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NATTAWAT PINRATH : MECHANICAL PROPERTIES TESTING OF
A356 ALUMINUM ALLOYS PRODUCED BY HORIZONTAL INDIRECT
SQUEEZE CASTING PROCESS. THESIS ADVISOR : ASST. PROF.

WEERACHAI ARJHARN, Ph.D., 131 PP.

ARTIFICIAL AGEING/ALUMINIUM ALLOY A356/SQUEEZE CASTING

Today the automotive industries demand material with good mechanical
properties, Environment friendly and energy efficiency. Aluminum alloys are
lightweight materials which can be produced in many product depending on the
manufacturing process. Casting is the most common manufacturing process of
aluminum alloys. However, the major drawbacks for conventional advanced casting
techniques, e.g., high pressure die casting (HPDC) are the formation of defect such as
air entrapment, shrinkage porosity and microporosity. High strength aluminum alloys
can be produced by squeeze casting in order to minimize the defects in the conventional
casting process. Therefore heat treatment can be applied on the squeeze casting product
in order to maximize the mechanical properties of the heat treatment cast aluminum
alloys.

This research investigated the influence precipitation hardening of specimen of
A356 alloys produced by squeeze casting process. Various 5 parameter solution
temperature, Solution time, ageing temperature, Ageing time and Cooling rate. The
parameters controlled by heat treatment technique T1 T4 and T6. Microstructure
hardness test (HRF) and tensile test were preformed to evaluate the mechanical

properties of the heat treatment specimens.



The results showed that the squeeze cast specimens are heat treatable at high
temperature without blistering. Good improvements of the mechanical properties are
achieved by the heat treatment. The maximum hardness value depends on the solution
temperature ageing temperature and ageing time. peak hardness was found at 530°C of
T6 heat treatment because of the presence of Mg. Higher solution temperature
accelerate the peak ageing time. Solid solution temperature also affect the morphologies
of the intermetallic compounds. Si phase become more spheroidized depending on the
solid solution temperature. Tensile test results show that the control of both
precipitation hardening and spheroidization of Si strongly affect the mechanical
properties in strength and elongation. Finally, various combinations of the heat

treatment were performed to vary the yield strength, ultimate strength and elongation.
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Al—Mg

Al—Mn

A ' a A
qﬁl‘]h/l 2.1 LLﬁﬂQﬂQMﬂJ@Q@%QNLMﬂNWﬁM



16

{ < 4 a aa 1 wa A {
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q

)
v
A
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FanoudidananovIave NIy aaaalugli 2.3 Favuia

aa A~ < a =2 1 ~ U Y
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450 -
1 —+— Pure Al
§ 350 [ | —=— Al-based alloy
N
[: ¥
N 250
(.}
R=
i
O 150
k
50 L=

0 2 4 6 8 10 12
Si Content (Mass fraction)

A ~ o -4
3‘1]‘1/] 2.3 LLﬁﬂ\ﬂlMTﬂ‘U’OQ!ﬂiHL‘Lﬁﬂﬂlﬂﬂﬂﬂﬂlﬂ@ﬁl“ﬁuﬂ

Fanou Sjdlander, 2010}
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® HUNHIBEIN (Magnesium, Mg)

A A g A a 9 A A A A
Llllﬂulcﬂﬂlllﬂu‘ﬁ'lfﬂﬂuﬂllgﬂNﬁiJLGU']vlﬂcl,u@g@jiJluElllNﬁll INDFIYLNY
4 < < d
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L] NotAg (Copper, Cu)
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nazpuantadina Tasldozgiifionnaninga A356 1azoAT1EIUVDINDINAY 0.2 — 2.5
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® A (Nickel, Ni)
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@

PIUIULAZAT
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AN (Sn) ll‘WLHVIGlufﬂiaﬂlli\‘lLﬁﬂﬂ‘ﬂ1u1u%uQWU%WW3ﬂ!LU§QTﬁ’Ou%
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Nﬂ’)'lﬂJiﬂutj\‘l"]Jﬂ\lZGl%\iWu
L] 1man (Iron, Fe)

< I A 1 Aa A ] a A
wianusigieluegluszgiiion (nawogluszgiiiouniy
a A o 1 1 9 [ A
555010) HUse Tevegraunlunszuiunmisvae laolesaau 1189910 (J. A. Taylor, 2004)
1 3 1 g’; ] a (% to [ [ 4
NUIUNANYITLUIA 0.8% HIONIANINUUILFIIAANITAAD UUBIFUITUAUUUIUNY W
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4
e lyumitlen (Titanium, Ti)

(Saheb et al., 2001) wuwan lmmilenlugy ALTI ida®edanald

I 2 A ag dy a A Yo a A [ A zg
ANULIVDIFUN NN LN INHozgliHona: 1ATUBNTWNAINMTFUUTUNLINNTUAIN
Smuved lnidisuinaueg vaiz (Jaradeh & Carlberg, 2005) Any1@NTNaVRIBZgHiHon U
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ﬂﬂﬂi@ullﬂ LL@]L?J'EJllVIWILHﬂﬂJﬂJ"Iﬂﬂ’J"I 0.15 Lﬂﬂﬁl“ﬁu@hlllW‘]JﬂTﬁLﬂaﬂuLLﬂaﬂﬂlﬂﬂﬂ’]ﬁLWﬂJﬂ’]

Gﬁlj1uﬂ1uﬂ1ifTﬂWﬂilf]u
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L] uamie (Manganese, Mn)

(Nam & Lee, 2000) Wuduliodasiauveaanmila luesgiiiiouney
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¥ ' To w
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4. wanludSunannna 14
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2. A0NINDUUIAVDIFUIIUINN

3. HUUNTWHMIANNTOUNIN
2.2.2 MIHAAEULVYADD1I5 (Permanent mold)

1 [ 1 3 1 9 1A A o <3 =y
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Tfuareelums lmaveslanzmantr lUdausinuw (Mold cavity)

Mold cavity

Pouring basin Pouring basin

Clamp

. ) d Metal core
Vertical parting line

L—Casting produced
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U

(Permanent mold) (Singh, 2006)
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Pl v
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Y 1Ta . o d‘ =)
mmuﬂawmﬂ’ﬂﬂmuuwmﬁ c?%mawuﬂ%’%uﬂizmm 70 — 5000 therara
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400
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B Permanent mould cast
300
200 ~
100
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Yield strength Tensile strength
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HUVLNRLNDIT (Linder, Axelsson, & Nilsson, 2006)
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Moveable Platen
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Hydraulic Cylinder

Clamping Bar
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Copyright & 2007 CustomPartMet
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517 2.6 A5 0RANUURDUATOI50U (Aungsuwatkakul, 2011)
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Die casting Injection systems
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X1 X2
1 56.2 55.1
2 56.3 55.9
3 55.8 56.8
4 55.1 56.1
5 55.1 55.4
6 55.4 55.5
7 56.4 55.4
8 56.7 56.3
9 56.7 56.3
10 553 56.8
11 56.5 56.5
12 559 56.9
13 56.8 56.0
14 56.3 55.1
15 55.1 56.4




115

uaz 1% 1151051 Micro solf excel 1THNIAIUIUAITIN ANOVA

Anova: Single

Factor
SUMMARY
Groups Count Sum Average  Variance
Column 1 15 839.6 5597333  0.39781
Column 2 15 840.5 56.03333 0.376667
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.027 1 0.027  0.069725 0.793672 4.195972
Within Groups 10.84266667 28 0.387238
Total 10.86966667 29
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7 56.9 55.9
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9 55.7 56.8
10 55.8 55.5
11 559 56.6
12 56.9 552
13 56.5 56
14 56.9 553
15 55.5 553
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SUMMARY
Groups Count Sum Average  Variance
X1 15 840.9 56.06 0.282571
X2 15 836 55.73333 0.279524
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.800333 1 0.800333 2.847679 0.102617 4.195972
Within Groups 7.869333 28 0.281048
Total 8.669667 29
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Anova: Single

Factor
SUMMARY
Groups Count Sum Average  Variance
Column 1 15 839.6 5597333  0.39781
Column 2 15 840.5 56.03333 0.376667
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Source of Variation SS df MS F P-value F crit
Between Groups 0.027 1 0.027  0.069725 0.793672 4.195972
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Influence of Heat treatment on Mechanical Properties of Al-Si-Cu-Mg Alloy Produced by squeeze

Casting
Nattawat Pinrath’, Weerachai Arjharn’'
Chakkrist l’hongphisutthinanb, Pongsak l)ulyapraphantb
“Suranaree University of technology, Nakhonratsima, 30000, Thailand.
"National Metal and Marerials Technology Center, Pathum Thani, 12120, Thailand
*nattawatpinrath@gmail.com
Keywords : Heaat treatment, aluminium alloy, squeeze casting

Today the automotive industries demand material with good mechanical properties, Environment
[riendly and energy elliciency. Aluminum alloys are lightweight materials which can be produced in many
product depending on the manufacturing process. Casting is the most common manufacturing process of
aluminum alloys. However, the major drawbacks for conventional advanced casting techniques, e.g., high
pressure die casting (HPDC) are (he formation of defect such as air entrapment, shrinkage porosity and

microporosity.

High strength aluminum alloys can be produced by squeeze casting in order to minimize the defects in
the conventional casting process. Squeeze casting is a combination process of conventional casting and applying
pressure. This process requires non (urbulence flow which can produce air entrapment during dic filling.
Moreever, the squeeze casting or applying pressure can increase the solidification rate and minimize the porosity
during solidification. Therefore heat (reatment can be applied on the squeeze casting product in order (o

maximize the mechanical propertics of the heat treatment cast aluminum alloys.

This rescarch investigated the influence of T4, TS and T6 heat treatment and natural aging of specimen
of Al-Si-Cu-Mg alloys produced by squecze casting process. Various solution treatment (at 460°C, 48OOC,
495°C and 5300C) Incorporating with artificial aging (at 1 SOOC) and natural aging were performed. Hardness
test (HRB) and tensile test were preformed to evaluate the mechanical properties of the heat treatment

specimens.




125

The results showed that the squeeze cast specimens are heat (reatable al high temperature without blistering.
Goof improvements of the mechanical propertics are achieved by the heat treatment. The maximum hardness
value depends o the solution temperature and holding time. The peak hardness was found at 495°C because of
the presence of Cu. Higher solution temperature accelerate the peak aging time. Solid solution temperature also
affect the morphologies of the intermetallic compounds. Si phase become more spheroidized depenfing on the
solid solution temperature. Tensile test results show that the control of both precipitation hardening and
spheroidization of Si strongly affect the mechanical properties in strength and elongation. Finally, various

combinations ol the heal (reatment were performed to vary the yirld strength, ultimate strength and clongation.
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Effect of parameter in high pressure die casting on surface
quality

Nattawat Pinrath?, Weerachai Arjharn?, Prapakorn Pitayachaval®
Watchrakorn Susiwab, Pongsak Dulyapraphantb
aSuranaree University of technology, Nakhonratsima, 30000, Thailand.
*National Metal and Marerials Technology Center, Pathum Thani, 12120, Thailand

ABSTRACT

Beside die and liquid temperature, Surface’s
Quality of HPDC part also depend on the level of back
pressure inside. In this study, Effect of back air
pressure on the surface quality is instigated. A
commercial casting process simulation software in
used to identify the process parameters contributing to
the surface quality of the casting based on the level of
back air pressure. A bearing housing is used as a case
study. Then casting experiment is performed to
validate the result from simulation. Result from the
study has shown that (1) Flow pattern of liquid metal
inside cavity (2) area of vent (3) speed of liquid metal
pass though the ingate area (4) fill time are four main
process parameters affect the quality of casting
surface

1. INTRODUCTION

High pressure die casting (HPDC) is one of
most economical casting process for manufacturing
precision shaped parts in mass preduction and
capable of producing casting with good surface finish
[1]. In high pressure die casting process Liquid metal
(generally aluminium, magnesium or zinc) is injected
into the steel die high speed and under high pressure
through complex gate and runner systems.

Today's competitive environment  high
pressure die casting process is playing a vital rele in
meeting the needs of modern manufacturing industries
by reducing lead time from design to manufacture and
facilitating high wvolume economical production of
complex automotive parts (such as
automatictransmission housing, piston heads, gear
box components, etc.) requiring better surface finish
and higher dimensional accuracy, as high as 0.2% of
casting dimensions

Surface's quality in casting depends on three
main parameters, Die roughness, Metal molten
temperature and level of air back pressure. The level
of Air back pressure occurs during stage of filling die
cavity, In HPDC, the liquid metal was injected with high
pressure and high speed into the metal mold through
narrow gate and runner systems. The molten metal
velocity at ingate can be as high as several 30 100
meters per hour, Molten metal filling die cavity quickly
made the air inside the cavity is expelled by vent. Ifthe
air cannot ejected before the die cavity is completely
filled up or the volume of metal flow exceeds the
volume of air escaping out of the die cavity, The air
inside the mold cavity will be compressed and air back
pressure can be created [2] .In addition to surface’s
quality problems, Air back pressure lead to increase
the filling time change filling sequence [3] incomplete
die filling and main cause for porosity[4] and [5]

In this study, we study effect of process
parameter on air back pressure using computer
simulation program (magma software) and casting
experiment. In casting experiment air back pressure
describe by surface quality.

2. EXPERIMENT
2.1 Simulation program

Computer simulation of casting mold filling has
been used by engineers to evaluate and optimize
geometry design of castings and dies (or molds) as
well as casting processing parameter. In this study
using simulation sofiware called Magma for describe.
Magma software applied by finite differential
mathematical model through the enmeshment. The
simulation starts from the beginning of HPDC casting
process (filling the molten metal in to shot sleeve) until
the end of process (remove casting out from die). The
program is capable of displaying the factors related to
casting process such as molten metal flow pattern and
velocity while filling mold cavity, pressure, molten
metal temperature inside mold cavity, filling time and
metal cooling rate after filled to the die. The procedures
are as follows;
1. Create the 3D model (by CAD) and acquire to the
3D model file to the simulation program. These parts
should be specified; biscuit size, the position of vent
and CC point.
2. Enmeshment: In the Magna software, the shape of
mesh is continuous cubic (the shape of mesh affects
the program’s accuracy) See Fig1
3. Determination of program parameters
3.1 Materials (determination of injection materials, die
coating material and die cooling system which affect
to the calculation of sample cooling rate and heat
transfer during injection)
3.2 Machines (determination of injector size,
distances and diameter of plunger)
3.3 Injection procedures (determination of die surface
cleaning procedures while injecting in
maximum/minimum speed and the distance of
maximum/minimum speed.
3.4 Determination of die opening time and the time
usage when taking the sample out from die

Fig1. Shown Enmeshment of housing bearing
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2.2 Validate simulation

Comparison between simulation result and
actual casting. The comparison was conducted using
result from calculation and actual casting, by
considering at calculated flow pattern. The flow pattern
at each position of plunger distance as shown in figure
2 was used for comparison. As shown in figure of
plunger distance in each position, the flow pattern from
simulation software was similar to the result from
actual injection.

.
.
i
P

©

Figure 2 compare flow pattern from simulation
program with actual casting (a) at plunger
position 275 mm (b) at plunger position 280
mm (c) at plunger position 290 mm (d) at
plunger position 300 mm (e) at plunger position
313 mm

2.3 Using simulation techniques to solve the
problem of remained air pressure in the bearing
housing sample.

Figure 3 shown the bearing housing sample which is
molded by HPDC. Casting sample shown in Figure 4.
Currently, the problem of surface quality of bearing
housing as shown in Figure 5. In this experiment using
casting simulation program call Magma software, to
analysis problem. The flow pattern from magma
software shown in Figure 6.

Figure 5 surface quality

In fig 8, Flow pattern is cause of air entrapment
and the overflow will be filled by molten metal and
sealed vent ingate before completely as shown in
Figure 7. It affect to ventilation, Low time consumed led
to high quantity of remained air which remained air will
be pushed to the end filling position (Area A in fig 5)
and self-compressed, As a result to higher pressure as
area A as shown in Figure 7 and led to surface quality
after casting as Figure 5

(© (©)]
Figure 5 shown flow pattern in mold cavity
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Figure 6 shown flow pattern in overflow

Figure 7 shown air pressure in bearing
housing sample

3. Resulting & Analysis

3.1 The pattern of molten metal flow in die cavity.
The study in the influence of flow pattern led to the
die design to change the flow pattern by adding
bridge as Figure 8 for change flow pattern and reduce
fill time in area A. The experimental result from
simulation program found the flow as shown in Figure
9, Flow pattern after add bridge led to the improved
filling at area A and the remained air in die was
release to the end position of filling. But the high air
pressure at some positions in area A are found as
Figure 10. Due to the flow pattern of molten metal
can't fill the area A well, and at area A, the flow
pattern led to air entrapment as shown in Figure 9(c)
and (d) and resulted in higher pressure

Figure 8 shown bearing sample add bridge
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Figure 9 Flow pattern in die cavity when add
bridge.
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Figure 10. Air pressure in die cavity when add
bridge.

3.2 Molten metal flow speed during passing
ingate.

The study in the influence of velocity of
molten metal flow during passing ingate area was
conducted by ingate area. The affect of ingate area
as an equation;

A(plunger) x V(plunger) = A(ingate) x V(ingate) (1)

The size and speed of plunger are constant,
there are inverse variation between molten metal
speed while passing ingate with ingate area. In the
experiment, the size of ingate was increased as Figure
11(a) which shows the existing ingate area and Figure
11(b) show the adjusted ingate area. The ingate speed
calculated from above formula ; 51.67 m/s for existing
speed and 23.49 m/s for new speed (2 m/s of plunger
speed and 60 mm of plunger diameter).

P
e =

(a) (b)
Figure 11. Ingate area (a) Original ingate area
(b) Increase ingate area

The results obtained from simulation software
found that when ingate area was increased, the air
pressure at area A was reduced as shown in figure
12(b). Because of increased ingate area led to lower
ingate speed, the time usage for filling die cavity was
greater led to better air released at vent because of the
remained air in die has longer time to be released.

When compared to the actual casting sample,
the increased size ingate provided higher surface
quality.
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Air Pressure
mbar

Figure 12. (a) Air pressure in bearing housing old (b)
Air pressure in bearing housing old when increase
ingate area

3.3 Size of vent

Experiment for influence size of vent will be
conducted by actual sample casting. Since there're
some limitations of Magma software, the vent
simulated shape can not made to similar to actual. The
depth of vent was increased from 20 um to 40 ym as
shown in figure 13. After actual injection, we've found
that the increased vent size led to higher quality
surface sample see in fig 14 because the better air
releasing come from deeper vent as observed from

greater vent flash.
(@) (b)
Figure 13. (a) Original vent (b) Vent when
increase depth

A

Figure14. Surface quality When increase vent

The overflow size increase experiment was
conducted by simulation software. The overflow size
was expanded from existing and the volume of
overflow was increased as Figure 15. The results
indicated when overflow size was increased, the air
pressure was lower. When the volume of overflow
increased, the remained air was better released and
the overflow confine more air volume, then the
remained air was reduced while the air pressure at
overflow was higher as Figure 16.

Pl
A [ErT— T

’ [vabume 90 ~8234620 mav3)

@ (b)

Figure 18 (a) Overflow in current (b) Increase
Overflow

All Pressure.
mbar

(b) =

Figure 19 (a) Air pressure in current mold (b) Air
pressure when increase overflow

3.4 Time usage of die filling by molten metal

From the experiment of filling time adjustment
by adjust the characteristics of overflow to increase
time usage in die filling. As the overflow changed as
figure 17, the remained air pressure in die was reduced
due to the increased time of shutting ingate of vent by
molten metal as shown in Figure 18. Due to the change
of flow pattern of molten metal while filling overflow, the
time usage for releasing is longer and the remained air
reduced which affects to air pressure

(@ (b)
Figure 20 (a) Original overflow design (b) Redesign
overflow

Air Prossure.

Figure 21 (a) Air pressure in current design (b) Air
pressure when change overflow shape

4. Conclusion

From the study of air back pressure which
affects to the problem of flow line in housing bearing,
the factors influent to air pressure are:
1. Flow pattern of molten metal while filling die: the air
back pressure occurred at the last filling position or the
position of air confinement due to the non-flat filling
flow of molten metal.
2. The speed of molten metal while passing ingate:
when molten metal speed affects to air pressure, the
high speed of molten metal while passing ingate led to
the less time for releasing (faster filling) and resulted in
high remained air in die. The lower speed of molten
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metal while passing ingate led to longer time of air
releasing due to the longer filling time.

3. The size of vent affects to air releasing rate: better
air releasing comes from larger area and the remained
air pressure in die is reduced.

4. The time used in injection affects to the air releasing
rate: when increased the time of filling at vent ingate,
it affects to longer air releasing time and the remained
air pressure in die is reduced.
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