rapid prototyping

system. Besides using UV laser, glue had been applied.
Last group of rapid prototyping system is solid-based.
In this group, there are several types of solid material
used including wire, roll of laminated sheet and pellets.
Popular techniques of this group are Laminate Object
Manufacturing(LOM) and Fused Deposition Modelling
(FDM) [2]. For RP technique development, there are
three issues base on process step such that the STL File
modeling, a model slicing analysis, a tool path
planning of RP process and an part orientation analysis.

STL file has been introduced as a neutral format to
converse 3D CAD models to be ready for use in rapid
prototyping. The STL file presents 3D solid model as
the surfaced model patched by triangular facets.
Although the STL file has been used in RP process, it
has some disadvantages such as data redundancy and
several defects [3]. So, the direct slicing from 3D CAD
model and engineering drawing had been introduced
[4], [5].

Staircase effect, actually, is an inherent error of
layer manufacturing that can be reduced by using
smallest thickness. However, if this solution is applied
to all layers, fabrication time is increased significant.
To improve model accuracy while minimizing
prototype construction time, an adaptive slicing
concept and an adaptive direct slicing concept have
been proposed to slice a model with non-uniform
thickness in which the first concept is for slicing STL
model while the second concept is for slicing CAD
model directly., 2000).[6]

A tool path planning is also an research issue to
minimize RP processing time in which TSP had be
applied to identify the optimize tool path [7].
Additionally, a part orientation has been investigated in
order to identify a support structure and a creating time
[8]. An appropriate part orientation can be presented



the optimum cost according to a consuming raw
material for support structure, use to create RP model.

In order to explore an effect of part height,
cross-sectional area and building time to part
orientation, this paper presents an algorithm to analyze
part orientation according to minimize building time
and material. A concept of bounding box has been
applied to determine part orientation based on a
minimum volume of support structure.

2. Literature Review

Part deposition orientation is very important factor
of layered manufacturing as it effects build time,
support structure, dimensional accuracy, surface finish
and cost of the prototype[9-11]. The build-up
orientations  present several effects such as
stair-stepping effect, support structure and number of
layers by variable thickness, shown in Figure 1.

An analysis of the part in the optimum direction
has been studied by various researchers [10-16]. The
bounding box and projecting contours had been
introduced to determine the minimum oriented
bounding box for arbitrary solid. This approach
simplifies a complex-dimensional problem by
projecting the solid onto three principal planes and
makes use of the projected contour for analysis[10].
The optimal part orientation also applied to establish
the average weighted surface roughness (AWSR)
generated from the stair stepping effect[11]. In
addition, process parameters of deposited process have
been also applied to determine the build
orientation[12]. Analysis of the morphology and the
creation of the base material were applied based on the
strength of part,time to create with short pieces, size
and surface characteristics, an accuracy and low cost of
building materials[13]. To analyze a shape of base
material, a part application and direction of the
molding have been considered the character resembles
a tilted surface to reduce the amount of raw material
[14]. A calculation of the direction of creating a piece
of work, including the base metal has been proposed to
present the support structure [15].
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Figure 1: Determination of build-up orientation to
minimize stair-stepping effect, minimize support
structure and minimize number of layers by variable
thickness[9]

3. Experiment

An analysis of part orientation and build-up
direction of a rapid prototype considers a minimum
volume of support structure. The input of this approach
is the 3D model of prototype and the output is an
appropriate part orientation, as shown in Figure 2.The
bounding box of 3D model is created after 3D model is
assigned. Then, Boolean operation is applied to
determine support structure by subtracting the
bounding box with 3D model of prototype. The
remaining model is utilized to calculate volume of
support structure according to the build-up direction.
Finally, the suitable build-up direction with the
minimum volume is assigned as part orientation.

3.1 Creating 3D Model
The 3D model, created based on Solidwork, was
applied, as shown in Figure 3.

3.2Creating Bounding Box

A bounding box is the smallest boxes that can be
covered particular part without any of the parts over the
limit[16].When the particular bounding box was
created, subtract operation was applied. Then, the
remaining parts from this operation were used to
analyze support structure, as shown in Figure 4.
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Figure 2: Flow chart of part orientation analysis
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Figure 3: Creating 3D Model

[ee

e
€ o

A

T~

Figure 4: Creating Bounding box



3.3Determining Support Structure
To determine the remaining model, the subtraction
operation has been applied, as shown in Equation 1.

o

=

Bee —PBap = Pu 1)

When  B,isa bounding box

B3p isa 3D model

Bgis the remaining of bounding box
While  Bs(P(Xi,Yi,2i)) is the corner point

X; IS an axis position ofx ati

y; is an axis position ofy ati

z; is an axis position ofz ati

iisequal1,2...,n

n is total number corner ofBy

3.4Analyzing Support Structure

The remaining of bounding box is investigated for
support structure. All corner points of the rest of
bounding box, Bs (P(Xi,y:,zi)), are analyzed based on
conditions as shown in Table 1.Since the model could
be crated along any direction, x+, x-, y+, y-, z+ and z-,
those conditions are investigated on six times. The
focus on each condition is to identify support structure.
So, the rest of bounding box that is over bound of
model is ignored other it is defined as the support
structure. Moreover, there may be more than one
build-up direction that the support structures are
identified. The build-up direction, establishes minimum
volume of support structure, is assigned.

Define symbol in Table 1:

= Bounding box (Bgg)
- =The rest of bounding box (Bs)
D = Space (E)

Max @,is the highest pointalongd;axis

Max @,is the highest pointalong@d,axis

Mind, is the lowest point along @,axis

Mind, is the lowest pointalong@,axis

@1 = X, y+, 7+@2 = X+, y+, 7+

4, Result

By applying process analyze in section 3, the model, as
show in Figure 3, was investigated. The results showed
that apart orientation along x+ was selected because
this direction presented lowest support volume,
1.89x10* mm”,

Tablel: Conditions for identifying support structure

Deductive Case Analysis condition Result Support
parts structure
shape
If Maxo1 {Bs:} =Maxo1 Pseis not
{Bze} support None
structure
1f Ming) {Pst} = Ming1 Pstis support
{pzs} structure [ |

If Maxo1 {Bs} <=Maxol

{P=e} and Pstis support
Maxo2 {Bsi} <=Maxo2 structure .
{Pes}
If Maxo1 {Bs} x
<=Maxo1 {Bzz} and ﬁ“slf:;f‘f:“ I .
Mino {Ps} >= Mina) {Pzz}

If“E"is h space

then Maxo1 {E} <= Maxo1 Be:;](g;) =

{P=2} and Ming1 {E} >= _-—
Mino: {[352} structure
Table 2: The results of experiment
Direction Support structure  Support structure  Support structure
position shape volume (mm®)
IE ' 1.89x10°
. ——=
’ 3.86x10°

y :/ // 3.08x10°

\/ ~

a ' 4.05x10°

J ]l — 2.55x10"
It

“ — 2.55x10°

Direction z-

5. Conclusion

The part orientation is determined by using concept
of bounding box. The conditions for identifying
support structure are applied to determine support prior
support structure volumes are established. The part
orientation along axis that presents minimum volume
of support structure is selected. Future work will be
considering on the shape of support structure.



6. Acknowledge

This research has been supported by the research
and development supporting fund, Suranaree
University of Technology.

7. Reference

[1]1 D. Pham, and R. Gault, A comparison of rapid
prototyping technologies. International Journal of
Machine Tools and Manufacture 38 (10-11), 1998, pp.
1257-1287.

[2] V. Kumar, and D. Dutta, An assessment of data
formats for layered manufacturing. Advances in
Engineering Software 28 (3), 1997, pp. 151-164.

[3] P. Soonanon, and P. Koomsap, Towards direct
transformation of orthographic-view drawings into a
prototype. Virtual and Physical Prototyping, 4 (2),
2009, pp. 75-90.

[4]W. Cao, and Y. Miyamoto, Direct slicing from
AutoCAD solid models for rapid prototyping. The
International Journal of Advanced Manufacturing
Technology 21 (10-11), 2003, pp. 739-742.

[5] P. Pitayachaval and T. Baothong, A tool path
planning of rapid prototype technology base on a
contour  relationship.  Journal of  engineering
Ubonratchathani university 1 (6), 2556, pp. 61-69. (in
Thai)

[6] K.B. Guo, L.C. Zhang, C.J. Wang and S. H. Huang,
Boolean operations of STL models based on loop
detection. The International Journal of Advanced
Manufacturing Technology 33 (5-6), 2006, pp.
627-633.

[71 P.M. Pandey, Rapid Prototyping technologies,
applications and part deposition planning. Journal
Retrieved, 15 October 2010.

[8] P. Pandey, N. Venkata Reddy, and S. Dhande, Part
deposition  orientation  studies  in layered
manufacturing. Journal of materials processing
technology 185 (1), 2007, pp. 125-131.

[9] A.K. Mishra and S. Thirumavalavan, A Study of
Part Orientation in Rapid Prototyping. Middle-East
Journal of Scientific Research 20 (9), 2014, pp.
1197-1201.

[10]J. Hur and K. Lee, The development of a CAD
environment to determine the preferred build-up
direction for layered manufacturing. The International
Journal of Advanced Manufacturing Technology 14
(4), 1998, pp. 247-254.

[11]K.F. Karim, D. Hazry, A.H. Zulkifli, S.F. Ahmed,
M.K. Joyo, Z.M. Razlan, K. Wan and S. Bakar,

Feature-baser support generation for optimum part
deposition orientation in FDM. ARPN Journal of
Engineering and Applied Sciences 9, 2006.

[12]H.S. Byun, and K.H. Lee*, Determination of the
optimal part orientation in layered manufacturing using
a genetic algorithm. International journal of production
research 43 (13), 2005, pp. 2709-2724.

[13]C. Ziemian and P. Crawn, Computer aided decision
support for fused deposition modeling. Rapid
Prototyping Journal 7 (3), 2001, pp.138-147.

[14]C. Kumar, J. Larry and R .Larry, Support
generation for fused deposition modeling, Solid
Freeform Fabrication Symposium, University of Texas,
Austin, 1995, pp. 229-241

[15]X. Huang, C. Ye, S. Wu, K. Guo and K. Mo,
Sloping wall structure support generation for fused
deposition modeling. The International Journal of
Advanced Manufacturing Technology 42 (11-12),
2008, pp. 1074-1081.

[16]S. Ding, M.A. Mannan, and A.N. Poo, Oriented
bounding box and octree based global interference
detection in 5-axis machining of free-form surfaces.
Computer-Aided Design 36 (13), 2004, pp. 1281-1294.

Paphakorn Pitayachaval

received the B.Eng. (1998) from
Suranaree University Of
Technology, M.Eng.(2000) from
King Mongkut's University of
Teshnology Thonburi, and Ph.D.
(2009) from Asian Institute of

Technology(AIT). She is
Assist.Prof. School of Industrial
Engineering, Institutes of

Engineering, Suranaree University
of Technology.

Apichet Koncam

received the B.Eng. (2013)
fromSuranaree  University  of
Technology. M.Eng. (2015) from
Engineering, Suranaree University
of Technology.



