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ABSTRACT 
Casting is advantageous as we can get desired shapes directly. Formerly, the ideal casting 

design was achieved by trial and error method which is a tedious and unproductive process. 

With Computer Aided Design (CAD) and simulation software we can improve the 

productivity, quality and efficiency. The use of simulation software enables the design 

engineers to design and evaluate the castability of a product, mechanical behavior and detect 

the problems for corrections. The objective of the paper is to reduce the cost while 

maintaining the functionality. We are comparing the existing and the modified casting with 

respect to the number of sand cores used to produce it. By reducing the no. of cores in 

modified casting, production cost can be made favorable while still maintaining its 

functionality. By selecting the appropriate material and then meshing the component in the 

software, we can test it by applying the load on the component and looking at the 

deformation and the stresses (like Von-Mises stress) acting on the casting. The paper will 

consider some of the factors influencing the cost and stress analysis, which will help in 

increasing the rate of production.   
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1. INTRODUCTION 

Sand casting, also known as sand moulded casting, is a metal casting process characterized 

by using sand as the mould material. Currently, in the world of competition, the industry 

continues to aspire for exceptionally sound casting and 

various manufacturing technologies. To strengthen the quality of product, it is desired to 

address the interplay between design and manufacturing process from early stages in the 

design of casting. Rise of new technologies like Computer Aided  

Design (CAD), construct the casting processes optimum and efficient. Casting simulations 

are required to be executed at the early use of casting simulations as a tool for the design 

engineers to predict scathing defects in components and to intensify the casting quality during 

the development phase. Many research efforts have been made for simulating casting 

processes. Following the incentive, study of casting simulation analysis software is carried 

out to evaluate the suitability of the tools for different applications at the design stage. 

 

 
  

 

1.1. SAND CASTING 

1.1.1. Components 
 Mold 

In sand casting, the primary piece of equipment is the mold, which contains several 

components. The mold is divided into two halves - the cope (upper half) and the drag (bottom 

half), which meet along a parting line.  

 Core 

 Cores are additional pieces that form the internal holes and passages of the casting. As a 

result, sand cores allow for the fabrication of many complex internal features. 

 Chaplets 

Further support is provided to the cores by chaplets. These are small metal pieces that are 

fastened between the core and the cavity surface..   

 Sand 

The sand that is used to create the molds is typically silica sand (SiO2) that is mixed with a 

type of binder to help maintain the shape of the mold cavity.  

 Packing Equipments 



 There are several types of equipment that provide more effective and efficient packing of the 

sand.  

 One such machine is called a sandslinger and fills the flask with sand by propelling it 

under high pressure. A jolt-squeeze machine is a common piece of equipment which 

rapidly jolts the flask to distribute the sand and then uses hydraulic pressure to compact it 

in the flask. 

  Another method, called impact molding, uses a controlled explosion to drive and 

compact the sand into the flask. 

 The packing of the sand is also automated in a process known as flask-less molding. 

Flask-less molding uses a single master flask in an automated process of creating sand 

molds. The flask moves along a conveyor and has sand blown against the pattern inside. 

This automated process greatly increases the production rate and also has many benefits 

to the castings. 

 

1.1.2. Process 
The process cycle for sand casting consists of six main stages: 

 

 Mold-making - The first step in the sand casting process is to create the mold for the 

casting. A sand mold is formed by packing sand into each half of the mold. The sand is 

packed around the pattern, which is a replica of the external shape of the casting.   

 Clamping - Once the mold has been made, it must be prepared for the molten metal to 

be poured. The surface of the mold cavity is first lubricated to facilitate the removal of 

the casting. Then, the cores are positioned and the mold halves are closed and securely 

clamped together.  

 Pouring - The molten metal is maintained at a set temperature in a furnace. After the 

mold has been clamped, the molten metal can be ladled from its holding container in the 

furnace and poured into the mold.  

 Cooling - The molten metal that is poured into the mold will begin to cool and solidify 

once it enters the cavity. When the entire cavity is filled and the molten metal solidifies, 

the final shape of the casting is formed.  

 Removal - After the predetermined solidification time has passed, the sand mold can 

simply be broken, and the casting removed. This step, sometimes called shakeout, is 

typically performed by a vibrating machine that shakes the sand and casting out of the 

flask. 

 Trimming - During cooling, the material from the channels in the mold solidifies 

attached to the part. This excess material must be trimmed from the casting either 

manually via cutting or sawing, or using a trimming press. 



.  
 
 

1.1.3. Materials  

Sand casting is able to make use of almost any alloy. An advantage of sand casting is the 

ability to cast materials with high melting temperatures, including steel, nickel, and titanium. 

The four most common materials that are used in sand casting are shown below, along with 

their melting temperatures. 

 

 

2. PROBLEM DEFINITION 
 

Figure (1) shows a Alloy steel connecting 

bracket in which the preferred parting line is 

the top face. Figure (2) shows that this casting 

requires six cores hence increasing the cost. 

To reduce the cost, optimization is required which is explained in the next section. 

Figure.1. Connecting Bracket- alloy steel 

 

Materials Melting temperature 

Aluminum alloys 1220 °F (660 °C) 

Brass alloys 1980 °F (1082 °C) 

Cast iron 1990-2300 °F (1088-1260 °C) 

Cast steel 2500 °F (1371 °C) 



 

Figure.2. 6 Cores required in order to cast the Connecting Bracket 

 

 

 

3. OPTIMIZATION AND COST ANALYSIS 

An acceptable design modification is to open the relief features in the end faces in the 

direction of withdrawal of the pattern from the mould, the bosses on the inside faces are 

changed from a circular to a D-shape and thereby the need for sand cores is eliminated. 

The additional weight in the bosses is mainly cancelled by the enlarged reliefs. The 

modified casting with reduced sand cores is shown in figure (3).  

Table 1. Cost Analysis 

Parameter Original Casting Modified Casting 

Casting Cost (Est. Rs. 

60 / kg) 

600 (9.8 kg) 600 (9.7 kg) 

No . Of Cores 

Required 

6 NIL 

Cost (Est. Rs. 

15/Core) 

Rs.90 Nil 

Total Cost Rs. 690 Rs. 600 

 

 

               Figure.3. Modified casting 

 



The cost of production includes a variety of operations used to cast the part, including core-

making. The cost of making the cores depends on the volume of the cores and the quantity 

used to cast the part. Therefore to reduce the cost, we can thereby reduce the number of 

cores used. 

 

 

 

 4. FE ANALYSIS 

 

 
Figure 4. Meshed model of casting 

 

 
Figure 5. Von-Mises stress in the casting 

 

 
Figure 6. Displacement observed in          casting. 

 

The original and modified castings were analyzed using FE Analysis. The components were 

subjected to a load of 550kg. Figure 1 shows the meshed element of the modified casting. 



The Von-Mises stress was about 38.0371 N/mm^2 (MPa) in the original casting whereas in 

the modified casting it was 90.0815 N/mm^2 (MPa), as shown in figure 2. 

The displacement was found to be 0.0451896 mm for the original casting and 0.119908 mm 

for the modified casting (figure 6) 

5. CONCLUSION 

The Von-Mises stress was about 90.0815 N/mm^2 in the modified casting which is less than 

the yield stress (620.422 N/mm^2). The displacement was found to be less than 1mm. Hence 

the modified casting was found to be satisfactory under the given load conditions. 
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