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Abstract— Casting as a manufacturing process to make 

complex shapes of metal materials in mass production may 

experience many different defects such as porosity and 

incomplete filling. Improvement of the casting quality 

becomes important. Gating/riser system design is critical to 

improving casting quality. Hence here an attempt has been 

made to optimize gating/riser systems based on CAD and 

simulation technology with the goal of improving casting 

quality such as reducing incomplete filling area, decreasing 

large porosity and increasing yield. Therefore here, an 

optimization framework is presented based on CAD and 

simulation technology 
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I. INTRODUCTION 

Casting is a manufacturing process for making complex 

shapes of metal materials in mass production. There are two 

main consecutive stages, filling process and solidification 

process, in casting production. In filling process gating 

system composed of pouring cup, runner, sprue, sprue well 

and ingate, is designed to guide liquid metal filling. Riser 

system is used to compensate shrinkage caused by casting 

solidification. Casting process design is important for 

production quality and efficiency. It is unavoidable that 

many different defects occur in casting process, such as 

porosity and incomplete filling. Casting quality is heavily 

dependent on the success of gating/riser system design, 

which currently is conducted mainly relied on technicians’ 

experience. Therefore there is a need for the development of 

a computer-aided casting process design tool with CAD, 

simulation, and optimization functions to ensure the quality 

of casting. In this research work, a CAD and simulation 

technology based optimization framework is presented. 

Given a CAD model of part design and after its being 

converted to casting model, the first objective is to evaluate 

castability of the casting design. Then runner and risers are 

presented parametrically.   By varying each parameter, all 

CAD models will be obtained. After analyzing simulation 

results, the original gating/riser system design will be 

optimized to improve casting quality. In this thesis, one 

valve body is used to verify the effectiveness of the 

optimization method. Compared with the initial design, the 

optimized casting assembly can decrease porosity around 

18% while the yield increases 8%. 

A. Gating/Riser System 

A key element in producing quality metal castings is the 

proper design and sizing of the gating and riser systems 
[10]

. 

A foundry can produce the best quality molds, cores and 

molten metal and still end up with a poor quality casting by 

using poorly designed gating and riser systems. A typical 

gating/riser system is shown below: 

 
Fig.1: Typical Gating/riser System 

B. Gating System: 

The main objective [1] of a gating system is to lead clean 

molten metal poured from ladle to the casting cavity, 

ensuring smooth, uniform and complete filling. Clean metal 

implies preventing the entry of slag and inclusions into the 

mould cavity, and minimizing surface turbulence. Smooth 

filling implies minimizing bulk turbulence. Uniform filling 

implies that all portions of the casting fill in a controlled 

manner, usually at the same time. Complete filling implies 

leading molten metal to thin and end sections with minimum 

resistance. 

C. Runner: 

Runner is typically located in the drag of the casting. 

Because molten metal often changes its direction during the 

flow process in the runner, turbulence often accumulates. 

For a good runner design, it must not promote turbulence. 

D. Riser: 

A riser or a feeder is a reservoir built into a metal casting 

mold to prevent cavities due to shrinkage. Because metals 

are less dense as liquids than as solids (with some 

exceptions), castings shrink as they cool. This can leave a 

void, generally at the last point to solidify. Risers prevent 

this by providing molten metal at the point of likely 

shrinkage, so that the cavity forms in the riser, not the 

casting. 

E. Current Gating/Riser Design and Optimization 

Methods: 

Traditionally gating/riser system design was performed by 

engineers’ own experience. It is high cost to do trial and 

error practice to find the optimal gating/riser system design. 

Computer modeling enabled visualization of mold filling 

and casting solidification which made the gating/riser 

system design and optimization cost-effectively. Numerical 
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simulators based on FDM and FEM methods provide 

powerful means of analyzing various phenomena occurring 

during the casting process[2]. The gating/riser system can be 

optimized by comparing the simulation results output from 

casting simulation software. In previous study the 

simulation technology was used to design and optimize 

gating system[3]. And Taguchi method with multiple 

performance characteristics was also used to optimize the 

gating system parameters[4]. In this research, the author 

selected four independent gating parameters of ingate 

height, ingate width, runner height and runner width. By 

analyzing the simulation results from MAGASOFT, the 

optimal gating system could be produced 

F. Castability Analysis: 

Castability analysis is an important step in sand casting 

process. It may include two tasks. Given a cast part, the first 

task is to evaluate if the part can be produced with casting 

method. The second task focuses on analyzing the structural 

layout of the cast part, such as the better position of the 

gating, the optimized number and position of risers, etc. 

Only after castability analysis, it can be rightly determined if 

a part is suitable for casting. If not, some suggestions should 

be given to design engineers and it is helpful for them to 

make modifications. And the more important thing is it can 

help engineers get the right positions to integrate gating and 

risers, which has great effects on the final casting quality. 

There are three major approaches for castability analysis: 

process simulation, parametric cost estimation and features-

based castability checks. Castability guidelines are very 

useful for design engineers to finish initial design.These 

guidelines can be found in technical literature and also in 

companies’ technical documents. There are some 

examples
[2]

 illustrated in the following figure 

 

G. Problems Remained In Castability Analysis and 

Gating/Riser Design And Optimization: 

Although CAD and simulation technology makes sand 

casting process design more efficient, there are some 

remained problems needs more consideration. Currently 

castability analysis is mostly based on the experts’ 

experiences. But it is difficult to convert these experiences 

into computer readable knowledge rule. How to find 

quantity methods to do castability analysis is important. As 

just mentioned, the success of gating/riser system design has 

great effects on the final quality of casting. How to optimize 

gating/riser system is important. Currently the gating/riser 

system design and optimization can be implemented by 

running simulation software and analyzing simulation 

results. But given a CAD model and possible parameters to 

change in the experiment, it is also important to know how 

to semi-automatically or even automatically get all possible 

CAD models. Unfortunately this kind of research wasn’t 

found in previous work. 

II. OBJECTIVES 

(1) To provide the system framework for the 

computer-aided casting process design tool 

(2) To propose a method for castability analysis. With 

the aim of locating the possible hot spots, this 

method calculates and compares modulus of 

inputted CAD model  

(3) To change parameters of runner and risers or build 

templates of gating/riser system. This will provide 

a semi-automatically way to build all CAD models 

of runners and risers, which are the input of 

simulation software.  

(4) To design a method to optimize gating/riser system 

based on CAD and simulation technology in order 

to reduce large porosity, decrease incomplete 

filling area, and increase yield 

(5) Design and develop CAD model to eliminate 

defects and to achieve better yield using software 

tool-ProCAST 

III. WORKFLOW 

 
Fig. 2: Computer Aided System Workflow 

For a given CAD model, the first step of the process will 

include a complete conceptual casting process design such 

as locating the parting line, initial design of gating/riser 

system, casting parameters definition, possible casting 

defects prediction, etc. In the next step, the part CAD model 

will be converted to casting model, which is heavily 

dependent on the result of castability analysis. After 

completing casting model parametrically, the casting design 

matrix can be generated with some selected parameters. 
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Consequentially all casting design models based on the 

matrix can be generated as input to the simulation software. 

After analyzing simulation results, it will output the 

optimized casting system design. 

IV. DESIGNING AND SIMULATION (STEEL CASTING) 

A. Manual Design 

First step to rigging of casting is to analyze the pattern. It 

include identify location of part line, and orientation of part 

in mold box. Orientation depends on overall length (L) and 

width (W) of pattern as well as complexity of pattern. In 

general higher L/W ratio (>1) prefers horizontal orientation 

and lower L/W ratio (<1) prefers vertical orientation. In our 

valve housing,  

 Overall length L=1330mm  

 Overall width W=1115mm  

 L/W ratio = 1.19 

Horizontal orientation preferred. Valve housing is 

symmetric about a plan and it works as a parting line. 

 
Fig. 3: Manual Design 

B. Risering 

For designing riser in complex casting following procedure 

should be followed. 

(1) Representation of casting as a combination of 

simple parts like plate, bar shape. 

(2) Calculate modulus (M) and volume for every 

section. 

(3) Identify feeding zone (parent zone) and parasite 

zone. 

(4) Calculate shape factor (SF) for every section. 

(5) Obtain riser/casting volume ratio using equation 

74.0

c

R )SF(51.2
V

V   

C. Steps in Riser Design: 

(1) Divide complex casting into simple plate like parts 

or section. In our part, 7 distinct sections are 

identified which are shown below 

 
(2) Modulus defines as a ratio of volume of the part to 

the surface area of the part. Modulus also defines 

as a ratio of effective cross section area to the 

perimeter of the cross section. 

Modulus(M)= 

 
Modulus of all 7 sections is shown below. 

SECTION MODULUS 

1 8.57 

2 6.2 

3 5.7 

4 5.6 

5 4.17 

6 5.6 

7 5.46 

(3) In modulus, Volume indicates heat capacity of part 

and surface area indicates heat rejection from the 

part. Higher modulus represents higher heat 

capacity means lower cooling rate. Lower modulus 

part freezes first.  

Arrange modulus in increasing order which give 

sequence of freezing order 

Section Modulus Freezing order 

5 4.17 1 

7 5.46 2 

4 5.6 3 

6 5.6 4 

3 5.7 5 

2 6.2 6 

1 8.57 7 

(4) Length, width and thickness are computed from the 

maximum dimensions of the casting section. Then, 

the ratio of riser volume to casting volume can be 

obtained from the graph shown 

Shape factor = 
            

         
 

 
Fig. 4: Shape Factor Curve 

Riser volume to casting volume ratio shown as a 

function of SF. 

NAVAL RESEARCH LABORATORY(section 1) 

L(mm) 3502.87 

W(mm) 342 

T(mm) 185 

shape factor 20.77 

section volume 0.0697 
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riser / casting volume 0.275 

riser volume 001916 

Table:  Riser Calculations (NRL method) 

 
Dia Height Volume surface area modulus 

R1 182 190 .00494 .000329 14.9 

R2 182 174 .00452 .000301 15 

R3 182 180 .00468 .000312 14.95 

R4 182 184 .004478 .000298 15 

Total volume = .0189   

Table: Result table 

Weight of riser = 203 kg 

Weight of gating system=204kg 

D. Gating design: 

For steel casting, 

Pouringtime(t)=

ondsecW)Wlog3953.04335.2(  , so t = 40.11 

second 

Molten metal density (d) = 
3

6108.7
mm

kg  

Pressurized gating system is preferable for steel 

with gating ratio, sprue: runner: in-gate = 1:2:1 

So,   

Area of each in-gate = 412.5 
2mm (square c/s 

area selected to take advantage of its geometry) 

Area of runner = 3145 
2mm  (rectangle c/s area)  

Area of sprue = 3846.5 
2mm   

1) Improvements 

Runner has triangular extensions which prevents entering of 

slag and make flow smooth 

In-gates are square to take advantage of its 

geometry. 

Sprue has 2’ taper to prevent air aspirat 

 
Fig. 5: Gating System 

E. Modeling: 

 
Fig. 6: Casting part CAD model is developed in 

Creo parametric 2.0 with allowance 

F. Modeling with riser and gating system 

 
Fig. 7: Rising and Gating System 

G. PreCAST: 

Process parameters are defined in PreCAST. 

1) Steps for PreCAST: 

 Step 1 : Define Geometry  

In-let System, Gating System, Risering System   

 Step 2 : Define Material    

C.S. ASTM A216 GR.WCB & Green Sand 

 Step 3 : Define Interface    

Thermal Parameters between Casting & Sand 

 Step 4 : Define Boundary Condition   

Heat & Mass Flow 

 Step 5 : Define Process   

Gravity Casting 

 Step 6 : Define Initial Condition    

Initial Temperature & States 

 Step 7 : Define Run Parameters    

Control Simulation Parameters 

2) Input parameters: 

1 Material 
C.S. ASTM A216 GR.WCB, 

Green sand 

 

2 

Thermal 

parameters 

Coincides both surfaces 

Thermal co-efficient h=500 

 

3 

 

Boundary 

condition 

Initial temperature: metal = 

1600
0
C , mold = 20

0
C 

States: mold = NO empty , 

casting = empty 

Final temperature: metal = 20
0
C 

, mold = 20
0
C 

4 Process Gravity (g) = 9.81 m/s
2
 

 

5 

 

Run 

parameter 

Steps = 8000, percentage filled = 

100% 

 

Status of 

modules 

Porosity 

0 

or 

1 

Hot spots 

0 

or 

1 

Thermal model 

activation 

0 

or 

1 
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V. SUMMARY AND CONCLUSION 

A. Summary: 

This work introduces a CAD and simulation technology 

method to solve some common casting problems such as 

large porosity, and incomplete filling. It is important to 

verify the suitability of the given part CAD model to the 

casting process. In this paper, castability analysis is firstly 

presented. Then, modulus calculation, one of the most 

effective ways to evaluate casting cooling rate, is used in 

castability analysis. Quality must be the first consideration 

used in determining whether or not the CAD model is 

suitable for casting. A key element in producing quality 

castings is the proper design and sizing of the gating and 

riser systems. A foundry can produce the best quality molds, 

cores and molten metal and still end up with a poor quality 

casting by using poorly designed gating and riser systems. 

In this paper, with the aid of parametric modeling 

technology, runner and riser are modeled parametrically. By 

varying each parameter, it is easy to get different casting 

CAD models. These models output data populate the most 

suitable combinations of runners and risers parameters. 

After inputting the completed data and all CAD models into 

the simulation software, Procast, the simulation result can be 

obtained. Based on the predefined optimization objectives of 

runner and riser, the range analysis method is also used to 

analyze the simulation result and obtain the optimized 

runner and risers’ parameters. 

B. Conclusion: 

To overcome the problems of current gating/riser system, a 

method based on CAD and simulation technology is 

implemented. 

Modulus based castability analysis is implemented 

to locate the possible hot spots. 

Runner and riser models are established 

parametrically. 

By analyzing simulation results, the optimized 

gating/riser system is determined. 

By comparing the simulation result of optimized 

casting model with that of the original model, it can be 

concluded that the porosity volume decreased by roughly 

18% and the yield increased by about 8%. 
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