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Abstract

High pressure die casting (HPDC) is a favorable manufacturing process for casting of
aluminium and magnesium alloys components like gear-box, piston, cylinder, transmission
cover, laptop housing etc. HPDC used in the current study is applied for casting the thin walls
as well as components of intricate shapes. The final machining and finishing operation on
components produced using HPDC are negligible. Higher production volume, higher
dimensional accuracy and better surface finish with required tolerances can be achieved by
using high pressure die casting. Experimental investigation and property analysis is carried
out in the present work. Response surface methodology has been used to develop the input
output relations. Pouring temperature of molten metal, injection pressure, die holding time
and die coating have been considered as input parameters while density, hardness and surface
roughness have been considered as output parameters. LM9 and ADC12 aluminium alloys
have been used as raw materials. Experimental work has been carried out on cold chamber
high pressure die casting machine. Based on experiments carried out, Box-Behnken design
technique has been used to develop nonlinear models. Surface morphology has been also

studied using scanning electron microscopy.

Keywords: HPDC; Response surface methodology; Box-behnken design; LM9 alloy; ADC12

alloy, Injection pressure.
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Chapter 1

Introduction

1.1 Introduction

High pressure die casting (HPDC) is a vital process for producing intricate shapes, reducing
the casting defects, improving the quality of cast products and reducing the lead time. It is
mainly used for high production volume, better surface finish and higher dimensional
accuracy [1].

In this process molten metal is poured into shot sleeve and forced into die cavity and allow
solidifying under die pressure to cast the products. HPDC is preferred for aluminium and
magnesium alloy components, which is widely used for automotive and other industrial

applications.

Moveable Platen
Casting
Ejector Die Ladle

Cover Die Moilten
Metal

Clamping Unit
Tie Bar

r

Pouring Hole
Hydraulic
Cylinder

Ejection System
Sprue
Injection Sleeve Plunger

Stationary Platen Shot Chamber
Copynght © 2007 CustomPartNet

Figure 1.1: High Pressure Die Casting Machine (Cold Chamber Die Casting)



The products cast from the HPDC are gear box transmission, steering wheel, clutch plate,
laptop housing etc. The temperature of molten metal is around 700°C. Magnesium alloys are
widely used for industrial application due to its lighter weight, environment friendly, low cost
and highest strength to weight ratio [2], while aluminium alloys are widely used for industries
due to light weight, excellent castability, good weldability, good thermal conductivity,

excellent corrosion resistance, and good wear resistance properties [3].

1.2 History

Die casting was developed during 19™ century. According to collected data, the first
manually operated casting machine for casting printing type was patented by Sturges in 1849.
In 1892, components were produced for phonographs and cash registers by using die casting
machine. When H.H Franklin Company started die casting of babitt alloy bearing for
automobile, mass production of products further increased. The first die casting alloys were
lead and tin. After the development of zinc alloy just preliminary to World War 1, uses and
importance of lead and tin alloys decreases. Magnesium and copper alloys were developed
after the development of zinc alloy. During the 1930’s, large no of alloys were developed
which are available today in the market. According to 2015 data, there were approximately
375 die casters available in North America. Aluminium, copper, magnesium and zinc alloys

mainly used for production of die cast products [4-5].

1.3 Advantages of Die Casting Process [5]

Die casting is an efficient, economical and most versatile casting process used for casting
variety of parts compare to other manufacturing processes. Parts cast from die casting process
have long service life. The other advantages of die casting process are:

1. Dimensional accuracy of die cast parts are excellent

2. Die casting parts require less or no machining

3. It provides higher production rate

4. Die casting process is capable of producing intricate shapes and thin wall parts with

better surface finish

o

Die casting parts have light weight and better performance
6. Die casting parts have excellent corrosion resistance, and good wear resistance

properties



1.4 Die Casting Process

Die casting is a manufacturing process which is used for casting of complex parts with the
help of reusable metal dies. It is mainly used for mass production of parts. In die casting
process metal is firstly melted in a crucible furnace which is made of SiC.

The die used in HPDC consists of two parts: one is fixed half and another one is movable half
or ejector half. After completion of casting, when die is opened the casting remains in the
moving half, this is ejected by using the ejector pins manually or automatically and after
solidification of molten metal finished products is taken out from die cavities with the help
ejector pins [6]. Die casting machine ranges from 80 tons to 4000 tons. There are two types
of die casting processes:

1. Hot chamber die casting process

2. Cold chamber die casting process

1.4.1 Hot Chamber Die Casting Process

EJECTOR DIE
PINS CAVITY

GOOSENECK

PLUNGER

MOLTEN

e

MOVING FIXED
HALF HALF

FURNACE

Figure 1.2: Hot chamber die casting machine [8]



Hot chamber die casting machine is used for zinc, nickel, lead and low melting point alloys

[7]. In hot chamber die casting furnace is an integral part of machine. It is attached to the

machine by metal feed system called gooseneck.

It is mainly used for casting which is small in size (.03kg to 40kg). The pressure range varies

from 7 Mpa to 35 Mpa. In this casting process there is less chance to entrapment of air in

molten metal due to minimum contact between air and metal to be injected [5].

Hot Chamber Die Casting Process Cycle:

1.

Firstly die is closed and plunger is at his top position, inlet port is open and molten
metal is entering into the cylinder.

Plunger moves downwards and pushes molten metal into die cavity through
gooseneck and nozzle.

When molten metal solidify plunger moves upwards and dies open.

Now casting remains in the moving half.

Ejector pins are used to eject the casting from die cavity.

1.4.2 Cold Chamber Die Casting Process

EJECTOR DIE

Figure 1.3: Cold chamber die casting machine [8]



Cold chamber high pressure die casting machine is used for high pressure and higher melting
point alloys such as aluminium, magnesium and copper based alloys. These alloys cannot be
used in hot chamber die casting because it will damage the pumping system of the machine.
In cold chamber high pressure die casting metal melting furnace is separate from the
machine.

Pressure range varies in cold chamber high pressure die casting process from 25Mpa to
300Mpa. It is used for large size castings. In this casting process molten metal is forced into
die cavity at high speed due to which air can entrapped into molten metal, which can cause
gas porosity in castings. It can produce quality part to near net- shape parts, due to high
injection pressure. Cycle time for casting a part varies from 10 sec to 2 min [9].

Dies used in cold chamber die casting is made up of hardened steel. The strong and hard
metals such as steel and iron cannot be die cast [10]. These metals are melted around 700°C

(aluminium alloy) in a furnace.

Cold Chamber Die Casting Process Cycle:
1. Firstly die is closed and molten metal is poured into shot sleeve by ladle either manual
or automatic.
Plunger forced molten metal into die cavity at high pressure.
Molten metal solidify inside die cavity after that plunger is withdrawn from cavity.

Now die is open and casting remains in the moving half.

o & N

Ejector pins are used to eject the casting from die cavity.

1.5 Die Construction

Dies plays an important role for casting of parts. It is mainly consist of two parts ejector die
and cover die. Dies are made up of alloy tool steels like H 13 tool steel. Ejector pins are
located on ejector die or movable die halves, which are used for easy removal of die cast
parts and allow for cooling and lubricant. Gating and runner system are attached to the cover
die or fixed die.

Molten metal enters into die cavity through sprue hole in cover die. When both ejector die
and cover die are in close contact, hydraulic pressure is exerted by machine for tight contact

between dies [5].



Basic functions of dies are:
1. To hold the molten metal into die cavity
2. To extracted heat from molten metal for solidification of casting

3. To remove the casting from die cavity

1.6 Types of Die Cavity

There are two types of die cavities:
1. Single cavity die
2. Multiple cavity die

1.6.1 Single Cavity Die
Single cavity die produces only one part at a time. This type of cavity is used for less

production volume or production of complex shapes parts.

-

4 P

® o/

Figure 1.4: Single-cavity die [5]

1.6.2 Multiple Cavity Die
Multiple cavity die consist of more than one die cavity and all die cavity are identical. It is

mainly used for higher production volume.



Figure 1.5: Multiple cavity die (clutch plate) at Thapar University

1.7 Coating [11]

Coating plays an important role in the field of die casting. It is used for easy removal of
casting from the die surfaces. The main purpose to coat the die surfaces are given below:

1. To improve the quality of parts

2. For easy removal of casting

3. Toincrease the die life

4. To reduce finishing cost
In HPDC process, two types of mold releasing agents are used for easy removal of parts from
die and avoid the direct contact of die surface with the parts. One mold releasing agents are
water soluble releasing agents and another one are water insoluble mold releasing agents.
Among these mold releasing agents, water insoluble mold releasing agents are not widely
used because of high smoke and flammability. Water soluble releasing agents such as silicon
oil, natural wax, mineral oil are widely used for surface active agent or greatest possible

providing agent, are annexed [12].



Chapter 2

Literature survey

2.1 Introduction

The objective of literature survey is as follows:

1. To determine the effect of various process parameters such as pouring temperature of
molten metal, injection pressure, die holding time and types of coating on mechanical
properties of parts produced by cold chamber high pressure die casting.

2. To minimize the defects in cold chamber high pressure die casting.

3. To investigate the relationship between microstructure and thermal condition of
casting.

This literature survey has been divided into following section:

a) Effect of pouring temperature of molten metal

b) Effect of injection pressure

c) Effect of cooling

d) Effect of porosity

e) Effect of addition of material

f) Effect of coating and die lubricants

Dargusch et al. [13] used in-cavity pressure sensors to determine the effect of process
parameter on the quality of high pressure die casting machine. It was found that the porosity
of the part was decreases when the injection pressure was increases, and when the casting
velocity was increases, porosity was increases. Delay time has no effect on porosity. They
investigated the rapid solidification in particular sections of the castings resulting in shrink or
gas porosity.

Maleki et al. [14] studied the effect of process parameter on the microstructure of LM 13
aluminium alloy manufactured from squeeze casting. It used the pressure and die temperature
as input parameter. It was investigated that due to the application of pressure grain size
decreased during solidification.

Abtan and Ghlaim et al. [15] studied the effect of pressure on porosities. They used the

squeeze casting process and pressure die casting process. Various tests were performed to



show the improvement in properties by using both processes. It investigated that hardness and
density in pressure die casting were lower than the squeeze casting.

Verran et al. [16] used design of experiment technique to analyses the effect of injection
parameters on density of work material. It was used fast shot velocity, slow shot velocity, and
upset pressure as input parameters. It was found that fast shot velocity and upset pressure are
the main factors which affect the density of work material while slow shot velocity has the
negligible effect on density.

Wang et al. [17] investigated the applications of PVD coatings to improve the die life. It
investigated the effect of coating on heat checking resistance, heat checking resistance
reduced due to the coating only H19 steel. It also concluded from the experiment if both
corrosion/erosion resistance and heat checking resistance is required if PVD coated HWM
steels should be used. Only heat checking resistance is required if H19 steel inserts should be
used. Only erosion/corrosion resistance and impact toughness is required if Marlok steels or
PVD coated H13 steel should be used.

Mitterer et al. [18] investigated the parameters which affected the die surfaces. Parameters
were erosion, corrosion, soldering, heat checking, gross cracking and oxidation. They found
die steel erosion, soldering of aluminium reduced using hard coatings based on carbides or
nitrides of transition metals and improvement in thermal cracking resistance was also found.
The best combination was found using hard coatings based on carbides or nitrides of
transition metals TiN and Ti(C, N).

Salas et al. [19] studied to improve the tribological performance of die casting dies for
aluminium alloys by coating on H13 steel substrates. The main purpose of this studied to
increase the die life and die surface performance and also designed the multilayer coating
system. The coatings investigated were CrN, CrC, ZrN, MoZrN, TiAIN, TiN/TiC, NiAl,
NiAIN etc out of which only some of them have excellent wear and adhesion performance.
Hajjari et al. [20] studied about the shrinkage porosities produced in2024 aluminium alloy.
It was investigated that large no. of shrinkage porosities was produced in microstructure of
2024 aluminium alloy because of its long solidification range. Microstructure and tensile
properties were studied by varying the squeeze pressure. They found that microstructure will
be finer and ultimate tensile strength will be increase by increasing the squeeze pressure.
Obiekea et al. [21] studied microstructure analysis of die cast samples A1350 alloy. They
analysed change in structural morphology of grain size under different pressure. Tensile

strength, hardness and impact strength were also affected by applied pressure. It was found



that hardness was increased from 77 to 86 HRN and impact strength increased from 3.98 to
4.44 joules. They also found that finer grain size under the pressure of 1400 kg/cm?,

Zhang et al. [22] Used aluminium oxide particles to improve the microstructure and
mechanical properties like tensile strength and yield strength of LM 24 aluminium alloy. It
was found that with the addition of in situ aluminium oxide particles, the coarse primary Si
phase was vanished from the sight. It was found that with the addition of 0.1%Sb in LM24
aluminium alloy, the mechanical properties like tensile strength and yield strength was
increased by 16 MPa and 52 MPa as compare to LM24 aluminium alloy.

Hu et al. [23] Used commercial software (MAGMA) to simulated filling time, temperature
distribution, filling trace during the die casting process. It was used scanning electron
microscope (SEM), and optical microscope to determine the phase distribution and surface
microstructure of AZ91D magnesium component, which is casted on hot chamber die casting
machine. On the outer skin of the die-cast components decrease in corrosion resistance along
the filling trace has been observed.

Syrcos et al. [24] analyzed the die casting process parameter like hydraulic pressure, filling
time, piston velocity, melting temperature of AlSi9Cul3 aluminium alloy. Taguchi’s method
was used to analyze the influence of process parameter on casting density. It was found that
these die casting process parameters adversely affect the casting density of AISi9Cul3
aluminium alloy.

Penghuai Fu et al. [25] investigated the effect of process parameters of AM50 magnesium
alloy on the mechanical properties of low pressure die casting. The process parameters were
die temperature casting temperature, holding pressure, filling time. It was found that as
increasing filling time and casting temperature grain structure become coarse, resulting lower
mechanical properties and density were obtained. It was also found that casting density and
mechanical properties with fine grain microstructure were improved due to increasing
pressure holding time. It was also found that mechanical properties were reduced and grain
microstructure become coarse due to increase in casting pressure. Optimal mechanical
properties and fine grain microstructure can be obtained, when combination of both die
temperature and holding pressure high.

Kumar et al. [26] optimized the process parameter such as pouring temperature of molten
metal, types of coating and cooling, injection pressure of molten metal, on the mechanical
properties of HPDC by using LM6 aluminium alloy. Injection pressure was the major factor
that affects the mechanical properties. It was found that due to the use of oil cooling as

compared to air and water cooling and increasing pouring temperature of molten metal,

10



hardness of die cast component improved significantly. It was also found that with increasing
injection pressure porosity in casting decrease.

Hu et al. [27] studied the effect of injection pressure, fast shot velocity, Speed Transition
Point Locations and Aging effect on mechanical properties like density, tensile strength, yield
strength, elongation. It was found that along the die filling direction density of a work piece
decrease and tensile strength, yield strength, increased by 29.4 MPa, 46.2 MPa, respectively
and elongation decreased from 13.77 to 5.5% but after 1 hour aging it increase upto 11.48.
Kittur et al. [28] used response surface methodology to developed input output relation. The
input parameters were injection pressure, die holding time, fast shot velocity and phase
change over point, surface roughness, and hardness were output parameters. It was used box-
behnken design and central composite design for this work. It was found that for response
hardness and surface roughness, the performance of CCD is good as compare to BBD while
for response porosity the performance of BBD is good as compare to CCD. The value of
surface roughness, porosity in CCD was decreased by 8.28, 59 respectively while hardness
value increased by 1.75 as compare to BBD.

Prabhu et al. [29] studied the effect of process parameters on defects in high pressure die
casting. Various process parameters were pouring temperature, cooling medium, tool
temperature, and pouring time, various types of defects are blow hole, bubble and flash
defects. Design of experiment by taguchi method used to conduct the experiment. Blowhole
defect was significantly affected by pouring temperature, and bubble defects was
significantly affected pouring time, and flash defect was significantly affected by tool
temperature and cooling medium.

El-Mahallawy et al. [30] investigated the effect of process parameter(velocity and pressure)
on thermal conditions and on mechanical properties of magnesium alloy. Change in pressure
or velocity has no effect on temperature distribution. It was found that increased in velocity
or pressure bulk density of casting was increased also tensile strength increased. It was also
found that velocity and pressure has no effect on surface hardness and ductility.

GUO et al. [31] analyzed the effect of input parameter, thickness of casting and alloy on
interfacial heat transfer coefficient. It was used ADC12 and AM50 alloy for this work. It was
found that input parameters affect only the IHTC peak values. For thinner steps fast shot
velocity and for thicker steps initial dies surface temperature were the major factor which
affect the IHTC peak values. If fast shot velocity would be higher than IHTC peak values
would be higher and if initial die surface temperature higher, lower the IHTC peak values. It

was also found that when casting alloy was ADC12, then there was a closed contact between

11



work piece and die during solidification process. It was also concluded that flow velocity and
pressure transfer behavior inside work piece changed due to the change in step thickness,
which result in different steps different IHTC profile obtained.

Li et al. [32] Used vacuum-assist high-pressure die casting to enhance the mechanical
properties of AZ91D alloy. It was found that by employing a flow distributor during vacuum
assist die casting process, tensile strength increased 20%, double elongation, treble low
fatigue cycle life were obtained. Due to the use of vacuum in die casting would reduce the
gas porosity, due to which mechanical properties were enhance. It was also found that with
the use of flow distributor and vacuum porosity was decrease by 90% and 80% ESC was
obtained as compare to conventional die casting.

Lee et al. [33] investigated the effect of process parameters (injection pressure, gate velocity,
melting temperature) on micro porosity of AM50 magnesium alloy. Novel digital image
analysis technique was used to determine the amount of gas porosity, shrinkage porosity,
pore size distribution, and total porosity. It was concluded that gas porosity significantly
reduce due to the application of injection pressure. It was also conclude that gas porosity can
also be significantly reduce due to the reduction of gate velocity and melting temperature. It
was also conclude that shrinkage porosity and pore size distribution also reduced due to the
reduction of gate velocity.

Zhao et al. [34] discussed about the gas entrapment defects of ADC12 aluminium alloy plate
during the cavity filling of die casting process. It was analyzed the effect of fraction and size
on mechanical properties. It was found that with the same amount of gas entrapment, smaller
porosity and more even distributed size would be benefit to mechanical properties. It was also
found that maximum size and porosity fraction should not be more than 169 um and 3.3%
respectively.

Farahany et al. [35] used situ thermal analysis technique to found out the characteristic
parameters of eutectic phase in ADC12 aluminium alloy with the addition of Bi, Sb, Sr, under
different cooling rate. It was conclude that additives affects more Al-Si phase as compared to
Al-Cu phase. It was found that with the addition of Sb, Bi recalescence increase with
increased cooling rate but with the addition of strontium recalescence decreased. It was also
conclude that with the addition of antimony and strontium the temperature of Al,Cu particles

increased, but temperature of Al,Cu particles decreased due to the addition of bismuth.
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2.2 Gap in Literature

A lot of work has been done in the field of cold chamber high pressure die casting process in
different type of process parameters, different type of thermal control factors such as type of
cooling, metal temperature, gas entrapment, porosity, effect of addition of material and
microstructure. Fast shot velocity and upset pressure are the main factors which affect the
density of work material while slow shot velocity has negligible effect on density.

Pouring temperature is the major factor for blow hole defects whereas pouring time and
cooling medium are the major factor for bubble defects. Pressure and velocity have no effect
on surface hardness and ductility. With increase in pressure or velocity ultimate tensile
strength and bulk density increases. However by increasing the squeeze pressure, finer
microstructure will be and higher tensile strength obtained. Tensile strength, hardness and
impact strength were also affected by applied pressure.

Due to the use of flow distributor and vacuum assist casting, porosity of parts decreases by
90% and 80% ESC is obtained as compare to conventional casting. Porosity of parts
decreases with increases in injection pressure, gate velocity, and melting temperature while
porosity of parts increases with increase in casting velocity. Shrinkage porosity and pore size
distribution also reduces due to the reduction of gate velocity. Delay time has no effect on
porosity. Die coating is necessary for easy removal of parts and improve the mechanical
properties.

After studying the literature regarding high pressure die casting, the literature reveals that a
lot of work has been done on porosity, effect of addition of material, microstructure,
interfacial heat transfer coefficient etc but less work has been reported on input factors that
have combined effect on responses. No work has been described in literatures which optimize
the process parameters of cold chamber high pressure die casting using LM9 and ADC12

aluminium alloys.
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2.3 Problem Formulation

Based on the literature survey and the subsequent analysis of gaps the present work aims to
investigate the influence of various process parameters on the mechanical properties of LM9 and
ADC12 aluminium alloys produced parts by using cold chamber high pressure die casting
machine.

The process parameters varied were pouring temperature of molten metal, injection pressure, die
holding time and types of die coatings. The responses were density, hardness and surface
roughness. The entire experiments were carried out on cold chamber high pressure die casting

machine available at central workshop, Thapar University, Patiala.

2.4 Objectives

To investigate the effect of process parameters (pouring temperature of molten metal,
injection pressure, die holding time, types of die coatings) on mechanical properties of final
product.

1. To investigate the significant interaction between the above factors.

2. To study the microstructure analysis of machined surface.

These objectives have been completed by using box-behnken design technique and scanning
electron microscope (SEM).

2.5 Work Plan

Following work have been performed to complete the project:
1. Preparatory work
a) Selection of raw material for die casting
b) Preparations of samples on cold chamber high pressure die casting machine
c) Remove the extra material from the edges of the samples
d) Machining the samples on grinding machine
2. After finalization of the significant process parameters detailed experiment were carried
out with all possible variations
3. Measurements were taken for each input factor and results were analyzed using box-
behnken design technique

4. Study of microstructure analysis

14



Chapter 3

Design of Experiments

3.1 Introduction

High pressure die casting (HPDC) is a superior process for production of various types of
engineering products by injecting the molten metal under pressure into reusable mould
cavity. Complex shapes casting can be produced by using high pressure die casting. Accurate
surface finish and better dimensional accuracy can be achieved by using high pressure die
casting. HPDC is suitable for mass production of products [1]. The impact of various input
parameters on responses have been studied after machining of die cast products.

The various input parameters were pouring temperature of molten metal, injection pressure,
holding time and types of die coating. Experiment was designed by using Design expert
software. This software runs the experiments randomly. Box-behnken design technique was
used for conducting the experiment. It plays an important role for achieving the high
efficiency of the response surface methodology. Box Behnken design experiments require
lesser experiments as compare to Central Composite design. The proposed Box Behnken

design requires 29 experiments.

3.2 Objective Function

The main purpose of this work to evaluate the effect of process parameters such as pouring
temperature of molten metal, injection pressure of molten metal, holding time and types of
die coating (silicon oil, transformer oil, transformer oil + graphite ) on mechanical properties
of the materials such as surface roughness, hardness and density of materials.

3.3 Selection of Factors

Fish bone diagram was used to determine the factors which improve the quality of cast
products. It is shown in Figure 3.1. The casting process parameters with their different levels
have been selected after exhaustive literature survey. The selected parameters are shown in
Table 3.1.
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Table 3.1: Selected Factors and their ranges

REPRESENTATION FACTORS LEVEL1| LEVEL?2 LEVEL 3
Pouring temperature o
A molten metal (°C) 760 780 800
Injection pressure
B (kg/cm?) 150 180 210
C Die holding time (sec) 7 11 15
. . - .. | Transformer | Transformer
D Types of die coating | Silicon oil ol oil + Graphite

Improved Mechanical

Materials Types of coating
-
LM9 Aluminium Alloy
Silicon oil |
t ADC12 Aluminium Alloy
Transformer oil+ graphite

Temperature Temperature is Die holding |
is maintained maintained between time (7-15sec)
above 750°C 760°C-800°C

Melting furnace

Intensification
pressure (150 to 210)

Pouring Temperature
of Molten Metal

HPDC Machine

Figure 3.1: Cause and effect diagram of HPDC

3.4 Box-Behnken Design

Box-behnken design technique plays an important role for achieving the high efficiency of

Properties of Cast
Products

the response surface methodology. Response surface methodology (RSM) consists of a group

of statistical and mathematical techniques used to optimize the output parameters which is

affected by several input parameters. RSM technique is used in designing, developing and

analyzing new technical studying and products. It is also an effective technique in

development of existing studies and products. It is a cost effective technique [36].

The efficiency of Box-Behnken design is higher for an experiment involving four factors and

three levels. Box Behnken design experiments require lesser experiments as compare to

Central Composite design. The proposed Box Behnken design requires 29 experiments.

Experiments were designed by using Design expert software. This software runs the

experiments randomly.
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2D and 3D plots of responses were also developed by Design expert software. Such plots
clear give an idea of the influence process variable over others; further the plots present the
trend of variables interaction in the process. Regression models were developed and its
acceptability was validated to forecast the output values at nearly all conditions. Further the
models were verified by performing experiments, taking four sets of random input values.
The response values measured through experiments are similar with the predicted values

using the model. The experimental data collected as per BBD was used.

Table 3.2: Plan of experiments using BBD

A: B: C: D:
Run | Pouring temp Injection Holding time Coating
(°C) pressure (kg/cm?2) (sec)

1 780 210 11 Silicon oil

2 800 210 11 Transformer oil

3 800 180 11 Silicon oil

4 780 150 15 Transformer oil

5 760 180 11 Silicon oil

6 800 180 11 Transformer oil+ Graphite
7 780 180 11 Transformer oil

8 780 180 15 Silicon oil

9 800 180 7 Transformer oil

10 780 180 7 Silicon oil

11 780 150 11 Silicon oil

12 780 210 7 Transformer oil

13 780 180 11 Transformer oil

14 760 150 11 Transformer oil

15 800 180 15 Transformer oil

16 780 210 15 Transformer oil

17 780 210 11 Transformer oil+ Graphite
18 760 180 7 Transformer oil

19 800 150 11 Transformer oil

20 780 180 11 Transformer oil

21 780 180 7 Transformer oil+ Graphite
22 780 180 11 Transformer oil

23 760 210 11 Transformer oil

24 780 150 11 Transformer oil+ Graphite
25 760 180 11 Transformer oil+ Graphite
26 760 180 15 Transformer oil

27 780 150 7 Transformer oil

28 780 180 15 Transformer oil+ Graphite
29 780 180 11 Transformer oil
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Box-Behnken design with twenty nine rows and five columns were used in that study.

Therefore, twenty nine experiments are required to study the project.

3.5 Description of Cold Chamber Die Casting Machine

Specifications of cold chamber high pressure die casting machine are shown in Table 3.3.

Table 3.3: Specification of cold chamber die casting machine

Locking force 80 tons
Injection force 11.5 tons
Hydraulic ejection force 4 tons
Die mounting plates 520%520 (mm)
Space between tie bars 330%330 (mm)
Max. die height 400 mm
Min. die height 200 mm
Tie bar diameter 60 mm
Die opening stroke 200 mm
Injection plunger stroke 250 mm
Ejection stroke 50 mm
Distance between center and bottom injection 85 mm
Electric motor capacity 5.5 kw
Working pressure 100/135 kg/cm?
Hydraulic pump (vane type) 70 Itr./min
Oil tank capacity 300 ltr.
Machine weight 3.5 tons
Shot capacity 950 gm
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Figure 3.2 shows the horizontal cold chamber high pressure die casting machine used for
experimentations. The clamping force of die casting machine is 80 ton. Injection pressure can
be set by adjusting the lever fitted on the machine. The instructions to vary die clamping time
are given using the Human Machine Interface. The main parts of machine are cover plate,
ejector die, injection cylinder, injection rod, die regulating valve, accumulator, oil tank, back
plate and pressure regulating valve. Die casting machine can be operated on manual as well

as automatic mode according to the requirements.

e SN

Die Regulating
Valve

Oil Tank

Figure 3.2: High pressure cold chamber die casting machine 80 tons (Courtesy: Thapar

Injection Cylinder

Operating Unit

Iniection Rod

University, Patiala)

3.5.1 Operating Mode
e Manual mode: In this mode machine is operated by the operator. Die open and
closing time is depending on the operator.
e Automatic mode: In this mode machine is operated by control panel mounted on the
front of machine. Die opening time, die closing time and casting ejection time
operated by control panel.

e Stop button: Stop button is used to stop the entire process.
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e 3.5.2 Display Indication
e Pressure gauge: Pressure gauge is used to indicate the injection pressure of molten
metal.

e Pyrometer indicator: Pyrometer indicator is used to indicate the temperature of

molten metal.

3.6 Description of Muffle Furnace

Raw materials were melted in an electric resistance furnace according to the requirement of
pouring temperature of molten metal. Figure 3.3 shows the muffle furnace used for melting
the raw materials available at Central Workshop, Thapar University Patiala. The maximum

temperature range of molten metal is about 1100°C.

Figure 3.3: Muffle furnace (Courtesy: Thapar University, Patiala)
3.7 Experimental Set Up

In the current investigation, Effect of various die casting process parameters was studied. The
process parameters were pouring temperature of molten metal, injection pressure, die holding
time and types of die coating. LM 9 and ADC 12 aluminium alloys were used as raw
materials. 80 ton clamping force horizontal cold chamber pressure die casting machine was
used to manufacture the products. The clamping force of die casting machine is 80 ton.
Injection pressure can be set by adjusting the lever fitted on the machine. Injection pressure
was varied from 150 to 210 kg/cm? as per experimental design. The instruction to vary die
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clamping time is given using the Human Machine Interface, which was varied from 7 to 15
sec.

Pouring temperature of molten metal varied from 760 to 800°C, this molten metal is poured
into shot sleeve through pouring spoon. Three types of die coatings namely Transformer oil,
Silicone oil, Transformer oil + Graphite were used in proposed work. Experiments were
conducted as per box-behnken design (BBD). All the trail conditions using BBD are listed in
Table 3.2. The entire experiments were carried out in Central Workshop, Thapar University
Patiala.

3.7.1 Die Used For Experiment

Dies plays an important role for casting of parts. It is mainly consist of two parts ejector die
and cover die. Dies are made up of alloy tool steels like H 13 tool steel. Ejector pins are
located on ejector die or movable die halves, which are used for easy removal of die cast
parts and allow for cooling and lubricant. Gating and runner system are attached to the cover

die or fixed die.

Figure 3.4: Photograph of H13 tool steel die clutch plate (Courtesy: Thapar University,
Patiala)

Molten metal enters into die cavity through sprue hole in cover die. When both ejector die
and cover die are in close contact, hydraulic pressure is exerted by machine for tight contact
between dies. Figure 3.4 shows the multiple cavity die used in experiment available at

Central Workshop, Thapar University, Patiala.
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3.8 Measuring and Test Equipments Used after Experiments

Density, Hardness and Surface Roughness test were performed on all the samples of ADC12
and LM9 aluminium alloys. The test equipments used for measurement of these responses are
given below:

3.8.1 Density Test

Density was measured by using the electronic weighing machine to calculate the mass of
casting and micrometer to calculate the volume of casting. Weighing machine used for

measurement the weight of casting is shown in Figure 3.5.

Figure 3.5: Weighing Machine (Courtesy: Thapar University, Patiala)

3.8.2 Hardness Test

Hardness of casting was measured on Rockwell hardness tester machine as shown in Figure
3.6. It is depends upon the indentation diameter on the casting. Pyramid shaped steel ball
indenter with minor load of 10 kg on B scale for 10 sec was used for measuring the hardness.
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Rockwell Hardness Scale

Indenter Holder

Anvil

Load

Lever

Figure 3.6: Rockwell hardness testing machine model AVERY 6402 (Courtesy: Thapar
University, Patiala)

3.8.3 Surface Roughness Tester

Figure 3.7: Surface Roughness tester Mitutoyo model SJ-400 (Courtesy: Thapar
University, Patiala)
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Mitutoyo model SJ-400 tester was used for measurement of surface roughness as shown in
Figure 3.7. The tester uses a stylus method of measurement. Tester has a profile resolution of
12nm and surface roughness can be measure upto 100um. In this experiment tracing length of

4.8 mm was used.

3.9 Composition of work materials

LM9 and ADC12 Aluminium alloy was used for experimental work. The percentage
composition of LM9 and ADC12 Aluminium alloy is shown in Table 3.4. The ingot of both
alloys is shown in Fig 3.8. Figure 3.9 shows the final samples after casting.

Table 3.4: Chemical composition of ADC12 and LM9 aluminium alloy

Alloy Cu Si Fe | Mn | Mg Ni Zn Sn Pb Ti Al

LM9
Aluminium | 0.1% | 13% | 0.6% | 0.7% | 0.5% | 0.1% | 0.1% - 0.1% | 0.2% | 86.13%
Alloy

ADC12
Aluminium | 3.2% | 9% | 0.8% | 0.5% | 0.2% | 0.5% | 0.8% | 0.2% | - - 84.8%
Alloy

Figure 3.8: Ingot of (a) ADC12 aluminium alloy and (b) LM9 aluminium alloy
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Figure 3.9: Final cast specimens of (a) ADC12 aluminium alloy and (b) LM9 aluminium alloy

3.10 Analysis of results

The experimental data collected as per BBD was used. The result of Density, Hardness,

Surface Roughness for LM9 and ADC12 aluminium alloys are shown in Table 3.5&3.6

respectively.

Table 3.5: Experimental obtained values of Response density, Hardness and Surface

roughness of LM9 aluminium alloy

A: B: C: D: Response | Response | Response
Pouring | Injection Holding Die Density Hardness Surface
Run Temp Pressure | Time(sec) Coating (gms/mm3) (HRB) Roughness
(°C) | (kglem2) (um)
1 780 210 11 Silicon oail 2.8 78 0.77
2 | 800 210 11 Tra”f)ficl’rmer 275 80.33 0.55
3 800 180 11 Silicon oil 24 70 1.23
4 | 780 150 15 Tra”f‘)ficl’rmer 2.45 86 1.098
5 760 180 11 Silicon oil 2.6 80 0.67
Transformer
6 800 180 11 oil+ 2.55 76 1.3
Graphite
7 | 780 180 11 T’a“f‘)ficl’rmer 25 85 0.82
8 780 180 15 Silicon oil 2.55 88 0.84
9 | 800 180 7 Tra“f‘)ficl’rmer 2.1 72 1.12
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10 | 780 180 7 Silicon oil 24 75 15
11 | 780 150 11 Silicon oil 24 80 137
12 | 780 210 7 Tra”f)ficl’rmer 2.75 87 0.8
13 | 780 180 11 Tranzfi‘l’rmer 25 86.33 0.84
14 | 760 150 11 Tranzfi‘l’rmer 25 83 0.92
15 | 800 180 15 Tranzfi‘l’rmer 2.55 80 0.8
16 | 780 210 15 Tra”sofi?rmer 28 91 05
Transformer
17 | 780 210 11 oil+ 29 88 11
Graphite
18 | 760 180 7 Tra”ficl’rmer 2.58 75 0.86
19 | 800 150 11 Tra”f)fi?rmer 2.1 68 1.16
20 | 780 180 11 Tra”f)fi?rmer 25 84 0.84
Transformer
21 | 780 180 7 oil+ 245 86 153
Graphite
22 | 780 180 11 Tra”f;cl’rmer 25 86.67 0.84
23 | 760 210 11 Tra”f;cl’rmer 2.7 81 0.32
Transformer
24 | 780 150 11 oil+ 25 78 171
Graphite
Transformer
25 | 760 180 11 oil+ 28 78 1.35
Graphite
26 | 760 180 15 Tra”f)fi?rmer 2.65 84 0.56
27 | 780 150 7 Tra”f)fi?rmer 2.35 78 1.42
Transformer
28 | 780 180 15 oil+ 27 87.4 151
Graphite
29 | 780 180 11 Transformer 26 87 0.84

oil
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Table 3.6: Experimental obtained values of Response density, Hardness and Surface

roughness of ADC12 aluminium alloy

A: B: C: D: Response | Response Response
RuN Pouring | Injection Holding Die Density Hardness Surface
Temp Pressure | Time(sec) Coating (gms/mm3) (HRB) Roughness
(9] (kg/cm2) (um)
1 780 210 11 Silicon oil 28 82 0.42
2 | 800 210 11 Tra”f)fi?rmer 2.75 82.3 0.57
3 | 800 180 11 Silicon oil 24 81 1
4 | 780 150 15 Tra”f)fi?rmer 2.45 83.5 1.25
5 | 760 180 11 Silicon oil 26 83 0.488
Transformer
6 | 800 180 11 oil+ 255 82 13
Graphite
7 | 780 180 11 Tra”i‘fi?rmer 25 85.5 0.9
8 | 780 180 15 Silicon oil 255 80 06
9 | 800 180 7 Transofi?rmer 2.14 80 13
10 | 780 180 7 Silicon oil 242 81.5 14
11 | 780 150 11 Silicon oil 2.39 77 16
12 | 780 210 7 Transofi?rmer 273 85 0.9
13 | 780 180 11 Transofi?rmer 252 85.2 0.839
14 | 760 150 11 Tra”fi?rmer 252 80.67 11
15 | 800 180 15 Tra”iﬁcl’rmer 254 83 0.65
16 | 780 210 15 Tra”iﬁcl’rmer 2.82 84 0.52
Transformer
17 | 780 210 11 oil+ 2.92 84 13
Graphite
18 | 760 180 7 Tra”fi?rmer 2.58 83.8 0.7
19 | 800 150 11 Tra”fi?rmer 21 78 12
20 | 780 180 11 Tra”f)fi?rmer 25 85.7 08
Transformer
21 | 780 180 7 oil+ 26 80 15
Graphite
22 | 780 180 11 Tra”‘:‘)fi?rmer 25 84.5 0.8
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23

760

210 11

Transformer
oil

2.7

88

0.34

24

780

150 11

Transformer
oil+
Graphite

2.51

83

1.55

25

760

180 11

Transformer
oil+
Graphite

2.8

86

1.4

26

760

180 15

Transformer
oil

2.65

86

0.657

27

780

150 7

Transformer
oil

2.35

76

1.5

28

780

180 15

Transformer
oil+
Graphite

2.7

88

1.6

29

780

180 11

Transformer
oil

2.56

83.8

0.839

3.11 Response characteristics

Response Characteristics of this experimental work is shown in Table 3.7. Die casting parts

should have higher Density and Hardness values but lower Surface Roughness values.

Table 3.7: Response Characteristics

Response name | Response type | Units
Density Higher is better | g/mm®

Hardness Higher is better | HRB
Surface Roughness | Lower is better | Microns
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Chapter 4

Results and Analysis

4.1 Introduction

The effect of various process parameters such as pouring temperature of molten metal,
injection pressure, die holding time and types of die coating (Transformer oil, Silicone oil,
Transformer oil + Graphite) on mechanical properties such as density, hardness, surface
roughness has been studied in the present work. ADC12 and LM9 Aluminium alloy was used
for this experimental work.

Design Expert software was used for experimental work. In this proposed investigation all the
four factors were varied at three levels. After conducting the 29 trials the mean value of all

the factors are tabulated.

4.2 Analysis of LM 9 Aluminium Alloy

The experimental data collected as per BBD was used.

4.2.1 Results of Density

Density of casting was measured by using the weighing machine to measure the weight of
casting and micrometer to measure the volume of casting.

Density is given by p

= weight of casting + volume of casting (4.1)

The equation developed for response density is given below:

Mean Density
= —3.13339 4+ 0.06731 X A—0.16227 X B—0.86448 x C+ 0.21792 X D
—0.00007 x Ax A+ 0.00006 x BxB—0.00151 xCx C+ 0.06583 x D
XD+ 0.00018x AXB+0.00118 x AXC—0.00062%x AXxD-0.00010
X Bx C+0.00625 X Cx D (4.2)
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Table 4.1: ANOVA table for density

Sum of

Mean

F

%age

Source DF Prob. >F SO Status
square Square | Value Contribution
Model .94 8 067 16.63 | <0.0001 Significant
A .16 1 16 39.24 | <0.0001 18.9 Significant
B 48 1 48 118.68 | <0.0001 56.7 Significant
C . 095 1 .095 23.59 | 0.0003 11.22 Significant
D 047 1 047 11.59 | 0.0043 5.552 Significant
A’ 0.006 1 0.006 1.48 0.2433 0.709 Not Significant
B? 023 1 023 5.69 0.0317 2.717 Significant
C’ 0.003788 | 1 |0.003788 | 0.94 0.3496 0.447 Not Significant
D* .028 1 .028 6.95 0.0195 3.308 Significant
AB .051 1 .051 12.52 | 0.0033 6.025 Significant
AC .036 1 .036 8.93 0.0098 4.253 Significant
AD 0.0006250 | 1 |0.000625| 0.15 0.7002 0.074 Not Significant
BC 0.0006250 | 1 | 0.000625| 0.15 0.7002 0.074 Not Significant
BD 0 1 0 0 1.0000 0 Not Significant
CD 0.0025 1 0.0025 0.62 0.4449 0.295 Not Significant
Residual 057 14 | 0.004045
Lack of Fit .049 10 | 0.004863 | 2.43 2032 Not Significant
Pure Error .008 4 0.002 0.945
Cor Total 1 28

Significant Factor: A, B, C, D, B2 D?, AB, AC
Insignificant factor: A%, C?, AD, BC, BD, CD

In this experiment F-value of the model is 16.63. This signifies that model is significant.

There is only a 0.01% chance that a model with this large value could occur due to noise.

If values of "Prob > F" is less than 0.05, this indicate factors are significant. If this value is

greator than 0.05 , this indicate factors are not significant. If there are many insignificant

factors (not counting those required to support hierarchy), model reduction may improve

your model.

In this experiment F-value of Lack of Fit is 2.43, this indicate that Lack of Fit is not

significant relative to the pure error. There is a 20.32% chance that a "Lack of Fit F-value"

this large could occur due to noise.

The "Pred R-Squared value” of 0.7069 is in reasonable agreement with the "Adj R-Squared

value" of 0.8866. Signal to noise ratio is measured by "Adeq Precision”. A ratio greater than

4 is desirable. In this experiment signal to noise ratio of 17.190 indicate an adequate signal.
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Table 4.2: ANOVA parameters

Std. Dev. | .064 R-Squared 0.9433
Mean | 2.55| Adj R-Squared | 0.8866
C.V. 2.49 | Pred R-Squared | 0.7069

PRESS | 0.29 | Adeq Precision | 17.190

Coefficient of Variation (C.V.) Press: predicated residual sum of squares; Std. Dev.: standard

deviance.
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Figure 4.1: Variation of (a) pouring temperature v/s density, (b) injection pressure v/s
density, (c) die holding time v/s density and (d) die coating v/s density.

Pouring temperature of molten metal, injection pressure, die holding time and die coating are
the significant factors which influence the casting density as shown in Figure 4.1.
Injection pressure is the prominent factor which affects the casting density. When injection

pressure increases, cooling rate of liquid phase increases due to the compaction action. This
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result indicates the decrease in porosity formation. It was observed that density of casting
increases, when pouring temperature decreases (Figure 4.1a), injection pressure increases
(Figure 4.1b) and holding time increases (Figure 4.1c).

Density of die cast parts increases with decrease in pouring temperature due to the reduction
in gas porosity. In figure 4.1d silicon oil, transformer oil and transformer oil + graphite are
represented on the graph horizontal axis as 1, 2 and 3 respectively. Figure 4.1d shows that

with addition of graphite in transformer oil density of casting increases.

Mean density
Mean density

15.00 >
800.00
13.00
790.00
- 780.00

C: Holding Time

(a) a0 e | (b) 7.00 7 760.00 7 AcTemp

Figure 4.2: 3D plot showing variation of (a) density value with pouring temperature and
injection pressure and (b) density value with pouring temperature and die holding time.

The 3D plots for the effect of pouring temperature and injection pressure, pouring
temperature and holding time on density of die cast components are shown in Figure 4.2a &
4.2b respectively.

Effect of pouring temperature of molten metal and injection pressure on casting density at
different process parameters is shown in Figure 4.2a. The density of casting increases with an
increase in pouring temperature at high pressure. The density of casting decreases with
increase in temperature at low pressure. Effect of pouring temperature of molten metal and
die holding time on casting density at different process parameters is shown in Figure 4.2b.
The density of casting increases with an increase in holding time at desired temperature.

32



4.2.2 Result of Hardness

Hardness of casting was measured on Rockwell hardness tester machine. It is depends upon
the indentation diameter on the casting. Pyramid shaped steel ball indenter with minor load of
10 kg on B scale for 10 s was used for measuring the hardness.
The equation developed for response hardness is given below:
Response Hardness
= —10143.9833 4+ 27.4329 X A — 4.2701 X B + 5.7835 X C — 75.1366 X D
—0.0184xAXA—-0.0012XxBXB+0.0230xCxXC—2.7554%XD xD
+0.0059 X AXB—0.0031XAXC+0.1000xAXxD—0.0083xXxBXC
4+ 0.1000 x B x D —0.7250 X C X D (4.3)

Table 4.3: ANOVA table for Hardness

Sum of Mean F %age
Source square DF Square | Value Prob. >F Contrit?ution Status
Model 921.74 | 14 | 65.84 21.97 | <0.0001 Significant
A 100.17 | 1 100.17 | 33.42 | <0.0001 10.6 Significant
B 87.1 1 87.1 29.06 | <0.0001 9.221 Significant
C 156.96 | 1 156.96 | 52.37 | <0.0001 16.62 Significant
D 41.81 1 41.81 13.95 0.0022 4.426 Significant
A’ 35416 | 1 | 354.16 | 118.16 | <0.0001 37.49 Significant
B’ 6.67 1 6.67 2.23 0.1579 0.706 Not Significant
c’ 0.89 1 0.89 0.3 0.5952 0.094 Not Significant
D* 49.25 1 49.25 16.43 0.0012 5.214 Significant
AB 51.34 1 51.34 17.13 0.0010 5.435 Significant
AC 0.25 1 0.25 0.083 0.777 0.026 Not Significant
AD 16 1 16 5.34 0.0366 1.694 Significant
BC 4 1 4 1.33 0.2673 0.423 Not Significant
BD 36 1 36 12.01 0.0038 3.811 Significant
CD 33.64 1 33.64 11.22 0.0048 3.561 Significant
Residual 4196 | 14 3
Lack of Fit 35.6 10 3.56 2.24 2271 Not Significant
Pure Error 6.36 4 1.59 0.673
Cor Total 963.7 | 28

Significant Factor: A, B, C, D, D?, AB, AC, BD, CD
Insignificant factor: B, C?, AC, BC
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In this experiment F-value of the model is 21.97. This signifies that model is significant.
There is only a 0.01% chance that a model with this large value could occur due to noise.

If values of "Prob > F" is less than 0.05 , this indicate factors are significant. If this value is
greator than 0.05, this indicate factors are not significant. If there are many insignificant
factors (not counting those required to support hierarchy), model reduction may improve
your model. In this experiment F-value of Lack of Fit is 2.24, this indicate that Lack of Fit is
not significant relative to the pure error. There is a 22.71% chance that a "Lack of Fit F-
value" this large could occur due to noise.

The "Pred R-Squared value” of 0.7769 is in reasonable agreement with the "Adj R-Squared
value" of 0.9129. Signal to noise ratio is measured by "Adeq Precision™. A ratio greater than

4 is desirable. In this experiment signal to noise ratio of 17.858 indicate an adequate signal.

Table 4.4: ANOVA parameters

Std. Dev. | 1.73 R-Squared 0.9565
Mean 81.34 | Adj R-Squared | 0.9129
C.V. 2.13 | Pred R-Squared | 0.7769

PRESS | 215.02 | Adeq Precision | 17.858

Coefficient of Variation (C.V.) Press: predicated residual sum of squares; Std. Dev.: standard
deviance.

The effect of pouring temperature of molten metal, injection pressure, die holding time and
die coating on hardness at different process parameter is shown in Figure 4.3a, 4.3b, 4.3c &
4.3d respectively.

Holding time is the outstanding parameter that affects the hardness of die cast parts. Hardness
value of LM9 aluminium alloy increases, when temperature increase from 760°C to 780°C
and hardness value decreases if temperature increase beyond 780°C (Figure 4.3a). Hardness
of LM9 aluminium alloy increases with increase in injection pressure and die holding time as
shown in Figure 4.3b & 4.3c respectively. In figure 4.3d silicon oil, transformer oil and
transformer oil + graphite are represented on the graph horizontal axis as 1, 2 and 3
respectively. If die is coated with transformer oil in place of silicon oil, hardness of die cast
component increases (Figure 4.3d). Due to increase in cooling rate hardness of die cast parts

increases with increase in injection pressure.
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Figure 4.3: Variation of (a) pouring temperature v/s hardness, (b) injection pressure v/s
hardness, (c) die holding time v/s hardness, and (d) die coating v/s hardness.

The 3D plots for the effect of pouring temperature and injection pressure, pouring
temperature and die coating, pressure and die coating, holding time and die coating on
hardness of die cast components are shown in Figure 4.4a, 4.4b, 4.4c & 4.4d.

Hardness value of LM9 aluminium alloy increases with increase in pressure at desired
temperature and it is minimum at high temperature and low pressure (Figure 4.4a). In figure
4.4b, 4.4c and 4.4d silicon oil, transformer oil and transformer oil + graphite die coating
materials are represented on the graphs as 1, 2 and 3 respectively. Hardness value is
minimum at high temperature with silicon oil is used as die coating material (Figure 4.4b).
Increasing the injection pressure with transformer oil + graphite was used as a die coating

material, hardness of die cast component increases and hardness of die cast component
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decreases with minimizing holding time and silicon oil was used as die coating material are
illustrate in Figure 4.4c & 4.4d.

8748 86.2743
w2677 ! s19%6
. Tt /jl"//'.,, Sz . T7se
£ 730431 4 W e E
B o L 3 U
T ez I”l’%"’,” T a0
c 9 c
E g
15000
300 S
\ \ 800.00
760.00 AN
700,00
B- Pressure ;
(a) 5007 N (b) D: Coating
- A Temp - A Temp
210,00 800.00 1.00 760,00
80,6281
86,7718
§3.9135
o
g 4
_E 81.0592 8
g 5
L 782029 3
g
= =
3.00
B: Pressure C: Holding Time
1.00  150.00 100 700
(c) (d)

Figure 4.4: 3D plot showing variation of (a) hardness value with pouring temperature
and injection pressure, (b) hardness value with pouring temperature and die coating, (c)
hardness value with injection pressure and die coating and (d) hardness value with die
holding time and die coating.
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4.2.3 Result of Surface Roughness

Mitutoyo model SJ-400 tester was used for measurement of surface roughness. The tester

uses a stylus method of measurement. Tester has a profile resolution of 12nm and surface

roughness can be measure upto 100um. In this experiment tracing length of 4.8 mm was

used.

The equation developed for response surface roughness is given below:

Mean Surface Roughness

= —169.95916 + 0.42910 x A — 0.00942 x B — 0.22816 x C + 4.09538 x D
—0.00026 x A x A+ 0.000006 X B x B+ 0.00678 x C X C + 0.40083 XD x D
—0.000004 x A x B —0.00006xA X C—0.00762%x A XD+ 0.00004 xBXxC

—0.00008 x Bx D +0.04000 x C XD (4.4)
Table 4.5: ANOVA table for Surface Roughness
Sum of Mean F %age
Source square DF Square Value Prob. >F Contrit?ution Status
Model 3.47 14 0.25 1491.1 | <0.0001 Significant
A 0.18 1 0.18 1099.13 | <0.0001 5.39 Significant
B 1.1 1 1.1 6641.24 | <0.0001 32.94 Significant
C 0.31 1 0.31 1853.66 | <0.0001 9.282 Significant
D 0.37 1 0.37 2255.25 | <0.0001 11.08 Significant
A’ 0.07 1 0.07 423.81 | <0.0001 2.096 Significant
B* 0.0002 | 1 | 0.0002 1.22 0.2884 0.006 Not Significant
c’ 0.076 1 0.076 456.28 | <0.0001 2.276 Significant
D* 1.04 1 1.04 6275.41 | <0.0001 31.14 Significant
AB 0.00002 | 1 | 0.00025 0.15 0.7039 7E-04 Not Significant
AC 0.0001 | 1 | 0.0001 0.6 0.4507 0.003 Not Significant
AD 0.093 1 0.093 560.15 | <0.0001 2.785 Significant
BC 0.00012 | 1 | 0.00012 0.73 0.4077 0.004 Not Significant
BD 0.00002 | 1 | 0.00002 0.15 0.7039 7E-04 Not Significant
CD 0.1 1 0.1 616.6 | <0.0001 2.994 Significant
Residual | 0.00233 | 14 | 0.00016
Lack of Fit | 0.00201 | 10 | 0.0002 2.51 1949 Not Significant
Pure Error | 0.00032 | 4 | 0.00008 0.01
Cor Total 3.47 28

Significant Factor: A, B, C, D, A%, C?, D? AD, CD
Insignificant factor: B2, AB, AC, BC, BD
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In this experiment F-value of the model is 1491.1. This signifies that model is significant.
There is only a 0.01% chance that a model with this large value could occur due to noise.

If values of "Prob > F" is less than 0.05 , this indicate factors are significant. If this value is
greator than 0.05, this indicate factors are not significant. If there are many insignificant
factors (not counting those required to support hierarchy), model reduction may improve
your model. In this experiment F-value of Lack of Fit is 2.51, this indicate that Lack of Fit is
not significant relative to the pure error. There is a 19.49% chance that a "Lack of Fit F-
value" this large could occur due to noise.

The "Pred R-Squared value” of 0.9665 is in reasonable agreement with the "Adj R-Squared
value" of 0.9787. Signal to noise ratio is measured by "Adeq Precision”. A ratio greater than

4 is desirable. In this experiment signal to noise ratio of 152.277 indicate an adequate signal.

Table 4.6: ANOVA parameters

Std. Dev. | 0.013 R-Squared 0.9893
Mean 1.01 | Adj R-Squared | 0.9787
C.V. 1.28 | Pred R-Squared | 0.9665

PRESS | 0.012 | Adeq Precision | 152.277

Coefficient of Variation (C.V.) Press: predicated residual sum of squares; Std. Dev.: standard
deviance.

The effect of pouring temperature of molten metal, injection pressure, die holding time and
die coating on surface roughness at different process parameter is shown in Figure 4.5a, 4.5b,
4.5¢c &4.5d respectively.

Injection pressure is the main factor which affects the surface roughness of die cast products.
It was observed that surface roughness value of LM9 aluminium alloy decreases with
decrease in pouring temperature (Figure 4.5a). Surface roughness values increases with
decrease in injection pressure and holding time is shown in Figure 4.5b & 4.5c¢ respectively.
In figure 4.5d silicon oil, transformer oil and transformer oil + graphite are represented on the
graph horizontal axis as 1, 2 and 3 respectively. If die is coated with transformer oil in place
of mixture of transformer oil and graphite, surface roughness of die cast component decreases
(Figure 4.5d).
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Figure 4.5: Variation of (a) pouring temperature v/s surface roughness, (b) injection
pressure v/s surface roughness, (¢) die holding time v/s surface roughness and (d) die
coating v/s surface roughness.

The 3D plots for the effect of pouring temperature and die coating, holding time and die
coating on surface roughness of die cast components is shown in Figure 4.6a & 4.6b
respectively.

In figure 4.6a and 4.6b silicon oil, transformer oil and transformer oil + graphite are
represented on the graph as 1, 2 and 3 respectively. The surface roughness of die cast parts
decreases with decrease in pouring temperature when die is coated with silicon oil. Lowest
surface roughness value was obtained at low pouring temperature and transformer oil as
coating for the die surface as shown in Figure 4.6a.

The surface roughness of die cast parts decreases with increase in holding time when die is
coated with silicon oil or transformer oil (Figure 4.6b). Lowest surface roughness value was

obtained at high holding time and dies coated with transformer oil.
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Figure 4.6: 3D plot showing variation of (a) surface roughness value with pouring
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4.2.4 SEM Study of Surface Quality
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Figure 4.7: Surface quality obtained through HPDC of LM9 aluminium alloy by using,
(a) transformer oil, (b) silicon oil and (c) transformer oil + graphite dies coating
materials.

The surface morphology of HPDC produced parts has been investigated by scanning electron
microscope model JSM-6510LV. The SEM images were taken at 1000x resolution.

The effect of die coating materials like transformer oil, silicon oil, transformer oil + graphite
on surface quality of LM9 Aluminium alloy cast parts is shown in Figure 4.7a, 4.7b & 4.7c
respectively. Large number of voids and surface irregularities are present on the parts, when
dies coated with transformer oil + graphite die coating material as shown in Figure 4.7c.
Lesser number of voids and surface irregularities are present on the parts, when dies coated

with transformer oil die coating material as shown in Figure 4.7a.
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It is clear from figure that surface quality obtained by using transformer oil die coating
material is better than silicon oil and transformer oil + graphite die coating material because
the molecular weight of transformer oil is higher than silicon oil and transformer oil +

graphite. Therefore, surface roughness values decreases with increase in molecular weight.

4.3 Analysis of ADC12 Aluminium Alloy

The experimental data collected as per BBD was used.

4.3.1 Result of Density

Density of casting was measured by using the weighing machine to measure the weight of
casting and micrometer to measure the volume of casting.
Density is given by p
= weight of casting + volume of casting (4.5)
The equation developed for response density is given below:
Mean Density
=—5.91953 4+ 0.07439 X A — 0.16849 x B—0.76848 x C + 0.25846 X D
— 0.00008 x A x A+ 0.00006 x Bx B —0.00044 x Cx C+ 0.08158 x D
XD+ 0.00019 x AXB+0.00103xAXC—0.00062xAXxD-0.00002
XxBxC—0.00018xCxD (4.6)

Table 4.7: ANOVA table for density

Sum of Mean F %age
Source square DF Square | Value Prob. >F Contrik?ution Status
Model 0.93 14 .067 32.19 | <0.0001 Significant
A 0.16 1 0.16 75.43 | <0.0001 17.14 Significant
B 0.48 1 0.48 231.5 | <0.0001 51.41 Significant
C 0.066 1 0.066 | 31.83 | <0.0001 7.069 Significant
D 0.071 1 0.071 | 34.02 | <0.0001 7.605 Significant
A’ 0.00671 | 1 | 0.00671 | 3.24 0.0936 0.719 Not Significant
B® 0.021 1 0.021 | 10.02 | 0.0069 2.249 Significant
C’ 0.00033 | 1 | 0.00033 | 0.16 0.6946 0.035 Not Significant
D’ 0.043 1 0.043 | 20.82 | 0.0004 4.606 Significant
AB 0.055 1 0.055 | 26.63 | 0.0001 5.891 Significant
AC 0.027 1 0.027 | 13.13 | 0.0028 2.892 Significant
AD 0.00062 | 1 | 0.00062 | 0.3 0.5916 0.066 Not Significant
BC 0.00002 | 1 | 0.00002 | 0.012 | 0.9141 0.002 Not Significant
BD 0 1 0 0 1.0000 0 Not Significant
CD 0.00022 | 1 | 0.00022 | 0.11 0.7467 0.024 Not Significant
Residual 0.029 14 | 0.00207
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Lack of Fit | 0.026 10 | 0.00263 | 3.87 1021 Not Significant

Pure Error | 0.00272 | 4 | 0.00068 0.291

Cor Total 0.96 28

Significant Factor: A, B, C, D, B D? AB, AC

Insignificant factor: A% C% AD, BC, BD, CD

In this experiment F-value of the model is 32.19. This signifies that model is significant.
There is only a 0.01% chance that a Model with this large value could occur due to noise.

If values of "Prob > F" is less than 0.05 , this indicate factors are significant. If this value is
greator than 0.05, this indicate factors are not significant. If there are many insignificant
factors (not counting those required to support hierarchy), model reduction may improve
your model. In this experiment F-value of Lack of Fit is 3.87, this indicate that Lack of Fit is
not significant relative to the pure error. There is a 10.21% chance that a "Lack of Fit F-
value" this large could occur due to noise.

The "Pred R-Squared value" of 0.8383 is in reasonable agreement with the "Adj R-Squared
value" of 0.9397. Signal to noise ratio is measured by "Adeq Precision”. A ratio greater than
4 is desirable. In this experiment signal to noise ratio of 25.103 indicate an adequate signal.

Table 4.8: ANOVA parameters

Std. Dev. | 0.046 R-Squared 0.9699
Mean 2.56 | Adj R-Squared | 0.9397
C.V. 1.78 | Pred R-Squared | 0.8383

PRESS | 0.16 | Adeq Precision | 25.103

Coefficient of Variation (C.V.) Press: predicated residual sum of squares; Std. Dev.: standard
deviance.

The effect of pouring temperature of molten metal, injection pressure, die holding time and
die coating on density at different process parameter is shown in Figure 4.8a, 4.8b, 4.8¢c &
4.8d respectively.

Density is mainly affected by injection pressure. When injection pressure increases, cooling
rate of liquid phase increases due to the compaction action. This result indicates the decrease
in porosity formation.

Density values of ADC12 aluminium alloy increases, when temperature decreases from
800°C to 760°C (Figure 4.8a). Density of ADC12 aluminium alloy increases with increase in
injection pressure and die holding time is shown in Figure 4.8b & 4.8c respectively. Density

of die cast parts increases with decrease in pouring temperature due to the reduction in gas
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porosity. In figure 4.8d silicon oil, transformer oil and transformer oil + graphite are
represented on the graph horizontal axis as 1, 2 and 3 respectively. If die is coated with the
mixture of transformer oil and graphite powder, density of die cast component increases as
shown in Figure 4.8d.
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Figure 4.8: Variation of (a) pouring temperature v/s density, (b) injection pressure v/s
density, (c) die holding time v/s density and (d) die coating v/s density.

The 3D plots for the effect of pouring temperature and injection pressure, pouring
temperature and holding time on density of die cast components is shown in Figure 4.9a &
4.9b respectively.

The density of die cast parts increases with decrease in pouring temperature at particular low
pressure and increasing pressure at high pouring temperature. The density of die cast parts
increases with decrease in pouring temperature and increase in injection pressure (Figure
4.9a).

The density of die cast parts increases with decrease in pouring temperature at low holding
time and increasing holding time at high temperature. The maximum density was obtained at

high holding time and lower pouring temperature (Figure 4.9b).
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Figure 4.9: 3D plot showing variation of (a) density value with pouring temperature and
injection pressure and (b) density value with pouring temperature and die holding time.

4.3.2 Result of Hardness

Hardness of casting was measured on Rockwell hardness tester machine. It is depends upon

the indentation diameter on the casting. Pyramid shaped steel ball indenter with minor load of

10 kg on B scale for 10 s was used for measuring the hardness.

The equation developed for response hardness is given below:

Mean Hardness
= —1176.8898 + 2.7192 X A + 2.0989 X B + 1.8414 X C + 26.2687 X D
—0.0016 X AXA—0.0021 XxBXB—0.0641 XxCXC—1.4395xD XD
—0.0012 X AX B+ 0.0025 XA X C—0.0250xAXD —0.0177XB X C
—0.0333xB xD+05937 xC XD (4.7)

Table 4.9: ANOVA table for Hardness

Sum of Mean F %age
Source square DF Square Value Prob. >F Contrit?ution Status
Model 236.78 | 14 16.91 24.07 < 0.0001 Significant
A 37.35 1 37.35 53.14 < 0.0001 14.77 Significant
B 61.34 1 61.34 87.28 < 0.0001 24.25 Significant
C 27.6 1 27.6 39.28 < 0.0001 10.91 Significant
D 28.52 1 28.52 40.58 < 0.0001 11.28 Significant
A? 2.79 1 2.79 3.97 0.0662 1.103 Not Significant
B’ 24.5 1 24.5 34.86 < 0.0001 9.687 Significant
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c’ 684 | 1 6.84 9.74 0.0075 2.705 Significant
D* 1344 | 1 13.44 19.13 0.0006 5.314 Significant
AB 2.3 1 2.3 3.27 0.0923 0.909 Not Significant
AC 0.16 1 0.16 0.23 0.6406 0.063 Not Significant
AD 1 1 1 1.42 0.2528 0.395 Not Significant
BC 18.06 | 1 18.06 25.7 0.0002 7.141 Significant
BD 4 1 4 5.69 0.0317 1.582 Significant
CD 2256 | 1 22.56 32.1 <0.0001 8.92 Significant

Residual 9.84 14 0.7

Lack of Fit 7.39 10 0.74 1.21 4642 Not Significant

Pure Error 2.45 4 0.61 0.969

Cor Total | 246.62 | 28

Significant Factor: A, B, C, D, B C? D? BC, BD, CD

Insignificant factor: A%, AB, AC, AD

In this experiment F-value of the model is 24.07. This signifies that model is significant.
There is only a 0.01% chance that a model with this large value could occur due to noise.

If values of "Prob > F" is less than 0.05 , this indicate factors are significant. If this value is
greator than 0.05, this indicate factors are not significant. If there are many insignificant
factors (not counting those required to support hierarchy), model reduction may improve
your model.

In this experiment F-value of Lack of Fit is 1.21, this indicate that Lack of Fit is not
significant relative to the pure error. There is a 46.42% chance that a "Lack of Fit F-value"
this large could occur due to noise.

The "Pred R-Squared value” of 0.8119 is in reasonable agreement with the "Adj R-Squared
value" of 0.9209. Signal to noise ratio is measured by "Adeq Precision™. A ratio greater than

4 is desirable. In this experiment signal to noise ratio of 19.637 indicate an adequate signal.

Table 4.10: ANOVA parameters

Std. Dev. | 0.84 R-Squared 0.9601
Mean | 82.84 | Adj R-Squared | 0.9202
C.V. 1.01 | Pred R-Squared | 0.8119

PRESS | 46.38 | Adeq Precision | 19.637

Coefficient of Variation (C.V.) Press: predicated residual sum of squares; Std. Dev.: standard
deviance.

The effect of pouring temperature of molten metal, injection pressure, die holding time and
die coating on hardness at different process parameter is shown in Figure 4.10a, 4.10b, 4.10c
& 4.10d respectively.
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Holding time is the outstanding parameter that affects the hardness of die cast parts. Hardness
value of ADC12 aluminium alloy increases with decrease in pouring temperature of molten
metal (Figure 4.10a). Hardness of ADC12 aluminium alloy increases with increase in
injection pressure and die holding time as shown in Figure 4.10b & 4.10c respectively. In
figure 4.10d silicon oil, transformer oil and transformer oil + graphite are represented on the
graph horizontal axis as 1, 2 and 3 respectively. If die is coated with transformer oil in place
of silicon oil, hardness of die cast component increases (Figure 4.10d). Due to increase in

cooling rate hardness of die cast parts increases with increase in injection pressure.
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Figure 4.10: Variation of (a) pouring temperature v/s hardness, (b) injection pressure
v/s hardness, (c) die holding time v/s hardness and (d) die coating v/s hardness.
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The 3D plots for the effect of injection pressure and holding time, injection pressure and die
coating, holding time and die coating on hardness of die cast components is shown in Figure
4.11a, 4.11b & 4.11c respectively.

In figure 4.11a and 4.11c silicon oil, transformer oil and transformer oil + graphite are
represented on the graph as 1, 2 and 3 respectively. Increasing injection pressure with lower
value of holding time and increasing the injection pressure with silicon oil was used for
coating of dies, hardness of die cast components increases as shown in figure 4.11a & 4.11b
respectively. It is minimum at lower value of injection pressure and holding time. Hardness
value of casting increases with increase in holding time as transformer oil + graphite was

used for coating of dies (Figure 4.11c).
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Figure 4.11: 3D plot showing variation of (a) hardness value with die holding time and
die coating, (b) hardness value with injection pressure and die holding time and (c)
hardness value with injection pressure and die coating.
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4.3.3 Result of Surface Roughness

Mitutoyo model SJ-400 tester was used for measurement of surface roughness. The tester
uses a stylus method of measurement. Tester has a profile resolution of 12nm and surface
roughness can be measure upto 100um. In this experiment tracing length of 4.8 mm was

used.

The equation developed for response surface roughness is given below:

Mean Surface Roughness
= —188.35421 + 0.48002 x A — 0.09759 x B + 1.20988 x C + 2.94812
X D —0.0002 x AX A+ 0.00008 x Bx B+ 0.00744 X Cx C+ 0.31674
XD xD+0.00005xAxB—0.00189 x AxC—0.00765 x AXD
—0.00027 x Bx C+ 0.00775 x Bx D + 0.05625 x Cx D (4.8)

Table 4.11: ANOVA for Surface Roughness

Sum of Mean F %age
source square DF Square Value Prob. >F Contribgution Status
Model 4.28 14 0.31 108.98 | <0.0001 Significant
A 0.15 1 0.15 52.98 | <0.0001 3.54 Significant
B 1.44 1 1.44 511.94 | <0.0001 34 Significant
C 0.34 1 0.34 121.65 | <0.0001 8.02 Significant
D 0.82 1 0.82 293.45 | <0.0001 19.3 Significant
A’ 0086 | 1 | 0.086 | 30.54 |<0.0001 2.03 Significant
B’ 0.04 1 0.04 1416 | 0.0021 0.94 Significant
C’ 0.092 1 0.092 32.83 | <0.0001 2.17 Significant
D’ 0.65 1 0.65 232.13 | <0.0001 15.3 Significant
AB 0.00423 | 1 | 0.00422 1.51 0.2398 0.1 Not Significant
AC 0.092 1 0.092 32.86 | <0.0001 2.17 Significant
AD 0.094 1 0.094 33.4 | <0.0001 2.22 Significant
BC 0.00423 | 1 | 0.00423 1.51 0.2398 0.1 Not Significant
BD 0.22 1 0.22 77.13 | <0.0001 5.19 Significant
CD 0.2 1 0.2 72.23 | <0.0001 4.72 Significant
Residual 0.039 | 14 | 0.0028
Lack of Fit | 0.033 | 10 | 0.00325 1.94 2733 Not Significant
Pure Error | 0.00671 | 4 | 0.00168 0.16
Cor Total 4.32 28

Significant Factor: A, B, C, D, A%, B?, C?, D% AC, BD, CD
Insignificant factor: AB, BC
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In this experiment F-value of the model is 108.89. This signifies that model is significant.
There is only a 0.01% chance that a Model with this large value could occur due to noise.

If values of "Prob > F" is less than 0.05 , this indicate factors are significant. If this value is
greator than 0.05, this indicate factors are not significant. If there are many insignificant
factors (not counting those required to support hierarchy), model reduction may improve your
model. In this experiment F-value of Lack of Fit is 1.94, this indicate that Lack of Fit is not
significant relative to the pure error. There is a 27.33% chance that a "Lack of Fit F-value"
this large could occur due to noise.

The "Pred R-Squared value” of 0.9141 is in reasonable agreement with the "Adj R-Squared
value" of 0.9418. Signal to noise ratio is measured by "Adeq Precision™. A ratio greater than

4 is desirable. In this experiment signal to noise ratio of 34.044 indicate an adequate signal.

Table 4.12: ANOVA parameters

Std. Dev. | 0.053 R-Squared 0.9709
Mean 1 Adj R-Squared | 0.9418
C.V. 5.29 | Pred R-Squared | 0.9141

PRESS 0.2 | Adeq Precision | 34.044

Coefficient of Variation (C.V.) Press: predicated residual sum of squares; Std. Dev.: standard
deviance.

Pouring temperature of molten metal, injection pressure, die holding time and die coating are
the significant factors which influence the surface roughness of die cast components as
shown in Figure 4.12.

Surface roughness of die cast components is mainly affected by the injection pressure. It was
observed that surface roughness value of ADC12 aluminium alloy decreases with decrease in
pouring temperature (Figure 4.12a). Surface roughness values increases with decrease in
injection pressure and holding time is shown in Figure 4.12b & 4.12c respectively. In figure
4.12d silicon oil, transformer oil and transformer oil + graphite are represented on the graph
horizontal axis as 1, 2 and 3 respectively. If die is coated with a mixture of transformer oil

and graphite, surface roughness of die cast component increases (Figure 4.12d).
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Figure 4.12: Variation of (a) pouring temperature v/s surface roughness, (b) injection
pressure v/s surface roughness, (c) die holding time v/s surface roughness and (d) die
coating v/s surface roughness.

The 3D plots for the effect of pouring temperature and die holding time, pouring temperature
and die coating, injection pressure and die coating, die holding time and die coating on
surface roughness of die cast components is shown in Figure 4.13a, 4.13b, 4.13c & 4.13d
respectively.

The surface roughness of die cast components decreases with increase in holding time at high
pouring temperature. It was minimum at high holding time and high pouring temperature as
shown in Figure 4.13a.

In figure 4.13b, 4.13c and 4.13d silicon oil, transformer oil and transformer oil + graphite are
represented on the graph as 1, 2 and 3 respectively. If the die is coated with transformer oil
and low pouring temperature was used, surface roughness was found to be minimum (Figure
4.13b).

The surface roughness of die cast parts decreases with increase in injection pressure with
desired die coating material and surface roughness was found to be minimum at high

injection pressure with silicon oil was used as die coating material (Figure 4.13c).
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The surface roughness of die cast parts decrease with increase in holding time with desired

die coating material and surface roughness was found to be minimum at high holding time

with silicon oil was used as die coating material (Figure 4.13d).
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Figure 4.13: 3D plot showing variation of (a) surface roughness value with pouring
temperature and die holding time, (b) surface roughness value with pouring
temperature and die coating, (c) surface roughness value with injection pressure and die
coating and (d) surface roughness value with die holding time and die coating.
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4.3.4 SEM Study of Surface Quality
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Figure 4.14: Surface quality obtained through HPDC of ADC12 Aluminium Alloy by
using, (a) transformer oil, (b) silicon oil and (c) transformer oil + graphite dies coating
materials.

The surface morphology of HPDC produced parts has been investigated by scanning electron
microscope model JSM-6510LV. The SEM images were taken at 1000x resolution.

The effect of die coating materials like transformer oil, silicon oil, transformer oil + graphite
on surface quality of ADC12 aluminium alloy die cast parts are shown in Figure 4.14a, 4.14b
& 4.14c respectively. Large number of voids and surface irregularities are present on the
parts, when dies coated with transformer oil + graphite die coating material as shown in
Figure 4.14c. Lesser number of voids and surface irregularities are present on the parts, when
dies coated with transformer oil die coating material as shown in Figure 4.14a.

It is clear from figure that surface quality obtained by using transformer oil die coating
material is better than silicon oil and transformer oil + graphite die coating materials because
the molecular weight of transformer oil is higher than silicon oil and transformer oil +

graphite. Therefore, surface roughness values decreases with increase in molecular weight.
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Chapter 5

Conclusions

e High pressure die casting can produce parts similar to the final product. HPDC is cost-
effective because parts produced are accurate in dimension with narrow tolerance.
HPDC processes are highly productive and offer high repeatability.

e Injection pressure is the main factor which affects the density of LM9 and ADC12
aluminium alloy produced parts.

e Die coating materials have less effect on density.

e Density of die cast products increases with decrease in pouring temperature and
increases with injection pressure and die holding time of both LM9 and ADC12
aluminium alloys.

e Die holding time has been found as a prominent parameter that affects the hardness of
the parts, manufactured from LM9 aluminium alloys whereas hardness of ADC12
aluminium alloy produced parts were highly affected by injection pressure.

e Increasing injection pressure and die holding time, hardness of both LM9 and ADC12
aluminium alloy parts increases.

e Maximum hardness value is obtained at 780°C pouring temperature in both LM9 and
ADC12 aluminium alloy produced parts.

e Injection pressure is the outstanding parameter that influence the surface roughness of
LM9 and ADC12 aluminium alloy die cast parts whereas pouring temperature of molten
metal has less influence on surface roughness.

e Increase in die holding time and injection pressure, surface roughness of both LM9 and
ADC12 aluminium alloys die cast component decrease.

e Surface roughness of LM9 and ADC12 aluminium alloy die cast components decrease
with decrease in pouring temperature.

e Surface quality obtained through HPDC by using transformer oil as die coating materials

is better than silicon oil and transformer oil + graphite.
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