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Abstract
Sand casting is a crucial manufacturing step in creating a quality product that will meet the demands of the market. Four
common metals aluminum, brass, gunmetal, and cast iron are evaluated to determine which makes the best riser. In this study,
we use Taguchi L9 orthogonal array design of experiment (DOE) analysis to the melting and vent hole characteristics of sand
and develop a mathematical model using Taguchi methods. It is necessary to concentrate the size and geometry of the riser.
The riser design is optimized by process parameters of major diameter, minor height, and diameter of the riser. By balancing
many factors, including riser design, melting, sand, and vent holes, we found the optimal configuration. The end objective
is to improve the material’s mechanical properties. As a result of its superior dimensional geometry, simplicity of pattern
development, higher production rate, and decreased solidification time compared to another casting, investment casting has
become increasingly popular. It is common to practice casting both ferrous and non-ferrous materials in the sand since doing
so yields a high-quality, low-cost item. Most of the small-scale industries are making the cast material by sand casting process
that observed the yield of casting ranges from 50 to 55% only. 50%on the raw material is spent for the riser, runner, and gating
system. Out of 50%, the riser alone has 25% of the raw material. It is clear that, the riser having more volume of raw material.
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1 Introduction

Casting is one of best manufacturing processes and it pro-
vides the furthermost liberty of design in terms of size, shape
and product quantity where liquid metal is dispensed into a
mold cavity [1–4]. The sand-casting process includes such as
patterns, riser and runner, gating, design consideration, and
casting allowance [5, 6]. The representation diagram of the
casting process is depicted in Fig. 1.

The pattern is replica of the real part ofmould cavitywhich
made by wood and sometime other metals. The cavity is
enclosed in a combined mould box namely Cope and Drag.
The lower half of the box is known as Drag which is filled
with sand and to make the mould cavity and gating system
[7–10]. The upper half of the box is known as cope and is
filled with sand and to make the sprue basin, sprue pin and
riser. The parting line with dry sand is separating the cope
and drag. The cope is removed from the drag and the pattern
is removed without the damage of mould cavity [11–16].
The sprue basin and sprue pin are used to avoid the turbulent
flowwhile pouring the molten metal to the mould cavity. The
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Fig. 1 Mould for a sand casting.
(Casting Technology by
Chakrabarti)

gating system is used to supply the liquefied metal uniformly
to the mould cavity. The riser is made by sand which placed
in the cope portion [17–19]. The riser allows escaping of
air and moulding fumes as the mould cavity is being poured
withmoltenmetal. The riser ismainly used to feed themolten
metal to themould cavitywhile shrinkage. It is to promote the
directional solidificationofmould cavity.The riser shouldnot
freeze before the mould cavity. Thus, the riser design is very
important in sand-casting process. The vent hole is made on
the top surface of cope. The purpose of vent hole is to escape
the air/gases to the atmosphere. It also helps to transfer the
heat from themould cavity [20–22].Thenumber of vent holes
and the diameter of vent holes are important parameters in
casting process. The following parameters govern the casting
process:

• Pouring temperature
• Green sand condition
• Vent hole system

Due to its high efficiency and accuracy, numerical simu-
lation has recently become popular in the casting business.
Melt flowstatus, solidificationprocess, and stress distribution
were all predicted and graphically shown thanks to numeri-
cal simulation. Problems with the casting, such as shrinkage,
misrun, and stress concentration. Reis et al. [23] simulated
the shrinkage flaws in both long and short freezing mate-
rials during solidification. Porosity is a common example
of an internal shrinkage defect in short-freezing materials,
whereas surface depressions are a common example of an
exterior defect in long-freezing materials. Chaudhary et al.
[24] worked on casting design and simulation with computer
assistance. The feeder and gating design of castings can be
optimisedwith the help of computer-aided casting design and
simulation, which is described in this study.

Casting is a commonly used process in aerospace applica-
tions for producing lightweight components with excellent
strength-to-weight ratios [25–29]. Aluminum alloys offer
desirable properties such as high strength, corrosion resis-
tance, thermal conductivity, and good machinability. cast-
ing for aerospace applications offers numerous advantages,
including design flexibility, excellent mechanical properties,
corrosion resistance, high thermal conductivity, and cost-
effectiveness[30–34]. These advantages make it a preferred
choice for manufacturing lightweight, high-performance
components in the aerospace industry. Characterization,
mechanical behaviour analysis and optimization of materials
[38–47]

Based on a survey of the literature, the majority of
researchers have distinct mold characteristics, including
moisture level, clay content, green strength, pouring time,
melting temperature, and holding time. This study examines
the solidification process and feeding impact of ductile cast
iron under various riser settings using numerical modeling
and pouring trials. It is clear that the riser design and the vent
hole characteristics do not fully account for the limitations of
the solidificationmodeling program.Most solidification sim-
ulation software uses basic geometrical forms like squares
and cylinders. Our effort is concentrated on creating the ideal
riser design that ANSYS software can examine. With the use
of Taguchi’s experiment design, the ideal pouring time will
be determined. Response surface methods will be used to
examine the different mold properties.

2 Materials andmethodology

Important factors in the sand-casting procedure includemelt-
ing point, riser technique, and mold characteristics. The
experimental methods have been prepared for the following
experimental works.
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Table 1 Composition of different
materials Aluminum

Element Al Cu Cr Mg Fe Mn

% 97.5 0.1 0.1 0.55 0.25 0.1

Brass (Alpha > 80)

Element Cu Pb Zn Fe Mg Ti

% 70–80 2.5–3.7 15–20 0.25–0.35 0.5 0.5–1.0

Cast iron (ASTM A48)

Element Cu P Ni Si Mg Mn

% 3.2–4.6 0.1 0.8–1 1.5–1.8 0.5 0.5

Gun metal (C90300)

Element Sn Pb Zn Ni Fe Bi

% 9.2–10.3 1.5–2.5 0.02 1.1 0.15 0.03

Table 2 Thermal properties of
various materials Sr. no Name of

material
Melting point °C Specific heat capacity

J/g-°C
Thermal conductivity
W/m K

1 Aluminium 650–700 0.9 94.786

2 Brass 750–800 0.34 101.23

3 Gun metal 800–900 0.38 76.34

4 Cast iron 1100–1200 0.45 76.23

Table 3 Physical and mechanical
properties of various materials Sr. no Name of material Density (g/cm2) Tensile strength (MPa) Hardness (BHN)

1 Aluminium 2.71 214 70

2 Brass 8.4 310 85

3 Gun metal 7.2 290 90

4 Cast iron 8.7 130 140

2.1 Materials and their properties

The experimental investigation has been carried out for the
following materials, Aluminum, Brass, Cast iron, and Gun-
metal.

Sand casting is used to create the aforementioned materi-
als for a variety of purposes. Sand casting is the predominant
method for producing aluminium and cast-iron products. The
chemical compositions of the various rawmaterials are given
in Table 1. The thermal properties of various materials are
given in Table 2. and the physical and mechanical properties
are given in Table 3.

The improper patterns may create more energy consump-
tion and materials waste. Sand preparation is very important
in the sand casting processwhich affects the quality and prop-
erties of castmaterial [35–37]. The preparation ofmold boxes
may affect the quality of the casting. These are all the major
problems affecting the cast materials. Hence, it is necessary

to focus on the foundry industry. These problems are resolved
and produced good mechanical property of the cast material
is obtained in this work. The flow chart of the present work
is shown in Fig. 2.

The utmost important control factors in a furnace are sev-
eral ranges of molten temperature, pouring time, and holding
the temperature within a specified time. These parameters
influence the proper solidification without defects. The effect
of holding the temperature in the furnace is improving phys-
ical and mechanical properties. The Experimental work is
planned by using Taguchi’s Orthogonal Array to recognize
the most favorable level of process parameters. Analysis of
the Variance method is used to create the significant factors
and their number of inputs. In this work, the optimized riser is
used for the various sand compositions and vent hole param-
eters of the sand-casting process. The basic dimensions of
the riser are shown in Table 4.
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Fig. 2 Flow chart of the present
work

Table 4 Basic dimensions of the riser and mould cavity

Sr. no The geometry of the riser Dimensions (mm)

1 Size of the mold cavity cube 50 × 50 × 50 mm

2 Major diameter of the
riser(D)

42 mm

3 Minor diameter of the
riser(d)

40 mm

4 Height of the riser(h) 70 mm

2.2 Design and analysis by ANSYS

2.2.1 Optimum riser design in sand casting

The three locations of the riser points are identified, and the
Location points are fixed from the riser center to the bottom
and below the riser. All the located nodes are selected and
identified as solidification time. Solidification time helps to
get the last solidification region of the riser. The last solid-
ification time is calculated from various dimensions of the
riser and the best geometry of the riser has been selected for
further experimental work. The equal interval between the

Fig. 3 Schematic diagram of riser and mould cavity

riser center point and the top of the mold cavity is taken as
the solidification time as shown in Fig. 3.

The major and minor diameters are reduced by 1 mm and
2 mm respectively as a difference. The height of the riser is
taken as 70 mm and it is considered constant. The geometry
of the riser is shown in Tables 5 and 6. From this table, one
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Table 5 Riser different geometry
Sr. no Major diameter (mm) Height (mm) Minor diameter (mm)

1 42 70 40

2 41 70 38

3 40 70 36

4 39 70 34

5 38 70 32

6 37 70 30

7 36 70 28

8 35 70 26

9 34 70 24

10 33 70 22

11 32 70 20

12 31 70 18

Table 6 Experiment run of Al,
brass, gun metal & CI for output
responses

Al Brass Gun metal CI

Hardness SR Hardness SR Hardness SR Hardness SR

87 2.11 108 2.77 82 2.01 159 3.58

72 2.34 100 2.35 90 2.32 162 3.27

79 2.01 98 2.13 81 2.04 160 3.67

74 2.43 105 2.41 82 2.12 166 3.68

70 2.13 107 2.79 75 2.72 158 3.82

75 2.23 95 2.81 86 2.42 164 3.62

72 2.27 93 2.16 72 2.56 162 3.70

82 2.33 96 2.05 73 2.71 163 3.75

74 2.47 101 2.78 88 2.27 165 3.82

67 2.04 92 2.21 92 2.85 168 3.76

69 2.27 96 2.52 83 2.32 170 3.43

68 2.46 103 2.32 77 2.43 162 3.38

of the best riser parameters will get a low volume and satisfy
the proper solidification. Total 12 sets of riser geometry with
four differentmaterials have been analyzedbyANSYS.From
the literature, Aluminum, cast iron, brass and gunmetal are
widely used in the sand-casting process. Hence those mate-
rials are taken for this investigation work. When creating a
mathematical model for riser design, several assumptions are
commonly considered. These assumptions simplify the anal-
ysis and allow formoremanageable mathematical equations.
Here are some typical assumptionsmade in riser designmod-
eling: steady-state flow, incompressible fluid, laminar flow,
negligible heat transfer, constant properties and straight riser
geometry (Fig. 4).

Table 7 illustrates the most critical input process parame-
ters influencing the hardness in order to generate high-quality
test specimens in accordance with customer needs and indus-
try specifications.

Table 8 displays the results of experiments performed
using the L9 orthogonal array and the Taguchi Design of
Experiments method.

2.3 Optimum riser design for various materials

Based on the solidification time, the optimum riser parame-
ters are selected for different materials. As per Chvorinov’s
rule the total volume of riser for aluminum is 105,242 mm3.
But the ANSYS result shows that the volume of riser for
aluminum is 33,259 mm3. 65% of volume can be reduced in
riser zone. By following this method, the initial raw material
of the casting is reduced up to 30%. Similarly other materials
volume differences are shown in Table 9.
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Fig. 4 Solidification of riser and cavity by ANSYS

Table 7 Vent hole parameters
Sr. no Vent hole input parameters Units Levels

1 2 3

1 Diameter mm 3 5 7

2 Angle Degree 45 60 90

Table 8 Design of experiments
for L9 orthogonal array Exp. no Input parameters

Angle of vent hole Diameter of vent hole

1 45 3

2 45 5

3 45 7

4 60 3

5 60 5

6 60 7

7 90 3

8 90 5

9 90 7
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Table 9 Optimum riser geometry
for different materials Sr. no Material Riser dimensions Volume of riser (mm3)

D(mm) d(mm) H(mm)

1 Aluminium 33 22 70 33,259

2 Brass 34 24 70 39,290

3 Gun metal 35 26 70 45,825

4 Cast iron 36 28 70 52,862

Fig. 5 Temperature and time analysis of mean value plot for aluminum

3 Results and discussion

In this experimental study, the main effect plot is utilized
to depict the optimum range for the input process parame-
ters. The maximum value of each level in the main effect
plot represents an optimal range of input parameters for this
experimental activity. The main effect plot for various mate-
rials on hardness and surface roughness is shown in Figs. 5,
6, 7, 8. Since the mobility of the molten temperature was
enhanced with the pouring temperature, it was discovered
that the effect of input parameters increases with an increase
in level. As the pouring temperature increase, the shrinkage
of liquid metal in the solidification process increases and if
the molten temperature is too low, the molten metal not flows
into the cavities. Therefore, the ‘Larger is better’ and smaller
is better’ condition was selected for the impact of input pro-
cess parameters on hardness and surface roughness. Figure 7
shows that for aluminum, the molten temperature, holding
time and pouring time of 755 °C, 20 min, and, 45 s respec-
tively, have the greatest impact on the hardness , while the

molten temperature, holding time andpouring timeof 755 °C,
20 min and 20 s, respectively, have the greatest impact on the
surface roughness. Figure 8 shows that for brass material,
the ideal parameters for hardness are a molten temperature
of 700 °C, a pouring time, 45 s, and a holding time, 40 m; for
surface roughness, the ideal parameters are a molten temper-
ature of 755 °C, a pouring time of 40 s, and a holding time
of 20 m. Figure 9 demonstrates that for gunmetal, enhanced
input parameters are used. Themolten temperature of 905 °C,
pouring time of 45 s, and holding time of 20 min are the most
effective parameters for hardness, while molten 905 °C tem-
perature, pouring time of the 60 s, and holding time of the
20 min are the most effective factors for surface roughness.
Figure 10 shows that the impact of input parameters grows
with increasing levels of cast iron. Optimal levels of parame-
ters for hardness at 1205 °C of the molten temperature, 45 s.
of pouring time, and 20 min. of holding time; and for surface
roughness at 1105 °C of the molten temperature, pouring
time 45 s, and 20 min of holding time.
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Fig. 6 Temperature and time analysis of mean value plot for brass

Fig. 7 Temperature and time analysis of mean value plot for gun metal

Fig. 8 Temperature and time analysis of mean value plot for cast-iron
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Fig. 9 Mean value plot for aluminum

Fig. 10 Mean value plot for brass

3.1 Vent hole parameters in sand casting

Minitab is used for L9 studies based on the Taguchi orthogo-
nal array to learn how changing the input process parameters
impacts the responses, such as hardness and surface rough-
ness. Input parameters like vent hole angle and vent hole
diameter are shown graphically in the primary effect plot
for aluminium on hardness and surface roughness. Figure 9
shows that as the difficulty grows, so does the influence of
the input parameters. Hardness and surface roughness are
best achieved with a 90° 45° vent hole angle and a 7 mm
3 mm vent hole diameter. The vent hole angle of 90° and
the vent hole diameter of 7 mm geometry is used to escape
more heat transferred frommould box and solidification time
can be reduced of the geometry. So, the higher hardness is

achieved at minimum solidification time. Maximum hard-
ness can be achieved as solidification time is minimum and
minimum solidification time at 60° and 45° of vent hole angle
and 5 mm and 3 mm of vent hole diameter is achieved for
the better surface finish. The diameter of vent hole diameter
for sand casting for mould box which can be varied based on
the size of the mould box and cavity volume. Similarly, the
other materials like brass, gunmetal and cast iron is vent hole
angle of 90° and vent hole diameter of 7 mm have achieved
high hardness. The main effect plot for aluminum, brass, gun
metal and cast iron on hardness and surface roughness are
shown in Figs. 9, 10, 11, 12.

Simulation aids in visualizing filling and solidification
events in very less time, effort, labour, or financial waste.
Therefore, by avoiding possible issues with metal flow or
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Fig. 11 Mean value plot for gun-metal

Fig. 12 Mean value plot for cast-iron

at the time of freezing consistent with both product require-
ments and foundry capabilities, casting simulation allows to
give “correct at the first time.” High levels of casting errors
in job shops have a significant influence on three factors,
including method design, process capabilities, and compo-
nent compatibility.

4 Conclusions

In conclusion, the riser simulation design has provided
valuable insights and understanding of the behavior and per-
formance of the riser system. Following conclusions are
drawn from the present research work:

• ANSYS software is used to determine the final solidifi-
cation point of the riser in four distinct materials. The
outcome informs the riser’s final dimensions. Enhanced
mechanical qualities can be obtained through casting Alu-
minum, Brass, gunmetal, and Cast iron.

• In this study, we show that an approximate 30% volume
reduction may be achieved in the starting raw material
with no discernible increase in casting flaws. By altering
the mould characteristics, the hardness value could rise by
as much as 26%.

• Maximum hardness is attained with a 7 mm vent hole and
a 90° vent hole angle. A superior surface roughness can be
attained by using a 3 mm vent hole with a 45° vent hole
angle.
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• Successful ideal parameters for the experimental inquiry
have been determined. These settings are ideal for low-
volume manufacturing, and they also increase the durabil-
ity of the materials utilised.

Future work for riser design can focus on several aspects
to further enhance the performance, safety, and efficiency
of riser systems. Here are some potential areas for future
research and development, Temperature parameter analysis
to be done to enhance the quality of the production rate. The
addition of other materials like composite and biomaterials
leads to process enhancement. To increase the input process
parameters such as mould box, gating system and runners
may enhance the prediction. To conduct more experiments
(L18 or L27) with combination of different materials is used
to improve the output responses.
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