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ABSTRACT

Metal casting is a process where molten metal is poured by gravity
or injected with pressure into a mould cavity to produce the desired
product. Most cast products are in finished goods form, which
require minimal level of machining and surface finishing to achieve
the desired tolerance and surface quality. Many industrial parts and
components are produced by the method of casting, including engine
blocks, crankshafts, automotive components, railroad equipment,
plumbing fixtures, power tools, very large components for hydraulic
turbines and so on. In terms of the theoretical application, two
pertinent parameters, i.e. flow and thermal aspects, are explained in
detail. The advancement from conventional to advanced materials
has pushed casting technology into a competitive environment
based on product requirements. Further, Computer Aided Design
and Computer Aided Manufacturing (CAD/CAM) together with
machine technology have also been introduced to the foundry
or casting industry. This lecture will cover the development of
Advanced Manufacturing Technology (AMT) applied in metal
casting processes. Selected works on casting processes and
technology for conventional and advanced materials are reviewed,
and studies on metal matrix composites for engineering products are
discussed. Other than process simulation technology, advances in
mould and die design technology are also being applied in casting
product development. With these technologies, the casting process
will be maintained and sustained as an important and relevant
component of the metal forming process.
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INTRODUCTION

Casting is one of the oldest known processes used to produce
metallic components. The first metal casting was done using
stone and metal moulds during the 4000 -3000 B.C. period. The
Mesopotamians were the first to cast bronze using forged moulds.
Since then, various casting processes have been developed. In
casting, the liquid material is poured into a cavity (die or mould)
corresponding to the desired geometry. The shape adopted by the
liquid material is stabilized, usually by solidification, and it can
then be removed from the cavity as a solid component (Bruce et
al., 1998). .

Casting processes are important and extensively used
manufacturing methods because they can be used to produce very
intricate parts in nearly all types of metals at high production rates,
can produce very large parts, with average to good tolerances,
acceptable surface roughness and good material properties.
The casting process reduces the need for expensive machining
techniques which are often needed with other metal working
techniques, thus reducing the overall cost of the products (Clegg,
1991). The competitiveness of the casting process is based primarily
on the fact that casting allows the elimination of substantial amounts
of expensive machining often required in alternative production
methods.

In casting, the liquid material is poured into a cavity (die or
mould) corresponding to the desired geometry. The shape adopted
by the liquid material is stabilized, usually by solidification, and it
can be removed from the cavity as a solid component. In principle,
no limits exist with regards to the size or geometry of the parts that
can be produced by casting. The limitations are set primarily by
the material’s properties, the melting temperatures, the properties
of the mould material (mechanical, chemical and thermal) and the
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Casting Technology: Sustainable Metal Forming Process

material’s production characteristics, such as, whether it is to be
used only once or many times (Bruce et al., 1998). Therefore,
in terms of applications, various types and shapes of components
could be produced. Figure 1 shows cast parts in typical automobile
applications. Figure 2 shows different automotive cast parts
produced with various types of metals. As the process generally
involves the material being melted down and poured into a cast
mould, it can virtually be applied to any type of material that is
processed in the same way. Thus non-metallic materials such
as plastics and composites can also be made by casting process
(Kalpakjian and Schmid, 2010). '

Engine block,
Alternator piston
housing

Grill

Water pump,
pulleys Differential
Intake and housing
exhaust
manifolds
: Wheels,
disk brakes Brake
cylinders

Figure 1 Cast parts in a typical automobile
(Kalpakjian and Schmid, 2012)
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Centrally Located Hidden Antenna All Composite

Instrument Display ; Exterior Panels
High Technology Dual Air Bags Key Pad Entry
Solar Glass

Electrically . Convenience
Heated Windshield 3 Charger

Cast Aluminum
Shock Towers

Regenerative Braking
with Drive Motor

Heat

Electric Rear
Exchangers

Drum Brakes

Aluminum
Space-Frame
Lead-Acid Battery Pack
Cast Magnesium

Seat Frame & Steering

Wheel Insert

Fiberglass-Reinforced Urethane
Instrument Panel

Low Rolling-Resistance Tires
Aerodynamics
Front-Wheel-Drive

s Squeeze-Cast General Motors
Inductively Coupled Day-Time i
Charge Pnyn oup Running Lamps Aluminum Wheels

feat Pump Hydraulic AR
Rellector-Optics Lighting Climate Control System . erecTeic
High Beam ghting Front Disc Brakes

Figure 2 Some components of automotive parts (Groover, 2007)

In order to produce castings that are free from defects and meet
requirements such as strength, dimensional accuracy and surface
finish, factors that need to be controlled are the flow of the molten
metal into the mould cavity and heat transfer during solidification
and cooling of the metal in the mould. These parameters may
influence the type of mould material and solidification of the metal
from its molten state (Kalpakjian and Schmid, 2010).

ADVANCES IN MATERIALS

Conventionally, the materials that are used for casting can be divided
into two main categories, i.e non-ferrous alloys and ferrous alloys.
A large and diverse group of alloys can be utilized in non-ferrous
alloy castings. The most commonly used alloys are aluminium-
based alloys. Other non-ferrous alloys which are often used are
Magnesium, Copper, Zinc, Tin and Lead alloys. Ferrous alloys can
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Casting Technology: Sustainable Metal Forming Process

be categorized into the three groups, Cast Irons, Cast Steels and
Cast Stainless steels, with numerous applications (Kalpakjian and
Schmid, 2010).

One of the most commonly used aluminium alloy in the
automotive industry is the aluminium silicon alloy. Aluminium-
Silicon designation with LM numbers is used in the United Kingdom
while the American National Standards Institute (ANSI) designation
system is used in the United State of America. Aluminium Al-Si
(LM6) is equivalent to Aluminium association alloy: 356.0 [3]. Al-Si
alloys are versatile materials which account for 85% to 20% of the
total aluminium components used in the automotive industry. Al-Si
alloys are categorized based on the silicon content in weight percent:
hypoeutectic (<12% Si), eutectic (12-1 3% Si) and hypereutectic
(14-25% Si). The addition of the silicon element in aluminium
alloys will increase cast-ability by increasing mould filling ability
and solidification of casting with absence of hot tearing or hot
cracking issues [4]. Al-Si(LM6) alloys exhibit excellent resistance
to corrosion under both atmospheric and marine conditions. It also
has high fluidity which allows thinner and intricate sections to be
cast as compared to any of other types of casting alloys (Apelian,
2009).

The advancement of materials has resulted in the introduction
of composite materials and applications. For metal, Metal Matrix
Composites (MMC) are considered as potential material candidates
for a wide variety of structural applications in the transportation,
automobile and sport goods manufacturing industries due to their
superior range of mechanical properties(Hasyim et al., 2002).
MMCs combine the metallic properties of matrix alloys (ductility
and toughness) with the ceramic properties of reinforcements (high
strength and high modulus), leading to greater strength in shear and
compression and higher service-temperature capabilities (Clegg,
1991). '
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MATHEMATICAL MODEL

Theoretically, mould filling (fluid flow) and solidification (thermal)
are two of the most important parameters in the casting process.
Studies in these areas help to predict molten metal temperatures
during the filling, the solidification patterns and to improve the
quality and accuracy of the final products

FLOW ANALYSIS

Study of fluid flow is a very critical part of the design of the casting
system. The two principles of Bernoulli’s theorem and the law of
mass continuity should thus be investigated.

a) Bernoulli’s Theorem

This theory investigates the conservation of energy, pressure,
velocity and the elevation of the fluid at any location in the
specimen, as expressed in Eq. (1) (Kalpakjian and Schmid, 2010):

h + p/pg +V*/2g = constant (D)
In this equation h is the elevation above the reference level, p is the
pressure at this level, p is the density of the fluid, g is the gravity

constant and v is the velocity of the fluid at that level.

b) Mass Continuity

This law mentions that in the system with impermeable walls the
rate of incompressible liquid flow is constant as is shown by Eq.
(2) (Kalpakjian and Schmid, 2010):

Q=4,v,=4y, @)
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In Eq. (2) Q is volume rate of flow; 4 is the cross sectional area of the
liquid stream and v is the velocity of the liquid at that cross section.

¢) Solidification Time

Solidification time of the specimens depends on the volume of
casting and its surface area as is clearly shown in Eq. (3) (Kalpakjian
and Schmid, 2010).

Solidification time = C (Volume / Surface area)" 3)

In this equation C is the constant, which relates to mould and
metal properties, and » is taken as being between 1.5 to 2.

THERMAL ANALYSIS

For all transient casting heat transfer analysis, there is heat transfer
by conduction and a temporal depletion of energy from the molten
metal which causes its solidification. This physics must be expressed
in mathematical form for the process.

The heat flow through the single homogeneous link (Figure 3)
is given by:

g=-ka L )

dx

which can be converted into a matrix form as

M1 1)(%) (9
L -1 -1}z {Qz} (%)
Where there are different materials joined at an interface (Figure
5), the matrix equation becomes
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and with heat loss to a cooling surface it is expressed as (Figure 4),

1 1 -1(5) (& |
L1 [-1 IHT!}={QI} (7

4K, hd,

k A
1 2
L

Figure 3 Single homogenous link

o— AW (o

T.AK,

Figure 4 Heat loss to cooling surface

) A Ky T,

T, A K N
Y Y ¥ 1 b, l VYV
L T:

T L

Figure 5 Different materials joined at an interface
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In a transient analysis, energy is removed from the system by
conduction, and this transient energy loss per unit volume can be
expressed as:

E=pCcis 8)
P dt
or where phase change takes place over a finite temperature interval
it is then expressed as:
po o dH Al )
dT dt :

In discretized form, at time step ‘j’ equation (9) can be expressed
as

° J+l J
i {_____Tf nk ] (10)

E=p%L
Par\™ ar

This can be combined with the conduction matrices (Equations
5, 6 or 7) to give an appropriate transient algorithm, which may
be explicit, implicit or explicit-implicit (Crank-Nicolson). For
example, for an implicit formulation and a homogeneous conduction
link the equation is:

dHl 0] k4, [1 -1](T7 dH (T!
V— -—At Polo gy —1L
orirlo el el

Similar equations may be derived by incorporating Equations
6 and 7 for the appropriate heat removal path, where in the die or
mould the enthalpy gradient (dH/dT) is replaced by the material
specific heat. Thus for an implicit formulation, the general form of
the matrix equation can be written as:

(11)
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Using this basis, the heat capacity matrix (Sulaiman and Gethin,
1996) needs to be recalculated at each time step to account for
phase change and where nonlinear thermal conductivity {k(T)} is
present, the equation set needs to be solved iteratively within each
step, with an update of the thermal conductivity at each iteration.

SIMULATION MODEL

Computer simulation is widely used to predict mould filling,
solidification characteristics and to detect defects. This is very
economical and saves a lot of time. Software such as MagmaSoft,
EdStefan and AnyCasting are commonly used for casting simulation.
For this study, mould filling and solidification times were estimated
using AnyCasting and MAGMASoft softwares.

In this simulation and experimental work, mould filling
and solidification time for both sand and permanent moulds are
estimated. Further, the results include values of tensile test, hardness
test and micro-structures obtained from the SEM test.

Results for the Sand Mould (AnyCasting)

The image of the center of the cylinder cavity produced by
simulation model for a sand mould was captured and is presented
in Figure 6. It shows the sequence of the solidification time for the
LMB6 alloy matrix without TiC as particulates. The legend shows the
time and the colored regions represent the solidified casting parts.
The model shows the pattern of the solidified casting which is of
oval shape. The solidification time of the casting is clearly evident
from the color regions. For the blue region solidification occurred
within 78.08 to 161.92 seconds (Suraya, et al., 2011).
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The time for white region to
solidify is between 832.68 to

916.53 seconds. The shape of

solidification is oval.

Figure 6 The sequence of solidification time

As can be seen in Figure 7, 2.81 seconds were needed for 25%
filling with no solidification seen. The temperature distribution was
between 627°C to 650°C. The mould filling visualizations for the
M6 alloy matrix, without TiC as particulates, are shown in Figures
8 to 10, respectively. Figure 8 shows molten metal fill 55% of the
sand mould. The duration taken to fill the cavity was 6.19 seconds
and the molten metal temperature was between 611°C to 642°C.
The solidification percentage for the 55% mould filling was 0.
Figure 9 shows the filling time for 75% cavity fill as 8.44 seconds
with no solidification shown. 11.19 seconds were needed for the
molten metal to completely fill the mould cavity, as shown in Figure
10. The temperature distribution was maintained at around 627°C
to 650°C. The results, show that temperature distribution during
mould filling was between 619°C to 650°C and no solidified area
could be seen throughout this process.
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Temperature is  between
642.39°C to 650.00°C (white
region).

Temperature is between
627.18°C  to  634.79°C Temperature is  between

(orange region). 634.79°C to  642.39°C
(yellow region).

Temperature 1
between 611.97°C to
619.58°C (red region)

Temperature is between

634.79°C to  642.39
(yellow region)

Temperature is between
627.18°C to 634.79°C

(brown region).

Temperature is between
627.18°C to 634.79°C
(brown region)

The 75% of molten metal
fill into cavity sand mould.

Temperature is between
634.79°C to 642.39
(yellow region)

Figure 9 75% cavity fill
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The time for white region to
solidify 1s between 832.68 to

916.53 seconds. The shape of

solidification is oval.

Figure 6 The sequence of solidification time

As can be seen in Figure 7, 2.81 seconds were needed for 25%
filling with no solidification seen. The temperature distribution was
between 627°C to 650°C. The mould filling visualizations for the
LM6 alloy matrix, without TiC as particulates, are shown in Figures
8 to 10, respectively. Figure 8 shows molten metal fill 55% of the
sand mould. The duration taken to fill the cavity was 6.19 seconds
and the molten metal temperature was between 611°C to 642°C.
The solidification percentage for the 55% mould filling was 0.
Figure 9 shows the filling time for 75% cavity fill as 8.44 seconds
with no solidification shown. 11.19 seconds were needed for the
molten metal to completely fill the mould cavity, as shown in Figure
10. The temperature distribution was maintained at around 627°C
to 650°C. The results, show that temperature distribution during
mould filling was between 619°C to 650°C and no solidified area
could be seen throughout this process.
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Temperature

Temperature is between
642.39°C to 650.00°C (white
region).

Temperature is between

627.18°C  to 634.79°C Temperature is  between

(orange region). 634.79°C to  642.39°C
(yellow region).

Temperature
between 611.97°C to
619.58°C (red region)

Temperature is between
634.79°C to 642.39
(yellow region)

Temperature is between
627.13°C to 634.79°C

(brown region). !

Figure 8 55% cavity fill

Temperature is between
627.18°C to 634.79°C
(brown region)

The 75% of molten metal
fill into cavity sand mould.

Temperature is between
634.79°C to 642.39
(yellow region)

Figure 9 75% cavity fill
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{ivacr ~mg 1x v BRI o

Temperature is between !
642.39°C to 650.00°C
(white region)

i3 "o The 100% of molten metal
Tempe:"alm'e S CINEST, fill into cavity sand mould.
634.79°C to 642.39 <

|

(yellow region) .
|

Temperature is between

627.18°C to 634.79°C

(brown region)
|

Figure 10 100% cavity fill

Results for the Permanent Mould (AnyCasting)

Figure 11 is an image of the center of the cylinder cavity from
the simulation model using a permanent copper metallic mould.
The figure shows the sequence of solidification times and the
visualizations of molten metal percentage fill in the cylinder cavity
and solidification of the composites cavity. The legend shows the
time and the colored regions show the parts of casting solidifying.
The model shows the pattern of the solidified casting which is
similar to a half oval shape. The patterns of solidification using the
permanent copper mould are different from those observed with
the sand mould whereby with the sand mould the pattern appears
to be oval whereas a conical shape is observed for the permanent
mould. The solidification time for the casting is clearly seen in
the colored region. For the blue region, 1.45 to 5.01 seconds were
needed for solidification. It is seen that the solidification was not
more than 7.7%. The other images for the LM6 alloy matrix with
TiC as particulates are shown in Figures 12 to 15, respectively.
The figures illustrate the sequence of solidification times and
visualization of the percentage of molten metal fill of the cylinder
cavity and the solidification of the composite.
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The shape of the solidification
sequence is half oval.

The solidification time for

yellow region is between
29.96 seconds to 33.52
seconds.

Figure 11 The sequence of solidification time

Figure 12 25% solidification Figure 13 55% solidification

Figure 14 75% solidification Figure 15 95% solidification

The visualization of the mould filling for the LM6 alloy matrix
without TiC as particulates is shown in Figure 16. It is observed that
2.8 seconds were needed for 25% filling with 4.20% solidification
occuring. The temperature distribution was between 573.91°C to

151m
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650°C. The other images for the LM6 alloy matrix with 5-20 wt%
of TiC as particulates are shown in Figures 17 to 19. The legend
shows the temperature and the colored regions show the percentage
of mould filling. Figure 17 shows 55% fill of molten metal into the
sand mould. The duration to fill the cavity was 6.1 seconds and the
molten metal temperature was between 573.91°C to 604.35°C. The
solidification percentage of this 55% mould filling was 10.44%.
Figure 18 shows that a duration of 8.4 seconds was needed for
molten metal to fill 75% of the cavity and 14.73% solidification can
be seen throughout this figure. A duration of 11.2 seconds were
needed to completely fill the mould cavity with the molten metal as
shown in Figure 19. The temperature distribution was maintained
at around 574°C to 650°C and 23.39% solidified area was seen
throughout this process.

|

Temperature is  between
627.18°C to 634.78°C
(brown region).

Temperature is between
581.52°C to 589.13°C (dark
blue region).

Temperature  is  between The 25% cavity fill
573.91°C to 581.52°C (blue

region).

Figure 16 25% cavity fill
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Temperature is between
581.52°C to 589.13°C
(dark blue region)

Temperature is between
589.13°C to 596.74°C
(purple region)

The grey region shows
the solidified part.

EE—

Temperature 15 between
589.13°C to 596.74°C

(purple region).
Temperature is between

The 75% cavity fill 604.35°C to 611.96°C
| i (red region).

The grey region shows
the solidified part.

Figure 18 75% cavity fill

Taomarmuin. Ve { L e ————

! R

]
|
Temperature is between |
611.96°C to 619.56°C. The grey region shows
) the solidified part.
|

region)

{
- Temperature is
The grey region shows the between 581.52°C to
solidified part. 589.52°C (dark blue
:\ |

Figure 19 100% cavity fill
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Mould filling (MAGMAsoft)

The MAGMA oft simulation was used to track mould filling and
solidification processes at the same time. The visualization of the
mould filling process can be seen in Figures 20 to 26. The flow front
was tracked by VOF (volume of fluid) method by MAGMAsoft. It
was found that for every successive one second, 10% of the total
volume (encompasses pouring basin, sprue and runner system,
gatings, casting and feeder) was filled up. Due to the design of
the stepped runner system, the molten metal entered the mould
through all gates at the same time, as shown in Figure 21. The
melt rose almost uniformly in the cavity of the mould till it was
completely filled. This is a good filling method because it ensures
that the temperature distribution in the mould is equal throughout
just after filling and thust he solidification rate would be fairly
consistent throughout the casting. Equal rate of solidification will
result in uniform shrinkage of the casting and minimize defects
such as shrinkage cavities as a result of non-uniform cooling rates.
The color contours also indicate that during mould filling, cooling
had actually started especially at the end of the runner. It can be
seen that the down sprue and feeder were filled up simultaneously
since their dimensions and shapes are very similar. The down sprue
was the entrance for the molten metal, whereby it was not filled
up or completely wet during filling of the mould cavity. To ensure
that there is no risk of air entrapment carried into the casting and
causing porosity, it may be best if the down sprue dimensions are
redesigned, so that complete wetting of its wall occurs during initial
mould filling. Generally, the mould filling is successful as a result
of the proper design of the stepped runner system.
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Figure 20 0.5 sec. 10% filled up
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Figure 25 4.0 sec. 80% filled up

Figure 24 3.5 sec. 70% filled up
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Figure 26 5.0 sec. 100% filledup  Figure 27 Mould filling time

Visualization of variations in filling time for the entire sand
mould can be seen in Figures 22 to 27. It can be seen that in contrast
the stepped runner and gatings were filled up within the first second.

Solidification (MAGMASoft)

For the cast material AISilOMg, solidification starts when
the temperature drops below 595°C, and is fully completed at
temperatures below 555°C. Solidification is a result of heat transfer
from the internal casting to the external environment. The heat
transfer from the interior of the casting is through the following
routes(Sulaiman and Tham, 1997):

i. Internal liquid convection above liquidus temperature during

mould filling

ii. The solidified metal conduction after complete solidification
is achieved throughout the bulk of the casting

iit. The heat conduction at the metal-mould interface
iv. Heat conduction within the green sand mould

v. Convection and radiation from mould surface to the
surroundings

mi 20
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The temperature contours of the casting for different percentages
of solidification are shown in Figures 28 to 30. Figure 31 shows
the time required to reach solidus from the initial temperature of
700°C (Sulaiman and Lim, 2004).

Figure 28 Temperature contour Figure 29 Temperature contour
at 10% solidification at 51% solidification

Figure 30 Temperature contour ~ Figure 31 Liquidus to solidus time
at 90% solidification

As seen in Figure 31, it is apparent that directional solidification
is achieved in the runner system. The tip of the runner, which has
the lowest thickness, resulted in faster solidification than in other
places. After about 60 seconds, the molten metal in the runner tip
had completely solidified. Solidification time is proportional to the

211m
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volume to surface area ratio (modulus of casting) (Sulaiman and
Hamouda, 2004), therefore the faster solidification rate at the runner
tip is expected. The solidification front propagates towards the sprue
base from the runner tip. It can be calculated that the mould cavity
has a modulus of 10.56 (432000/40920) while the runner tip has
a modulus of 2.67 (18900/7080). According to Chvorinov’s rule
(Grieve, 2012),

)

t = solidification time ; ¢ is a constant for a given meral and mould.

The mould cavity, which is at the center of the sand mould, had
comparatively the longest solidification time. This is understandable
because according to Fourier’s law of conduction, thermal resistance
increases with the thickness across which heat is to be conducted.

From the casting to the external environment, the heat transfer
equation is (Hagen, 1991):

Q = UA AT:)\‘erull
A is the interfacial area between two media and U is the overall

heat-transfer coefficient (or conductance), which has the unit of W/
m2.K.

v — 1
1 Acv 1
Iy kb

For the casting, &, is the interfacial heat transfer coefficient between
mould and cast, h, is the heat transfer coefficient between the mould

m22



Shamsuddin Sulaiman

and the surroundings. Ax is the thickness of the mould wall and &
is the thermal conductivity of the mould material. The green sand
layer in the cavity is thicker than in the runner, therefore a higher
Ax will reduce U or increase thermal resistance R, which is the
reciprocal of U.

The sand casting model took about 400 seconds to solidify at
the center of the cast. A hot spot is noticed at the center of the cast,
which has comparatively the longest cooling time to solidus. Hot
spots may be deprived of liquid metal because liquid metal can
be absorbed into places which solidified earlier, and thus result in
defective shrinkage and cavities. Shrinkage at hot spots is also the
cause of localized contraction stresses, which will prevail as residual
stress at room temperature. Stresses can lead to three specific
phenomena in castings, namely the appearance of cracks, warping
of the casting shape and the presence of locked-up stresses which
may show up during subsequent use of the casting (Roosz et al.,
1993). For this particular simulation model, it is suggested to shift
the feeder to the top of the location of the hot spot so that fresh
liquid metal can be supplied to this region to counteract volumetric
contraction.

Outcomes from the Simulation (Casting
Modification)

The simulation and experimental results make it evident that some
modification of the casting components should be carried out.
This includes the gating and runner system of the whole casting

components. Some typical modifications are shown in Figures 32
and 33.
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Figure 32 Before simulation Figure 33 After simulation

EXPERIMENTAL WORKS

The equipment required for this experiment covers 3 categories:
a) thermocouple for temperature measurement; b) equipment
for melting and pouring metal; and ¢) computer hardware and
software for execution of the instruction program and real-time
data collection. Be:

Thermocou

thes

Datataker
A

Mould

Figure 34 Components used in Temperature Measurement
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As illustrated in Figure 34, the sand mould was connected to
thermocouple wires placed at the various predetermined points
in the sand mould. Datataker was used to compile the qualitative
information in numerical format. This numerical data will then be
sent to the computer for display and recording (Sulaiman and Tham,
1997). :

In the experiment, the host computer continuously retrieved data
from the datataker at specified time intervals until a stop command
was issued from the computer. Thermocouple wires were used to
measure the temperature of the mould at various points because of
its sensitivity to temperature changes. ‘

The input parameters for the simulation were based on

experimental observations. The input parameters are shown in Table
1.

Table 1 Tensile strength and modulus young without and with 5 to
20% weight percentages of titanium carbide particulates

Sand casting Permanent metallic

Weight mould
percentage  epgile Modulus  Tensile Modulus
(owt) Strength,¢  Young,E  Strength,¢  Young, E
(Mpa) (Mpa) (Mpa) (Mpa)
0 82.29 8023.32 121.81 8762.04
5 107.52 9493.18 140.34 8393.39
10 103.94 9022.05 139.33 8409.78
15 84.50 10485.62 132.55 7760.79
20 82.71 8382.71 123.83 13278.85
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Experiment Results

These results include the values from the tensile test, hardness
test and microstructures obtained from the SEM test. For every
reinforced particulate, explanations based on the results are
discussed. Further, a comparison approach is used to identify the
processed particulate composite castings which are superior in all
aspects of properties and microstructural features (Sulaiman and
Tham, 1997).

Mould and Casting Temperature

Temperature measurement was a very important step in this research
study where the temperature history of the casting was acquired
by using K-type thermocouples inserted into each section of the
mould and connected to a data-logger called DATATAKER 605.
The data-logger was connected to a computer running the Delogger
program to capture the thermal data into an Excel file. The cooling
curves data of the solidification process, for each section of different
thicknesses, were obtained by DATATAKER.

From Figure 35 and Figure 36, it can be seen that the cooling
rates were different for the two different moulds. The thermocouples
readings were used to find the temperature profiles as a function
of time corresponding to the liquidus front passing by each
thermocouple. The average data were taken to plot the cooling
curves. The temperature profile of the composite using the sand
mould showed slow freezing rates as compared to the temperature
profile of the composite using the permanent metallic moulds

(copper). These results can be explained by the influence of several
factors.
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Figure 36 Cooling curve for copper permanent metallic moulds

Tensile Test

The objective of this experiment was to investigate the behavior of
the specimen in two types of moulds under a tensile test. Through
performance of the tensile test the properties determined were
tensile strength and young’s modulus. This experiment which was
used to determine the material’s properties is used in a wide range
of industries. Average tensile strength versus weight percentages
of TiC is shown in Figure 37 (Lim et al., 2005).
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The graph shows that the tensile strength values gradually
decreased with increasing 10 to 20%wt. particle reinforcement.
The decrease in strength of both types of cast composites is
attributable to lower resistance and more sites for crack initiation
due to increased TiC reinforcement, hence lowering the load-bearing
capacity of the reinforcement (Vijayaram et al., 2006). The presence
of higher quantity TiC particulates content lead to the particles
no longer being isolated by the ductile LM6 alloy matrix and this
makes it more prone to tensile failure. As a result, the cracks are not
arrested by the ductile matrix and would propagate easily between
the titanium carbide particulates (Fatchurrohman, et al., 2012;
Sayuti, et al., 2011).

Graph Tensile Strength Vs. Weight Percentages

= 150
Sy e s #sand mold
%100 —— = ~ s
5 1 » M permenant
50 metallic mold
2
B

0 5 10 15 20 25

Weight percentages (Yowt)

Figure 37 Average tensile strength versus weight percentages of TiC.

Hardness Test

Ten readings were taken for each weight percentage and the mean
hardness value used to plot the graph as shown in Figure 38. From
the graph it clearly seen that the hardness value increased gradually
from 0 to 10% wt. and after 10% wt. the hardness value started
to decrease. The maximum hardness value obtained was 85.82 for
10 percentage. The effect of the TiC particulate is apparent from
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the improvement in hardness. Similar enhancement in hardness is
observed in aluminium-11.8% silicon alloy with TiC as particulates
using the permanent metallic mould. The trend of the hardness
results is partly attributable to the constrained metallic matrix
material as well as the replacement of some of the LM6 alloy matrix
with the harder TiC particles (Suraya et al., 2011).

Hardness versus weight percentages of TiC

84 \\.
N

Hardness

82
80

Figure 38 Hardness versus weight percentages of LM6 alloy matrix.

SEM - Images of the Fracture Surface in Both the
Sand and Permanent Moulds

A scanning electron microscope (SEM) was used to obtain highly
magnified images of the fracture surface to help determine the
failure mode. In order to assess the nature of failure and the
bonding of the TiC particles with the matrix, fractured surfaces
of tensile specimens were examined under a SEM machine. The
microstructures shown in Figure 39 illustrate aluminium 11.8%
Si alloy without particulates and with 5, 10, 15, 20 %wt (Sayuti
etal, 2011).

The features show the sharp straight lines of high-hardness
materials after they fail. The crystallographic planes are cleaved, in
theory, to the weakest direction, leaving the material with knifelike
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edges. However, the embrittled zone was observed to be larger at
the fracture surface of the specimen having higher TiC content.

Figure 39 Tensile fracture surface of LM6 aluminium alloys
solidified in a sand mould with a) 0%wt, b) 5%wt, c¢) 10%wt, d) 15%wt
and e) 20%wt TiC.

From the fractographs (Figure 40) of the copper permanent
metallic moulds, the fracture surface of composites indicate a
ductile dimple structure. It shows micro-void coalescence, which
basically looks like clay that has been ripped apart. The voids were
formed mainly at the particle-matrix interface. However, growth of
the voids was limited by the competing and synergistic influences
of the brittleness of the reinforcing TiC particles and cyclic ductility
of the matrix material (Suraya et al., 2011).

The factor that influenced this failure is the load transfer
between the soft LM6 alloy matrix and the hard brittle TiC particles
reinforcement. The presence of the hard, brittle TiC particulates
caused the pre-existing high dislocation density in the LM6 alloy
matrix. Residual stresses generated in the LM6 alloy matrix and
dislocations arose from the mismatch in the thermal expansion
coefficient between the soft matrix and the hard reinforcement TiC
particulates (Fridlyander, 1995).

During cyclic deformation it seems possible that the mismatch
that exists between the brittle reinforcing particles and the
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ductile matrix favors concentration of stress near the particle-
matrix interface, causing the matrix in the immediate vicinity to
permanently fail or the particles to separate from the matrix.

(e)

Figure 40 Tensile fracture surface of LM6 aluminium alloys solidified
In a copper mould with a) 0%wt, b) 5%wt, c) 10%wt, d) 15%wt and ¢)
20%wt TiC.

Comparison of Results

For this research, cylindrical moulds were used and the pattern
flows of the mould filling were not very complex. This type of
experimental study is suitable to find a new composition of new
materials. By using the data, AnyCasting can simulate the behavior
of other complex moulds to predict the flow of the molten metal
meeting in the cavity, to predict molten metal temperatures during
filling and the solidification patterns which can be used to enhance
and improve the quality and accuracy of the final products. Tables
2 and 3 show the comparison of the simulation and experimental
results for both the sand and permanent moulds (Taufik etal., 2011).
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Table 2 Comparison of simulation experimental study results for the
permanent mould

Solidification Time (seconds)

(wt%)
Experimental Simulation
0 971.50 1285.50
770.00 947.54
10 575.50 665.54
15 377.00 430.74
20 260.00 233.23 .

Table 3 The comparison of simulation and and experimental study
results for the sand mould

Solidification Time (seconds)

(Wt%) ) : ,
Experimental Simulation

0 32.19 37.22

5 29.10 28.35

10 27.9 27.23

15 14.9 13.78

20 12.1 11.76

ADVANCED TECHNOLOGY APPLICATION

With the increased need for quality manufacturing along with the
factors of short lead times and short product lives, as well as the
increasing consumer awareness regarding the quality of products,
it is becoming increasingly important for manufactures to initiate
steps to fulfill all of these requirements. View this against the
fact that developments in microelectronics in the recent past have
made higher computational ability available at low costs. It is thu
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imperative that manufacturing takes advantage of the availability
of these low cost yet more powerful computers. Hence, the use
of Computer Aided Engineering, particularly for mechanical
industries, should now be a realizable goal (Rao, 2004).

CAD / CAM (computer-aided design and computer-aided
manufacturing) is a term that refers to computer systems that are
used to both design and manufacture products. While CAD is the
use of computer technology for the process of design and design
documentation, CAD / CAM systems are used both for designing
a product and for controlling manufacturing processes. The
geometries in the CAD drawings are used by the CAM portion of
the program to control the machine that creates the exact shapes
that were drawn. The total components can be assumed to consist
of a number of inter-linked domains, as shown in Figure 41.

“ Computer Aided

Computer
Aided Design € — manufacturing
: (CAD) (CAM) :
L \ /\“__’/, -
Computer Graphics 7" Mamfacturing ; Process Planning
CAD standards \ Systems Production
Finite Element Modeling b = Planning
(FEM) —— CNC Part
Finite Element Analysis Machining, Assembly Programing
(FEA) Material handling, Robots
Design Tools Storage Programing
Mechanical Production Control MM
Feature and Solid Flexible Manufacturing Programing
Modeling Systems
Quality Control
Loading, Scheduling,
Balancing

Figure 41 The influence of computers used in the Manufacturing
Environment (Rao, 2004)
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Computer Aided Design (CAD) and Computer Aided
Engineering (CAE)

Computer Aided design (CAD) involves the use of computers
to create design drawings and product models. Computer aided
design is usually associated with interactive computer graphics,
known as a CAD system. There are several powerful commercially
available programs to aid designers in geometry description and
engineering analysis, such as CATIA, AutoCAD, SolidWorks,
ProEngineering, Solid Edges and VectorWorks. The software can
help identify potential problems, such as excessive loads, deflections
or interface at mating surfaces (Kalpakjian and Schmid, 2010).
Figure 42 shows the outcomes of product design using CAD and
engineering software.

Figure 42 Design of products in engineering software

Finite Element Modeling (FEM) and Finite Element Analysis
(FEA) are widely used as part of CAE. Conventional analytical
methods for solving stresses and strain become very complex and
almost impossible when the part geometry is intricate. In such
cases Finite Element Modeling (FEM) becomes a very convenient
means to carry out the analysis. The Finite Element Analysis
(FEA) is a very powerful analysis tool, which can be applied to a
range of engineering problems, such as, stress analysis, dynamic
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analysis, deformation studies, fluid flow analysis and heat flow
analysis. Various related sophisticated software packages are now
available, such as, ABAQUS, ANSYS, NASTRAN, LS-DYNA,
MARQ, ALGOR and DEFORM (Rao, 2004). Figure 43 shows
the outcomes of FEA of a product.
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Figure 43 Finite element analysis of a product.

CONCLUSIONS

This study focused on the casting process application as one of
the important metal forming processes. In terms of theoretical
application, two pertinent parameters i.e. flow and thermal aspects
were explained in detail, for example, the filling and solidification
characteristics of titanium carbide particulate reinforced LM6 alloy
matrix composite castings made in sand and permanent metallic
mould made of copper. The results of the experimental work have
been compared with the results of computer simulations. The
objective of the simulation was to predict the pattern of filling and
the solidification behaviors of the aluminium 11.8% silicon alloys
with titanium carbide as a particulate in sand and permanent metallic
casting moulds. Simulation of temperature versus time helped in the
visualization of the temperature contours and the distribution inside
the solidifying composites. The solidification rate is influenced
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by the thermal properties of the mixture of LM6 alloys matrix
with particles and it is dependent on the solid weight percentages.
The presence of the TiC particles in the LM6 alloy matrix caused
shortening of the solidification rates because of the diminishing
latent heat released during solidification. During the experimental
work values of tensile test, hardness test and microstructures were
obtained from SEM test and the cooling curves data were obtained
using datataker.

Other than simulation process technology, advances in design
of mould and die technology are also being applied in casting
product development. With these advanced technologies, the
casting process will be maintained and sustained as an important
and relevant component of the metal forming processes.

REFERENCES

American Society for Testing and Material (1999), Manual Book of ASTM
Standards, USA.

Apelian, D. (2009), Aluminum Cast Alloys: Enabling Tools for Improved
Performance, North American Die Casting Association:Wheeling,
Hlinois.

Brady, G.S., Clauser, H.R. and Vaccari, J.A. (2002), Materials Hand Book,
Fifteenth Edition, Mc Graw-Hill Handbook.

Bruce, R.G., Tomovic, M.M., Neely, JL.E. and Kibbe, R.R. (1998), Modern
Materials and Manufacturing Processes, 2™ Edition, Prentice Hall
1998.

Clegg, A.J. (1991), Precision Casting Processes, Pergamon press.

Fatchurrohman, N., Sulaiman, S., Ariffin, M.K.A., Baharuddin, B.TH.T.
and Faieza, A.A. 2012. Solidification characteristic of titanium carbide
particulate reinforced aluminium alloy matrix composites, Journal of
Engineering Science and Technology 7(2), 248.

1136



Shamsuddin Sulaiman

Fridlyander, J. N. (1995), Metal Matrix Composite, Chapman & Hall.

Grieve, D. (2014), Metals Selection and Specifications Aluminium and
its Alloys, http://www.tech.plym.ac.uk/sme/desnotes/matalu.html.
Accessed 18th January 2014.

Groover, M.P, (2007). Fundamentals of Modermn Manufacturing, 3% Edition,
John Wiley & Sons (Asia) Pte Ltd.

Hagen, K.D. (1999), Heat Transfer with Applicatioﬁs, Prentice Hall
International Inc.

Hasyim, J., Looney, L. and Hashmi, M.S.J. (2002) Particle distribution in
cast metal matrix composites-Part I, Journal of Materials Processing
and Technology. 123, 251-257.

Jacobs, J.A. and Kilduff T.F. (1994), Engineering Materials Technology,
Structures, Processing, Properties & Selection, Prentice Hall.

Kaczmar, J.W,, Pietrzak, K. and Wlosinski, W. (2000), The production and
application of metal matrix composite materials, Journal of Materials
Processing and Technology. 106, 58-63.

Kalpakjian, S., and Schmid, S. (2012), Manufacturing Engineering
and Technology, 6" Edition, New York, Addison-Wesley Publishing
Company.

Lim, Y.P, Sulaiman, S., Hamouda A.M.S. and M.M.H.M.Ahmad,
M.M.H.M. (2005), Grain refinement of LM6 Al-Si alloy sand castings
to enhance mechanical properties, Int. Journal of Materials Processing
Technology, 162-163, 435-441.

Mona Kiaee, Shamsuddin Sulaiman and Tang Sai Hong. (2014).
Investigation on microstructure and Mechanical Properties of Squeeze
Cast Al-Si Alloys by Numerical Simulation, Advanced Materials
Research Vol. 1043, 31-35.

Rao, PN. (2004), CAD/CAM principle and applications, 2" Edition,
Towa USA.

Rizkalla, H.L. and Abdulwahed, A. (1996), Some mechanical properties of
metal-nonmetal Al-SiO2 particulate composites, Journal of Materials
Processing and Technology. 56, 398-403.

3710


http://www.tech.plym.ac.uk/sme/desnotes/matalu.html.

Casting Technology: Sustainable Metal Forming Process

Roosz, A. and Exner, Piwonka, H.E., Voller, V. and Katgerman, L. (1993),
Modeling of casting, welding and advanced solidification processes
VI, TMS, Warrendale, PA, USA.

Sulaiman, S. and Gethin, D.T. (1996). A Network Technique for Analysis
of the Thermal Transient Casting Process, Pertanika J. Sci. & Technol.
4(2): 251-261.

Sulaiman, S. and Gethin, D.T. (1996), An experimental investigation into the

metal filling system of pressure diecasting process, Journal of Institution
of Engineers Malaysia (IEM) March. pp.9-13.

Sulaiman, S. and Tham, C. K. (1997), Flow analysis along runner and
gating system of casting process, Int. Journal of Materials Processing
Technology, 63, 690-695.

Sulaiman, S. and Lim, Y.P. (2004), Validation of MAGMAsoft simulation
of sand casting process, Journal of IEM, 65(1/2), 29-38.

Sulaiman, S. and Hamouda, A.M.S. (2001), Modelling of the thermal
history of sand casting process, Int. Journal of Material Processing
Technology, 113(1), 245-250.

Suraya, S,, Sulaiman, S., Ariffin, M.K.A., and Sayuti, M. (2011), Computer
simulation and experiemental investigation of solidification casting
process, Key Engineering Materials, 471-472, 601-605.

Suraya Sulaiman, Shamsuddin Sulaiman, Nur Najmiah Jaafar and Nor
Imrah Yusoff. (2014). Studies on tensile properties of Titanium
Carbide (TiC) particulate composite, Applied Mechanics and
Materials 529, 151-156.

Sahroni, T.R. and Sulaiman, S. (2014). Casting quality model for casted
aluminium silicon carbide based on non-linear thermal expansion, /nt.
J. Materials and Product Technology, 48(1/2/3/4), , pp217-233.

Suraya Sulaiman, Shamsuddin Sulaiman, Munira Ali and Fazilah Abdul Aziz.
(2014). Effect of TiC particulate on the microstructure and mechanical
properties of Aluminium-Based Metal Matrix Composite, Applied
Mechanics and Materials, 529, 145-150.

038



Shamsuddin Sulaiman

Sayuti, M., Sulaiman S., Baharudin, B. T. H. T., and Arifin, M.K.A.
(2014). The influence of mechanical mold vibration on temperature
distribution and physical properties of Al-11.8% Si Matrix composites,
Materials Science Forum, 773-774,195-202.

Sayuti, M., Sulaiman, S., Ariffin, M.K.A., Baharuddin, B.T.H.T., Vijayaram,
T.R. and Suraya, S. (2011), Influence of Mechanical Vibration
Moulding Process on the Tensile Properties of TiC: Reinforced LM6
Alloy Composite Castings, Applied Mechanics and Materials, 66-68.
1207-1212.

Taufik, R.S., Sulaiman, S., Baharudin, B.T.H.T., Ariffin M.K.A., and Arep,
H. (2011), Design and Simulation on Investment Casting Mould for
Metal Matrix Composite Material, Applied Mechanics and Materials
66-68, 1676-1681. '

Vijayaram, T.R., Sulaiman, S., Hamouda A.M.S. and Ahmad, M.M.H.M.
(2006), Fabrication of fiber reinforced metal matrix composites by
squeeze casting technology, Int. Journal of Materials Processing
Technology, 178. 34-38.

391






Shamsuddin Sulaiman

BIOGRAPHY

Professor Shamsuddin was born on 4 January 1963, in Kampong
Parit Hj Adnan, Pontian, Johor. He obtained his B.Eng degree in
Agricultural Engineering from Universiti Pertanian Malaysia (now
called Universiti Putra Malaysia) in 1986. He then joined UPM
as a Tutor in the Department of Mechanical and Manufacturing
Engineering. Subsequently, he continued his studies and obtained
his MSc in Mechanical Engineering (specialising in Product Design
and Economic Manufacture) from the University of Swansea,
Wales, United Kingdom, in 1989, and finally his Ph.D in 1992, in the
area of metal casting process, from the same university. Professor
Shamsuddin has been a Professor in the Department of Mechanical
and Manufacturing Engineering since September 2007. Currently
he is the research coordinator and programme coordinator for the
Master of Manufacturing System Engineering (MSE) programme
at the Department of Mechanical and Manufacturing Engineering.
He has also held other posts, including Deputy Dean of School of
Graduate Studies (April 2008-March 2011), Senate Member (July
2011- June 2014), Deputy Dean of Faculty of Engineering (Sept
2003-Aug 2006), Deputy Director of University Agricultural Park
(TPU) (Feb 2001-Nov 2011), Head of Department of Mechanical
and Manufacturing Engineering (Jan 1995-Aug 1998) and
Lecturer and Associate Professor, Department of Mechanical and
Manufacturing Engineering (Feb 1992-Aug 1998).

Professor Shamsuddin has taught more than 5 subjects
at Postgraduate, Bachelor and Diploma levels. He has been
contributing continuously to the development of various engineering
programmes, curricula and syllabi during his 20 years of service
as tutor, lecturer, associate professor and professor, at the Faculty
of Engineering. He was one of the key persons in developing the

411



Casting Technology: Sustainable Metal Forming Process

Master of Engineering programme, in the area of Manufacturing
System Engineering and Engineering Management, at the
department.

Professor Shamsuddin has been the leader in acquiring and
completing several major research projects with total funding of
more than RM3 million from the Ministry of Science, Technology
and Innovation (MOSTI). Consequently, hundreds of his works
have been recognized and published extensively in renowned
journals and conference proceedings. He has also been invited to
be a speaker and panelist at various international conferences. In
tandem with his expertise, he has also supervised and co-supervised
38 MS students, 62 MEng students and 27 PhD students. He is
also an external examiner for students from other higher learning
institutions, both local and international, for their MS/PhD degrees.

nl 42



Shamsuddin Sulaiman

ACKNOWLEDGEMENTS

Professor Shamsuddin would like to thank his late father Haji
Sulaiman Haji Abdullah, late mother Hajjah Mariam Sadiran,
his wife, Pn Salmah Sahudin, his sons Ashraf and Arief and his
daughter, Aisyah, for their understanding and prayers.

He also thanks all individuals involved in the research,
preparation and writing of this book.

He also wishes to express his gratitude for the financial support
from MOSTI through the Science Fund, Ministry of Higher
Education through FRGS and Universiti Putra Malaysia through the
Research University Grant Scheme (RUGS) and short term Grant.
The support from other staff and students at the Department of
Mechanical and Manufacturing Engineering, UPM is also highly
appreciated. The contribution of all UPM students and staff, in
general, is similarly highly appreciated.

431






Shamsuddin Sulaiman

LIST OF INAUGURAL LECTURES

. Prof. Dr. Sulaiman M. Yassin

The Challenge to Communication
Research in Extension

22 July 1989

. Prof. Ir. Abang Abdullah Abang Ali
Indigenous Materials and Technology
Jor Low Cost Housing

30 August 1990

. Prof. Dr. Abdul Rahman Abdul Razak
Plant Parasitic Nematodes, Lesser
Known Pests of Agricultural Crops

30 January 1993

. Prof. Dr. Mohamed Suleiman
Numerical Solution of Ordinary
Differential Equations: A Historical
Perspective

11 December 1993

. Prof. Dr. Mohd. Ariff Hussein
Changing Roles of Agricultural
Economics

5 March 1994

. Prof. Dr. Mohd. Ismail Ahmad
Muarketing Management: Prospects
and Challenges for Agriculture

6 April 1994

. Prof. Dr. Mohamed Mahyuddin Mohd.

Dahan

The Changing Demand for Livestock
Products

20 April 1994

. Prof. Dr. Ruth Kiew

Plant Taxonomy, Biodiversity and
Conservation
11 May 1994

12.

13.

15.

Prof. Ir. Dr. Mohd. Zohadie Bardaie
Engineering Technological
Developments Propelling Agriculture
into the 2 1st Century

28 May 1994

. Prof. Dr. Shamsuddin Jusop

Rock, Mineral and Soil
18 June 1994

. Prof. Dr. Abdul Salam Abdullah

Natural Toxicants Affecting Animal
Health and Production
29 June 1994

Prof. Dr. Mohd. Yusof Hussein

Pest Control: A Challenge in Applied
Ecology

9 July 1994

Prof. Dr. Kapt. Mohd. Ibrahim Haji
Mohamed

Managing Challenges in Fisheries
Development through Science and
Technology

23 July 1994

. Prof. Dr. Hj. Amat Juhari Moain

Sejarah Keagungan Bahasa Melayu
6 August 1994

Prof. Dr. Law Ah Theem
Oil Pollution in the Malaysian Seas
24 September 1994

. Prof. Dr. Md. Nordin Hj. Lajis

Fine Chemicals from Biological
Resources: The Wealth from Nature
21 January 1995

. Prof, Dr. Sheikh Omar Abdul Rahman

Health, Disease and Death in
Creatures Great and Small
25 February 1995

451



20.

2

—_

22.

23.

24.

25.

Casting Technology: Sustainable Metal Forming Process

. Prof. Dr. Mohamed Shariff Mohamed

Din

Fish Health: An Odyssey through the
Asia - Pacific Region

25 March 1995

. Prof. Dr. Tengku Azmi Tengku Ibrahim

Chromosome Distribution and
Production Performance of Water
Buffaloes

6 May 1995

Prof. Dr. Abdul Hamid Mahmood
Bahasa Melayu sebagai Bahasa IImu-
Cabaran dan Harapan

10 June 1995

. Prof. Dr. Rahim Md. Sail

Extension Education for
Industrialising Malaysia: Trends,
Priorities and Emerging Issues
22 July 1995

Prof. Dr. Nik Muhammad Nik Abd.
Majid

The Diminishing Tropical Rain Forest:
Causes, Symptoms and Cure

19 August 1995

Prof. Dr. Ang Kok Jee

The Evolution of an Environmentally
Friendly Hatchery Technology for
Udang Galah, the King of Freshwater
Prawns and a Glimpse into the Future
of Aquaculture in the 21st Century

14 October 1995

Prof. Dr. Sharifuddin Haji Abdul
Hamid

Management of Highly Weathered Acid
Soils for Sustainable Crop Production
28 October 1995

Prof. Dr. Yu Swee Yean

Fish Processing and Preservation:
Recent Advances and Future
Directions

9 December 1995

0l 46

26.

27.

28.

29.

30.

3

—

32

33.

34

35.

Prof. Dr. Rosli Mohamad
Pesticide Usage: Concern and Options
10 February 1996

Prof. Dr. Mohamed Ismail Abdul
Karim

Microbial Fermentation and
Utilization of Agricultural
Bioresources and Wastes in Malaysia
2 March 1996

Prof. Dr. Wan Sulaiman Wan Harun
Soil Physics: From Glass Beads to
Precision Agriculture

16 March 1996

Prof. Dr. Abdul Aziz Abdul Rahman
Sustained Growth and Sustainable
Development: Is there a Trade-Off 1 or
Malaysia

13 April 1996

Prof. Dr. Chew Tek Ann
Sharecropping in Perfectly
Competitive Markets: A Contradiction
in Terms

27 April 1996

. Prof. Dr. Mohd. Yusuf Sulaiman

Back to the Future with the Sun
18 May 1996

Prof. Dr. Abu Bakar Salleh
Enzyme Technology: The Basis for

Biotechnological Development
8 June 1996

Prof. Dr. Kamel Ariffin Mohd. Atan
The Fascinating Numbers
29 June 1996

Prof. Dr. Ho Yin Wan
Fungi: Friends or Foes
27 July 1996

Prof. Dr. Tan Soon Guan

Genetic Diversity of Some Southeast
Asian Animals: Of Buffuloes and
Goats and Fishes Too

10 August 1996



36.

37.

38.

39.

40.

4

42.

43.

44,

Shamsuddin Sulaiman

Prof. Dr. Nazaruddin Mohd. Jali

Will Rural Sociology Remain Relevant
in the 21st Century?

21 September 1996

Prof. Dr. Abdul Rani Bahaman
Leptospirosis-A Model for
Epidemiology, Diagnosis and Control
of Infectious Diseases

16 November 1996

Prof. Dr. Marziah Mahmood

Plant Biotechnology - Strategies for
Commercialization

21 December 1996

Prof. Dr. Ishak Hj. Omar

Market Relationships in the Malaysian
Fish Trade: Theory and Application
22 March 1997

Prof. Dr. Suhaila Mohamad
Food and Its Healing Power
12 April 1997

. Prof. Dr. Malay Raj Mukerjee

A Distributed Collaborative
Environment for Distance Learning
Applications

17 June 1998

Prof. Dr. Wong Kai Choo
Advancing the Fruit Industry in
Malaysia: A Need to Shift Research
Emphasis

15 May 1999

Prof. Dr. Aini Ideris

Avian Respiratory and
Immunosuppressive Diseases- A Fatal
Attraction

10 July 1999

Prof. Dr. Sariah Meon

Biological Control of Plunt Pathogens:

Harnessing the Richness of Microbial
Diversity
14 August 1999

45.

46.

47.

48.

49.

50.

51.

52.

53.

Prof. Dr. Azizah Hashim

The Endomycorrhiza: A Futile
Investment?

23 October 1999

Prof. Dr. Noraini Abdul Samad
Molecular Plant Virology: The Way
Forward

2 February 2000

Prof. Dr. Muhamad Awang

Do We Have Enough Clean Air to
Breathe?

7 April 2000

Prof. Dr. Lee Chnoong Kheng
Green Environment, Clean Power
24 June 2000

Prof. Dr. Mohd. Ghazali Mohayidin
Managing Change in the Agriculture
Sector: The Need for Innovative
Educational Initiatives

12 January 2002

Prof. Dr. Fatimah Mohd. Arshad
Analisis Pemasaran Pertanian
di Malaysia: Keperluan Agenda
Pembaharuan

26 January 2002

Prof. Dr. Nik Mustapha R. Abdullah
Fisheries Co-Management: An
Institutional Innovation Towards
Sustainable Fisheries Industry

28 February 2002

Prof. Dr. Gulam Rusul Rahmat Ali
Food Safety: Perspectives and
Challenges

23 March 2002

Prof. Dr. Zaharah A. Rahman
Nutrient Management Strategies for
Sustainable Crop Production in Acid
Soils: The Role of Research Using
Isotopes

13 April 2002

47



—

Casting Technology: Sustainable Metal Forming Process

54. Prof. Dr. Maisom Abdullah

Productivity Driven Growth: Problems
& Possibilities
27 April 2002

. Prof. Dr. Wan Omar Abdullah
Immunodiagnosis and Vaccination for
Brugian Filariasis: Direct Rewards
Jfrom Research Investments
6 June 2002

. Prof. Dr. Syed Tajuddin Syed Hassan
Agro-ento Bioinformation: Towards
the Edge of Reality
22 June 2002

. Prof. Dr. Dahlan Ismail
Sustainability of Tropical Animal-
Agricultural Production Systems:
Integration of Dynamic Complex
Systems
27 June 2002

. Prof. Dr. Ahmad Zubaidi
Baharumshah
The Economics of Exchange Rates in

the East Asian Countries
26 October 2002

. Prof. Dr. Shaik Md. Noor Alam S.M.
Hussain
Contractual Justice in Asean: A
Comparative View of Coercion
31 October 2002

. Prof. Dr. Wan Md. Zin Wan Yunus
Chemical Modification of Polvmers:
Current and Future Routes for
Synthesizing New Polymeric
Compounds
9 November 2002

. Prof. Dr. Annuar Md. Nassir
Is the KLSE Efficient? Efficient Market
Hypothesis vs Behavioural Finance
23 November 2002

048

62. Prof. Ir. Dr. Radin Umar Radin Sohadi

Road Safety Interventions in Malaysia:
How Effective Are They?
21 February 2003

. Prof. Dr. Shamsher Mohamad

The New Shares Market: Regulatory
Intervention, Forecast Errors and
Challenges

26 April 2003

. Prof. Dr. Han Chun Kwong

Blueprint for Transformation or
Business as Usual? A Structurational
Perspective of the Knowledge-Based
Economy in Malaysia

31 May 2003

. Prof. Dr. Mawardi Rahmani

Chemical Diversity of Malaysian
Flora: Potential Source of Rich
Therapeutic Chemicals

26 July 2003

. Prof. Dr. Fatimah Md. Yusoff

An Ecological Approach: A Viable
Option for Aquaculture Industry in
Malaysia

9 August 2003

. Prof. Dr. Mohamed Ali Rajion

The Essential Fatty Acids-Revisited
23 August 2003

. Prof. Dr. Azhar Md. Zain

Psychotheraphy for Rural Malays -
Does it Work?
13 September 2003

. Prof. Dr. Mohd. Zamri Saad

Respiratory Tract Infection:
Establishment and Control
27 September 2003

. Prof. Dr. Jinap Selamat

Cocoa-Wonders for Chocolate Lovers
14 February 2004



7

—_—

72.

73.

74.

75.

76.

71.

78.

79.

80.

Shamsuddin Sulaiman

. Prof. Dr. Abdul Halim Shaari

High Temperature Superconductivity:
Puzzle & Promises
13 March 2004

Prof. Dr. Yaakob Che Man

Oils and Fats Analysis - Recent
Advances and Future Prospects
27 March 2004

Prof. Dr. Kaida Khalid

Microwave Aquametry: A Growing
Technology

24 April 2004

Prof. Dr. Hasanah Mohd. Ghazali
Tapping the Power of Enzymes-
Greening the Food Industry

11 May 2004

Prof. Dr. Yusof Ibrahim

The Spider Mite Saga. Quest for
Biorational Management Strategies
22 May 2004

Prof. Datin Dr. Sharifah Md. Nor
The Education of At-Risk Children:
The Challenges Ahead

26 June 2004

Prof. Dr. Ir. Wan Ishak Wan Ismail
Agricultural Robot: A New Technology
Development for Agro-Based Industry
14 August 2004

Prof. Dr. Ahmad Said Sajap
Insect Diseases: Resources for
Biopesticide Development

28 August 2004

Prof. Dr. Aminah Ahmad

The Interface of Work and Family
Roles: A Quest for Balanced Lives
11 March 2005

Prof. Dr. Abdul Razak Alimon
Challenges in Feeding Livestock:
From Wastes to Feed

23 April 2005

81.

82.

83.

84.

35,

86.

83,

89.

Prof. Dr. Haji Azimi Hj. Hamzah
Helping Malaysian Youth Move
Forward: Unleashing the Prime
Enablers

29 April 2005

Prof. Dr. Rasedee Abdullah

In Search of An Early Indicator of
Kidney Disease

27 May 2005

Prof. Dr. Zulkifli Hj. Shamsuddin
Smart Partnership: Plant-
Rhizobacteria Associations

17 June 2005

Prof. Dr. Mohd Khanif Yusop
From the Soil to the Tuble
1 July 2005

Prof. Dr. Annuar Kassim
Materials Science and Technology:
Past, Present and the Future

8 July 2005

Prof. Dr. Othman Mohamed
Enhancing Career Development
Counselling and the Beauty of Career
Games

12 August 2005

. Prof. Ir. Dr. Mohd Amin Mohd Soom

Engineering Agricultural Water
Management Towards Precision
Framing

26 August 2005

Prof. Dr. Mohd Arif Syed
Bioremediation-A Hope Yet for the
Environment?

9 September 2005

Prof. Dr. Abdul Hamid Abdul Rashid
The Wonder of Our Neuromotor
System and the Technological
Challenges They Pose

23 December 2005

49 In



90.

9

—

92.

93.

94.

9s.

96.

97.

98.

Casting Technology: Sustainable Metal Forming Process

Prof. Dr. Norhani Abdullah

Rumen Microbes and Some of Their
Biotechnological Applications

27 January 2006

. Prof. Dr. Abdul Aziz Saharee

Haemorrhagic Septicaemia in Cattle
and Buffaloes: Are We Ready for
Freedom?

24 February 2006

Prof. Dr. Kamariah Abu Bakar
Activating Teachers’ Knowledge and
Lifelong Journey in Their Professional
Development

3 March 2006

Prof. Dr. Borhanuddin Mohd. Ali
Internet Unwired
24 March 2006

Prof. Dr. Sundararajan Thilagar
Development and Innovation in the
Fracture Management of Animals
31 March 2006

Prof. Dr. Zainal Aznam Md. Jelan
Strategic Feeding for a Sustainable
Ruminant Farming

19 May 2006

Prof. Dr. Mahiran Basri

Green Organic Chemistry: Enzyme at
Work

14 July 2006

Prof. Dr. Malik Hj. Abu Hassan
Towards Large Scale Unconstrained
Optimization

20 April 2007

Prof. Dr. Khalid Abdul Rahim

Trade and Sustainable Development:
Lessons from Malaysia's Experience
22 June 2007

150

99.

Prof. Dr. Mad Nasir Shamsudin
Econometric Modelling for
Agricultural Policy Analysis and
Forecasting: Between Theory and
Reality

13 July 2007

100. Prof. Dr. Zainal Abidin Mohamed

101.

102.

103.

104.

105.

106.

107.

Managing Change - The Fads

and The Realities: A Look at
Process Reengineering, Knowledge
Management and Blue Ocean
Strategy

9 November 2007

Prof. Ir. Dr. Mohamed Daud
Expert Systems for Environmental

Impacts and Ecotourism Assessments
23 November 2007

Prof. Dr. Saleha Abdul Aziz
Pathogens and Residues; How Safe
is Our Meat?

30 November 2007

Prof. Dr. Jayum A. Jawan
Hubungan Sesama Manusia
7 December 2007

Prof. Dr. Zakariah Abdul Rashid
Planning for Equal Income
Distribution in Malaysia: A General
Equilibrium Approach

28 December 2007

Prof. Datin Paduka Dr. Khatijah
Yusoff

Newcastle Disease virus: A Journey
from Poultry to Cancer

11 January 2008

Prof. Dr. Dzulkefly Kuang Abdullah
Palm Oil: Still the Best Choice
1 February 2008

Prof. Dr. Elias Saion

Probing the Microscopic Worlds by
Lonizing Radiation

22 February 2008



108.

109.

110.

111,

112,

113.

114.

L15.

116.

Shamsuddin Sulaiman

Prof. Dr. Mohd Ali Hassan
Waste-to-Wealth Through
Biotechnology: For Profit, People
and Planet

28 March 2008

Prof. Dr. Mohd Maarof H. A. Moksin
Metrology at Nanoscale: Thermal
Wave Probe Made It Simple

11 April 2008

Prof. Dr. Dzolkhifli Omar

The Future of Pesticides Technology
in Agriculture: Maximum Target Kill
with Minimum Collateral Damage
25 April 2008

Prof. Dr. Mohd. Yazid Abd. Manap
Probiotics: Your Friendly Gut
Bacteria

9 May 2008

Prof. Dr. Hamami Sahri

Sustainable Supply of Wood and
Fibre: Does Malaysia have Enough?
23 May 2008

Prof. Dato’ Dr. Makhdzir Mardan
Connecting the Bee Dots
20 June 2008

Prof. Dr. Maimunah Ismail
Gender & Career: Realities and
Challenges

25 July 2008

Prof. Dr. Nor Aripin Shamaan
Biochemistry of Xenobiotics:
Towards a Healthy Lifestyle and Safe
Environment

1 August 2008

Prof. Dr. Mohd Yunus Abdullah
Penjagaan Kesihatan Primer di
Malaysia: Cabaran Prospek dan
Implikasi dalam Latihan dan
Penyelidikan Perubatan serta
Sains Kesihatan di Universiti Putra
Malaysia

8 August 2008

117.

118.

119.

120

121.

122.

123.

124,

Prof. Dr. Musa Abu Hassan
Memanfaatkan Teknologi Maklumat
& Komunikasi ICT untuk Semua

15 August 2008

Prof. Dr. Md. Salleh Hj. Hassan
Role of Media in Development:
Strategies, Issues & Challenges
22 August 2008

Prof. Dr. Jariah Masud
Gender in Everyday Life
10 October 2008

Prof. Dr. Mohd Shahwahid Haji
Othman

Mainstreaming Environment:
Incorporating Economic Valuation
and Market-Based Instruments in
Decision Making

24 October 2008

Prof. Dr. Son Radu

Big Questions Small Worlds:
Following Diverse Vistas

31 October 2008

Prof. Dr. Russly Abdul Rahman
Responding to Changing Lifestyles:
Engineering the Convenience Foods
28 November 2008

Prof. Dr. Mustafa Kamal Mohd
Shariff

Aesthetics in the Environment an
Exploration of Environmental:
Perception Through Landscape
Preference

9 January 2009

Prof. Dr. Abu Daud Silong
Leadership Theories, Research
& Practices: Farming Future
Leadership Thinking

16 January 2009

51



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Casting Technology: Sustainable Metal Forming Process

Prof. Dr. Azni Idris

Waste Management, What is the
Choice: Land Disposal or Biofuel?
23 January 2009

Prof. Dr. Jamilah Bakar
Freshwater Fish: The Overlooked
Alternative

30 January 2009

Prof. Dr. Mohd. Zobir Hussein
The Chemistry of Nanomaterial and
Nanobiomaterial

6 February 2009

Prof. Ir. Dr. Lee Teang Shui
Engineering Agricultural: Water
Resources

20 February 2009

Prof. Dr. Ghizan Saleh

Crop Breeding: Exploiting Genes for
Food and Feed

6 March 2009

Prof. Dr. Muzafar Shah Habibullah
Money Demand
27 March 2009

Prof. Dr. Karen Anne Crouse
In Search of Small Active Molecules
3 April 2009

Prof. Dr. Turiman Suandi
Volunteerism: Expanding the
Frontiers of Youth Development
17 April 2009

Prof. Dr. Arbakariya Ariff
Industrializing Biotechnology: Roles
of Fermentation and Bioprocess
Technology

8 May 2009

Prof. Ir. Dr. Desa Ahmad
Mechanics of Tilluge Implements
12 June 2009

052

135.

136.

137

138

139.

140.

141.

142.

143.

Prof. Dr. W. Mahmood Mat Yunus
Photothermal and Photoacoustic:
From Basic Research to Industrial
Applications
10 July 2009

Prof. Dr. Taufiq Yap Yun Hin
Catalysis for a Sustainable World
7 August 2009

Prof. Dr. Raja Noor Zaliha Raja
Abd. Rahman

Microbial Enzymes: From Earth to
Space

9 October 2009

Prof. Ir. Dr. Barkawi Sahari
Materials, Energy and CNGDI
Vehicle Engineering

6 November 2009

Prof. Dr. Zulkifli Idrus

Poultry Welfare in Modern
Agriculture: Opportunity or Threat?
13 November 2009

Prof. Dr. Mohamed Hanafi Musa
Managing Phosphorus: Under Acid
Soils Environment

8 January 2010

Prof. Dr. Abdul Manan Mat Jais
Haruan Channa striatus a Drug
Discovery in an Agro-Industry
Setting

12 March 2010

Prof. Dr. Bujang bin Kim Huat
Problematic Soils: In Search for
Solution

19 March 2010

Prof. Dr. Samsinar Md Sidin
Family Purchase Decision Making:
Current Issues & Future Challenges
16 April 2010



144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

Shamsuddin Sulaiman

Prof. Dr. Mohd Adzir Mahdi
Lightspeed: Catch Me If You Can
4 June 2010

Prof. Dr. Raha Hj. Abdul Rahim
Designer Genes: Fashioning Mission
Purposed Microbes

18 June 2010

Prof. Dr. Hj. Hamidon Hj. Basri
A Stroke of Hope, A New Beginning
2 July 2010

Prof. Dr. Hj. Kamaruzaman Jusoff
Going Hyperspectral: The "Unseen"
Captured?

16 July 2010

Prof. Dr. Mohd Sapuan Salit
Concurrent Engineering for
Composites

30 July 2010

Prof. Dr. Shattri Mansor
Google the Earth: What's Next?
15 October 2010

Prof. Dr. Mohd Basyaruddin Abdul
Rahman

Haute Couture: Molecules &
Biocatalysts

29 October 2010

Prof. Dr. Mohd. Hair Bejo

Poultry Vaccines: An Innovation for
Food Safety and Security

12 November 2010

Prof. Dr. Umi Kalsom Yusuf
Fern of Malaysian Rain Forest
3 December 2010

Prof. Dr. Ab. Rahim Bakar
Preparing Malaysian Youths for The
World of Work: Roles of Technical
and Vocational Education and
Training (TVET)

14 January 2011

154.

155.

156.

157.

158.

159.

160.

161.

162.

Prof. Dr. Seow Heng Fong
Are there "Magic Bullets” for
Cancer Therapy?

11 February 2011

Prof. Dr. Mohd Azmi Mohd Lila
Biopharmaceuticals: Protection,
Cure and the Real Winner

18 February 2011

Prof. Dr. Siti Shapor Siraj
Genetic Manipulation in Farmed
Fish: Enhancing Aquaculture
Production

25 March 2011

Prof. Dr. Ahmad Ismail

Coastal Biodiversity and Pollution:
A Continuous Conflict

22 April 2011

Prof. Ir. Dr. Norman Mariun
Energy Crisis 2050? Global
Scenario and Way Forward for
Mualaysia

10 June 2011

Prof. Dr. Mohd Razi Ismail
Managing Plant Under Stress.: A
Challenge for Food Security

15 July 2011

Prof. Dr. Patimah Ismail

Does Genetic Polymorphisms Affect
Health?

23 September 2011

Prof. Dr. Sidek Ab. Aziz
Wonders of Gluss: Synthesis,
FElasticity and Application

7 October 2011

Prof. Dr. Azizah Osman

Fruits: Nutritious, Colourful, Yet
Fragile Gifis of Nature

14 October 2011

53



163.

164.

165.

166.

167.

168.

169.

170.

171

Casting Technology: Sustainable Metal Forming Process

Prof. Dr. Mohd. Fauzi Ramlan
Climate Change: Crop Performance
and Potential

11 November 2011

Prof. Dr. Adem Kiligman
Mathematical Modeling with
Generalized Function

25 November 2011

Prof. Dr. Fauziah Othman

My Small World: In Biomedical
Research

23 December 2011

Prof. Dr. Japar Sidik Bujang
The Marine Angiosperms, Seagrass
23 March 2012

Prof. Dr. Zailina Hashim
Air Quality and Children's
Environmental Health: Is Our

Future Generation at Risk?
30 March 2012

Prof. Dr. Zainal Abidin Mohamed
Where is the Beef? Vantage Point
Jorm the Livestock Supply Chain

27 April 2012

Prof. Dr. Jothi Malar Panandam
Genetic Characterisation of Animal
Genetic Resources for Sustaninable
Utilisation and Development

30 November 2012

Prof. Dr. Fatimah Abu Bakar

The Good The Bad & Ugly of Food
Safety: From Molecules to Microbes
7 December 2012

Prof. Dr. Abdul Jalil Nordin

My Colourful Sketches from Scratch:

Molecular Imaging
5 April 2013

154

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Prof. Dr. Norlijah Othman
Lower Respiratory Infections in
Children: New Pathogens, Old
Pathogens and The Way Forward
19 April 2013

Prof. Dr. Jayakaran Mukundan
Steroid-like Prescriptions English
Language Teaching Can [ll-afford
26 April 2013

Prof. Dr. Azmi Zakaria
Photothermals Affect Our Lives
7 June 2013

Prof. Dr. Rahinah Ibrahim
Design Informatics
21 June 2013

Prof. Dr. Gwendoline Ee Cheng
Natural Products from Malaysian
Rainforests

I November 2013

Prof. Dr. Noor Akma Ibrahim
The Many Fucets of Statistical
Modeling

22 November 2013

Prof. Dr. Paridah Md. Tahir
Bonding with Natural Fibres
6 December 2013

Prof. Dr. Abd. Wahid Haron
Livestock Breeding: The Past, The
Present and The Future

9 December 2013

Prof. Dr. Aziz Arshad

Exploring Biodiversity & Fisheries
Biology: A Fundamental Knowledge
Jor Sustainabale Fish Production
24 January 2014

Prof. Dr. Mohd Mansor Ismail
Competitiveness of Beekeeping
Industry in Malaysia

21 March 2014



182.

183.

184.

185.

186.

187.

188.

189.

190.

Shamsuddin Sulaiman

Prof. Dato' Dr. Tai Shzee Yew
Food and Wealth from the Seas:
Health Check for the Marine
Fisheries of Malaysia

25 April 2014

Prof. Datin Dr. Rosenani Abu Bakar
Waste to Health: Organic Waste
Management for Sustainable Soil
Management and Crop Production
9 May 2014

Prof. Dr. Abdul Rahman Omar
Poultry Viruses: From Threat to
Therapy

23 May 2014

Prof. Dr. Mohamad Pauzi Zakaria
Tracing the Untraceable:
Fingerprinting Pollutants through
Environmental Forensics

13 June 2014

Prof. Dr. -Ing. Ir. Renuganth
Varatharajoo

Space System Trade-offs: Towards
Spacecraft Synergisms

15 August 2014

Prof. Dr. Latiffah A. Latiff
Tranformasi Kesihatan Wanita ke
Arah Kesejahteraan Komuniti

7 November 2014

Prof. Dr. Tan Chin Ping

Fat and Oils for a Healthier Future:
Makro, Micro and Nanoscales

21 November 2014

Prof. Dr. Suraini Abd. Aziz
Lignocellulosic Biofuel: A Way
Forward

28 November 2014

Prof. Dr. Robiah Yunus

Biobased Lubricants: Harnessing
the Richness of Agriculture
Resources

30 January 2015

190.

191.

192

192.

193.

194.

195.

Prof. Dr. Khozirah Shaari
Discovering Future Cures from
Phytochemistry to Metabolomics
13 February 2015

Prof. Dr. Tengku Aizan Tengku Abdul
Hamid

Population Ageing in Malaysia: A
Mosaic of Issues, Challenges and
Prospects

13 March 2015

Prof. Datin Dr. Faridah Hanum
[brahim

Forest Biodiversity: Importance of
Species Composition Studies

27 March 2015

Prof. Dr. Mohd Salleh Kamarudin
Feeding & Nutritional Requirements
of Young Fish

10 April 2015

Prof. Dato' Dr. Mohammad Shatar
Sabran

Money Boy: Masalah Sosial Era
Generasi Y

8 Mei 2015

Prof. Dr. Aida Suraya Md. Yunus
Developing Students' Mathematical
Thinking: How Far Have We Come?
S5 June 2015

Prof. Dr. Amin Ismail

Malaysian Cocoa or Chocolates: A
Story of Antioxidants and More...

14 August 2015

5518



«--m CASTING TECHNOLOGY

| SUSTAINABLE METAL
., FORMING PROCESS

PENERBIT

UPM

PRESS




