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MONGKOL KAEWNOPPARAT : DEFECT REDUCTION IN
AUTOMOTIVE ALUMINUM DIE CASTING USING CASTING
SIMULATION SOFTWARE. THESIS ADVISOR : TAPANY

PATCHARAWIT, Ph.D., 109 PP.

LEAK/SHRINKAGE POROSITY/SIMULATION PROGRAM

The objectives of this research are to study the leak problem at Tap M6 of pipe
inlet automotive part produced by low pressure die casting process and to reduce such
defect via metallurgical analysis and casting simulation. The casting process
parameters are 760°C pouring temperature and 350°C mold temperature. According to
defect analysis and microstructure examination via SEM coupled with image analysis,
it was found that the causes of defect might be due to pouring temperature, mold
temperature, and die design. By using software, the varied casting parameters in
casting simulation are 1) pouring temperatures at 680, 720, 730, 740 and 780°C, 2)
mold temperatures at 300 350 400 450 and 480°C, and gate runner cross-sectional
areas at 10x10, 15x15 and 20x20 mm?. Simulation results showed that although the
largest gate runner cross sectional area could reduce the most shrinkage porosity, the
casting yield could be affected. The gate runner cross-sectional area of 15X15 mm?
was therefore selected to give the optimum result while maintaining pouring
temperature and mold temperature at 760°C and 350°C respectively. Pipe inlets of 188
pieces were then re-cast using the predetermined parameters. According to defect

analysis and microstructure examination via optical microscope coupled with image



analyzer, the results revealed that leak defect decreased from 4.92 to 0.53% and

porosity was observed to be reduced and small in size.
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Retarding energy
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3 1 2.1 Temperature profile across a casting freezing in a mould, showing the effect of the
addition of thermal resistances which control the rate of loss of heat.

[John Campbell,Castings : 125]
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- Navier-Stokes equation

o o d o a,
< Z(puu,)=-LE L L) X, +S
O't(pul)+ 0'3(]- (pUJ 1) X + 0’5(j [ﬂ 0’5(]- J"'(pgl + A+ y) 2.5)
- Energy equation
or o 0 oT of, (2.6)
c,)—+—WUpc T)=— | A— |+ud; +L—=+S '
loes) 5 axj( pc,T) axj[ axj) W e
- open surface (VOF method)
of of 2.7
—+U;—=0
ot OX;
- Newton’s Law of cooling
9 he, -T) (2.8)
A 2 1 .
= Radiation Heat Transfer Coefficient
q 4 4 (2.9)
K = gO-(TSurface - TSurrounding ) 3 hradiation (TSurface - TSurounding )
4 4 2 2
X" =yt =X+ Y)(X=y)(XT+Y)
— 2 2
hradition = 8G(T5urface + TSurrounding )(TSurface + TSurroundings)
(2.10)
- Resistances in Series
m
Row = 2R, 2.11)
=1
Rtotal = Rcasting + Rboundary + Rmold
R = —d + 1 + d (2.12)
A A hA A __A
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Fully Liguid A. Fluid Flow &

B. Mucleation of ~ Heat Transfer

solid

C. Solute partitioning
(silicon & hydrogen)
at solidiliquid intarface

D. Pore nucleation
and growth (diffusion
& shrinkage driven)

E. Pores restricted
by solid

F. Eutactic (equiaxed
or planar)

G. Pore growth stops " Fully Solid I

3 1/ 2.16 Schematic diagram of the different physical processes involved in

the formation of micro porosity. [P.D.Lee]

P.D. Lee uaz amg ldanyidninavesszeznansuded o dumisiiauly (Local
solidification time) U3una:lalas91 (Hydrogen content) usaAuadndn1alarine’ (Local
metallostatic pressure 11a¢0IAYsTNOUMAUATIVDI Tavigna (Alloy composition) ADMIF¥IIUY
Tﬂ3qﬁ%'wuaqm'iuuammmmmmanqeqﬂ L max (Grain structure and maximum pore
length, L max) #3833 Multi scale modeling 'c’?m%”u§umuiamwamzqﬁﬂau A319

vnwamsany1 Taefiauudguiimnnlassadnveunsuily equiaxed waz'lifa
MIUYINAITLAVNNNIA (No significant macro segregation) densuiauls

- Local solidification time , t,

- anudutuisuAuves Solute azaouvoanBaAd C, uaz lalasou C

- ANUAUP

- MINTTNYAIVOLNIING IDUDUNTU HAZIWTY

q

ANNTDINUIYAINNNYIIFIGAVBIIWTY (Maximum pore length, L, ) INTUN3

max

In(L,,) = —C, + (c, In(t,)) + (c,wt.%Cu) + (c,P ) + (¢, In(H ) [zm] (2.13)
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] 1/ 2.17 Prediction of L__ obtained via CA-based empirical functions, using the solidification

max

times calculated by ProCAST, for the V2.31 engine block a) at low (0.1 ml/100 g) and

b) high (0.2 m1/100 g) initial hydrogen contents.
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3.1.2  NSTUIUMIHAN (Melting)
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n) una lansHayos

qiiileunia AC2B V) P Pipe inlet NUTDUANT D

JUN 3.5

HAAIANHUY 'Jﬁﬂ‘i/'li“]ﬂuﬂﬁ mumiwamumu Pipe inlet

9
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g'ﬂﬁ 3.6 Guuﬁauﬂmﬂaﬂumﬂuﬂamﬂaaumm
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v d o
313 mafuvlanduazmsmdauialalasiou (Fluxing and Hydrogen Degassing)
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d
314 MSATENNTONUNNNI (Die Preparation / Maintenance)
= 9 A o 9 A a g 901 A ra o
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3.1.5  maaseunseglduuy (Sand Core Preparation)

o o a £ L. ¥ o & v A Y A 2 a
FNTUMIHAAFUIIU Pipe inlet 11 3udludesingelduuy ioannsuarull

Y v f
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51U 3.12 n) uaaunTewaanste lduuy v) naelduounewirliIdan

3.1.6 ﬂiz‘lJ’J‘Hﬂﬁ?‘itiﬂ!l‘lJlll!NﬁﬂG%] (Low-Pressure Die Casting Process)
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" UIIAUANAMNNIATTIY usenuannly
IUADU - -
NIZVIUMINAN (kPa) Tunszuaumswan (kPa)
First step 70 -150 70
Second step 70 -150 110
Third step 70 -150 140

(L 1 1a o a v g‘/ o
namyuueg luuiiuw lavzlszana 40 — 60 JWN HaWINUY 921

4

y ' 9 Y ]
FUNULBNNNUNNNN 3UN 3.13 Lmﬂwumumiwaaﬁugmmummmh
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gﬂﬁ 3.13 Low Pressure Die Casting Machine
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' Y
g‘ﬂﬁ 3.16 FUNUMINAINTSVIUNTHAA

3.1.7 nszmumsawgumm%’au (Heat Treatment)

Y i1
ﬂszummi@uclg‘uﬂam%’au%uqmmﬂwmﬂszmumsﬂaa ﬁﬂﬂﬂizﬁﬂﬁlﬁﬂ

Y 9
puludupoumsouazals (Solution treatment) 3IWD9OUIRNTIBOONIINTUNIU RO
2 . \ '
NIZUIUMIAAUAITUNU TAgzTIMInInuguulmIu 500 — 510 eeruvadea Tagly
v H Y
narlumsevdszanm 4 $Tue JUN 3.17 waasrunudmsveuguauieutazd My

pugUAINT OU
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o 2
717 3.18 imeuFUAIY
3.1.8  mIfamaaniilane (Knocking and cutting)
v 2 1 o a g
mmsgmielioonnnFuaunazdgnizuIumMIaasz UUNUAUN

Iﬁﬁ% 1% Gate Runner a2 Over flow 99

9
c%

g‘ﬂ‘ﬁ 3.19 YUADUNITAA Gate runner LAZ Over flow
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3.1.9  MINDIWITHNU (Machining)

2 o = 9 A = £ A q oy v A o
FUINUYNUIUINAIAIYATOINAITUITU !W@Glﬁblﬂgnﬂﬂ'l@ﬁﬂWu“ﬂﬂ'lﬂuﬂ

dl A = £ ..
gﬂ‘ﬂ 3.21 1I9INANFUINU (Machining)
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3.1.10 MINATOVS5I (Leak Testing)

v Y 1 H
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3.1.12 msmimaeﬁmmsi'fuqﬂﬁmuazmsmig (Q-gate check and Packing)
Y 9 $ ' o
mmsasnasuFunuluduseugameliassnmmasgiuigndimvuanousiing

Qal GJ d‘
V359U Aaaaslugili 3.24

-_“?_\ = *H“H'-S‘H 11?({ ;rf) 4 .:

ﬂﬁ 3.24 N3¢ ‘lJ’Juﬂﬁ‘]Jiii]%uﬂanﬂa’EN ﬂﬂuﬁ\iﬁﬂﬂ'l

3.2 mnmmwﬁﬁueunwammnmu‘lummmma Pipe inlet
o = a d Y 9 [ A A a ~ R o
Tl'lﬂ'liﬁﬂiel'llm3’Jlﬂﬁ18W”IJE]llﬂﬂ"l]ﬂ‘lJﬂWﬁ’OQ‘i/’ILﬂﬂ"Uu‘lu%ui']uﬂiiuﬁﬂ‘bl'l Aauenilsenn
9J 1 -dl a 3 ay o 1 d' a 9 1 Qy dl
mawauﬂmmmﬂmuimﬁmm AFIVFOUA N UINNAVDIVOUANTBY USUUVRIFUIUN
9 I
Lﬂﬂﬂ?ﬁ]“ﬂﬂWi@ﬁ 5’JiJ‘VNﬁﬂ‘HﬂwGU’E]\‘]"leJiJﬂWi’ENIﬂﬂi“ﬁﬂ%@\‘lﬁf)ﬂﬁ“l/lﬂﬁf]“]J‘VINﬂWElﬂ'IW YU N3
Y 9y J . . Y J
Gli’)*ﬂﬁf]UIﬂ‘J\iﬁ‘JNﬂqﬁ’lﬂWﬂ@%}’]ﬂﬂﬁ@\iﬂ@ﬂiiﬁullﬂﬂllﬁﬂ (Optical microscope) NADIYANTIAU
HUVEDINI 1A (Scanning Electron microscope) FINNY Energy Dispersive Spectroscopy: EDS)
A a 4 = 9 [ A A 5 A I
IWBAUATICUINIASIDYAVDIUVDUNNIDININAUVY ﬁi?*ﬂﬁﬂﬂ!i"lﬁllﬁ?ﬂﬂﬂﬁﬂ LW’E]WWﬂ’JHJHJuVl’]J
Y = 9 ! o ) 9 ! 9
"lﬂmammmawaunwim Llﬁg‘ﬂ']ﬂ'lii’J“]Ji’Jil*Uf]iql,aLLﬁzl,Lﬁ]ﬂLLﬁN‘]J'i%LﬂVI‘Uf]\‘]‘SUf)‘UﬂWif]\ﬂﬂﬂal‘lf
a = I Y a 9 U 2 1
LLNL!QMWHiI@ﬁﬂH1ﬂ’Nm‘ﬂuqﬂ1ﬂﬁllf]\iiﬂmﬂﬂ"li!,ﬂﬂ‘ll’é]‘ﬂﬂWi’t]Qiu%uﬂ1uﬁﬁﬂ%1ﬂﬂi$‘ﬂ’3uﬂﬁ
a Y 29 = g ) 1 Aa X 2
Waf Iﬂﬂi%’tmugﬂﬂNﬂﬁT immﬂumuumnmsuﬁ'"hmamwnmmmuiu%mm

=R
NIUANHI

a d d o
33 anyunmamsud luinuilaglssenuisiiassnuviae
naaldroninsmesiaosmanadounniosluguanufeuud lunuRuw o

I Y a g v 2 =K o o a g 1
Vmﬁ’e)‘ummmu'lﬂ'lmlmmimmremﬂ‘wmﬂu%mm FIAIUINININITANBDINTINAVDUNNWIBON



48
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