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Abstract 

This thesis is about the design of the gating system and selection of proper alloy for 

defects free (grate bar) casting. The gating system plays an important role in casting 

manufacturing process. The gating system has different elements like pouring cup, 

sprue, well, runner, riser, and ingates. The function of the gating system is to provide 

molten metal to the mould cavity through different gating system elements.  

Casting is a metal shaping process which is used to produce a cast component. The 

casting process depends upon the material, type of pattern, mould and various 

techniques like sand casting, investment casting, die casting, squeeze casting and lost 

foam casting. The sand mould casting process is used in this report. The casting process 

is used for making small to large cast parts, complicated shapes, and precision parts, 

etc. Making a casting without defects is an important requirement for its strength. The 

effective and efficient design of the gating system is necessary for making defects free 

castings. 

There are various defects like shrinkage cavity, porosity, pinholes, blowholes and 

incomplete filling that may occur in sand casting. The simulation software like Magma 

Soft and Nova Flow Solid are used to predict the possible defects in the casting. The 

uses of the simulation improve product quality and increase productivity. It also helps 

to reduce the rejection rate by identifying and controlling defects. 

This work is done at AB Bruzaholms Bruk as part of master thesis work at Jönköping 

University, Sweden. The company provides all the necessary data for simulation 

purposes. The design of the gating system is finalized as per company requirements and 

needs. 

The research questions that have been answered in this report based on the following 

points. 

1) What does zero-defect mean? 

2) Which is the best design among the ones that are prepared and simulated? 

3) Which is the best alloy combination for casting parts that give defects free 

casting and better fluidity and filling? 
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Sammanfattning 
Denna avhandling handlar om utformning av grindsystem och val av rätt legering för 

felfri gjutning (riststång). Grindsystemet spelar en viktig roll i tillverkningsprocessen 

för gjutning. Grindsystemet har olika element som hällkopp, gran, brunn, löpare, stigare 

och ingat. Gatesystemets funktion är att tillhandahålla smält metall till formkaviteten 

genom olika grindsystemelement. 

Gjutning är en metallformningsprocess som används för att producera en 

gjutningskomponent. Gjutningsprocessen beror på material, typ av mönster, form och 

olika tekniker som sandgjutning, investeringsgjutning, gjutning, pressgjutning och 

förlorat skumgjutning. Sandgjutningsprocessen används i denna rapport. 

Gjutningsprocessen används för att tillverka små till stora gjutna delar, komplicerade 

former och precisionsdelar etc. Att göra en gjutning utan defekter är ett viktigt krav för 

dess styrka. Den effektiva och effektiva utformningen av grindsystemet är nödvändig 

för att göra defekter fria gjutningar. 

Det finns olika defekter som krympningshålighet, porositet, pinholes, blowholes och 

ofullständig fyllning som kan uppstå vid sandgjutning. Simuleringsprogramvaran som 

Magma Soft och Nova Flow Solid används för att förutsäga de eventuella defekterna i 

gjutningen. Användningen av simuleringen förbättrar produktkvaliteten och ökar 

produktiviteten. Det hjälper också till att minska avvisningshastigheten genom att 

identifiera och kontrollera defekter. 

Detta arbete utförs vid AB Bruzaholms Bruk som en del av examensarbetet vid 

Jönköpings universitet. Gjuteriet tillhandahåller all nödvändig information för 

simuleringsändamål. Utformningen av grindsystemet slutförs enligt företagets krav och 

behov. 

Forskningsfrågorna som har besvarats i denna rapport baserat på följande punkter. 

1) Vad betyder noll-defekt? 

2) Vilken är den bästa designen bland de som är beredda och simulerade? 

3) Vilken är den bästa legeringskombinationen för gjutdelar som ger defekter fri 

gjutning och bättre flyt och fyllning? 
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1 Introduction 

The casting is an old technique to manufacture metal parts in an economical way and 
obtain different size and shapes parts with little or no machining process. In sand mould 
processes, moulds are destroyed after solidification of the metal. If the permanent type 
of mould is used, it’s merely separated to remove the casting. [1]  

The most important company production processes are: 

1) Melting of metal 
2) Moulding 
3) Pouring 
4) Cooling of liquid metal 
5) Refining and knockout 
6) Chipping of castings 
7) Heat treatment and control of machining quality. 

Around 80% of casting is produced in green sand moulds. The fabrication of parts by 
casting is the most economical and effective method. [2] 

The selection of a proper gating system for a consumable pattern is a long and time-
consuming process that needs a considerable effort. The design technology can be used 
to make a gating system and to simulate the casting process based on the design. 
Simulation software can be used to find out the different types of defects occurring in 
the casting at the development stage. There are different simulation software’s used for 
the purpose mentioned before ProCast (USA), AFSolid (SolidCast) (USA), Magma 
(Germany), Simtec (WinCast), CastCAE (Finland), Simulor (Pamcast)(France), LVM 
Flow (Nova Flow) (Russia). [2] 

Casting is a manufacturing process in which molten metal is poured into the mould, that 
contains a hollow cavity of the specific shape. Gate system and runners are important 
parts in the casting process. They have an effective role during making defects for free 
casting. 

Within this project work, there were two aims to optimize the existing gating system in 
order to obtain a defect-free casting and to select the proper material combination for 
the manufacturing process. For this purpose, there are used different software’s: 

1) Solidworks: To create a 3D model of the gating system. 
2) Magma Soft: To simulate the process. 
3) Nova Flow: To simulate the process and check design with six different 

materials. 

1.1 Background 
 

The gating system of the casting is the most important part in casting manufacturing 

process. If the gating system has some problems, then it directly affects the final cast 

product. Poor gating system causes different problems such as poor surface finish, 

shrinkage, gas porosity, not the proper filling of liquid metal in the mould cavity, sand, 

slag, dross, over scrap and other impurities. 
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This project work is performed at AB Bruzaholm Bruk. AB Bruzaholm Bruk was 

founded in 1660. The company main productions are heat-resistant and wear-resistant 

parts. The company export wear and heat resistant castings to customers in Europe and 

outside Europe. The company is located in Bruzaholm, Sweden. This project work is 

relevant to the product development and material engineering programme.  
 

1.2 Purpose and research questions 

The purpose of this project is to design and development of a gating system and after 

its’ implementation in the company will offer the possibility to obtain castings with 

zero defects.  

In this project work a few research questions are prepared: 

1) What does zero-defect mean? 

2) Which is the best design among the ones that are prepared and simulated? 

3) Which is the best alloy combination for casting parts that give defects free 

casting and better fluidity and filling? 

 

1.3 Delimitations 
 

This work is more focused on the optimization of the gating system and selection of 

proper alloy for grate bar casting. Some calculations were performed to determine the 

geometrical dimensions of the gating system but finally, the design was optimized 

according to the company requirements and advice.  

The company provides six different alloy data for simulation testing and different alloy 

testing work is done in the company. 
 
 

1.4 Outline 
 

The report will start with a theoretical background which is based on the literature study 

related to the project topic.  

The next chapter is related to the method and implementation of the work, the design 

work is described in this chapter. The design work performed at Jönköping University. 

The project work has been divided into three points: 

1) Design of the gating system. 

2) Simulate that design in Magma and Nova flow Solid Software. 

3) Simulate a design with different alloy and select proper alloy for grate bar 

casting. 

The different designs and their analysis are presented in the chapter “Findings and 

analysis”. 

The final chapter is dedicated to discussion and conclusion. 
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2 Theoretical background 

2.1 Green Sand System: 

Greensand moulding is the most general process used for medium and large casting. 

Within this process, there is necessary a tampered sand to be compacted about the 

pattern by jolting, squeezing, ramming, vibrating, slinging. The plasticity of bonding 

clay is adequate to create a mould which has enough rigidity to hold its shape during 

pattern removal, core placement, pouring, and solidification. The quality of the casting 

mainly dependent on the properties of the moulding collection and those of the mould. 

[3] 

 

During the selection of the most economical casting process, some factor should be 

considered such as casting size, shape, complex level, quantity need, surface finish, 

dimensional accuracy, and the alloy requirement. According to the Canadian centre for 

mining, metallurgy and energy technology (CAN-MET), after collecting data from 

around 100 foundries it was observed that sand and moulding were responsible for 

around 80% of the casting defects. Melting and metal composition were responsible for 

approximately 20% of the defective casting. [3] 

 

Advantages and limitation of metal casting processes: 

Advantages: 

1) Liquid metal can reach very small sections so that complicated shapes can be 
made by this process. 

2) Possible to cast any ferrous or non-ferrous material. 
3) Casting tools are very simple and cheap. 
4) There is no limitation on the size and weight of the casting product. [4] 

Limitations: 

1) It is a labour-intensive process. [4] 

2.2 Casting Pattern: 

 

The pattern is a mould shaping tool. Most of the time wood is used for making a pattern. 

[3] 

 

2.2.1 Types of pattern: 

1) Single or loose patterns: Gate system is hand-cut in the sand. The loose 
patterns are made of wood or modelling board construction but may be 
produced of metal, plaster, plastics, wax or any other material.   

2) Gated Patterns (loose): Gating system is already included in the pattern 
eliminate hand cutting the gates. 

3) Match-Plate Patterns: More specialized and large quantities of small casting 
require match plate pattern. Gating systems are attached to the plate. 

4) Cope and drag pattern plates: It consists of cope and drag parts of the pattern 
fixed on separate plates.  
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5) Vertically Parted Patterns:  It creates a green sand mould that is a continuous 
line of sand that has a ram cavity on one side and a door cavity another side 
of sand. [3] 

2.2.2 The function of Patterns: 

1) Moulding the gating system: Better gating practice for casting normally 
necessary that the system of channels, gates, and risers for introducing liquid 
metal into the mould cavity be attached to the pattern. 

2) Establishing the parting line.  
3) Making core prints.  
4) Establishing locating points. 
5) Minimize Casting defects attributes to the pattern.  
6) Providing for ram- up cores.  
7) Providing economy in moulding. [3] 

2.3 Gating and risering: 

The main objective of the sand-casting process is proper and complete mould filling in 
the mould. The gating system is an important part of the casting manufacturing process. 
Improper design of the gating system leads to various defects in the casting. The defects 
include incomplete filling, inclusions, and gaseous entrapments. 

Incomplete filling occurs in two forms such as cold shut or misrun. A cold shut occurs 
when two fluids flow in opposite directions meet and fail to fully merge. The misrun 
occurs when molten metal does not properly fill the mould cavity. 

Inclusions are a direct result of the turbulence. 

Gaseous entrapments occur in the form of air trapped in the mould, which is a form of 
blowhole and gas porosity. 

The gating system purpose is to provide a smooth, uniform and complete filling of the 
mould with pure molten metal. The smooth filling avoids turbulence, uniform filling 
means equal and continuous flow in the mould cavity and complete filling allows the 
molten metal to reach a small area in the mould cavities. [5]  

To maximize the feeding of the casting and reduce metal consumption, the riser must 
follow the requirements mentioned below: 

1) The solidification of the riser must occur after heating centre of the feeding 
zone. 

2) The volume of the liquid metal in the riser should be completely compensated 
for the volumetric shrinkage of the metal in the casting.  

3) The level of the molten metal in the riser should be higher than the level of metal 
in the feeding unit.  

4) Riser arrangement and its geometry should be technological to ensure the ease 
of moulding. 

5) The riser must ensure less metal consumption for the feeding of the casting. [2] 
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2.4 Design of the gating system: 

2.4.1 Requirements of the gating system: 

1) Molten metal must be supplied to the mould cavity at high speed, but flow 
should be smooth into those areas that effects of directional solidification of the 
casting when it’s heated.  

2) The liquid flow in the mould cavity should be one-directional to ensure the 
removal of gases, slag, and other impurities through the vent. 

3) The design of the gating system should make sure that mould filling through the 
filled runners. 

4) The cooling of the runners should be performed with minimum metal 
consumption. [2] 

5) The optimum gating system should avoid re-oxidation of metal in the gating 
system. 

6) The entry of molten metal should be properly controlled in such a way that the 
aspiration of the air is prevented. 

7) The casting yield should be maximum. 
8) The design should be economical and easy to implement in the production 

system. [6] 
9) This requirement can be achieved by controlling pouring, use of proper ladle 

size, pouring metal at a specific temperature, appropriate design of sprue, sprue 
well, runner and gates. [6] 

2.4.2 Consideration of the gating system: 

1) It ensures that there is enough material available for volume of all the areas of 

casting and liquid shrinkage. 

2) If we are increasing the superheat it increases the fluidity of the material for 

casting, increasing the superheat has problems associated with it, such as 

increased gas porosity, increased oxide formation, and mould penetration. The 

riser is the reservoir of molten material for the casting it must be last to solidify.  

3) The section in casting with lower volume to surface area will solidify faster as 

compared with higher volume to the surface area. 

4) As solidification continues the thickness of the skin rises towards the centre of 

the liquid mass.   

5) Locate the section with low (Volume/Area) ratios, away from the risers will 

ensure a smooth solidification of casting. 

6) When casting solidify that time columnar grain structure develop in material, 

pointing towards the centre. 

7) Due to sharp corners in the casting may develop a plane of weakness. It can be 

avoided by using make the round corners. 

8) Sharp corner and Abrupt changes in section in the casting, it is chances to lead 

turbulence. 

9) We can keep liquid metal longer in the liquid state by making passageway short. 

[7] 
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The first step is to select the type of gating system. Depending on its orientation relative 
to the dividing plane. The gating system has two types such as vertical or horizontal. 
The parting line gating system has a higher rate of mould filling as compared to bottom 
gating system. The parting line gating system yields lower turbulence as compared to 
the top gating system. [5] 

It includes the down-sprue, through which liquid metal (molten metal) enters the runner 
and after liquid metal passes through the ingates into the casting cavity. Pouring cup or 
pouring basin is used to minimize splash and turbulence, to develop the entry of clean 
liquid metal into the sprue. To prevent the entry of slag or dirt into the down sprue, the 
pouring basin may include a skim core, a delay disk or screen, or a sprue plug. [3] 

Defects free design requires a good design and control of the solidification process to 
ensure enough fluid flow in the system. There are three different types of gating system 
such as top gating system, bottom gating system and side gating or parting line gating 
system. [1] 

There are some gating system techniques to mention:  

1) The rate and direction of the molten metal should be such as to ensure complete 
filling of the mould before metal solidifies. 

2) The molten metal flow should be uniform and soft, with less turbulence.  So, 
we can avoid entrapment of air, metal oxidation, and mould erosion. 

3) The gating system should promote the equal temperature distribution 
throughout the filling the mould cavity.   

4) The system can use filters for the separation of metallic inclusion and other 
impurities. [8] 

2.5 Elements of the gating system: 

The different elements in the gating system are presented below: 

1) Pouring basin or pouring cup 
2) Sprue 
3) Sprue base well 
4) Runner 
5) Runner extension 
6) Riser 
7) Gates 

The gating system elements with rectangular shape casting as shown in the figure (2.1) 
The liquid metal is poured into the pouring cup. After liquid metal passes through the 
sprue. The sprue exist area is also called a choke area. Choke area is the smallest area 
in the whole gating system. Liquid metal passes through sprue well. Sprue well function 
is to give direction to the molten metal. Liquid metal passes through the runner and 
enters the gate. liquid metal enters to casting through gates. Initial Liquid metal carries 
certain slags and impurities. This liquid metal flowing into runner extension. Runner 
extension function is to trap the slag, other impurities, and scrap in the runner extension. 
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                 Figure 2.1: The schematic representation of the gating system [9] 

 

2.5.1 The pouring basin: 

The molten metal is poured into the pouring cup by using a ladle. The pouring cup act 
as a reservoir in which molten metal moves smoothly into the sprue. The main use of 
the pouring cup is to establish a proper flow.  

Pouring cup has two types of shapes, circular and rectangular. Pouring cup should be 
deep and the entrance into the sprue is a smooth radius of at least 25 mm. The pouring 
depth 2.5 times the sprue entrance diameter is good enough for smooth and better metal 
flow and to prevent vortex formation. [10] 

2.5.2 Sprue: 

The vertical passage connected in between pouring cup and sprue well is called a sprue. 
The sprue size must be small enough for (a) the pourer to keep it full during the pouring 
operation. (b) the molten metal to enter the mould cavity at a certain velocity that 
protects from turbulence and spluttering. The sprue must be large enough for (a) the 
mould cavity fills without laps, seams or misruns, and (b) metal head to build up quickly 
enough to prevent gases. Sprue sizes usually vary from 10 mm square for work below 
12 kg poured weight and 50 mm square for heavy castings. Sprue larger than 50 mm 
square is rarely used. [6] 

The sprue base is called choke. The choke is the smallest cross-sectional area in the 
gating system. It is used for control of molten metal. The formation of oxide layers due 
to turbulence and sand inclusion defects the choke design should be proper. [11] 
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Figure 2.2: Straight and Taper Sprue [10] 

The bottom of the sprue area is called the choke area. It is the smallest part of the gating 
system. 

              𝐴 =
𝑊

𝑑𝑡𝐶√2𝑔𝐻
                                                                               (1) 

Where, A = Choke Area, mm2 

            W = mass of the casting, kg 

             t = pouring time, sec 

            ρ = density of the molten metal, kg/ mm2 

            H = effective metal head, mm 

            C = efficient factor which is a function of the gating system. 

 

 

 

 

 

 

 

 

Figure 2.3 : (a) Top gate, H= h (b) Bottom gate, H= h- c/2 (c) Parting gate H= h-P/2c 
(h = height of sprue, P = height of the mould cavity and C = total height of mould 
cavity) [10] 
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2.5.3 Sprue base well: 

The well is an important part of the gating system. The proper design of well should be 
prohibited from entering sand and slag inclusion into the mould cavity. [8] This is 
located at the bottom of the sprue. It is function is to reduce the momentum of the 
molten metal. The molten metal move down the sprue increase in velocity, some of 
which are lost in the sprue base well by which mould erosion is decreased. After molten 
metal changes direction and uniformly flows into the runners. [6] 

The sprue well should be five times that of the sprue choke area and sprue well depth 
must be approximately equal to that runner. [10] 

2.5.4 Runner: 

The molten metal carried from sprue base to different gates through a passageway 
called as a runner. The runner sometimes located in the drag and sometimes located in 
the cope. It is depending upon on the shape of the casting. The runner should be 
streamlined to avoid aspiration and turbulence. To obtain equal volume through each 
in-gate, the path of the runner is reduced in the area after each successive in- gate by 
the amount an equal in-gate area. Multiple in-gates are usually used in the light metal 
castings. [6] 

1) Vertical Runner: 

The basic function of the runner is to carry molten metal into mould cavities. The runner 
should be designed that overcome different losses such as turbulence, input oxide, sand 
inclusion, and air entrapment. The vertical runner navigates a horizontal runner. The 
vertical runner as shown in the figure (2.4). The size of the vertical runner also affected 
by the flow rate of the melt into the mould cavity. [11] 

 

 

 

 

 

 

 

 

 

                                        Figure 2.4: Vertical Runner [12] 
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2) Horizontal Runner: 

The horizontal runner also has the same function as a vertical runner. The horizontal 
runner as shown in the figure (2.5).The horizontal runner has an important role in 
moving the molten metal towards the mould. [11] 

 

 

 

 

 

 

 

 

 Figure 2.5:  Horizontal Runner [10] 

2.5.5 Runner extension: 

The runner extension is used for the trap the slag in the molten metal. The metal initially 
flows with slag at the top of the ladle and these straight, going beyond the ingate and 
then trapped in the runner extension. [6] 

2.5.6 Riser: 

The riser is known as a metal reservoir, feeders or headers. It is a source of the extra 
metal that flows from riser to mould cavity to compensate for shrinkage defects which 
occur during casting starts solidifies. Without a feeder, heavier parts of the casting will 
have shrinkage defects on casting surface or internally. The riser should be designed to 
freeze after the main casting to satisfy its function. The riser must remain molten until 
after casting solidifies. [10] 

Risers give two main functions: 

1) They compensate for solidification shrinkage and heat source. 
2) Risers freeze last and they promote directional solidification. 

The risers and casting should be separated, and the connection area should be as small 
as possible. On the other side, the connection area must be large enough so that the link 
does not freeze before the solidification of casting. The gating and riser in the casting 
process are shown in the below figure. [10] 
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                               Figure 2.6:  Riser for the sand-casting process. [10] 

2.5.6.1 Design requirements of the risers: 

1) Riser Placement: The placement of risers in the casting must be considered by 
effectively calculating the feeding distance of the risers. [10] 

2) Riser shape: Cylindrical riser are most effective. To increase volume per surface area 
ratio the bottom of the riser must be shaped like a hemisphere. [10] 

2.5.6.2 Types of risers: 

The riser types are based on the location of the riser and whether this is open to the 
atmosphere and how it is filled. If the riser is placed on casting, then it’s called top riser. 
If the riser is located next to the casting, then it’s called side riser. Top risers are more 
beneficial because they take less space as compare to side riser and they have shorter 
feeding distance. [10] 

 

  

 

 

 

 

                                          Figure 2.7:  Blind and Open Riser [10] 
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If the Riser is open to the atmosphere it is known as an open riser, but when the riser is 
completely contained in the mould it is called a blind riser. The open riser is usually a 
bigger size than a blind riser because open riser loses more heat to mould through the 
top of the riser. Risers take material from gating system and fill before the mould cavity 
it is called as a live riser or hot riser. If the riser fills with material that has already 
flowed through the mould cavity it is known as a dead or cold riser. Hot risers are 
normally smaller than cold riser. Top risers are cold risers and risers in the gating system 
are always hot riser. [10] 

The riser is used for the feed liquid metal into the last portion of the casting. 

1) Location of the Riser: Riser should be connected on a heavy section of the 
casting. 

2) The shape of the Riser: Cylindrical shape is good for volume to area ratio. It is 
for mould. 

3) Size of the Riser: 

a. Top Riser: Height of the riser should be at least equal to the riser diameter. 
b. Side Riser: It should be provided with a hemispherical bottom to prevent 

premature freezing of the riser/casting junction. 

4) Size and number of risers should be minimum to increase yield and to reduce 
production costs. The different method can be used to establish this criterion: 

a. Chilling the casting: Reduce solidification time. 
b. Insulting the riser: Extend its solidification time. 
c. Insulating the riser reduce cooling in the risers from the steep temperature 

gradient between room temperature and liquid metal of the casting. [13] 

2.5.7 Gates: 

The gates are the final passage that leads molten metal from the runner into the mould 
cavity. The gates location and their size are arranged according to that metal can be 
filled rapidly with less amount of cutting of the mould surfaces by the flowing metal. 
The gates must be placed to avoid the development of the cracks after the metal get cool 
down. The gates should be connected where they can be removed easily without 
damaging the castings. In-gate should not be placed near the end of the runner. [6] 

The ingate thickness range varies from 25 to 100% of the maximum casting modulus. 
Less than 25 % would affect liquid shrinkage because ingate freezes before casting 
getting cooled down to solidification temperature. More than 100 % would produce a 
local hot spot in front of the ingates in the casting, local shrinkage might be formed. 
The thickness of less than 1 mm is very rarely used due to the risk of misrun. [11] 

2.5.7.1 Types of gates: 

The different types of gates that are mention below: 

1) Top gate 
2) Bottom gate 
3) Parting gate 
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1) Top gate: 

In this type of gating system, liquid metal is poured from the top gate or directly into 
an open feeder header. By using pencil gates, we can reduce the intensity of erosion, 
where the fluidity of the metal permits. The main benefits of top gating systems are it’s 
simple for moulding and its less consumption of extra metal. [8] 

 

 

 

 

 

 

         Figure 2.8: Top gate [10] 

2) Bottom gate: 

The bottom gate enters the casting cavity at the bottom of the drag. A bottom gate is 
used for steel castings, to reduce erosion and gas entrapment and to prevent splashing 
which can form cold shuts. [6] 

There are some drawbacks of the bottom gating system like metal continuous loses its 
heat when rises towards the mould cavity and by the time it reaches the feeder, it 
becomes much cooler. In this gate system, directional solidification is difficult to 
achieve. It is hard to keep the riser near the entrance where the metal is hottest. [6] 

 

 

 

 

 

 

 

 

   
Figure 2.9: Bottom gate [10] 
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3) Parting gate: 

These kinds of gates enter along with parting line which is located at the centre portion 

of the mould. [3] 
 

                   
 

      Figure 2.10: Parting gate [10] 

 

2.6 Important Features in the gating system design: 

There are three different approaches to study fluid flow through gating systems and 
evaluate their design. 

1) Empirical relations derived from experimental observations. 

2) The hydraulics-based analysis involves Bernoulli's equation and the continuity 
equation. 

3) Numerical simulation involves the mass and momentum conservation relation. [14]  

2.6.1 Bernoulli’s Theorem: 

Mould filling plays a very important role in casting quality control. The optimum gating 
system design can reduce the turbulent metal flow, minimize gas and entrap inclusion 
and dross. The formation of different castings defects directly related to the fluid flow 
phenomena involved in the mould filling. The rigorous stream could cause mould 
erosion, highly turbulent flows can cause air and inclusions entrapments, the slow 
filling might generate cold shuts. The design of getting and runner have to take into 
consideration for the proper control of filling pattern.  

       P

gρ
+

v2

2g
+ H = Const             (2) 

                                                                                                 

Where, 

P = pressure of melt, N/m2 



Theoretical background  

15 
 

V = melt flow velocity, m/sec 

H = metal head, m  

g = gravity acceleration, m/s2  

 ρ = melt density, Kg/ m3 

In above Bernoulli’s equation, melt flow in the gate area excepts for variables P and V, 
other parameters are constant, which is indicates that higher velocity leads to the lower 
pressure of the melt flow. To avoid melt flow problem or incomplete gate filling, a 
gating system ratio should be G: R (Gating ratio) = 1 is suggested for the design of an 
appropriate gating system. [15] 

2.6.2 Law of continuity: 

Law of continuity is used for understanding the gating system behaviour. The flow of 
the metal at any section in the mould is constant.  The law of continuity applicable 
where channels are completely full, and it states that flow rate 𝑣𝑡 must be the same at a 
given time in all portion of the fluid system. [6] 

The Sprue tapered shape can be obtained by the continuity equation.  

 𝑣𝑡 = 𝐴𝐶 ⋅ 𝑣𝐶                                                                                                (3) 

Where, c= choke section of the sprue, mm 

             t= top section of the sprue, mm [10] 

 

2.6.3 Turbulence in the gating system: 

The flow of the liquid metal in the gating system most of the time turbulent flow. This 
is meant that the individual metal atoms do not flow in straight (streamline). The 
streamline flow can be achieved by keeping low metal velocity. But, these kind of low 
metal velocities are so small that is nearly impossible to obtain them by design of the 
gating system. [6] 

The Reynolds number (Re) 

  Re =
v⋅ρ⋅D

μ
                                                                           (4)   

                                                                  

Where V = velocity of the metal in the actual flow channel in the gating system, m/sec. 

             D = hydraulic diameter of the channel, m 

             ρ = density of the metal, kg/m3 
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             μ = dynamic viscosity of the metal, kg/ (m.s) 

1) Laminar Flow: 

The bulk laminar flow through a channel cross-section not found in company gating 
system as the channel will have a large cross-section. In this case, the gating system 
will be more expensive and practically bulk laminar flow is not necessary. [11] 

 

 

 

 

 Figure 2.11: Laminar Flow [11] 

2) Non-turbulent Flow: 

The non-turbulent flow is a transition situation between the laminar and turbulent flow. 
It will be allowed when there is no disturbance of the above-mentioned interface. [11] 

 

 

 

 

                                       Figure 2.12: Non-Turbulent Flow [11] 

3) Turbulent Flow: 

The bulk turbulent flow is avoided because of the disturbances of the metal/mould and 
metal/core interfaces. [11] 

 

 

 

 

 

    Figure 2.13:  Turbulent Flow [11] 
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2.6.4 Streamlining: 

The streamlining means that the metal flow is equal through all gates in the gating 
system. It can be achieved by using a smooth radius to the runner and ingates, by giving 
a radius at the sprue entrance and exit and provides a pouring basin instead of pouring 
a cup. [6] 

There are some benefits of streamlining: 

1) It will be reduced metal turbulence. 
2) It will eliminate the low-pressure dead zone. 
3) It avoids aspiration and air entrapment. 
4) It will reduce sand erosion and dross. 
5) Metal pulling from mould walls is eliminated. 
6) Good castings are obtained. [6] 

2.6.5 Fluidity: 

2.6.5.1 Casting Fluidity of metals and alloys: 

Casting fluidity of metals and alloy is important for company man to make overall 
soundness and surface features of the casting. If the liquid metal has poor fluidity, then 
it’s normally difficult for a thin section of the casting. The poor fluidity may occur short 
runs or misrun casting defects. The fluidity is normally controlled by the rate and mode 
of solidification. Method of increasing fluidity of given alloy in the company to raise 
the casting to superheat for the production premium quality casting with increased 
mechanical properties pouring temperature. The testing of casting fluidity helps in 
choosing the best alloy composition in casting. [16] 

2.6.5.2 Fluidity Concept and Terminology: 

It is company practice, filling the mould of intricate design, specifically, those which 
include thin section, some alloys fill the mould cavity and reproduce it's detailed in the 
finished casting better than another alloy. The casting fluidity affected by a large 
number of variables. The metal properties which affects fluidity are the viscosity, 
surface tension, the character of the surface oxide film, inclusion content, the manner 
in which particular alloy solidifies, superheat, composition, specific weight, melting 
point. All these variable categories into metal related variables and mould-related 
variables. [16] 

2.6.5.3 Effect of metal related variables: 

1) Viscosity 

The viscosity is affected by the temperature, presence of impurities, inclusions, and 
composition of the melt. The higher the viscosity, lower will be the fluidity of the liquid 
metal. [16] 

2) Surface tension 

It is acting at the mould-metal interface affects the mould surface wetting properties of 
the liquid metal. If metal doesn’t wet the mould, it will be a more frictional force during 
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its flow through mould channels and therefore fluidity of the metal will be decreased. 
[16] 

3) Superheat 

Superheat means the liquid metal is heated above liquids temperature. If superheat 
increased, the viscosity will be reduced, and fluidity will be increased. Higher superheat 
increased fluid life, so the metal can flow for a longer duration of time. [16] 

4) Mechanism of solidification 

Pure metal and short freezing range alloy solidify in a skin formation manner without 
influence on liquid metal. Large solidification range solidifies in a pasty manner and 
this hinders the flow of liquid. [16] 

5) Oxide film and Nonmetallic Inclusion Formation 

Oxide formation is affecting the surface tension and decrease the mould melting ability 
of the liquid metal and therefore fluidity will be reduced. [16] 

6) Specific weight 

If the specific weight of liquid metal is more then Metallostatic pressure also more. This 
increases the velocity of liquid metal with which enters the mould and fluidity of metal 
will increase. [16] 

7) Melting point 

High melting temperature of the metal, more intensive heat exchange will take place 
between the metal and mould, heat extract per unit will increase. This will reduce the 
time for the metal to remain liquid and flow, therefore fluidity of metal will decrease. 
[16] 

2.6.5.4 Effect of mould related variables: 

1) Thermal Physical properties of mould 

The liquid metal is poured into the mould, mould will extract heat from the liquid. If 
the conductivity of the mould material is high, the rate of heat extraction will be more. 
This will result in less time for the liquid to a mobile state. Therefore, lower fluidity in 
the metallic mould than in sand mould. [16] 

2) Mould Temperature 

When liquid metal poured into the mould at a lower temperature, the chilling effect will 
be more, when liquid metal poured into the mould at a higher temperature, the liquid 
metal remains a long time in a mobile state. Therefore, fluidity is high in the hot mould 
as compared to cold mould. [16] 

3) Gas permeability 

Sand mould casting has more fluidity than permanent mould casting. [16] 
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4) Metallostatic Pressure 

It is defined as the increased pressure of metal entering a mould. This will increase the 
fluidity of the mould. [16] 

5) Surface Characteristic of mould 

A rough of the mould hinder increased frictional force. Smooth or fine-grained surface 
mould casting improves the fluidity of the liquid metal. [16] 

2.6.5.5 The technique of fluidity measurement: 

1) Spiral fluidity test 

Spiral fluidity test is the most common fluidity test used in foundries. In this method 
liquid metal poured in a mould forming a long thin spiral and length into which metal 
can run is taken as a measure of the fluidity. Spiral channel of a cross-section of 1/7 
inch, 1/12 inch. This test is very simple but, difficult to pour the metal into the mould 
at a standard flow rate, it is difficult to keep casting temperature during pouring. [16] 

 

 

 

 

 

 

 

 

                                    Figure 2.14:  Spiral Fluidity Test [17] 

2) Strip fluidity test 

It is also called a “Casting fluidity test”. The metal can fill a mould of the different 
cross-section. In this test, the drag portion of the mould has four strips of same or equal 
length, equal width and of different thickness. The strips using in this test are fed by a 
perpendicular spree on the down runner which is moulded in the drag half. The length 
of all strip’s moulds together and a single strip mould is used for a measure of casting 
fluidity. [16] 
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                                   Figure 2.15:  Strip Fluidity test [18] 

 

3) Vacuum fluidity test 

Vacuum fluidity test is consistent, pouring conditions are maintained during the test. 
Liquid metal is held in a carefully temperature-controlled both. The metal is sucked into 
the tube from a vertical ceramic tube. [16] 

 

 

 

 

 

 

 

 

                                Figure 2.16:  Vacuum fluidity test [19] 

2.6.6 Improvement in yield of casting: 

Analysis of casting defects is a process of finding the root cause of the occurrence of 
defects in the rejection of casting and taking some important steps to reduce the defects 
and to improve the casting yield. Appropriate design of the gating system provides 
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smooth and uniform metal flow, with minimum turbulence to avoid entrapment of air, 
metal oxidation, and mould erosion. [20] 

The design of the gating system and riser design is the main factor in improving the 
casting quality and yield%. [10] 

 

Yield % = Volume (cast)/ ((Volume (cast)+Volume (gating + riser))                 (5)  

 

Yield content per component increases with a decrease in volume of the gating system 
and riser. The appropriate design of the gating system and riser will increase yield 
content, increase in productivity, improved delivery commitments, increase customer 
satisfaction and increase in employee morale. [10] 

The efficiency or yield of a casting defined as the weight of the casting divided by the 
weight of the total amount of metal poured. Risers can add a more weight being poured, 
so it’s important to optimize riser size and shape. Risers are removed after the cooling 
of the casting and their metal is remelted to be used again. As a result, riser size, number, 
and placement of the riser should be carefully planned to reduce waste while filling all 
the shrinkage in the casting. [10] 

2.6.7 Filtration: 
 

The normally filters are rectangular or circular blocks. The filters are normally fixed in 

the gating system. The filter has many advantages such as controls the metal flow, 

reduce turbulence and ensure the smooth entry into the mould cavity. The simplification 

of the gating system may improve the casting yield content. The filters are selected 

based on pore sizes and flow capacities to meet the casting need. [8] 

The direct pouring method for filtration technique is shown in the figure (2.17). The 

filter is located at the down sprue.  

 
 

  
 
 

 

     Figure 2.17:  Pattern of the mould, sand mould with filter and without filter [21] 
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2.7 Runner System design: 
 

It is designed differently for various types of moulding systems. There are two main 

types of moulding systems: sand or ceramic. [3] 

 

Runner system is divided into three different categories  

1) Pressurized 
2) Non-pressurized 
3) Hybrid 

 
1) Pressurized: It designed with the limitation or choke at the ingates. For 

horizontal moulding, the runner is in the cope and ingates are in the drag or cope 
of the parting line. The benefits of pressurized systems are the large size runner 
that allows slag floatation. The drawbacks of the systems are that it developed 
a high-velocity metal flow region in the ingates as well as instantly inside the 
casting. Due to the high velocity of metal flow are associated with slag 
formation and sand erosion. Another drawback of this system is the possibility 
of initial liquid metal, which may be damaged during initial flow and filling and 
it can directly enter into casting before the runner system is filled. [3] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

           Figure 2.18:  Pressurised gating system [10] 

 
2) Non-pressurized: It has a choke in or directly next to the sprue. In this non-

pressurised system, ingates are large size to reduce velocity as the molten metal 
enters the casting cavity. For horizontal moulding, runners are in the drag with 
the ingates in the cope. Top gating is making a feeding process easier in casting, 
but this causes the liquid metal to the waterfall through the casting cavity. The 
bottom gating system is complicated, but it provides lower turbulence during 
the filling process. [3] 
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            Figure 2.19:  Unpressurised gating system [10] 

 
3) Hybrid: This is a combination of pressurized and non-pressurised system. 

 

2.7.1 Factors involved in runner system design: 

1) Sand, slag, dross, or other impurities. 
2) Rough surface 
3) Entrapped gases 
4) Excessively oxidized metal 
5) Shrinkage 
6) Porosity 
7) Incomplete fusion of molten metal 
8) An unfilled portion of the moulds 
9) Metal penetration into a sand mould. [3] 

2.7.2 The runner system should be designed to accomplish the following 
some objectives as quoted from Wallace and Evans: 
 

1) Fill the moulds fast, without laps or excessively high pouring temperature. 
2) Reduce agitation or turbulence and formation of dross in the mould. 
3) Prevent Slag, scum, dross and erosive sand from entering the casting cavity.  
4) Prevent aspiration of mould gases into the metal stream. 
5) Obtain a high casting yield and less grinding costs. 
6) Introduce easy pouring. [3] 

2.7.3 Multiple-gate runner system: 

The runner system is used to achieve a good liquid metal flow into the specific location 
of a casting cavity. Most of the casting multiple gates are required, distributing liquid 
metal flow uniformly through each gate into the mould cavity. In this multiple gate 
system, it’s also essential that liquid metal flows through each gate without any 
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disturbance like oxides films and air bubbles in the liquid metal and without leaving 
empty spaces or gaps in the runner geometry during the casting process. [22] 

2.8 Gating system rules: 

There are some rules mentioned before designing different elements of the gating 

system. 

1) A gating system should fill the mould cavity before freezing. 

2) Minimum turbulence leads to the quality of the casting. Avoid right angle or 

sudden changes in the flow direction. 

3) The system should be economical and maximum yield and it should be easy to 

implement and remove after casting solidification. [13] 

2.8.1 Pouring cup or basin rules: 

1) It is used to help distinct the dross and slag from liquid metal. 

2) It is used for easy the filling of mould into the mould cavity and reduce the 

chances to enter air and oxide into the mould cavity. 

3) Skimmer core filter or delay screen could be used in the pouring cup, to supply 

pure and clean metal into the mould. [1] 

4) Conical pouring cups are used most of the time in the company industry. It is 

not expensive. [13] 

2.8.2 Sprue rules: 

1) The rate of flow of liquid metal depends on sprue size. If the sprue size is small, 

the flow of liquid metal will be less.  

2) Sprue height is calculated by using the casting and top riser height. 

3) Sprue shape should be tapered by around 5% minimum to avoid aspiration of 

the air and free fall of metal. [1] 

4) Sprue should be placed at the centre of the runner and gates should be distributed 

equally on both sides of sprue. 

 

Figure 2.20: a) Natural flow of free-falling liquid. (b) Air aspiration induced by 

liquid flow in a straight-sided sprue. (c) Liquid flow in a tapered sprue. [13] 
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2.8.3 Sprue well: 

 

1) Some amount of air is carried out with the starting of the liquid metal that enters 

the mould cavity. Before entering the mould cavity that liquid metal should be 

washed out in a well. 

2) The diameter value of the well should be 2.5 times the width of the runner. 

3) The good height should be equal to the depth of the runner. 

4) The well must be straight sides with no sharp corners and bottom surface should 

be flat. 

5) Area of the well for sprue box it should be two-three times sprue exist box. [1] 

2.8.4 Runner rules: 
 

1) Rectangular shape runner normally used in sand casting. 

2) Runner extension is used to trap the dross that occurs in the molten metal. 

3) The runner area should be three-ten times the cross-section area of the sprue 

exits. [1] 

2.8.5 Gates rules: 

1) Rectangular shape gates normally used. 

2) The gate should be attached into thick regions. 

3) The number of gates relies on the design of the casting and risers. 

4) The fillets between gates and casting are advantageous. [1] 

2.8.5.1 Rules for positioning ingates: 

 

1) For the small size of casting the first ingate should be placed at minimum 38.1 

mm distance away from the sprue. 

2) For the large size of casting the first ingate should be placed at a minimum 

distance is 300-380 mm. 

3) The minimum ingate length 19 mm and 100 mm for small size and large size of 

the casting. 

4) For non-ferrous alloy, the ingate should be oriented in a direction to the natural 

flow path but for ferrous alloy, the ingate should be at a right angle. 

5) For non-ferrous the ingate placed in the drag (bottom part of the casting flask), 

but for ferrous alloy, the ingates placed in the cope. (top part of the casting flask) 

[1] 

6) Mostly curve shape ingates should be. 
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2.8.6 Riser rules: 

1) Risers should be attached to a heavy section of casting. 

2) Side risers normally used for thin wall casting. 

3) Multiple risers should be located at 10.16 to 12.7 centimetres apart. 

4) The maximum feeding distance relies upon whether the alloy is a short freezing 

range or long freezing range. 

5) The riser junction is heavier than the section of fed. [1] 

6) The different defects like shrinkage cavity, porosity, and sink can be reduced 

by designing an appropriate feeding system to ensure directional solidification 

in the casting. There are some major parameters of a feeding system such as 

feeder location, feeder shape, size, and feed aids. [23] 

7) Throttles reduce the filling speed of the mould cavity to give better or smooth 

filling. [2] 

 

2.9 Feeding of the casting: 

The Feeding of the casting mostly uses for the principle of directional solidification. 

Cooling is controlled by using two main things like designing of the mould and by using 

the intrinsic design of the casting, so that freezing is starting in those parts of the mould 

after from the feeder heads and it continues through casting towards feeder head. The 

directional of solidification depends on a variety of measures designed, those 

temperature gradients which remain in specific directions. There are different factors 

include in measures like pouring rate and temperature, differential cooling by chilling 

and differential heating with exothermic materials. [8] 

 

Metal Iron Nickel Copper Aluminium Magnesium Zinc Lead Tin 

Contraction 

on freezing 

% 

3.5 4.5 4.2 6.5 4.1 4.7 3.5 2.3 

Table 2.1: Volume contraction of metals on freezing. [8] 

 

2.10  Defects in the casting: 

2.10.1 Oxide defects: 

There are two types of oxide defects which are mention below: 

a) oxide caused by slag. 

b) oxide caused by molten turbulence. 

These two defects occur during filling of the mould cavity. During filling of the mould, 
if the molten metal has turbulence, surface oxide film will be formed by the surface 
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turbulence during pouring. Due to turbulence, it creates oxide films and the 
imprisonment of the air at the interface between oxide layers. These factors are the main 
reason for the formation of defects like gas porosity and shrinkage. Sometimes, Molten 
metal carries sand or slag during passes through different gating system elements that 
can become included in the casting. [11] 

2.10.2 Shrinkage related defects: 

The different forms of the defects can be divided into two different categories such as 
macro shrinkage and shrinkage porosity. The shrinkages defects can be classified into 
open or closed defects depends on defects found on surface or interior in the surface of 
the casting. Shrinkage porosity can be classified into two types such as macro and 
micro-porosity it’s depending on the size and distribution of the defect. The micro-
porosity also called as micro shrinkage and it can be penetrating through a casting. The 
shrinkage defects are the different contraction during solidification. This contraction 
subdivided into three different regions: [24] 

 

 

 

 

 

 

                                      Figure 2.21:  Shrinkage Defects [25] 

1) Liquid Shrinkage  

It is the first contraction take place during solidification of casting. This contraction 
starts at the superheat temperature and continues as the temperature decreases. The 
pouring temperature is an important factor, from which contraction begins inside the 
mould. When liquid metal supplied to the compensate for this contraction, shrinkage 
defects do not increase because of this contraction.  A high pouring temperature is often 
used when many castings poured from a single ladle. To avoid misrun and cold shuts 
in the last castings poured from this ladle. [24] 

2) Liquid to solid shrinkages 

It occurs when the atoms in the melt-freeze from a disordered liquid to the formation 
of a more ordered crystalline structure. The shrinkage defects main reason is volumetric 
contraction during transformation. The transformation ranges from 3 to 10 % in most 
of the metals and 5 to 8 % is typical for most cast alloys. During this period solid grains 
begin to form, and the melt behaves in a more viscous way. If the fraction of solid rises, 
then the viscosity of the liquid also rises. [24] 
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3) Solid shrinkage 

It occurs after solidification when the final shape is obtained. The casting shrinkage is 
independent of the mould walls and is considered when designing the pattern. That’s 
why solid shrinkage is also called a pattern maker shrink. It occurs through plastic and 
elastic deformation and may result in the concave and distorted surface. [24] 

4) Shrinkage porosity 

Shrinkage porosity also called as a closed shrinkage defect. It is the form of shrinkage 
that leads to internal porosity in a casting. The shrinkage porosity is classified into two 
types: macro-porosity and micro-porosity. It is depending on size and distribution. 
Macro-porosity is a more localized form as an individual and isolated void. Micro-
porosity is on a much smaller scale and it is a dispersed type containing interconnected 
voids. Dendrites can be found on its interior surface. Macro shrinkage can be eliminated 
by appropriate used of feeder, casting, and gating system. The shrinkage porosity can 
be found in interdendritic areas because of limited feeding of liquid iron after 
solidification has starts and dendrite arms restrict the flow of metal through the mushy 
state. The feeding of the liquid metal in the dendritic solidification zone is main for the 
formation of this kind of defects. The feeding is influenced by the freezing range of the 
alloy. Gas evolution during solidification is also important for the formation of 
shrinkage porosity. [24] 

5) Shrinkage defects during solidification of long and short freezing materials 

The shrinkage defects during solidification of short freezing materials tend to be 
internal, as porosity and long freezing materials these defects tend to be external in the 
form of surface depression. The 3D feeding flow model is developed to calculate the 
value of shrinkage defects for casting alloys. A continuum formulation is used to 
express the value of transport of mass, energy, and momentum. It is considered that 
during the solidification process the driving force for flow is shrinkage. In the 
momentum equation, Darcy type source term included for flow resistance in the mushy 
zone. The internal and external shrinkage defects are depending on short and long 
freezing range. [23] 

The shrinkage related defects in shape castings are a major cause of casting rejection 
and rework for casting. The shrinkage solidification defects are external and internal. 
The external defects are pipe shrinkage and caved surfaces and the internal defects are 
macro-porosity and micro-porosity. These shrinkage defects interplay of different 
phenomena such as heat transfer with solidification, feeding flow and its free surfaces, 
deformation of the solidified layers and presence of gases. The Niyama criterion is used 
for the finding last solidify region where the most probable location of shrinkage 
defects. [23] 

2.10.3 Hot spot: 

The position having the highest temperature at certain points it is called a hotspot. Two 
types of hotspot can be found global and local. The global one is the highest temperature 
in the thermal field and the local one is the highest temperature in the part. It means 
only single casting has one global and several local hot spots exist. At the end of the 
solidification, the position of the hotspot is that area freeze lastly. It doesn’t matter if it 
is a global hot spot or local hot spot because it’s formed a shrinkage porosity. [24] 
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The good design of the riser improved the yield of casting. Casting has different parts 
like cope, drag, pattern, sprue, runner, ingates, riser, etc. The process consists of design, 
solidification, shake out, finishing and heat treatment process. To eliminate hot spots 
defects in casting riser is used. It helps to fill in the cavity formed inside the casting. 
When a cavity is formed inside the casting the molten metal from riser moves to that 
space and fills the cavity. To achieve this, modify the dimensions of the riser.so that 
metal in the riser solidifies lastly and therefore casting yield will increase. The 
formation of a hot spot in aluminum and steel casting are major defects. Optimization 
of the riser will remove the hotspot in the casting. For example, riser having higher 
modulus value has been designing so it should take higher solidification time compared 
to casting solidification. This will ensure that metal will remain in the molten state 
inside the riser until solidification of the casting process completed. The optimum size 
and location of the riser normally identify based on simulation software. The simulation 
is done to find out the location of the hot spot and finds out optimum dimensions of the 
riser so that hot spot shifted into the riser. [26] 

 

 

 

 

 

                                         Figure 2.22:  Hot spot [27] 

The location, size, and shape of the riser in a casting relay on the geometry of the 
casting, mould design, thermal properties of metal, old and other process parameters. 
Poor design of the riser either defective casting with shrinkage cavity or lower yield, as 
directional solidification not achieved. Therefore, appropriate design of the riser system 
and good control over process parameters are compulsory for quality casting. [28] 

Hot spot in the casting means where the casting modulus is very high in the casting and 
it’s freeze slowly. It can be eliminated by adding cores to the thickest section, feeding 
molten metal to the risers and redesigning the junction (Make smooth corners). [13] 

2.10.4 Filling related defects: 

1. Blowhole: 

It is kind of cavities defect, which is also divided into pinhole and subsurface blowhole. 
Pinhole is a small hole. Subsurface can be seen after the machining process. Gases 
entrapped by solidifying metal on the surface of the casting, which result in a round or 
oval blowhole as a cavity. [29] 
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                       Figure 2.23:  Blowhole [30] 
 
 
 

                              Causes Solutions 

Resin-bonded sand. Resin-bonded sand. 
Inadequate core venting. Improve core venting and provide 

venting channels. 
An excessive amount of gas released 
from the core. 

Reduce gas. 

 
Excessive moisture absorption by the 
cores. 

Reduce binder quantity. [29] 

Low gas permeability of the core sand. 
[29] 

Reduce the moisture content of sand. 

Moisture content sand or released water 
quickly. 

Gas permeability should be increased. 

The low permeability of sand. The sand temperature should be reduced. 
The temperature of the sand is high. Content of bentonite should be reduced. 

[29] 
Content of bentonite is high. [29]  

                         Table 2.2: Blowhole defects causes and solutions [29] 

2. Sand burning: 

                           Causes                           Solutions 

Gating and pouring practice. Gating and pouring practice. 
Non-uniform metal distribution of 
inflowing metal with resultant 
overheating. 

The pouring rate should below. 

Liquid temperature is too high. Incoming metal flow should be even out. 

Clay-bonded sand. Increase the proportion of lustrous carbon 
producer. 

Low melting point substances too high. 
[29] 

Use pure silica sand. [29] 

                            Table 2.3: Sand burning causes and solutions [29] 
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3. Sand inclusion: 

                           Causes                           Solutions 

Moulding plant. Ensure uniform mould compaction. [29] 
Uneven compaction of mould. [29] Bentonite content should high. 
Due to low Compactability. Inert dust content must be less. 
Bentonite content is very low. Low pouring rate. 
High pouring rate. [29] Pouring time should be short. [29] 

               Table 2.4: Sand inclusion causes and solutions [29] 

 

4. Cold lap or cold shut: 

It is occurring because of the low melting temperature and poor gating system. [29] 

 

 

 

 

 

 

 

                                         Figure 2.24:  Cold shut [30] 

 

Causes Solution 

Lack of fluidity in molten metal. Set the proper pouring temperature. 
Improper gating design. [29] Modify the gating system. [29] 

                            Table 2.5: Cold shut causes and solutions [29] 

 

5. Misrun 

When the metal is unable to fill the complete mould cavity and thus leaving the unfilled 
portion called misrun. [29] 
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 Figure 2.25:  Misrun [30] 

Causes Solution 

Lack of fluidity in molten metal. Set the proper pouring temperature. 
Improper gating design. [29] Modify the gating system. [29] 

                           Table 2.6: Misrun causes and solutions [29] 

 

6. Gas porosity 

The gas porosity defects in the casting as shown in the figure (2.26) 

 

 

 

 

 

 

 

 

 

 Figure 2.26:  Gas porosity [31] 
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Causes Solution 

Low metal pouring temperature. Increase metal pouring temperature. 
Insufficient metal fluidity e.g. carbon 
equivalent too low. 

Modify metal composition to improve 
fluidity. 

Slow pouring. Remove slag from the metal surface. 
Metal section too thin. [29] Ensure metal mould are sufficiently 

preheated and use insulating coatings. 
[29] 

                             Table 2.7: Gas porosity causes and solutions [29] 

 

2.10.5 Shape related defects: 

1. Mismatch defect 

It will occur due to dislocation at the parting line. The mismatch defect as shown in the 
figure (2.27). 

 

 

 

 

 

 

 

                                 Figure 2.27:  Mismatch defects [27] 

 

Causes Solution 

It is caused by loose box pins, inaccurate 
pattern down pins or carelessness in 
placing the cope on the drag. 

Check pattern mounting on match plate. 

 Use the appropriate moulding box and 
closing pins. [29] 

                             Table 2.8: Mismatch defect causes and solutions [29] 
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2. Distortion: 

The distortion defects as shown in the figure (2.28). 

 

 

 

 

 

 

 

 Figure 2.28:  Distortion [32]   

 

Causes Solution 

Due to wrap age. Normalizing heat treatment to remove 
residual stress. [29] 

                             Table 2.9: Distortion defect causes and solutions [29] 

3. Flash defect: 

           It occurs due to excess metal which comes out of the die attached to the cavity 
or runner. [29] 

 

 

 

 

 

 

 

 Figure 2.29:  Flash defect [27] 
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2.10.6 Optimum filling time: 

A casting fills too slowly leads discontinuities such as cold shuts and misruns. Too fast 
filling leads to solid and gaseous inclusions. The slowest filling (higher limit of filling 
time) is governed to avoid premature freezing in thin sections before complete filling. 
The fastest filling (lower limit of filling time) is governed by the onset of surface 
turbulence. The perfect filling time lies between fast and slow filling. It is a function of 
cast metal, weight, minimum section thickness, and pouring temperature. The correct 
filling time determines by experimental method. [10] 

A generalized equation for filing time for casting less than 450 kgs can be calculated 
by using the below equation. 

𝑡 = 𝑘 (1 ⋅ 41 + (
𝑇

14⋅59
)) 𝑤                                                                                     (6)                                                                                                                                                                              

Where K=Fluidity of iron in inches/40 

             T= Average section thickness, mm 

             W= Mass of the casting, kg 

2.10.7 Metal velocity: 

The optimal filling time is calculated such that the gating channel can be designed to 
overcome turbulence and minimize bulk turbulence within the gating system and the 
mould cavity. This depends on the metal velocity which varies in gating channel and 
mould cavity. In ferrous metal, metal velocity kept lower than 1 m/s and 0.5 m/s for 
aluminum alloys. [10] 

2.10.8 Gating ratio used in practice : 

The pressurized and unpressurized gating system ratio mention for steel mention below 
table. It means an area of casting 𝐴𝐶 , area of the runner 𝐴𝑅 and area of ingate𝐴𝐺  

The ratio value is calculated with the help of choke area calculation. The choke area 
value multiply by area values (casting, runner and ingates) [10] 

Sr.No. Material Pressurized gating 
system 𝑨𝑪: 𝑨𝑹: 𝑨𝑮 

Unpressurized gating 
system  𝑨𝑪: 𝑨𝑹: 𝑨𝑮 

1 Steel 1:2:1.5 1:3:3 

                                  Table 2.10: Steel Material gating ratio [10]
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3 Method and implementation 

3.1 About the casting product  

The grate bar is the casting product. The grate bar as shown in the figure (3.1). The 

grate bar is used as the floor in a furnace in a heating plant. The purpose of the grate 

bar is to withstand the heat and wear from the fire and feeding of the furnace.  

                 

 

Figure 3.1:  Grate bar  

The fuel is fed onto a fixed or moving grate bar by the fuel-feeding system, and the 

primary air supplied to the fuel fed from the grate, through holes in the grate bars or 

slots in between grates. The grate can be staged to supply optimum air-fuel ratios to the 

different section of the fuel bed. The grate bar arrangement in a furnace as shown in the 

figure (3.2) The grate bar is arranged like stairs, they place side by side and one grate 

bar is mounted on another grate bar in the furnace. [33] 

 

 

        Figure 3.2: Grate bar arrangement in the furnace [34] 
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3.1.1 Product Description : 

Grate bar (casting) mass, 3 piece = 31.571 kg 

The volume of the casting= 4528.679 cm3 

Steel material =BZ652 (Company internal material notation) 

3.1.2 Defects in old grate bar (casting) : 
 

The old casting had a different problem such as misrun, oxide defect, pinholes and 

warm crack which is described below. 
 

1. Misrun: 

The misrun defects occur when the molten metal unable to fulfills the mould cavity. 

The existing gating system cannot fulfil the mould cavity. The up and down portion 

can be seen on the top portion of the grate bar in the figure (3.3) 

 

             
 

 

            Figure 3.3: Misrun or unfilled casting       

          

2. Oxide defects:  

There are two different types of oxide defects: 

a) Oxide defects caused by slag 
b) Oxide defects caused by molten metal turbulence. 

These two types of oxide defects occur during filling of the mould cavity. During 

the filling process if the molten metal has turbulence then it will show surface oxide 

film on the top of the surface. Due to molten metal turbulence, it creates oxide films 

and the imprisonment of the air at the interface between oxide layers. These factors 

are the reason for the formation of defects like gas porosity and shrinkage. 
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Sometimes due to the more friction between molten metal and mould, molten metal 

carries sand or slag during passes through different gating system elements. [11] 

The oxide defects can be seen on the top surface of the casting in the figure (3.4)  

 

         
 

                 Figure 3.4: Oxide defects  

 

3. Pinholes or slag: 

The Pinhole is a cavity defect. The pinhole is a small hole. The pinhole can be seen 

after the machining process. The gases entrapped by solidifying metal on the surface 

of the casting, which result in a small round or oval blowhole in the casting. [29]  

The small pinholes can be seen in the casting in figure (3.5)  

 
 

                              
 

                   Figure 3.5: Pinholes or slag 
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4. Warm crack: 

The position having the highest temperature at certain points it is called a hotspot. 

[24] The warm crack defects are also called as a hot crack. It occurs due to very 

high casting modulus and it’s freeze slowly. [13] Small crack can be seen in the 

casting in figure 3.6 

 

 
 

Figure 3.6: Warm crack 

3.2 Optimization of the feeding system: 

The feeding system is important to get better quality of the castings. The design of the 
feeding system involves the correct location of the riser and the number of risers to be 
used in the gating system. The feeding system is modified and simulated until 
satisfactory results are obtained. The feeding system is playing the main role in any 
type of castings. Feeders are used for compensating the shrinkage which is obtained 
during the solidification process. Casting simulation has three modules such as 
solidification, flow, and coupled simulation. Solidification simulation is used to detect 
locations of hot spots and show the feed paths. Therefore, it can be used for designing 
and modifying the feeding systems. Flow simulation can give information about the 
velocity of molten metal during mould filling, filling time, solidification time, which is 
used to locate flow-related defects such as cold shut, misrun. [35] 

3.3  Methodology for design of the gating system. 

The sand casting is used as a manufacturing process. Casting material used as BZ652 
and mould material is green sand, as per company requirement. The pattern is given by 
the company. The design of the gating system consists of different elements like sprue, 
filter holder, runner, ingates and feeder. The liquid metal flow into the casting cavity 
through all gating system elements. Around 40 % of casting defects occurs due to the 
faulty or improper design of the gating system. The proper size of the feeder ensures 
casting free from solidification related defects such as hot spot. [36] 
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3.4 Steps for the design of the gating system: 

The entire methodology study is carried out in different steps. The steps are mention 
below: 

1) Calculation of pouring time 
2) Design of sprue 
3) Design of the filter top holder 
4) Design of the filter bottom holder  
5) Design of runner 
6) Design of ingates 
7) Design of riser 

3.4.1 Calculation of pouring time: 

The pouring time is calculated by using a steel casting formula [37] 

The weight of the poured metal is calculated by addition of casting, Ingate system, and 
feeder weight. 

Weight of the poured metal (W) = 63.537 kg 

Pouring time, t = (2.4335-0.3953*log W) * √(W) [37]                                                 (7) 

                         = ((2.4335-0.3953*log (63.537)) * √ (63.537) 

                         = 13.71 sec 

3.4.2 Design of sprue: 

The sprue top diameter is 120 mm. The height of the sprue is adjusted and finalized 
according to showing defects in casting and limitations of mould height. The bottom 
diameter is adjusted according to the filter top holder.  The sprue dimensions as shown 
in the figure (3.7).                   

         
                            Figure 3.7:Sprue dimensions (Optimize design) 
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3.4.3 Design of filter top holder: 

The filter top holder is designed according to the ceramic foam filter diameter. The 
ceramic foam filter diameter is 70 mm which is given by the company. The design of 
the top holder is made according to company requirements. The company wants less 
space required for filter holder in the pattern. The filter top holder dimensions as shown 
in the figure (3.8). 

 

 

 

 

 

 

                         Figure 3.8: Filter top holder dimensions (Optimize design) 

 

3.4.4 Design of filter bottom holder or sprue well: 

The top diameter of the filter bottom holder is around 0.5 mm smaller than the top 
holder bottom diameter because the filter bottom holder part should fix at the filter top 
holder part. The bottom holder height or sprue well base diameter are adjusted 
according to mould box dimensions and requirements of the company. The filter bottom 
holder dimensions as shown in the figure (3.9). 

 

 

 

 

 

 

                            Figure 3.9: Bottom holder dimensions (Optimize design) 

3.4.5 Design of runner:  

The horizontal ladder-type runner is used in the final gating system. The ladder runner 
is used because it gives equal flow and sufficient feeding of liquid metal through each 
ingate. The runner dimensions are as shown in the figure (3.10). 
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                             Figure 3.10: Runner dimensions (Optimize design) 

3.4.6 Design of ingates:  

The ingate is designing according to feeding required in the casting. The ingates have 
slope shape for pressurized feeding. The length of the ingate kept small for maintaining 
high temperature of the liquid. 

3.4.7 Design of riser :  

The top exothermic type of riser is used in this gating system. The risers are used 
according to company standard. There are three sizes of risers 4.7,5.8 and 6.9. The large 
6.9 size risers are used in the final gating system. The large size of the riser is used 
because there is a thin part of the casting. The dimensions of the risers are confidential. 

3.5 Simulation Data: 

Simulation has been performed in Magma Soft and Nova flow solid. The different 
simulation objectives are mention below: 

Before simulation running, need to check some points which are mention below:  

1. To check the sprue direction, it should be along the z-direction. (z-direction is 
gravity direction) 

2. To check mesh calculation, it should be 3 cells at the thinnest part in the casting. 
(As per company requirement) 

3. To check all the materials database. 
4. To check filling parameters, pouring time and solidification state. 
5. To start a job for simulation. 

After simulation running, need to check some points which are mention below:  

1. To find out the last solidifying region in the casting. i.e. hotspot. 
2. To identify riser size, shape and location. 
3. To check temperature distribution in the casting. 
4. To check flow tracer in the casting. 
5. To check directional solidification in different thin or thick parts. 
6. To predicts porosity defects in the casting. [36] 

3.6 Mould pattern: 

Aluminium material is used for making a grate bar pattern. Aluminium has different 
properties like low moisture absorption, less density, cheap material and easily 
available in the market. It gives better quality to the casted product. 



Method and implementation  

43 
 

3.7 Mould Box: 

The mould material is a green sand mould. The base material is silica and sand binder 
is bentonite. The mould box consists of the upper (cope) part and lower (drag) part. The 
parting line is selected as horizontal. The maximum amount of sand is reused in the 
company. The dimensions of the mould box are given below. 

Width of mould box(X)= 740 mm 

Depth of mould box(Y)= 680 mm 

Height of mould box(Z)= 400 mm 

 

 

 

 

 

 

 

 

                                        Figure 3.11: Mould Box with dimension 

3.8 Mesh : 

The mesh is created three cells at the thinnest part. In this casting 5mm is the thinnest 
part in the casting. 

 

 

 

 

                                                                                                                   

 

 

                                  Figure 3.12: Sprue dimensions (Optimize design) 
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3.9 Filter: 

The filtration is an important technique in the casting manufacturing process. The main 
purpose of the filtration is to capture inclusion that penetrates in the gating system from 
bubble or slag which is created due to the chemical reaction of molten metal during the 
pouring process. The ceramic foam filter as shown in the figure (3.13). The advantages 
of filtration technique are to produce good quality of casting, reduce scrap waste, 
increase surface finish, improve machinability and mechanical properties. The filter 
parameter is used 20ppi (porosity per inch), round shape with 75 mm diameter and 15 
mm thickness and it’s located in the down sprue. [21] 

 

 

 

 

 

                       Figure 3.13: Ceramic Foam Filter (Silicon Carbide) [38] 
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4 Findings and analysis 

4.1 Different designs and analysis of the simulation results: 

The findings and analysis section include: 

1. The study of the different simulated gating system. 
2. Analysis of the all gating system. 
3. The optimized design of the gating system by using the study of different 

simulation results. 

All simulation testing is done in Magma soft at Jönköping University and Nova flow 
solid at AB Bruzaholm Bruk. 

Casting solidification is simulated to look cooling progress from casting surface to the 
interior, and to see the location of shrinkage defects like porosity and cracks. This is 
useful to verify and optimize the design of the feeder so that the good quality product 
can be achieved. [36] 

The superheat of molten metal is low, and the filling rate is slow, significant cooling 
and solidification during the filling process, it can be affecting the filling pattern. 
Similarly, the filling velocity and the convective effect of flow, resulting from the filling 
process might affect solidification in the mould cavity at the starting of the phase. [39] 

The formation of different casting defects is directly related to fluid flow phenomenon 
during mould filling stage and in the cast metal. The rate of solidification effects of 
mechanical properties such as strength, hardness, machinability. [40] 

Design 1 

The first step was to analyze the existing ingate system and the problems in the casting. 
The existing design was simulated in Magma Soft by using the material data provided 
by the AB Bruzaholm Bruk. After simulating the existing design, the different 
parameters were studied such as the study of metal flow, temperature distribution, 
velocity, different defects, and dimensions study. Simulated design results can observe 
in figure (4.1). The shrinkage and hot spot defects are easily visible in the casting. The 
high-temperature hot spot spotted at the end of the casting. The small feeders (4.7 size 
- company internal notation) are used for simulation purpose. The flow of the molten 
metal through different ingates was non-uniform. 

 

 

 

 

 

 Figure 4.1: Existing gating system 
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Design 2 

Since the aim of this work was to product defects free castings a new design was made 
using the Solidworks software. Within this new design, the spure place was changed to 
the centre of the runner. This design is the same as existing system design only changed 
in the runner, ingates position, Feeder position and sprue well. The benefits of this 
design are that it has less shrinkage at the middle surface of the casting as compare with 
existing gating system. The drawbacks of the design are that it has shrinkage defects, 
due to less feeding and material cannot reach at the end part of the casting and it shows 
red colour hotspot defects in the casting. The feeder position kept middle for checking 
hot spot defects are reducing or not.  

 

 

Figure 4.2 : (GS5-1) 

Design 3 

The design 2 we checked that due to less feeding of the material. It was showing red 

colour hotspot at the end of the casting. In this design two ingate feeding on the backside 

and one ingate from the centre. This design is made for checking to feed on the backside 

and check the molten metal flow in the casting. The disadvantages of this design are 

the runner system seems more complicated, the maximum possibility to create cold 

flow due to the long runner and simulation result shows defects in the casting. This kind 

of design takes more space in the pattern.  

 

      

 

Figure 4.3: (GS7) 
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Design 4 

Design 4 has different sprue. As per company requirement, in this design horizontal 

type of filter arrangement is designed. The company provided filter dimension and as 

per dimensions filter holder is designed in the Solidworks software. The company used 

a ceramic foam filter. The filter is used for removal of inclusion and control metal flow 

in the mould. The filter improves casting quality and it gives long life for casting 

product. The large size feeders are used for simulation testing. (Different Feeders 

samples are given by the company) The simulation result shows hotspot defects at the 

end of the casting. The filling process was not looking good and large hotspot was 

showing at the end of the casting.  

 

 

 

Figure 4.4 : (BZ_GS01) 

 

Design 5 

This gating system has different ingates position. This design showed improper filling 

in the casting. The feeder position keeps at the centre of the casting because if feeders 

keep near to the ingates it shows large hot spot defects at the end of the casting. 

 

 

                                            Figure 4.5: (BZ_GS04 ) 
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Design 6 

The ladder runner is used in this gating system. [28] The purpose of the ladder runner 

is to supply equal metal flow from each ingate and high velocity of the metal. It will 

use less material while feeding as compared to a normal runner. The problem of this 

design is that it shows defects near to the ingates because of cold flow or less feeding 

in the casting.  

 

 

 

Figure 4.6: (BZ_GS02) 

 

Design 7 

Design 7 shows shrinkage defects in the middle and end of the casting. This kind of 

defects shows due to improper and insufficient filling in the casting. In this design, it 

seems that non-uniform flow through each ingate. The temperature of the hot spot is 

very less in the casting. 

 

 

 

Figure 4.7: (BZ_GS05-6) 
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Design 8 

This design has pretty good flow because it has three steps in the runner. The gating 

system attached the opposite side of the hook side of the casting. In this design, there 

were checked different feeder position. This design is rejected due to insufficient 

feeding and sprue position should be at the right-hand side of the runner in the pattern. 

 

 

 

Figure 4.8: (BZ_GS03) 

 

Design 9 

This gating system model is created for checking the flow of each ingate. After 

simulating this design middle ingate fills very slowly. This design is more complicated 

to implement into the actual production. It takes too much space in the pattern. The 

feeder should be kept on a heavy section of the casting. [1] The feeder position has 

almost fixed in this design. The next gating system designs are more focus on hotspot 

defects near the ingates.  

  

 

Figure 4.9 : (BZ_GS05-11) 
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Design 10 

The ladder runner is used in this gating system. This gating system increases the 

thickness of the ingates for more or sufficient feeding in the casting. But still, it shows 

low-temperature hot spot defects near to the ingates and middle part of the casting. 

 

 

 

 

Figure 4.10: (BZ_GS07-2-1) 

 

Design 11 

This design has different shape ingates than other designs. The purpose of slope ingate 

is to create pressure while filling. It works well but casting needs more feeding of the 

material. The hotspot defects showed near to the ingates of the casting. This design 

shows the good result as compared to previous designs. 

 

 

 

 

Figure 4.11: (BZ_GS07-2-3) 
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Design 12 

The ladder runner is used in this gating system because it shows better filling as 

compared to the normal runner. The previous simulated designs are showing shrinkage 

defects in the middle part of the casting because there is a very thin section and it creates 

cold flow during filling of the casting. The side feeders are used in this system because 

at the end of the casting or near to ingates, it’s a very thin part of the casting. During 

the solidification process, half of the material move towards side feeders and half of the 

material move towards top feeders. That’s why shrinkage defects showing the middle 

part of the casting. 

 

 

 

Figure 4.12: (BZ_GS07) 

Design 13  

In this design reduce the height of the side riser for checking defects in the casting. This 

design only shows low-temperature hot spot defects near to ingates.  

 

 

 

 

Figure 4.13: (BZ_GS07-1)  
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Design 14 

The position of the side feeders changed in this gating system. The Sprue keep at the 

centre and two ingates at one side of the sprue and one ingate at another side of the 

sprue. There are used two different types of runners: one ladder-type at one side and a 

normal one at another side of the sprue. After discussion with the company, they 

suggested a rectangular shape side feeders. These are quite large sizes and this kind of 

gating system cannot be fixed in their mould. The reason is that it takes too much space 

in the pattern and distance between the mould wall and the gating system is very small.  

 

 

 

Figure 4.14: (BZ_GS09-1) 

Design 15 

The shape of the side feeder is changed in this gating system. A cylindrical shape is 

used in this gating system. It shows the pretty good result as compared to previous 

designs. 

 

 

Figure 4.15: (AB_17) 
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Design 16 

The height of the side riser is decreased into this system. The decreasing height of the 

side feeders is showing defects on the middle part of the casting.  

 

 

 

 

Figure 4.16: (BC_01) 

 

Design 17 

The feeder height is increased in this gating system. The minimum height of the side 

feeders is required for defects free casting are found in this gating system. 

  

 

 

Figure 4.17: (BC_19) 
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Design 18 

The company wants equal flow through each ingate and sufficient filling in the casting. 

After pouring liquid in the pouring cup it will pass through the runner and it will go 

through bowl shape. When liquid metal enters into the bowl, it will bounce, and some 

quantity of the liquid enters into the first grate bar and some quantity of the liquid move 

towards the second ingate. The bowl shape is used for achieving equal flow through 

each ingate. 

 

 

 

Figure 4.18: (BZ_007) 

 

Design 19 

The ladder runner is used in this gating system. This design has equal and good flow 

through each gate. But it has small shrinkage defects in the middle part of the casting.  

 

 

 

Figure 4.19: (BZ_001) 
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Design 20  

The bowl height is reduced in this gating system and this design shows pretty good 

results as compared to previous designs. The gating system shows a pretty equal and 

good flow through each ingate and sufficient feeding in the casting. All three grate bars 

filled almost equal time. There is no shrinkage, hot spot, porosity defects in this casting. 

The defects free casting is achieved. This design is approved for final production. 

 

 

 

 

Figure 4.20 : (BZ_006-Final) 
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4.2 Analysis of the gating system with different materials: 

The materials used in the activities performed within the design optimization were 
1.4777, BZ651, BZ652, BZ654, BZ720 and BZ816. These materials are not standard, 
their names are related to the internal notation by the AB Bruzaholm Bruk.  

4.1 1.4777 material: 

This material is often used in the company. This material has high chromium content. 
This material contains very less nickel content. It shows shrinkage defects in the middle 
part of the casting. 

 

 

                       Figure 4.21: Grate bar simulated by using 1.4777 material 

 

 

4.2 BZ651 material: 

This material has compared better result than 1.4777 material. The metal flow of this 

material is good. The size of the shrinkage defects is smaller as compared to the 

previous material. This material has a high content of chromium and low nickel content.  
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                      Figure 4.22: Grate bar simulated by using BZ_651 material 

 

4.3 BZ652 material: 

The company currently using this material for grate bar casting. This material shows a 
pretty good flow. This design has some negligible defects inside the middle part of the 
casting but, the defect is showing only when setting the Niyama criteria (To show the 
worst possible result) in the simulation result. After discussion with the company 
production manager, they suggested that this defect is very little, and it won’t be shown 
in the actual design. This material is approved for final production. The BZ652 has a 
high content of chromium. The chromium material has high abrasive wear-resistant 
property. [41] 

The chromium cast iron have different industrial applications as abrasive wear-resistant 
such as power engineering, cement, calcareous, gypsum industry, ceramic, processing 
aggregate industry, mining, coke engineering, company, and metallurgy, etc. [42] 

The other chromium cast iron applications in mining and coke engineering such as 
wining chutes in strip mine and coke chutes, sludge pump rotors and barrel, elements 
of crusher and sieves, elements of quenching car in coking plant. [42] 

The high abrasion resistance elements in a company made up of chromium cast iron 
such as paddles and rotors of shot blasting machine, liners of leg pipeline for sand mix 
conveying, mixer blades and paddles, regenerators in sand mix regenerating systems. 
[42] 

The metallurgy applications of chromium cast iron elements are ore conveyor, some 
metallurgical rolls, closure bell top of a blast furnace. [42] 
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Figure 4.23: Grate bar simulated by using BZ_652 material  

4.4 BZ654 material: 

 

Figure 4.24: Grate bar simulated by using BZ_654 material  

This material is harder as compared to other all materials. It is costly because it has a 
high content of nickel. It shows better result but, in real life, it will show defects in the 
casting. The internal friction between molten metal and mould will be more in this 
material because of hardness property. 
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4.5 BZ720 material: 

This material shows the worst result. The shrinkage defects are showing in the middle 
part of the casting. This material has a high content of carbon. The shrinkage defects 
can be seen inside and the top surface of the middle part. 

 

                     Figure 4.25: Grate bar simulated by using BZ_720 material 

 

4.6 BZ816 material: 

This material has a high content of chromium. It shows defects in the middle part of the 
casting. This material has high abrasive wear resistance property because this material 
contains a high content of chromium. The middle part of the casting was very thin that’s 
why most of the materials were showing shrinkage defects there. 

 

                     Figure 4.26: Grate bar simulated by using BZ_816 material
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5 Discussion and conclusions 

5.1 Discussion of Method 
 

The data required for simulation purpose is given by AB Bruzaholm Bruk. The existing 

gating system is simulated in the Magma Soft. The simulation testing work performed 

at Jönköping University. The existing gating system simulation has done for 

understanding problems in the casting. 

The information about the gating system and casting manufacturing has been collected 

in the theoretical background. In this chapter different types of information are covered 

such as green sand mould, mould pattern, design requirements of the gating system, 

different gating system elements, filtration, runner system, gating system rules for 

designing different elements, defects in the casting and their remedies. 

The different simulation results of the existing system have checked in the Magma Soft. 

The different problems had identified after simulating casting with existing gating 

system. The different problems were found in the casting which is mention below. 

1) Cold flow during filling of the casting. 
2) Non-uniform molten metal flow through different ingates. 
3) Shrinkage defect. 
4) Liquid metal became quickly solidified at thin and hook part in the casting. 
5) Less feeding of the material to the thin part of the casting. 

The designing process has started from some ideas and solutions steps were getting 

from the theoretical background and some calculations. The new design has started as 

per gating system rules and calculated values. The calculations parts are mentioned in 

the appendix. The calculation value is used only for starting basic gating system 

geometry. The dimensions of the gating system change according to different results 

and company requirements and needs. 

The different requirements of the company such as defects free casting with better 

filling process, uniform flow through each ingate, all three gate bars should fill at the 

same time so there is no possibility of cold flow, size of the gating system should 

compact so it will fit in the pattern, distance between gating system and mould wall 

should be appropriate, internal friction between sand mould and liquid metal should be 

less.  

 

The existing gating system which is currently using in the company and new design of 

the gating system which is design in Solidworks software at Jönköping university. The 

existing and new gating system geometry as shown in the figure (5.1)  

 

               
       

Figure 5.1: Existing gating system and New gating system 
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The existing and new gating system elements discussion mention below: 

 

1) Sprue: The existing gating system had a pouring cup and sprue. The new gating 
system design doesn’t have a sprue. The pouring cup and spure design are 
combined in new design because of the height of the mould box and filter holder 
adjustment. 

2) Filter holder: The existing gating system used a vertical filter holder. The main 
disadvantages of the vertical filter holder was, it takes too much space in the 
pattern. The new horizontal filter holder has designed to save the space in the 
pattern.  

3) Runner: The existing gating system had a very complicated shape runner. The 
new gating system has ladder runner. The ladder runner is used for equal flow 
and sufficient feeding of the liquid metal through each ingate. The ladder runner 
required less liquid metal than a normal runner. 

4) Ingates system: The existing gating system had flat square shape ingates. The 
old ingates thickness was not perfect for sufficient feeding. The casting has the 
thin part at the middle of the casting and a very small area at hook side. For this 
thin part of the casting needs more feeding and equal flow through each ingate 
because there were more chances to cold flow in the casting. 

5) Riser: The riser location has found out based on the hot spot. The riser size and 
shape selected based on hot spot size and location. The existing system had a 
small size of the riser, but small size riser was not working properly in that 
gating system. The bigger size feeders are used in the new gating system. The 
side feeders are also used in the new gating system to remove the hotspot defects 
near the ingates system. 

 

The final gating system design tested in magma soft at Jönköping University. After 

same design checked in Nova flow software at AB Bruzaholm Bruk. Both simulations 

software shows almost the same results. The different simulations parameters have 

checked like filling process, temperature distribution, the velocity of the metal, defects 

and pattern size. Lastly, the gating system design has approved for the production of 

the grate bar casting.  
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5.2 Discussion of Finding and Analysis 
 

The simulation of existing gating system was done in Magma soft. The First step was 

to be observed and identify defects in the existing gating system. The different 

parameters of the existing gating system like metal flow, temperature distribution, 

velocity, and defects were observed during the analysis process. 

Since the purpose of this work was to produce defects free casting, the new drawings 

had started in Solidworks software. 

The existing gating system has attached to the casting from the hook side. The starting 

of the design was similar to the existing gating system as shown in the figure (5.2). The 

main intention was to make the existing gating system as similar designs to understand 

the filling process and find out a hotspot location.  

 

    

 

        Figure 5.2: Gating system connected to the hook side of the casting. 

 

The different gating system designs (design 2 to 7 in the finding and analysis) has 

attached to the casting from the hook side. After observation of the hook side connected 

ingates system results has been done and conclude that the hook side area is small and 

thin so we cannot feed more material to the casting. There was a limitation of ingate 

system dimensions. The shrinkage and hot spot defects were showing in the casting due 

to less feeding. That’s why decided to be attached gating system to the opposite side of 

the hook. 

The gating system attached to the opposite hook side of the casting as shown in the 

figure (5.3). There are chances of feeding more material by increasing ingates height or 

changing other dimensions of the ingates. The company has different requirements like 

better filling process, uniform liquid flow through each ingate, less internal friction in 

between mould and liquid metal, smooth flow, and compact size of ingate system for 

proper fitting in the pattern. 

 

 



Discussion and conclusions  

63 
 

                

      Figure 5.3: Gating system connected opposite to the hook side of the casting 

 

The achieve all requirements and needs of the company. The different designs have 

simulated in the magma soft. All designs simulation results were mention in the finding 

and analysis part. The designs process started with the study of initially calculated 

dimensions. The design modification process was carried out until not getting a better 

result. 

The elements of the final gating system have specific advantages which fulfill the 

company requirements and needs. The pouring cup and sprue are combined in the final 

design for adjustment of height in the mould. The existing gating system had a vertical 

filter holder. The new gating system has horizontal filter holder adjustment. Horizontal 

filter holder takes less space as compared to vertical space holder in a mould pattern. 

The company wants equal flow through each ingate and smooth flow throughout the 

casting. The ladder runner system and side feeder bowl adjustment have designed for 

uniform and smooth flow throughout the casting. The internal friction in between mould 

and liquid metal became less due to smooth flow in the casting. The normal gating 

system without side feeder it shows defects near to the ingates and middle part of the 

casting. The side feeder is necessary to overcome those defects. The ladder runner gives 

pretty good and equal flow through each ingate. The temperature and velocity are also 

good in this gating system. 

The selection of material for the grate bar (casting). The six different material testing 

has performed in Nova Flow at AB Bruzaholm Bruk. All six different materials 

simulation results were showing in the finding and analysis part. All materials were 

showing almost similar results. Most of the materials were showing shrinkage defects 

in the middle part of the casting because there is a very thin part of the casting. 

The BZ_652 material has selected for grate bar. The reason for this selection of the 

material was that it shows pretty good smooth flow in the casting.  This material has 

high chromium content. The chromium material has high abrasive wear-resistant 

property. The shrinkage defects were showing in this material after activating  Niyama 

criteria (worst possibility result).  The final gating system simulated in Nova flow by 

using BZ_652 as shown in the figure (5.4). 
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Figure 5.4: Casting simulated by using BZ_652 material 

 

The BZ_654 material is hard. This material is showing no defects in the casting. This 

material is expensive due to the high content of nickel. The simulation results of 

BZ_654 material as shown in the figure (5.5). 

 

 

Figure 5.5: Casting simulated by using BZ_654 material 
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The BZ_652 and BZ_654 materials were showing much better result among all 

materials. The BZ_652 material has a high abrasive wear-resistant property and smooth 

filling in the casting. The current company using BZ_652 material for grate bar. The 

BZ_654 material was showing a much better result in the simulation result. The BZ_654 

material has hard as compare to BZ_652 material. The BZ_654 material has a high 

content of nickel. The nickel material is expensive in the market. That’s why BZ_652 

material is suggested for grate bar casting production. 
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5.3 Final Casting Result 

 

The final casting has many advantages which are mention below: 

1) Good surface finish. 
2) No cracks in the casting. 
3) No holes in the casting. 
4) Reduce scrap. 
5) Complete mould filling. 
6) No need of any machining process for e.g. welding, finishing, etc. so company 

saving production time. 
7) Increase production rate. 

The defects free casting can be seen in the figure (5.6) 

 
 
 

            

            
   

                Figure 5.6: Final grate bar (casting) obtained from a new gating system.
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5.4 Conclusion 

 

The aim of this study was to optimize the gating system for grate bar casting. There 

were different types of gating system geometry examined through Magma soft and 

Nova flow. Some noticeable conclusions from this study are: 

1) By using ladder runner, the fluid flow was smooth and equal flow through each 
ingate. The simulation showed that the molten metal was able to fill the mould 
within the desired time and all three grate bars fills almost equal time. Therefore, 
liquid fluid heat distribution (temperature distribution) in the casting was good 
and there was no cold flow observed in the casting. 

2) The side risers play an important role in the new gating system. It reduces 
shrinkage defects which were found near to the ingates and middle part of the 
casting. 

3) The horizontal filter system designed in the new gating system which takes very 
less space in the pattern as compared to the existing pattern. 

4) The internal liquid friction between metal and mould were very less due to 
uniform and smooth metal flow. The new gating system avoids air entrapment, 
metal oxidation, and mould erosion. 

5) The simulation software increases the quality and applicability of the casting 
product. It can able to read STL file, complex solid or surface geometry, show 
the mould filling tracer, velocity, temperature distribution in the mould filling 
and solidification. It is used to predict casting defects. It improves the quality 
and effectiveness of the casting process. 

6) The BZ652 (company internal notification) material chosen for making grate 
bar casting. It shows a pretty uniform and smooth flow. The internal friction 
between liquid metal and mould were very low. 
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7 Appendices 

 

7.1 Appendix 1 

 

 

Design 1  

1)  Calculation of pouring time (steel casting)  

            The weight of the poured metal is calculated by addition of casting. 

            Weight of the poured metal (W) = 31.571 kg 

            Pouring time, t = (2.4335-0.3953*log W) * √(W) [37]                                     (8) 

                                     = ((2.4335-0.3953*log (31.571)) * √ (31.571) 

                                     = 1.84083*√ (31.571) 

                                     = 10.34 sec 

 

2) Calculate the choke area: 

 

𝐴𝐶 =
𝑤

𝐶⋅𝜌⋅𝑡√2⋅𝑔.𝐻𝐶
 [7]                                                                    (9) 

 

 

 

 

            Where, 𝐴𝐶  = Choke Area 

                         W = Weight of the poured metal, 31.571 kg 

                          C = efficiency factor (varies between 0.7 to 0.9) = 0.75 

                          ρ = density of liquid metal, 7700 kg/ m^3 

                           t = pouring time, 10.34 sec 

                          g = acceleration due to gravity, 9.8 m/ sec 

                        𝐻𝐶 = effective height of the metal head,0.200 m [8] 

   
 

 

𝐴𝐶 =
31,571

0,75⋅7700⋅10,34√2⋅9,8⋅0,200
                                           (10) 

 

 

 

 

                                                           = 2.6703* 10^-4 m2 
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3) Design of the runner  
 
a)  Pressurized gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:2:1.5 [24] 

 

            Cross sectional area of runner,  𝐴𝑅= 2 * 𝐴𝐶                                                      (11) 

                          = 2* 2.6703* 10^-4 

                             = 5.3406* 10^-4 m2 

    

            Height of runner = Width of runner = a 

 

                                    a2 = (5.3406* 10^-4)  m2                                                                                      (12) 

   

                                    a = 0.0231097 m 

                                       = 23.1097 mm 

 

           Height of runner = 23.1097 mm 

 

           Width of runner = 23.1097 mm 

              

            Runner length is depending on the length of casting. 

 

 

 

  

b) Unpressurized gating system ratio for steel casting 𝐴𝐶: 𝐴𝑅: 𝐴𝐺  =1:3:3 [24] 

 

  

    

                  Cross sectional area of runner, 𝐴𝑅 = 3 * 𝐴𝐶                                               (13) 

                                  = 3* 2.6703* 10^-4 

                                = 8.0109*10^-4 m2 

 

 

                 Height of runner = Width of runner = a 

 

                                          a2 = (8.0109*10^-4)  m2                                                                               (14) 

 

                                           a = 0.0283035 m 

                                             = 28.3035 mm 

 

                Height of runner =   28.3035 mm 

 

                 Width of runner =    28.3035 mm 
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                 Runner length is depending on the length of casting. 

 

 

4) Design of ingates :  
a) Pressurized gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:2:1.5  

 

            Total cross-sectional area of ingates, 𝐴𝐺  = 1.5 * 𝐴𝐶                                             (15) 

                                    = 1.5*2.6703* 10^-4 

                                  = 4.00545* 10^-4 m2 

 

                                            No. of ingates taken = 3  

 

            The cross-sectional area of each ingate = 
4.00545∗ 10^−4

3
                                  (16) 

 

                                =1.33515* 10^-4 m2 

 

            Let,  Height of ingate = a 

                     Width of ingate = 2a 

 

 

                                        2a2 = (1.33515* 10^-4)  m2                                                                         (17) 

                                          a2 = 6.67575* 10^-5 

                                           a = 8.170526* 10^-3 m 

              Height of ingates, a = 8.170526 mm 

 

              Width of ingates,2a = 16.341052 mm 

 

 

b) Unpressurised gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:3:3 

            Total cross-sectional area of ingates, 𝐴𝐺  = 3 * 𝐴𝐶                                            (18) 

                     = 3*2.6703* 10^-4 

                   = 8.0109*10^-4 m2 

 

             No. of ingates taken = 3  

 

             Cross-sectional area of each ingate = 
8.0109∗10^−4 

3
                                        (19) 

 

                           =2.6703*10^-4 m2 

 

              Let, height of ingate = a 

                      Width of ingate = 2a 

 

 

                                     2a2 = (2.6703*10^-4)  m2                                                                                (20) 
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                                       a2 = 1.33515*10^-4 

                                        a =   0.0115548 m 

          Height of ingates, a = 11.5548 mm 

           Width of ingates,2a = 23.1097 mm 

 

7.2 Appendix 2 

 

Design 2 

 

1)  Calculation of pouring time (steel casting)  

The weight of the poured metal is calculated by addition of casting and Ingate system. 

               Weight of the poured metal (W) = 54.037 kg 

               Pouring time, t = (2.4335-0.3953*log W) * √(W)                                       (21) 

                                        = ((2.4335-0.3953*log (54.037)) * √ (54.037) 

                                        = 1.7485*√ (54.037) 

                                        = 12.85 sec 

 

2)  Calculate the choke area: 

 

𝐴𝐶 =
𝑤

𝐶⋅𝜌⋅𝑡√2⋅𝑔.𝐻𝐶
                                         (22) 

 

 

 

 

               Where, 𝐴𝐶  = Choke Area 

                             W = Weight of the poured metal, 54.037 kg 

                              C = efficiency factor (varies between 0.7 to 0.9) = 0.75 

                               ρ = density of liquid metal, 7700 kg/ m^3 

                                t = pouring time, 12.85 sec 

                               g = acceleration due to gravity, 9.8 m/ sec 

                             𝐻𝐶 = effective height of the metal head,0.200 m 

   
 

 

                                                     𝐴𝐶 =
54,037

0,75⋅7700⋅12,85√2⋅9,8⋅0,200
                                 (23) 
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                                                           = 3.6778* 10^-4 m2 

 

 

 

3) Design of the runner  
 

a) Pressurized gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:2:1.5  

 

            Cross sectional area of runner, 𝐴𝑅 = 2 * 𝐴𝐶                                                      (24) 

                          = 2* 3.6778* 10^-4  

                                                                   = 7.3556* 10^-4 m2 

 

             Height of runner = Width of runner = a 

 

 

                                      a2 = (7.3556* 10^-4)  m2                                                                                   (25) 

 

                                       a = 0.0271212 m 

                                          = 27.1212 mm 

 

               Height of runner =   27.1212 mm 

 

               Width of runner =    27.1212 mm 

 

               Runner length is depending on the length of casting. 

 

b) Unpressurized gating system ratio for steel casting 𝐴𝐶: 𝐴𝑅: 𝐴𝐺  =1:3:3 

            Cross sectional area of runner, 𝐴𝑅 = 3 * 𝐴𝐶                                                     (26) 

                          = 3* 3.6778* 10^-4 

                                                                   = 1.10334*10^-3 m2 

 

             Height of runner = Width of runner = a 

 

                                     a2 = (1.10334*10^-3)  m2                                                                                     (27) 

 

                                      a = 0.0332165 m 

                                         = 33.2165 mm 

 

 

             Height of runner = 33.2165 mm 

 

             Width of runner = 33.2165 mm 

 

             Runner length is depending on the length of casting. 
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4) Design of ingates :  
 

a) Pressurized gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:2:1.5  

 

            Total cross-sectional area of ingates, 𝐴𝐺  = 1.5 * 𝐴𝐶                                           (28) 

                                    = 1.5* 3.6778* 10^-4 

                                  = 5.5167*10^-4 m2 

 

            No. of ingates taken = 3  

 

            The cross-sectional area of each ingate = 
5.5167∗10^−4

3
                                   (29) 

           

          =1.8389*10^-4 m2 

 

           Let, height of ingate = a 

                  Width of ingate = 2a 

 

 

                   2a2 = (1.8389*10^-4)  m2                                                                                                           (30) 

                     a2 = 9.1945*10^-5 

                      a = 9.588795*10^-3 m 

  

          Height of ingates, a = 9.588795 mm 

          Width of ingates,2a = 19.17759 mm 

 

 

b) Unpressurised gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:3:3 

            Total cross-sectional area of ingates, 𝐴𝐺  = 3 * 𝐴𝐶                                           (31) 

                                    = 3* 3.6778* 10^-4 

                                  =1.10334* 10^-3 m2 

 

            No. of ingates taken = 3  

 

            Cross-sectional area of each ingate = 
1.10334∗ 10^−3 

3
                                       (32) 

 

                         =3.6778*10^-4 m2 

 

            Let, height of ingate = a 

                   Width of ingate = 2a 

 

 

                       2a2 = (3.6778*10^-4)  m2                                                                                                       (33) 

                         a2 = 1.8389*10^-4 

                          a = 0.0135606 m 

             Height of ingates, a = 13.5606 mm 

             Width of ingates,2a = 27.1212 mm 
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7.3 Appendix 3 

 

Design 3  

1)  Calculation of pouring time (steel casting)  

The weight of the poured metal is calculated by the ratio of the mass of the casting and 
casting yield. 

      Casting volume = (4.528*10^-3) m^3                                                                   (34)                                                    

      Mass of the casting = Volume*density                                                                 (35) 

                                      = (4.528*10^-3) m^3 *(7700) kg/ m^3 

                                      = 34.86 kg 

     Assumed casting yield = 0.7 (70%)  

     Weight of the poured metal = Mass of the casting / casting yield                          (36) 

       = 34.86 / 0.7 

                                                  = 49.80 kg 

      Weight of the poured metal (W) = 49.80 kg 

       Pouring time, t = (2.4335-0.3953*log W) * √(W)                                               (37) 

                                = ((2.4335-0.3953*log (49.80)) * √ (49.80) 

                                = 1.7625*√ (49.80) 

                                = 12.43 sec 

2) Calculate the choke area: 

 

𝐴𝐶 =
𝑤

𝐶⋅𝜌⋅𝑡√2⋅𝑔.𝐻𝐶
                                                                 (38) 

 

 

 

 

             Where, 𝐴𝐶  = Choke Area 

                          W = Weight of the poured metal, 49.80 kg 

                           C = efficiency factor (varies between 0.7 to 0.9) = 0.75 

                            ρ = density of liquid metal, 7700 kg/ m^3 

                             t = pouring time, 12.43 sec 

                            g = acceleration due to gravity, 9.8 m/ sec 

                        𝐻𝐶 = effective height of the metal head,0.200 m 
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𝐴𝐶 =
49,80

0,75⋅7700⋅12,43√2⋅9,8⋅0,200
                                              (39) 

 

 

 

 

                                                           = 3.50399* 10^-4 m2 

3) Design of the runner  
 

a) Pressurized gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:2:1.5  

 

            Cross sectional area of runner, 𝐴𝑅 = 2 * 𝐴𝐶                                                       (40) 

                          = 2*3.50399* 10^-4 

                        = 7.00798*10^-4 m2 

 

             Height of runner = Width of runner = a 

 

                                     a2 = (7.00798*10^-4)  m2                                                                                   (41) 

 

                                      a = 0.0264725 m 

                                         = 26.4725 mm 

 

             Height of runner = 26.4725 mm 

 

             Width of runner = 26.4725 mm 

 

             Runner length is depending on the length of casting. 

 

b) Unpressurized gating system ratio for steel casting 𝐴𝐶: 𝐴𝑅: 𝐴𝐺  =1:3:3 

            Cross sectional area of runner, 𝐴𝑅= 3 * 𝐴𝐶                                                         (42) 

                         = 3*3.50399* 10^-4 

                       = 1.05119*10^-3 m2 

 

            Height of runner = Width of runner = a 

 

                                    a2 = (1.05119*10^-3)  m2                                                                                    (43) 

                                     a = 0.0324221 m 

                                        = 32.4221 mm 

             Height of runner = 32.4221 mm 

              Width of runner = 32.4221 mm 

            Runner length is depending on the length of casting. 
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4) Design of ingates :  
 

a) Pressurized gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:2:1.5  

 

           Total cross-sectional area of ingates, 𝐴𝐺  = 1.5 * 𝐴𝐶                                                  (44) 

                                    = 1.5* 3.50399* 10^-4  

                                    = 5.25598* 10^-4 m2 

 

           No. of ingates taken = 3  

 

           Cross-sectional area of each ingate = 
5.25598∗ 10^−4 

3
                                        (45) 

 

                        =1.751995*10^-4 m2 

 

           Let, height of ingate = a 

                  Width of ingate = 2a 

 

                                       2a2 = (1.751995*10^-4)  m2                                                                             (46) 

                                         a2 = 8.759975*10^-4 

                                          a = 9.359473*10^-3 m 

 

          Height of ingates, a = 9.359473 mm 

          Width of ingates,2a =18.7189 mm 

 

 

b) Unpressurised gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:3:3 

            Total cross-sectional area of ingates, 𝐴𝐺  = 3 * 𝐴𝐶                                               (47) 

                                   = 3* 3.50399* 10^-4 

                                 =1.051197* 10^-3 m2 

 

          No. of ingates taken = 3  

 

          Cross-sectional area of each ingate = 
1.051197∗ 10^−3 

3
                                        (48) 

 

                       =3.50399* 10^-4 m2 

       

          Let, height of ingate = a 

                 Width of ingate = 2a 

 

 

                                     2a2 = (3.50399* 10^-4)  m2                                                                            (49) 

                                       a2 = 1.751995* 10^-4 

                                         a = 0.0132362 m 

         Height of ingates, a = 13.2362 mm 

         Width of ingates,2a = 26.4725 mm 
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7.4 Appendix 4 

Design 4  

1)  Calculation of pouring time (steel casting)  

           This design calculations which is approximately equal to the final gating system. 

           The weight of the poured metal is calculated by addition of casting, 

            Ingate system, and feeder weight. 

           Weight of the poured metal (W) = 63.537 kg 

           Pouring time, t = (2.4335-0.3953*log W) * √(W)                                             (50) 

                                    = ((2.4335-0.3953*log (63.537)) * √ (63.537) 

                                    = 13.71 sec 

2) Calculate the choke area: 

 

𝐴𝐶 =
𝑤

𝐶⋅𝜌⋅𝑡√2⋅𝑔.𝐻𝐶
                                                              (51) 

 

 

 

 

            Where, 𝐴𝐶  = Choke Area 

                          W = Weight of the poured metal, 63.537 kg 

                           C = efficiency factor (varies between 0.7 to 0.9) = 0.75 

                            ρ = density of liquid metal, 7700 kg/ m^3 

                             t = pouring time, 13.71 sec 

                            g = acceleration due to gravity, 9.8 m/ sec 

                          𝐻𝐶 = effective height of the metal head,0.194 m 

   
 

 

𝐴𝐶 =
63,537

0,75⋅7700⋅13,71√2⋅9,8.0,194
                                           (52) 

 

 

 

 

                

 

                                            = 4.115*10^-4 m2 
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3) Design of the runner 
  

a) Pressurized gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:2:1.5  

 

            Cross sectional area of runner, 𝐴𝑅 = 2 * 𝐴𝐶                                                     (53) 

                          = 2* (4.115*10^-4) 

                        = 8.23 * 10^-4 m2 

 

            Height of runner = Width of runner = a 

 

                                    a2 = (8.23 * 10^-4)  m2                                                                                          (54) 

                                     a = 0.0286879 m 

                                        = 28.6879 mm 

            Height of runner = 28.6879 mm 

            Width of runner = 28.6879 mm 

            Runner length is depending on the length of casting. 

 

b) Unpressurized gating system ratio for steel casting 𝐴𝐶: 𝐴𝑅: 𝐴𝐺  =1:3:3 

            Cross sectional area of runner, 𝐴𝑅 = 3 * 𝐴𝐶                                                     (55) 

                          = 3 * (4.115*10^-4) 

                                                                    = 1.2345 * 10^-3 m2 

 

             Height of runner = Width of runner = a 

 

              a2 = (1.2345 * 10^-3)  m2                                                                                                                     (56) 

               a = 0.0351354 m 

                  = 35.1354 mm 

 

             Height of runner =   35.1354 mm 

             Width of runner =    35.1354 mm 

             Runner length is depending on the length of casting. 

 

 

4) Design of ingates :  
 

a) Pressurized gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:2:1.5  

 

            Total cross-sectional area of ingates, 𝐴𝐺  = 1.5 * 𝐴𝐶                                        (57) 

                                    = 1.5* (4.115*10^-4)  

                                                                             = 6.1725*10^-4 m2 

 

            No. of ingates taken = 3  
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            The cross-sectional area of each ingate = 
6,1725⋅10^−4

3
                                     (58) 

           

                                  = 2.0575*10^-4 m2 

             Let, height of ingate = a 

                    Width of ingate = 2a 

 

 

                   2a2 = (2.0575*10^-4)  m2                                                                                                                     (59) 

                    a2 = 1.02875*10^-4 

                     a = 0.0101427 m 

 

 

              Height of ingates, a = 10.1427 mm 

 

              Width of ingates,2a =20.2854 mm 

 

 

b) Unpressurised gating system ratio for steel casting 𝐴𝐶 : 𝐴𝑅: 𝐴𝐺  =1:3:3 

            Total cross-sectional area of ingates, 𝐴𝐺  = 3 * 𝐴𝐶                                          (60) 

                                    = 3* (4.115*10^-4) 

                                                         = 1.2345*10^-3 m2 

 

            No. of ingates taken = 3  

 

            Cross-sectional area of each ingate = 
1,2345⋅10^−3

3
                                             (61) 

                                                                         

                                                                     = 4.115*10^-4 m2 

 

            Let, height of ingate = a 

                   Width of ingate = 2a 

 

                                        2a2 = (4.115*10^-4)  m2                                                                                 (62) 

                                          a2 = 2.0575*10^-4 

                                           a =   0.0143439 m 

 

           Height of ingates, a = 14.3439 mm 

           Width of ingates,2a = 28.6879 mm 

 

 

 

 

 

 


