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ABSTRACT:

In Automotive And Other Manufacturing Industries Making Light Weight Part With Corrosion Resistance
Was The Challenges. Looking At These Challenges, Casting Part Is The Best Replacement Which Can Fulfil
Both The Requirements Corrosion Resistance And Light Weight. Minimizing The Operational Cost Is The
Today’s Requirement .High Pressure Die Casting Process Is The Best Solution, Multicavity Die Can Be
Used To Produce The Components With In Few Seconds. In HDPC There Is Inherent Characteristics Of Po-
rosity Or Voids Or Shrinkage Porosity These Casting Defects Can Be Managed And Controlled But It Can-
not Be Eliminated Permanently. Looking At This Phenomenon, In This Research Work Process Parameters
Optimization Have Been Taken To Reduce Porosity /Shrinkage Porosity Those Parameters Are Holding Fur-
nace Temperature ,Die Temperature , First Phase Plunger Speed, Second Phase Plunger Speed And Third
Phase Intensification Pressure Or Accumulated Pressure Best Result Achieved On Following Parameters.
Holding Furnace Temperature 700 °C, Die Temperature 195 ° °C First Phase Speed 0.23 M/S, Second Phase
Speed 2.5 M/S, Intensification Pressure 285 Bar. Taguchi Methodology Have Been Used For Optimization
Of Process Parameters. UTM Has Been Used For Testing Strength, Radiography Machine Used For Porosity
Level Assessment And Spectro Machine Have Been Used For Chemical Composition.
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1-INTRODUCTION

casting process is divided into two types of
casting processes, first low pressure die casting
process and second is high pressure die casting
process. Low pressure die casting and high pres-
sure die casting parts are used for making light
weight parts which are corrosion resistance as
well. Basic five steps are used to produce pressure
die casting parts i.e. clamping, injection, cooling,
ejection and trimming. The first step in die casting
is clamping. The dies are cleaned and lubricated to
aid in step two, injection. Once the dies have been
properly cleaned and lubricated, the die halves are
closed and clamped together with high pressure.
Molten metal taken from furnace and placing into
die cavity is called injection. After injection of
molten metal into die cavity it is kept in cavities
till solidification this process is called cooling just
after solicitation casting is ejected and to remove
extra flashes called trimming process.

In pressure die casting processes several castings
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High-pressure die casting is a process in which
molten metal is imposed under pressure into a
safe locked metal mould cavity, where it is held
by a powerful hydraulic press until the molten
metal gets solidify. After solidification of the met-
al, the mould is unlocked, opened, and the casting
comes out. Very high hydraulic pressure is applied
to lock the mould till the solidification of the cast-
ings. Single, double and multicavities mould are
being developed based on the requirement of the
castings and compatibility in pricing. By using
high pressure mould casting critical, intricate pro-
file and accurate components are made. The work-
ing principle of pressure mould casting are made
in three phases in first speed molten metal reached
to the gate of mould ,in second speed mould cavity
gets filled and in final third phase that is called
accumulated pressure which is applied to locked
the mould till the solidification of castingsDie
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defects are appears therefore process parameters
are required to be enhancement so that best use
can be done ,defects are shrinkage, gas porosity,
voids, cold shut, hot tear flow marks, dirty metal,
RATS test is used to check the gas entrapment in
holding furnace .

[1] V.D. Tsoukalas (2008) has studied on the

Raw Material

Material AISi9Cu3 Aluminium alloy has been
used ,detail mentioned in the Table-1.

Elements | Si Cu Mn Mg Fe Zn Ni Al
Wit% 8toll |2to35|0.5max. [0.1t00.5|1.2Max. | 1.0 0.3 Rest
Wit% 9.68 2.45 0.186 0.204 0.82 0.69 | 0.073 | Rest

Table-1.0 AISi9Cu3 Alloy. Specification
and observations.

porosity formation used multivariable variable lean-
er regression software after process parameter opti-
mization 0.73% to 0.25% porosity reduced.
[2]N.Rathinam et al. (2020): they have done experi-
mentation in high pressure die casting and optimized
porosity formation, ADC12 material has been used
for blow holes / porosity formation. Limit
swaitchposition,1st stage velocity ,2nd stage velocity
,third stage high pressure ANOVA tool has been
applied. [13] Nagasankar.P et al. (2018): have re-
duced blow holes after optimization of process pa-
rameters and improving gate design 20% to 8.9%
blow holes reduced. These authors have done almost
Similar work.

Die Material

H13 die steel has been used to make casting tool as per
AISI ,this material has very good toughness resistance to
abrasive. Tool life is good of this tool material.
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Fig.1.0 DIE fixed and movable half & Die
Casting M/C (Reference.VC Tier-1SRS)

1.30 Part Geometry:

Part size length, width and thickness are
138mm,54mm and 24.1mm respectively ,this part
has been selected for porosity /shrinkage porosity

optimization and improvement in the casting part
strength. Thisis the thicket part is considered for po-

. |
B

rosity formation optimization. Density of the part is
2.75gm/cm3.Ref.Fig 2.0.

Casting Component used as Child in engine mounting

Rubber injection Mouldedpart

Fig. 2.0 Moulded and Child part (Reference VC ).

1.40 Application

Part has been made for engine mounting for automo-
tive OEM ,this part is corrosion resistance having abil-
ity to absorve the vibration of the engine .engine mount
is made through rubber injection moulding process
before injection moulding surface treatment process is
done which gives strong bonding between casting part
and rubber/outer part.Casting parts now a days are
being used as light weight partin electrical industries,
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electronics industries, aerospace ,automotive industries
and house hold appliance. In all the industries porosity
are changings which reduces the strength and problem
in machine.

Experimental Procedure
Flow Chart

Total 9 steps are followed in HPDC process ,In
this experimentation ram material
AISi9Cu3aluminium alloy has been used
Alloy is taken in form of ingot which then
melted in melting furnace after melting molten
metal is placed in holding furnace under con-
trolled temperature Ref.Table 2.Next step is
HPDC process basic principle of high pressure
die casting is completed in three stages in first
stage molten metal reaches to the gate of die in
second stage cavities get filled and in last stage
that is called high pressure or accumulation
pressure it is applied till the solidification of
the castings. after solidification of casting
trimming and felting operations are done once
these operation is done porosity is testing by X-
ray machine Ref.Fig.4.0. after testing of porosi-
ty strength of casting is tested by UTM ma-
chine final and last step is to compare the result
as per standard and expectation.

1. Receipt of Ingot AlSISCu3

.

2.Testing of Ingot

iy

3. Melting of Alloy

¥

4. Holding of Molten metal

1

5. Die Casting Process (HPDC

6. Trimming & De-flashing

2

7. Porosity Testing (X-ray)

3

8. Strength /Break load Testing

‘§

3. Result Comparison

Fig 3 Process Flow Diagram of High Pres-
sure Die Casting Process

Set up for Die casting and Testing.

X-Ray (Radiography machine ) for porosity test-
ing,Spectro machine for raw material testing and
500 Tom die casting machine available at SRS die
casting. UTM machine available at Vibracoustic.

Fig.4.0 UTM M/C at VC with set up of break
load & Radiography Equipment (Reference

UniveralTesting Machine (UTM) || ray (Radiograpty] | | %2 (Radogranhy]

Taguchi design:

Minimization of porosity formation in HPDC pro-
cess is very challenging because there are several
variables are involved in this process each and every
parameter is having their own significance towards
porosity formation. Some of the key causes listed in
cause and effect diagram which are shown in
Fig.4.out of these causes we have selected five key
and significant causes for porosity formation reduc-
tion and improving the break load of casting.

DIE CASTING SHOT SLEEVE
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Fast shot set point
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Fig. 5.0 Cause and effect diagram for die cast-
ing porosity.

Plunger velocity first stage , Plunger velocity sec-
ond stage ,Accumulation high pressure, holding
furnace temperature and die temperature rages
selected respectively

0.3~0.43m/s,2.5~3.1m/s,185~285Bar,655~700 °C

and 195~245 °C for reduction of porosity for-
mation. Their detail has been given in Table-
2.0.Taguch methodology has been selected for this ex-
perimentationbecause this one of the best ,efficient cost
effective time saving and simple tool. It is based on
matrix called orthogonal array.

2.3 Process parameters listed in the table with
data ranges & three levels.

Category PP UoM PR Level-1 Level-2 Level-3
A Holding furnace temperature °C 655-700 655 678 700
B Die temperature °C 195-245 195 220 245
C Plunger velocity 1% stage m/s 0.03-0.43 0.03 0.23 0.43
D Plunger velocity 2" stage m/s 2.5-3.1 25 2.8 3.0
E Multiplied pressure 3 Stage Bar 185-285 185 245 285

Table 2.0 process parameters with range and their value

The minimum number of trials in the array is given by:
N min = (Ln-1)Pn+1 (Ref.V.D.Sokalas 2008) In which
,Pn is the number of parameters,Nmin is no of trials
,Ln is trial level,in this experimentation In is3,Pn is 5
hence i N min comes 11.and there fore as per Taguchi
quality design concept ,L27 orthogonal array has been
selected .The experimental layout plan using L27 or-
thogonal has been shown in Table

4.2 Each combination of experiments shall be re-

peated three times to achieve accurate result in this
process.The Taguchi optimization procedure starts
with the selection of the orthogonal array having dis-
tinct number of levels (In) defined for each of the pa-
rameter selected. The minimum number of trials in the
array has been shown by :

HFT °C DT °C
Trails

PVS-1 m/s

PVS-2 m/s MP-3 Bar
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13 2 2 1 3 1
14 2 2 2 1 2
15 2 2 3 2 3
16 2 3 1 1 2
17 2 3 2 2 3
18 2 3 3 3 1
19 3 1 1 3 2
20 3 1 2 1 3
21 3 1 3 2 1
22 3 2 1 1 3
23 3 2 2 2 1
24 3 2 3 3 2
25 3 3 1 2 1
26 3 3 2 3 2
27 3 3 3 1 3
Table 3.0 L270rthogonal array.
Process Parameters Optimization ble 2.0
Three levels of trials have been considered in this exper-
imentation and their result have been verified byindustri-
al x-ray (radiography equipment) which is shown in Ta-
Trial HFT °C DT °C PVS-1m/s | PVS-2 m/s MP-3 Bar | # of Porosity Status
shots compared with
taken ASTM E
505(LEVEL)
1 655 195 0.03 2.5 185 8 Level 02
2 655 195 0.23 2.8 245 8 Level 02
3 655 195 0.43 3 285 8 Level 02
4 655 220 0.03 2.8 245 8 Level 02
5 655 220 0.23 3 285 8 Level 02
6 655 220 0.43 2.5 185 8 Level 03
7 655 245 0.03 3 285 8 Level 02
8 655 245 0.23 2.5 185 8 Level03
9 655 245 0.43 2.8 245 8 Level 02
10 678 195 0.03 2.8 285 8 Level 01
11 678 195 0.23 3 185 8 Level 04
12 678 195 0.43 2.5 245 8 Level 01
13 678 220 0.03 3 185 8 Level 02
14 678 220 0.23 2.5 245 8 Level 01
15 678 220 0.43 2.8 285 8 Level 01
16 678 245 0.03 2.5 245 8 Level 01
17 678 245 0.23 2.8 285 8 Level 01
18 678 245 0.43 3 185 8 Level 03
19 700 195 0.03 3 245 8 Level 01
20 700 195 0.23 25 285 8 Level 01
21 700 195 0.43 2.8 185 8 Level 04
22 700 220 0.03 25 285 8 Level 02
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23 700 220 0.23 2.8 185 8 Level 04
24 700 220 0.43 3 245 8 Level 03
25 700 245 0.03 2.8 185 8 Level 04
26 700 245 0.23 3 245 8 Level 02
27 700 245 0.43 2.5 285 8 Level 03

Table 4.0 Process Parameters Optimization Experimentation.

Process parameter pre and post optimization
Pre and Post optimization of process parameters and
their porosity formation result has been shown in
Table 5.0.Before optimization holding furnace tem-
perature was 640 °C, Die temperature 185 °C, Speed
first stage 0.12m/s, second stage speed 0.32 m/s and
third stage multiplied pressure was 130Bar.After op-

timization of porosity formation fixed parameters
are holding furnace temperature was 700 °C, Die
temperature 195 °C, Speed first stage 0.23m/s, sec-
ond stage speed 2,5 m/s and third stage multiplied
pressure was 285Bar.

Category | PP UoM Pre Optimization Post Optimization
Porosity L3/ L4 BL- Porosity L1,BL-
12,7.9,10.70&10.90 21.22,28.00,22.23&24.79kN
kN

A Holding furnace °C 640 700
temperature

B Die temperature °C 185 195

C Plunger velocity 1% stage m/s 0.12 0.23

D Plunger velocity 2" stage | m/s 0.32 25

E Multiplied pressure 3™ Bar 130 285
Stage Bar

Table 5.0.Process Parameter Pre and Post Optimization.

We have checked 4 parts in which porosi-
ty level observed Level3 and level4 their

Fig. 6.0 Porosity Level

Below shown part is having level 4 porosity as
well shrinkage porosity after testing break load

breal load tested 12,7.9,10.70&10.90 kN
respectively same has been shown in Fig.6

L3-Break load 10.90

3 Break load 10.90 kN.
reported 7.9kN which is lowest these kind of
parts have very serious concern in application
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fig 7.0.
Fig. 7.0 Break load observed 7.90kN at Porosity more than Level 4.

Break load test results In the graph on Y Axis ,controlled force is ap-

] ] plied and subsequently strain is observed on X-

Break load test result have been mentioned in Axis there are four parts have been checked

Fig.10.0 after improvement of porosity for- and subsequent nominal strain has been shown
mation break load observed as mentioned here- in fig.8.0 & Fig9.0

under break load test values are
21.22,28.00,22.23 & 26.0 kN as shown in the
graph Fig.10.0 and table 9.0 and 10.0.

Pre Break load Post Break load

15

.00
10 : 10,90 50

[=
x>
= 9 9122 2800 2223 2479
“ 90 c 0 099 095  0.96 4.3
= 5 =
2 3 a 2 1 2 3 4
0 ~068 a5 0-9% 0.69
N 5 5 . Test samples
Test Samples
e SNO === FmaXx E Break
e S NQ s F2X E Break Kn mm
Kn mm

Pre Optimization- Break load (X-ray) Fig. Post Optimization- Break load ( X-ray) Fig.9.0

Comparison of break load

Process parameter pre optimization, porosity level & subsequent break loadHolding furnace temperature 640°C ,Die
temperature 185°C, Plunger velocity 1st stage 0.12m/s, Plunger velocity 2nd stage 0.32 m/s, Multiplied pressure 3rd
Stage 130 Bar and its break load observed 12.0kN,7.9 kN,10.70kN and 10.90 kN and porosity level observed L3/L4
shown in Table6.0

L1-BL28 kN

Post process optimization porosity level-1 and break load 28.0kN achived on Holding furnace temperature 700°C ,Die
temperature 195°C, Plunger velocity 1st stage 0.23m/s, Plunger velocity 2nd stage 2.5 m/s, Multiplied pressure 3rd
Stage 285 Bar shown in Table 7.0

X-Ray report Leve4-1Fig.11 X-Ray report Le
Results Results
Fmax E Break Fmax E Break
SNo |, - o S.No |, mm
1 12.00 0.68 1 21.22 0.99
2 7.90 0.5 2 28.00 0.95
3 10.70 0.91 3 2223 0.98
4 10.90 0.69

4 24.79 1.23

Table 6.0 Pre Optimization- Break load Table 7.0 Post Optimization- Break load
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1- RESULTS AND CONCLUSION

3.1 Result and Conclusion
After optimization of process parameters i.e. first

stage plunger speed, second stage plunger speed
and intensification pressure (multiplied pressure)
porosity level-1 achieved, Casting strength tested
break load for four parts and break load observed
21.22, 2223 26.0 & 28.00, kN. Best result
achieved at holding furnace temperature Best re-

NOMENCLATUR

sult achieved at holding furnace temperature 700
°C, Die temperate 195°C ,First stage plunger speed
0.23 m/s, Second stage plunger speed 2.5m/s, third
stage multiplied

pressure 285 Bar by using these process parame-
ters porosity achieved level 01 and break

load achieved maximum 28.00 kN.

Total 16kN break load increased after experimen-
tation.

HDPC | High Pressure Die Casting

PP Process Parameter

PDC Pressure Die Casting

DC Die casting

LPDC | Low Pressure Die Casting

ANOVA | Analysis of Variation

MVLR | Multi variable linear regression
TD Tensile ductility
VC Vibracoustic

SRS SRS Die casting

UoM Unit of measurement

PR Parameter Range

HFT Holding Furnace Temperature

DT Die Temperature

PVS-1 | Plunger Velocity Stage-1

PVS-2 | Plunger Velocity Stage-2

MP-3 Multiplied Pressure Third Stage

BL Break Load
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