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RAPID PROTOTYPING TECHNOLOGY (RP)/PART ORIENTATION/CROSS-

SECTIONAL AREA/SUPPORT MATERIAL/LAYER BY LAYER

Rapid prototyping technology (RP) is a technology to construct prototype layer
by layer directly from a computer file (CAD model). Each layer is created one by one
until all layers are created, which the model is completed. To minimize volume of
material and cost, a part orientation is an issue for RP planning process.

This research has been separated into two parts: (1) a study of the relationship
between part height, part cross-sectional and construction time and (2) an analysis of
part orientation and direction of rapid prototype construction for 3D Printing.

For the first part of research, the results were shown that the construction time
relates to part height and part cross-sectional area. For the second part of research, a
method of part orientation analysis has been introduced by using a bounding box
concept. A bounding box has been applied to identify support structures. The part
orientation, that presents a minimum volume of support structure, has been assigned
as a direction of rapid prototype construction for 3D Printing. Unfortunately, if there

is more than one direction that obtains minimum volume of support structure, the



construction direction has been assigned on the direction that contains both minimum

volume and number of support structure.
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2.1.1.1 Laminated Object Manufacturing (LOM)
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2.1.1.2 Fused Deposition Modeling (FDM)

Support material filament ﬁ
Build material filament ——————.
Extrusion head\

Drive wheels

Liquifiers
Extrusion nozzles

>

Part
Foam base

Part supports
Build platform N

Support material spool

Build material spool ~g
£

Copyright © 2008 CustomPartNet

' an >
gﬂﬁ 2.2 1AAINTTUITMITASNFUNUUYD Fused Deposition Modeling (FDM)
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2.1.2.1 Stereolithography Apparatus (SLA)
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2.1.2.2 Solid Ground Curing (SGC)
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2.1.3.1 Selective Laser Sintering (SLS)
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2.1.3.2 Electron Beam Melting (EBM)
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2.1.3.3 Three-Dimensional Printing (3DP)
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Sub main()

Dim swapp As SldWorks.SldWorks
Dim swmodel As SldWorks.ModelDoc2
Dim swmodeler As SldWorks.Modeler
Set swapp = Application.SIdWorks

Set swmodel = swapp.ActiveDoc

Set swmodeler = swapp.GetModeler

'Define box

Dim nBox1Param(8) As Double

nBox1Param(0) = InputBox("Please input your Center (X) :")
nBox1Param(1) = InputBox("Please input your Center (Y) :")

nBox1Param(2) = InputBox("Please input your Center (Z) :")

" AXis
nBox1Param(3) = InputBox("Axis to Extruded (X) :")
nBox1Param(4) = InputBox("Axis to Extruded (Y):")

nBox1Param(5) = InputBox("Axis to Extruded (Z) :")

' Width

nBox1Param(6) = InputBox("Please input your dimension Width (X) :")

' Length

nBox1Param(7) = InputBox("Please input your dimension Height (Y) :")

'Height

nBox 1Param(8) = InputBox("Please input your dimension Length (Z) :")
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'Create box temporary body
Dim swBox1Body As SldWorks.Body2

Set swBox1Body = swmodeler.CreateBodyFromBox(nBox 1 Param)

'Check body for faults

Call CheckBody(swBox1Body)

'Display body

swBox1Body.Display3 swmodel, RGB(200, 0, 0), swTempBodySelectOptionNone

'Repeat

Dim nBox2Param(8) As Double

nBox2Param(0) = InputBox("Please input your Center (X) Again!! :")

nBox2Param(1) = InputBox("Please input your Center (Y) Again!!:")

nBox2Param(2) = InputBox("Please input your Center (Z) Again!! :")

" Axis

nBox2Param(3) = InputBox("Axis to Extruded (X) Again!! :")

nBox2Param(4) = InputBox("Axis to Extruded (Y) Again!! :")

nBox2Param(5) = InputBox("Axis to Extruded (Z) Again!! :")

' Width

nBox2Param(6) = InputBox("Please input your dimension Width (X) Again!! :")

' Length

nBox2Param(7) = InputBox("Please input your dimension Height (Y) Again!! :")
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'Height

nBox2Param(8) = InputBox("Please input your dimension Length (Z) Again!! :")

'Create box temporary body
Dim swBox2Body As SldWorks.Body2

Set swBox2Body = swmodeler.CreateBodyFromBox(nBox2Param)

'Check body for faults

Call CheckBody(swBox2Body)

'Display body

swBox2Body.Display3 swmodel, RGB(200, 0, 0), swTempBodySelectOptionNone

'Add bodies
Dim vBodies As Variant

Dim IngErrors As Long

vBodies = swBox2Body.Operations2(SWBODY ADD, swBox1Body, IngErrors)
If IngErrors <> 0 Then
Debug.Print "Boolean operation error: " & IngErrors & vbCrLf & "ending"

End

End If

"Turn
Dim swPart As SlIdWorks.PartDoc
Set swPart = swmodel

swPart.CreateFeatureFromBody3 vBodies(0), False, 0

End Sub
Sub CheckBody(body As SldWorks.Body2)
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Dim swFaultEnt As SIdWorks.FaultEntity
Dim i As Integer
Set swFaultEnt = body.Check3
If swFaultEnt.Count <> 0 Then
Debug.Print "Fauts detected."
For i=0 To swFaultEnt.Count - 1
Debug.Print "Error code: " & swFaultEnt.ErrorCode(i)
Next i

Debug.Print "Ending."

End If

End Sub
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Option Explicit

Public Enum swMassPropertiesStatus_e

swMassPropertiesStatus OK =0
swMassPropertiesStatus_ UnknownError = 1

swMassPropertiesStatus NoBody = 2

End Enum

Public Enum swUserPreferenceToggle e

swUpdateMassPropsDuringSave = 30

End Enum

Sub main()

Dim swApp As SldWorks.SIdWorks

Dim swModel As SldWorks.ModelDoc?2

Dim swModelExt As SIdWorks.ModelDocExtension
Dim swAssy As SldWorks.AssemblyDoc

Dim swSelMgr As SldWorks.SelectionMgr

Dim swComp As SldWorks.Component2

Dim nStatus As Long

Dim vMassProp As Variant

Set swApp = CreateObject("SldWorks. Application")

Set swModel = swApp.ActiveDoc
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Set swModelExt = swModel . Extension

vMassProp = swModelExt.GetMassProperties(1, nStatus)
"Debug.Print "ModelDocExtension::GetMassProperties(" + swModel.GetPathName + ")"
'Debug.Print " Status =" & nStatus
Debug.Print ""
If Not IsSEmpty(vMassProp) Then
' Debug.Print " Center Of Mass X =" & vMassProp(0)
"Debug.Print " Center Of Mass Y =" & vMassProp(1)

" Debug.Print " Center Of Mass Z =" & vMassProp(2)

MsgBox " Volume =" & vMassProp(3) & " (m.m.m) "

Debug.Print " Volume =" & vMassProp(3) & " (m.m.m) "
Debug.Print " Area =" & vMassProp(4)

Debug.Print " Mass =" & vMassProp(5)

Debug.Print " MomXX =" & vMassProp(6)

Debug.Print " MomYY =" & vMassProp(7)

Debug.Print " MomZZ =" & vMassProp(8)

Debug.Print " MomXY =" & vMassProp(9)

Debug.Print " MomZX =" & vMassProp(10)

Debug.Print " MomYZ =" & vMassProp(11)

End If

Debug.Print " "

End Sub
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Option Explicit

Dim swApp As SldWorks.SldWorks
Dim Part As ModelDoc2
Dim Measure As Measure

Dim boolstatus As Boolean

Sub main()
et swApp = Application.SIdWorks
Set Part = swApp.ActiveDoc

Set Measure = Part.Extension.CreateMeasure

Measure.ArcOption = 0 'Can set this to 0, 1, or 2

' 0 - Center to Center

' 1 - Minimum Distance

' 2 - Maximum Distance

Dim strDisplay As String

boolstatus = Measure.Calculate(Nothing)

If (boolstatus) Then

If (Not (Measure.Length = -1)) Then

Debug.Print "Length: " & Measure.Length

End If

If (Not (Measure.Area = -1)) Then
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Debug.Print "Area: " & Measure.Area

End If

If (Not (Measure.ArcLength = -1)) Then
Debug.Print "Arc length: " & Measure.ArcLength

End If

If (Not (Measure.ChordLength = -1)) Then
Debug.Print "Chord length: " & Measure.ChordLength

End If

If (Not (Measure.Diameter = -1)) Then
Debug.Print "Diameter: " & Measure.Diameter

End If

If (Not (Measure.Radius = -1)) Then
Debug.Print "Radius: " & Measure.Radius

End If

If (Not (Measure.Perimeter = -1)) Then
Debug.Print "Perimeter: " & Measure.Perimeter

End If

If (Not (Measure.X = -1)) Then
Debug.Print "X coordinate: " & Measure. X

End If

If (Not (Measure.Y =-1)) Then
Debug.Print "Y coordinate: " & Measure.Y

End If
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If (Not (Measure.Z = -1)) Then
Debug.Print "Z coordinate: " & Measure.Z

End If

If (Not (Measure.DeltaX = -1)) Then
Debug.Print "DeltaX: " & Measure.DeltaX

End If

If (Not (Measure.DeltaY = -1)) Then
Debug.Print "DeltaY: " & Measure.DeltaY

End If

If (Not (Measure.DeltaZ = -1)) Then
Debug.Print "DeltaZ: " & Measure.DeltaZ

End If

If (Not (Measure.Angle = -1)) Then
Debug.Print "Angle: " & Measure.Angle

End If

If (Not (Measure.CenterDistance = -1)) Then
Debug.Print "Center distance: " & Measure.CenterDistance

End If
If (Not (Measure.NormalDistance = -1)) Then
Debug.Print "Normal distance: " & Measure.NormalDistance

End If

If (Not (Measure.Distance = -1)) Then
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Debug.Print "Distance: " & Measure.Distance

End If

If (Not (Measure.TotalLength = -1)) Then
Debug.Print "Total length: " & Measure.TotalLength

End If

If (Not (Measure.TotalArea = -1)) Then
Debug.Print "Total Area : " & Measure.TotalArea

End If

If (Measure.IsParallel) Then
Debug.Print "IsParallel : " & Measure.IsParallel

End If
If (Measure.IsIntersect) Then
Debug.Print "Is Intersect : " & Measure.IsIntersect

End If

If (Measure.IsPerpendicular = -1) Then

Debug.Print "Is Perpendicular : " & Measure.IsPerpendicular

End If

If (Not (Measure.Projection = -1)) Then
Debug.Print "Projection : " & Measure.Projection

End If

If (Not (Measure.Normal = -1)) Then
Debug.Print "Normal : " & Measure.Normal

End If
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If (Not (Measure.SpericalCenterDistance = -1)) Then
Debug.Print "Sperical Center Distance : " & Measure.SpericalCenterDistance

End If

If (Measure.IsConcentricSpheres) Then
Debug.Print "Is Concentric Spheres : " & Measure.IsConcentricSpheres

End If

Else
Debug.Print "Invalid combination of selected entities."
End If

End Sub
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Dim swEdge As SIdWorks.Edge
Dim swCurve As SIdWorks.Curve

Dim swCurveParams As SldWorks.CurveParamData

Public Sub GetEndPoints()

Dim swApp, Part, SelMgr As Object
Dim faceObj As Object

Dim edgeList As Variant

Dim edgeCount As Long

Dim edgeObj As Object

Dim startVertexObj As Object
Dim endVertexObj As Object
Dim startPt As Variant

Dim endPt As Variant

'Dim swCurve As SIdWorks.Curve

'Dim swCurveParams As SIdWorks.CurveParamData

Set swApp = CreateObject("SldWorks. Application")
Set Part = swApp.ActiveDoc

Set SelMgr = Part.SelectionManager

If (SelMgr.GetSelectedObjectCount = 0) Then
swApp.SendMsgToUser ("Select a face first...")

Else

If (SelMgr.GetSelectedObjectType(1) <> 2) Then
swApp.SendMsgToUser ("Must select a face")

Exit Sub
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End If

Set faceObj = SelMgr.GetSelectedObject5(1)

edgeCount = faceObj.GetEdgeCount

edgeList = faceObj.GetEdges

Fori=1 To (edgeCount)
Set edgeObj = edgeList(i - 1)
Set startVertexObj = edgeObj.GetStartVertex

Set endVertexObj = edgeObj.GetEndVertex

msg = "Edge points (X,Y,Z) : " + Chr(10)

If (Not startVertexObj Is Nothing) Then
startPt = startVertexObj.GetPoint
msg = msg + Str$(startPt(0)) +"," + Str$(startPt(1)) + "," + Str$(startPt(2)) + Chr(10)
Debug.Print Str$(startPt(0)) +"," + Str$(startPt(1)) +"," + Str$(startPt(2))

End If

If (Not endVertexObj Is Nothing) Then
endPt = endVertexObj.GetPoint
msg = msg + Str$(endPt(0)) +"," + Str$(endPt(1)) +"," + Str$(endPt(2))
Debug.Print Str§(endPt(0)) +"," + Str$(endPt(1)) +"," + Str$(endPt(2)) + Chr(10)

End If

Style = vbOKOnly

Title = "Vertex Information" & 1

Call MsgBox(msg, Style, Title)
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'retval = MsgBox("Do you want to check this edge?" & i, vbYesNo)
'If retval = 6 Then

'MsgBox " Edge not line "

Next

End If

Debug.Print "

End Sub




HNARUIN A

a A (Y] (Y]
ﬂﬁ’J!ﬂﬁ]g’,‘P‘mﬂﬂNﬂ1§%ﬂ’JN’Jﬂ§IGﬂ]}’Jﬂ I‘]J‘Juﬂ‘ill Visual basic

waz 11J5un3u Solid works



86

A1 HEAdEMINATZHAANIMITS AUV ING)

9 2 aan 9 . Jd o @ A
A3199%u0U 3 10 A28 T 5un5Y Solid works 1985%U 2011 A3lugh A.1.1

1Y

JChi Pl

o
sl

3

A ™ Edangran 1] 2

v Y
JUN A.1.1 naasyua 3 Taludiamanny y+

Y 2 Y o & ¢ L2 . v
a5 useIFuIUAIemId 11)sun sy Visual basic FaaaaluTisunsy Solid works aalugil

na.12

el Sl e

EdtngPen 3 D

{ 1 tg’ an
5N A.1.2 Llﬁﬂ\‘lﬂﬁﬂ\‘l‘l]@ﬂl‘ll@]‘ll@\igﬂ%uﬁu 348

Y

1 tgl an U U {
WnaunaesuouvafleTuIY 3 Ba TuTisunsu Solid works 05H0 2011 Aelugili a.1.3

oy f.1.4



87

\
o

AAENB-F-v-0A-5-

GRECE

T —)

RO

grass N = % e

ﬂﬁ f.1.4 memu'ﬂmaamﬂmﬁwﬂma%uqmaaﬂmﬂﬂaawamw

o 2 1 { o ] & Aaa o I
i]”llluﬂ%uﬁ')uﬁlﬁﬁﬂﬁnﬂﬂTﬁWﬂﬁﬂﬂﬁ@ﬂﬂlﬂﬂlm@]ﬁ}')ﬂ“ﬁu\ﬂu 34@ ﬁ?lﬂiﬂiﬂlluﬂ'ﬂ@ﬂllﬁlﬂu 4

Y v
wu adlugiin a1

' v 4 Yy 9
gﬂ‘ﬁ f.1.5 Llﬁﬂ\‘]ﬂOWU'Ju‘KUﬁ'JUﬁLWa@%'lﬂﬂ'liﬂﬂlﬁ@slfu\ﬂu@@ﬂﬂWﬂﬂa@\‘]ﬂl@‘Ulﬂlﬂ



88

a oL 1 A A o ,i’ 1 9 2 Aa A 2 1 A d
ANTIZHFUTZUIVFIUNHADIINNTHNIHONADIVOVIVAAIITUINU 3 WA UaI Uiy

v v v
FIU509FUNUAM T T 5UnTN Visual basic 32071 1151051 Solid works fialugii a.1.6

e e

fstngher 1] ¥)

A a o’Qy 9 . .
g‘ﬂ‘ﬂ f1.1.6 LEAINITAATIEHFUNIUAI 151NN Visual basic

A a 4 o o . . v 3 . .
Joyan laanmsinszialemideTsunsy Visual basic gnaanyluTisunsy Visual basic

aalugn a.1.7

{ v &
Ui a.1.7 ugasmssanudoyaluTisunsy Visual basic

U

=1 9 1 1 [ z:y 1 dl d' a 4 d'
l']_ﬁEJ']JL‘VIEJ']J"lI@l;IJaizu"mizW’JNﬂai’N"lI?J‘]JL"llG]ﬂ‘]J%uﬁﬁu%@]iﬁﬂﬁﬂﬂm@ﬁlﬂﬁ%ﬁﬁ”I?JN’EJ‘L!"I,GU

aluginn.ig



89

Immediate Immediate

.043, .032,-.06 .0g2, .032, 0
.043, .032, 0 0, .032, 0
.0%2, .03z, 0 .092, .032,-.06
.043, .032, O .092, .032, 0
.0%2, .032,-.06 .08z, .032,-.06
.0%2, .03z, 0 0, .032,-.06
.0%2, .032,-.06 0, .032,-.08
.043, .032,-.06 0, .032, 0

v Y
319 a.1.8 naasmanfFouiendeyaszuusz nINaoeUINANUFUIUATIVA O

o [ 2 A a 4 A a d Y @ ~
@]’]llﬂu\?m@\ii'lui'@\?%uﬂ’]uﬂW’luﬂ’lijlﬂi'lgﬁﬁ'lul\iauhl"]lella\clﬂ']i']lﬂi’lgﬂuﬂ') ﬂﬂ‘ugﬂ‘ﬂ f.1.9

v Y Y H Y Y
gﬂﬁ f.1.9 uﬁmmuwmmmgmam%uﬂunuﬂsumuﬁmﬁamﬂmwmﬁa%uqm

20NVINNADIVOLLUA

1 Qy ~ 9 a Ia [ [ a [ a
gﬂi"lﬂﬁ”luif’)ﬂ%uxﬂuﬂllﬂﬂ”lﬂﬂ"li’Jlﬂi"l%WTlﬁVlNﬂ”lii]ﬂ’)"l\n@]iﬂu‘i/lﬁ‘ﬂ”l y+ ﬂflugﬂ‘n 7.1.10

A ay A A 49! a 9 ay
gﬂ‘ﬂ f.1.10 Llﬁﬂ\'131J‘VINj@'ILli@ﬂ6]51N'I‘Ll‘VILﬂﬂ"UL!G],Ll‘lflﬁ‘VI'Nﬂ'liﬁi'lﬁ‘lfuﬂ'miulmiluﬂu y+



HNANUIN I

a d' Yo a A q Y | =
u‘nmmma’smmiﬂ”!mummwuwmmm{lmzﬂ’mﬂmsn



91

4' d' Yo a A d ] v =
‘512]‘lff’]‘lJTlﬂ’ﬂN'Jﬂvlﬂ5'1]ﬂ]‘iﬂWNW!Nﬂ!EWiiHﬁE’;?‘i’J]QﬁﬂH]

Paphakorn Pitayachaval, Payungsak Junyusen, Aphichet Konkham. (2015). A study of the
relationship between part orientation and direction of rapid prototype construction.

9th South East Asian Technical University Consortium (SEATUC) Symposium.



92

An effect of part height, cross-sectional area and
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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 determined before constructing
model. However, the prefer orientation has be related
to a number of layers, a volume of support material
and a construction time. This paper presents the
experiments that provide those relationships. The
results shown that the relationship between
constructing time, part height and cross-sectional area
were a linear function. Furthermore, the part
orientation directly affected to the part height, the
number of layers and the volume of support material.

Key words: Rapid Prototyping technology (RP), Part
orientation, Cross-sectional area, Support material

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 four 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]. (Jamieson and Hacker,
1995).

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. (Sabourin et al., 1996; Hope et al.,
1997a, b; Zhao and Laperriére, 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 | .
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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 experiments in which
part height and cross-sectional area are fix variables
while a building time is dependent variable by using
3D printing technology. A model has been oriented
into six direction base on Cartesian axes.

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] Figure 1 shows
determination of build-up orientation. Minimise
stairstepping effect. Minimise support —structure.
Minimise number oflayers by variable thickness. The
amount of the base material and high quality.

Build-up orientation

Defect
Optimised Non-optimised

Minimise stairstepping effect

Minimise support structure g

Minimise number of layers

Figure 1Determination of build-up orientation.
Minimise stairstepping effect. Minimise support
structure. Minimise number oflayers by variable
thickness [9]

An analysis of the part in the optimum
direction has been studied by various researchers.[10-
16] This research describes a method for determining
the minimum oriented bounding box for arbitrary
solid. The method simplifies a complex-dimensional
problem by projecting the solid onto three principal
planes and makes use of the projected contour for
analysis.[10] Subsequent research describes a method
of Artificial Neural Network (ANN) is used to
determine the optimum solution. Predictions of the
present methodology are in agreement with the results
published earlier. The methodology proposed in this
work is used to obtain the optimum part deposition
orientation automatically and can be implemented in
FDM technology.[11] The determine the optimal part

orientation that improves the average weighted
surface roughness (AWSR) generated from the stair
stepping effect [12]In addition to an algorithm to
determine the build orientation is described. It
considers the deposition process attributes and the
machining process attributes simultaneously.[13]

3. Experiment

To identify the effect of part height, cross-
sectional area and building time to part orientation,
experiments have been separated into two groups by
using 3D printing technology. The first group is to
establish the relationship between constructing time,
part height and cross-sectional area. The second
experiment is to present the relationship between a
volume of support material and the part constructing
time in any direction base on an assumption that a raw
material created RP model is constant in any building
direction. These experiments have been conducted
base on 3D Printing Machine can build maximum
sized 8x8x12 In.

3.1 The relationship between constructing time,
part height and cross-sectional

The first experiment group, the relationship
between constructing time, part height and cross-
sectional area has been classified base on variables
such that the part height and cross-sectional area are
fix variables while the constructing time is dependent
variable. Thus, the experiments have been conducted
into two sets: 1) the part height is varied while cross-
sectional area is constant and 2) the cross-sectional
area is change while part height is constant, as follow
a table 1. A simple box has been used to present this
experiment due to its constant cross-sectional area, as
shown in figure 2.

[T

Figure 2: A simple box

Table 1: Two sets of the first experiment group
Experiment Set Part Height Cross-sectional area
1 Vary Constant
2 Constant Vary

3.2 The relationship between a volume of support
material and the part constructing time

The second experiment group, the relationship
between a volume of support material and the part
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constructing time in any direction has been
investigated. Base on an assumption that a raw
material created RP model is constant in any building
direction, a model, as shown in figure 3, has been
orientated into six postures following six directions of
Cartesian axes.

Figure 3: A 3D model for the section experiment

4. Results
4.1 The relationship between constructing time,
part height and cross-sectional

There were two sets of experiment results: 1) the
part height was varied while cross-sectional arca was
constant and 2) the cross-sectional area was change
while part height was constant.

When the part height was increase, a number of
layers and a volume of model were also enlarge, as
shown in table 2. On the other hand, when the cross-
sectional area was expanded, a number of layers and a
volume of model were also enlarged, as shown in
table 3. Therefore, the constructing time (T) has the
linear relationship with the function of the part height
(h) and cross-sectional area (a), as following equation
1.

T a f(h,) (D
Table 2: The result of construeting time when the

part height was varied while cross-sectional area was
constant

4.2 The relationship between a volume of support
material and the part constructing time

The results of volume of support material and
the part constructing time in any direction were
presented as table 4. There results shown that the part
orientation directly affected to the part height, the
number of layers and the volume of support material.
Moreover, the volumes of support material seem to
relate the part constructing time even thought there
was not a linear relationship.

Table 4: The results of volume of support material
and the part constructing time in any direction

Part Cross- | Number Part Support Time
Height | sectional of layers volume volume (s)
(x10°m) | area (x10 (m’) ()

om:)

5 10x10 200 4.92x10* 1.64x10% | 240

10 10x10 400 9.83x10* 1.64x104 420

15 10x10 600 131x10° 1.64x10* 600

20 10x10 790 1.80x10° 1.64x10% | 780

Orientation | Number Part Support Time(s)
of layer | volume(m’) | volume(m’)

T 990 9.83x10* 1.64x10° 1980

990 9.83x10” 1.64x10™ 600

790 9.83x10* 6.56x10" 840

I 790 9.83x10* 8.19x10" 1080

200 9.83x10” 3.28x10° 420

&
o

200 9.83x10" 3.28x10° 420

Table 3: The result of constructing time when the
cross-sectional area was expanded while part height
was constant

Part Cross- Number Part Support Tim
Height sectional of layers volume volume e(s)
(x10°m) | area (x10° () (m’)
‘m’)
5x5 10 400 3.28x10% 0 240
10x10 10 400 9.83x10% [ 1.64x10% | 420
15x15 10 400 1.97x10° 3.28x10% | 600
20x20 10 400 3.44x10° 491x104 840

5. Conclusion

The relationship between constructing time,
part height and cross-sectional area were linear
function. When the part height was increase, a
number of layers and a volume of model were also
enlarge. Additionally, when the cross-sectional arca
was expanded, a number of layers and a volume of
model were also enlarged. Further, the volume of
support material relate to the part constructing time, in
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which the part orientation directly affected to the part
height, the number of layers and the volume of
support material.

6. Acknowledge

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

7. Reference

[1.] Bullinger, H.-J., J. Warschat, and D. Fischer,
Rapid product development—an overview.
Computers in industry, 2000. 42(2): p. 99-
108.

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

[3.] Kai, C.C, G.GK. Jacob, and T. Mei,
Interface  between CAD  and  Rapid
Prototyping System. Partl: A study of
existing interfaces International Journal of
Advance Manufacturing Technology, 1997.
13: p. 566-570.

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

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

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

[7.] Paphakorn Pitayachaval and Thanakarn
Baothong, A tool path planning of rapid
prototype technology base on a contour
relationship. Journal of engineering Ubon
ratchathani university No. 1 Vol. 6 January-
June 2556, 2556: page 61-69.(in Thai)

[8.] Guo, K.B., et al., Boolean operations of STL
models based on loop detection. The
International ~ Journal ~ of  Advanced
Manufacturing Technology, 2006. 33(5-6):
p. 627-633.

[9.] Hur, J. and K. Lee, The development of a
CAD environment to determine the preferred

[10.]

[11]

[12.]

[14.]

[15.]

[16.]

build-up direction for layered
manufacturing. The International Journal of
Advanced Manufacturing Technology, 1998.
14(4): p. 247-254.

Chan, C. and S. Tan, Determination of the
minimum bounding box of an arbitrary solid:
an iterative approach. Computers &
Structures, 2001. 79(15): p. 1433-1449.
Karim, K.F., et al., FEATURE-BASED
SUPPORT GENERATION FOR OPTIMUM
PART DEPOSITION ORIENTATION IN
FDM. ARPN Journal of Engineering and
Applied Sciences, 2006. 9.

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

Hua, Z., K. Leea, and J. Hurb, Determination
of optimal build orientation for hybrid rapid-
prototyping. Journal of Materials Processing
Technology 130-131 (2002) 378-383, 2002.

Ziemian, C. and P. Crawn III, Computer
aided decision support for fused deposition
modeling. Rapid Prototyping Journal, 2001.
7(3): p. 138-147.

Kumar Chalasani, S.I., Minneapolis,USA., S.
Larry Jones, Cincinnati,USA., and S.I. Larry
Roscoe, Minneapolis,USA, Support
Generation for Fused Deposition Modeling.
1995: p. 229-241.

Huang, X., et al., Sloping wall structure
support generation for fused deposition
modeling. The International Journal of
Advanced Manufacturing Technology, 2008.
42(11-12): p. 1074-1081.




A Y A
sz Iney

a k4 o a A o oA A = 2 = A
UNYDALFHY NDUAT NAUBIUN 15 UNTIAN N.A. 2534 SHANEIFUYsTONANEIN

~ a J a £ o (% ~ ¥ o =< A A A ~ aa K
Iiﬂliﬂuﬁﬂﬁf}ﬂ‘]ﬁﬂi%ﬁ‘ﬂ‘ﬁ WHINANLT FUNTOUANEIY N 1-3 ﬂiiﬂliﬂu’)uﬂﬁﬂBﬂMWig

9
A o Y

v [ [ = A =) a a [ Y] [ = o
5’]Gq]fﬂﬂllﬂ"| TINIAANYT FUNTINANEIUN 4-6 TﬁﬂlﬁﬂuwuaﬂﬂﬂTQﬂ WHINANYT UASTHUID

Q

a o a

nMsAnEIszAulS Y IRInTsumaasius AAINTINYAAINNIT)  a1UNIN
a J a o = A v Y = ~ =
AINTIUANAAT WHINena Ty Taggsuis 39rdauassann 1ual we. 25557 w.a. 2556
1 [ 2 a s a a (Y
WhdaneaeluszaulSayan Inndmnssumans  (IAINTIUQATINNIT) UHIINYIAD
= = [ v =) = Yo Y a o a v d’
maluladgsu’s sandauasnydu Tasvazdne 1dsunudaeidelulasamsive Foq
v o ¢ o o " a L g
msAnIANUFNRUTYINITIATIagae AN 1aNsas 1 FuIuAuIUUIIAGY  nagly
[ =< Y (Aa ua I Y Aa ua a Aa ua as a
sgranmisane el ianuiudaeulfianisseindiamsnssuismindauas
9 ¥
UPUAMIIAINTTUGAHMIVUNUFIY F11IBIAINTTUGATINMNT W1 INdemna TuTad

A EATRD)



