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ABSTRACT

In this study, gravity sand casting simulations are carried out considering
four gate sections. Viz. triangular, square, circular and half hexagon. Simulation
results are critically examined in terms of shrinkage porosity, fill time,
solidification time and vel ocity. Based on simulation results acomparatives
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study of all the section has been made and some design guidelines are

proposed. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Casting isthe oldest known process to produce
metd lic components. Thefirst metdl castingwasdone
using oneand metd mouldsduringtheperiod of 4000
3000 BC. Sincethen, various casting processes have
been deve oped. In cagting, theliquid materia ispoured
into acavity (dieor mould) corresponding to the de-
sred geometry. The shape obtained intheliquid mate-
rial isstabilized, usually by solidification, and can be
removed from the cavity asasolid component. In past
casting processeswere designed based ontrial and er-
ror approach. Such approacheswere proneto casting
defectsand were uneconomical dueto enlarged design
period.

In modern dayscomputer smulationiswiddy used
for casting process design. Some of the prominent lit-
eratureon castingsmulationisasfollows.

Advancesin modeling of casting processesusing
smoothed particle hydrodynamics(SPH) aredescribed

by, Three-dimensiond simulationsof high pressuredie
casting were presented for two redlistic dies. Thede-
sign of gating and risering, or rigging systemsasthey
aresometimesreferred to, hasbeen very important task
inthemanufactureof cast components. This paper pre-
sented by, isacompilation of common rulesof thumb
used by foundry experts and guidelines suggested by
researchersfor better quality castings. The L-shaped
junctionsin running and gating systemsused in alumi-
num gravity casting wereinvestigated by, Using com-
putational modeling, aguideinefor constructing two
geometries of L-junctionswas devel oped®. used vari-
ousandytica FEM, FDM toolsfor flow processandyss
including diecasting. A design guidelinewasinduced
by, whileinvestigating resin flow patternsconsidering
depending on several gate positions obtained by nu-
merical analyses of asimplestrip withahinge. [de-
scribed thes mulation and experimental resultsof ther-
mal andysisin sand casting process. Simulation modd
of 2-ingatemould and 3-ingate mould of sand casting
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aredevel oped. Theeffectsof gating systems, number
of runner, andtheir locations, in the Lost Foam Casting
(LFC) of Aluminumdloy (A.413.0) wereinvestigated
by®. Finiteelement andysisin heat transfer canbe pro-
gramfor finiteelement modding of casting Venkatesana
et. d. (2005) deve oped finited ement softwarefor cast-
ingsolidificationandyss.

Inthisstudy, computer s mulationsof sand casting
process considering different gate cross section have
been studied. Four different cross sectionsof gateare
Triangular, Square, Circular, and Half Hexagon. The
effect of thegating system onthecastingisanayzedin
termsof shrinkage porosity, fill time, solidificationtime
andveocity.

GEOMETRICALAND MATERIAL
PARAMETERS

Thegeometrical parametersused in thisstudy are
asfollows:

e Thecrosssectional areaof Gating systemfor all
section (triangular, square, circular & haf hexagon)
=176 mm? Dimens on of these sectionsare shown
inFigurel.

20 mm
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Figurel: Different Gate crosssections

Runner diameter =12 mm

Diameter of pouringbasinis=20mm

Height of pouringbasin=10 mm.

Dimensionsof mold cavity = 100x 100x 100 mm?®
Dimension of the mold box = 190 x 120 x 130
mm?

Material propertiesareasfollows:
e Pouringmaterid =Al-201
Woteviaty Science Cmmm—

Pouring temperature= 700 UC

Moulding materid = Silicasand

Heat transfer coefficient =100

Flow rate 1K g/sec

Gravity 9.8 m/sec?

Thethermal propertiesfor thesematerid saretaken
fromthelibrary of ProCAST software (Ref.10).

CAD Modelingand simulation

First step of computer simulation isto makethe
CAD model of theall casting elements. CAD model
el aborating mould box and basin sprueisshownin Fig-
ure2(a) & (b). CAD modedsshown different gatecross
sectionsareshowninFigure 3(a), (b), (€) & (d). After
making themodel on I-deas software (Ref.9), thisfile
isstoredin. xmt format exported to MeshCAST, which
isthe next module of the ProCAST software where
finiteelement meshisdeveloped. INMeshCAST tetra-
hedral elementsare used for meshing of the casting.
Thereare37747 e ementsand 8315 nodesinthefinite
element model. Thefiniteeement model for triangular
sectionisshownin Figure4. After meshing material
properties and boundaries conditions mentioned above
isimposed and smulation arecarried out.

RESULT AND DI SCUSSI ON:

The summary of ssmulation resultsare givenin
TABLE 1 can becritically examined under following
heads:

Shrinkageporosity

Shrinkage porosity isminimumin caseof haf hexa:
gon section hence haf hexagon sectionisbest anong
thefour section, In case of square section shrinkage
porosity ismaximum. Bar chart for shrinkage porosity
isshownin Figure 9. Shrinkage porosity contour for
different gating sectionareshown in Figure5(a), 6 (a),
7(a), and 8(a).

Fillingtime

Triangular sectiontakesmoretimetofill themold.
Whilein case square section filling timeis minimum.
Bar chart for filling timeisshowninFigure 8. Filling
timecontour for different gating sysemisshowninFg-
ure5(b), 6 (b), 7(b), and 8(b).
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Figure2: Mould box, Pouringbasin
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Figure4: Meshed model of Triangular section mold

Velocity

Ve odity incaseof dreular sectionismaximumwhile
incaseof triangular sectionisminimum. Bar chart for
velocity isshownin Figure 9. Ve ocity contour for dif-
ferent gating system are shown in Figure 5(c), 6 (),
7(c), & 8(c).

Solidification time

Half hexagon section takes maximum timefor so-
lidification andin case of triangular section solidifica
tiontimeisminimum. Grainsin caseof triangular gate
will befiner than the other sections. Bar chart for so-
lidificationtimeisshowninFgure10. Solidificationtime
contour for different gating syssemareshownin Figure

TABLE 1: Simulation Results

SN. M odel Shrinkage porosity Fill timeinsec  Véocity in m/sec Solidification timein sec

1  Triangular 0.72 18.67 0.981 2452
2  Sguare 0.73 18.52 0.997 2777
3  Circular 0.724 18.58 1.049 2912
4 Half hexagon 0.718 18.54 1.003 2928

M. -

-2132.5 !Dul

B

. 16727
18129
16631

@ 14932

= 13334
1736

- 10137

l 8539
6241

7 . 5342

= 3744

(a) Solidification time

=

(c) Filling time

(b) Shrinkage porosity

(d) Velocity

Figure5: Simulation of triangular section




MSAIJ, 11(4) 2014

K.K.Pathak et al. 139

9

(a) Solidification time

~ 1

(c) Filling time

(a) Solidification time

(c) Filling time

~

== Pyl Paper

L
[l

.
o.

730
581
0532
584

0.
20617 053
18827 (3
[ s o
. 15246 e
- e
. 11666
0202
567.6 e
8086
0195
6206
0446
45086
o007
s
. o049
925
0,000

0.000
misec

(d) Velaocity
Figure6: Simulation of squar e section

024
29128 0476
753 0628
L
ping - osre
L;§2’95m 0831
21625 0483
s mws
B B.-
15998 0308
18123 0290
12047 .uzu
10371 0.193
8495 0.148
6520 0.087
4744 0.048
2858 .ume
993
Sec
(b) Shrinkage porosity
Nins =o.m
I,,M I 000
1611 053
B 1aer 0769
1363 s
— { !0.529
Lo .o.sw
931 0.490
887 0420
i 0350
6.19
0280
436
0210
372
0.1
248
0470
124
0.000
000

misee

. : . . . d) Velocit
Figure7: Simulation of circular section (d) velocity

c—— P alorioly Science

Au Tudian Yournal



140 Effects of gating geometry on casting solidification using computer simulation tools

MSAIJ, 11(4) 2014

Full Poper e

20289
. 27399
25509
23619
21730
19840
17950
1606.0
14179
12280
1039.0
8500
6610

4720

2830

..

Sec

(a) Solidification time

(c) Filling time
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5(d), 6 (d), 7(d), 8(d).

CONCLUSION

With the help of smulation result obtained for alu-

minum aloys(Al-201) we can concludethat:

1.

[1]

[2]

Triangular sectiontakesminimum solidificationtime
and half hexagon section takesmaximumtimefor
Solidification.

Shrinkage porosity isminimumin caseof haf hexa:
gon section hence half hexagon section is best
among thefour section, whilein case of square sec-
tion shrinkage porosity ismaximum thereforeit is
not good.

Triangular sectiontakesmoretimetofill themold
and sgquare section takes minimum timetofill the
mold.

Ve ocity ismaximumin circular sectionand mini-
mumintriangular section.

REFERENCES

Cleary Paul, Joseph Ha, Alguine Vladimir; Flow
modelling in casting processes, CSIRO Manufac-
turing Science and Technol ogy, Preston, Vic., Aus-
tralia, Thang Nguyen, Appl.Math.Modelling, 26,
171-190 (2002).

A.Ghosh, A.K.Mallik; Manufacturing Science, Third
Edition Affiliated East-West Press Private Limited,
(2006).

[3]

[4]

[5]

[6]

[7]

(8]

[9]

= Fyl] Peper

S.Guleyupoglu; Casting process design guidelines,
Concurrent Technologies Corporation Johnstown,
Pennsylvania, 869-875 (1990).

Hsu Fu-Yuan, R.Jolly Mark, Campbell John; A mul-
tiple gate runner systemfor gravity casting, Journal
of Materials Processing Technology, 209, 5736-
5750 (2009).

Kwon Taek Hwan, Kim Chang-Ho; A runner-gate
design systemfor die casting dies, Dept.of M echani-
cal Engineering, Dong-Eui University, Kaya-Dong
24, Pusanjin-Ku, Pusan, Korea, 614-714 (2000).
H.S.Kim, J.S.Y.Son; Gatelocation designin injec-
tion mol ding of an automobilejunction box within-
tegral hinges Journal of Materials Processing Tech-
nology, 140, 110-115 (2003).

S.Sulaiman, A.M.S.Hamouda; Modelling and ex-
perimental investigation of solidification processin
sand casting Journal of Materials Processing Tech-
nology 155,156, 1723-1726 (2004).

M.Shahmiri, Y.H.K.Kharrazi; The effect of gating
system on the soundness of the Lost Form casting
process of Al-Si aloy(Al-413), 20(2), 157- 165,
August (2007).

User’s manual; I-deas software UGS PLM Solu-
tions, 11 NX series, (2004).

[10] User’s manual; ESI software, version, (2007).
[11] Venkatesan Krishanan, Shivpuri Rajiv; Numerical

investigation of the effect of gate velocity and gate
size on the quality of die casting parts, department
of industrial and system engineering, the Ohio state
university Columbus Ohio, (1995).

— P plericly Science
ﬂuVWMW



