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Abstract— Riser design plays an important role in the casting 

of the components. The component taken for casting is the 

“column”. This column is used to support various parts of 

blast furnace. Increasing the casting yield by optimizing the 

volume of riser for the casting of  column such that the 

shrinkage defect and the hot spots is eliminated is the main 

objective of this project. Geometric modeling of column is 

done in catia v5r20 through which volume and surface area 

of the column for different sections was obtained and section 

with higher modulus is calculated. Formulation for riser using 

cylindrical neck is done and has been given to the constrained 

optimization technique in MATLAB R2017a and the 

optimum dimensions of riser is obtained which has been 

compared with the ongoing manufacturing of column in 

industry and 18.5 %  reduction of riser volume is obtained 

which increases casting yield. 
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I. INTRODUCTION 

Casting is a process in which liquid molten metal is poured 

into the casting cavity whose shape is same as that of the 

shape of the material to be produced. In manufacturing 

process, casting is one of the most economical production 

processes which involve considerable metallurgical and 

mechanical aspects. Multiple processes have been developed 

in the industry where each process is specific to the metal 

used and the results desired. Within each process there are 

several variables that impact the design of final product. 

 The literature survey is the background work that is 

made to hold up this project work, it is based on various 

journals, amongst which j.l gaindhar from university of 

roorkee formulated the objective and constraint equation for 

optimizing the dimension of riser which are fed in the 

different optimizing software to obtain the optimum 

dimension of riser and their logical approach is utilized in this 

project to obtain the objective function and constraint 

equation. manikada prasanth and p. b. lagdive  used genetic 

algorithm technique after formulating the objective and 

constraint equation to determine the dimension of riser in 

matlab. 

II. MATERIAL & MATHEMATICAL FORMULATION 

Because of this high strength present in ductile iron “column” 

is made up of S.G iron. As the divine purpose of column is to 

support girder and grid present over it. The S.G IRON are 

available in various grades and standards the grade of this 

material used in the casting of column is FCD400H. 

 Chemical Composition 

The below table consists of chemical composition of a 

COLUMN made up of S.G IRON to be cast. 

z P S Mg Mn Cu 

% 0.03 0.02 0.045 0.25 0.43 

Mo Ni Si C Fe 

0.9 1.1 2.3 3.6 91.325 

Table 1: Chemical Composition 

 Risers are added reservoirs designed to feed liquid 

metal to the solidifying casting as a means of compensating 

for solidification shrinkage. To perform this function, the 

risers must solidify after the casting. If the reverse were true, 

liquid metal would flow from the casting into the solidifying 

riser, and the casting shrinkage would be even greater. Hence 

the riser should be designed to produce directional 

solidification. 

III. NECESSARY CONDITION FOR RISER DESIGN 

1) The metal in the riser should solidify at the end i.e. the 

solidification time of the riser must be greater than the 

solidification time of casting. 

2) The riser volume should be sufficient for compensating 

the shrinkage in the casting. 

3) The volume of the riser must be greater than the 

shrinkage volume of casting. 

Riser is mainly used in the casting process in order to 

compensate the liquid shrinkage taking place in the casting. 

It acts as a reservoir of molten metal provided in the casting 

so that hot metal can flow back in the casting cavity when 

there is a reduction in volume of metal due to solidification. 

 In this project a column which is one of the integral 

parts of the blast furnace is taken for study. Simplex casting 

a well-known industry located in Bhilai was given an order 

for the casting of different parts used in the shell of the blast 

furnace by Japanese company “Nippon steel”. Among these 

different parts one of the parts was column used to support 

the girder and grid of the blast furnace. 

 
Fig. 1: Column 

 Now, column has two flange side which are the 

thickest side in casting, and because as per the definition of 

hot spot, which is present on the thickest part of casting so in 

order to find the optimum dimension of riser each riser is 

located in each flange part of column comprising number of 

stiffener 8 & 4 in the bottom and top side respectively. 

 Hence for the calculation of optimum dimension of 

each riser, different sections are made as shown in fig. and 
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the modulus of each section is calculated, now whichever 

section possesses highest modulus, riser is design on the basis 

of that modulus for that section. The column is modeled in 

Catia software to get the volume and surface area of the 

column. 

 
Fig. 2: Bottom Flange Part of Column Comprising 8 

Stiffeners. (Section 2) 

 
Fig. 3: Upper Flange Part of Column Comprising 4 

Stiffeners. (Section-3) 

 
Fig. 4: Cylindrical Part of Column. (Section 4) 

 
Fig. 5: Left Half Part of Column. (Section 5) 

 
Fig. 6: Right Half Part of The Column. (Section 6) 

section 

(no.) 

volume( 

m3) 

surface 

area(m2) 

modulus(m) = 

volume/surface area 

1 0.15 7.865 0.019 

2 0.031 1.4435 0.0214 

3 0.027 1.17146 0.023 

4 0.092 5.261 0.0174 

5 0.073 3.782 0.019 

6 0.077 4.082 0.0188 

Table 2: Tabulation of Modulus 

Based on the above table section 3 possesses highest modulus 

hence riser is designed on the basis of this modulus i.e. it will 

solidify at the last: 

Hence objective function and constraints for the top part of 

the column comprising 4 stiffener i.e. section 3 is, 

Minimize: 𝑉𝑟 =
𝜋

4
∗ 𝐷𝑟2 ∗ 𝐻𝑟 +

𝜋

4
𝛾𝛽2 ∗ 𝐷𝑟3 

Subjected to 
4𝐸

𝐷𝑟
+

𝐸

𝐻𝑟
(2 + 4𝛽𝛾 − 𝛽2) − 𝛾𝛽2

𝐷𝑟

𝐻𝑟
< 1 

𝑉𝑟˃𝑉𝑠 

𝑤ℎ𝑒𝑟𝑒 𝐸 = (
𝑉𝑐

𝑆𝐴𝑐
)  

𝛾 =
𝐷𝑛

𝐷𝑟
&  𝛽 =

𝐻𝑛

𝐷𝑟
 

 E,𝛾, 𝛽 are the constants taken for ease of calculation 

and Dn and Dr are the diameter of riser and neck resp. Vr is 

the volume of riser, Hr is the height of the riser, Vs is the 

shrinkage volume which was given by the industry as 2%. 

Now we know that –Mr > 1.2 *Mc(by modulus method) 

E=
0.027

1.17146
∗ 1.2=0.023*1.2=0.02765 

 The maximum diameter of a neck cannot be more 

than the thickness of the flange which is 75mm. 

correspondingly the following range of 𝛽 is used. 

0 < 𝛽 < 0.4 

1 > 𝛾 > 0 
 In order to calculate the volume taken for shrinkage 

a vertical plane is taken and intersected exactly at the section 

3 and 2 in Catia software, thereby volume and surface area of 

column is taken. The values of surface area are taken after 

removal of cross sectional area for each side. 

IV. RESULTS & DISCUSSIONS 

The values obtained for the top riser with cylindrical neck 

are:- Vr=0.0044 m^3, Dr=145 mm , Hr=261 mm , 𝛾=0.5 , 

𝛽 = 0.2, Dn=29 mm,  Hn=72.5mm. 
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Fig. 7: MATLAB Constraint Optimization Result 

 The result obtained through the objective function 

and constraint provided and taking values for section 3 is- 

Vr=0.0044 m^3, Dr=145 mm, Hr=261 mm, 𝛾=0.5 , 𝛽 = 0.2 

, Dn=29 mm, Hn=72.5 mm. Now, since two risers each of 

same volume obtained above is used the total riser volume is 

Vrt=0.0044*2= 0.0088 m^3. Since section 4 does not 

comprises any ribs and bosses hence there is very less chance 

of  hot spot presents in it, and also it has a less modulus 

compared to the section 3 and 2 o so it will solidify very early 

and whatever the shrinkages present in it will be compensated 

by the volume of molten metal present in sections 3 and 2 

because they are having higher solidification time than it as 

they have a high modulus as shown in table 4.1 and when the 

shrinkages will occur in section 3 and 2 that will be 

compensated by the riser which is having a modulus greater 

than the maximum modulus of the casting as its solidification 

time is higher than sections 3 and 2. 

 And also whatever the shrinkages present in section 

4 will also be compensated by molten metal present in gates 

and total number of gates used is six. Hence there is no need 

of providing a riser for section 4. Hence only two top risers 

with cylindrical necks are used, each above the two sections 

i.e. 3 and 2 in the cope box of the mould. For both section 3 

and 2 as explained above the total volume of riser becomes: 

Vrt= 0.0088 m3. The riser used in industries was of 

dimension- Dr=150MM & Hr=300MM on both side 

comprising a rectangular cross section of neck of dimension 

80*25*50 mm. which gives a total volume of riser of simplex 

industries as  0.0108 m^3. Total volume of Riser obtained in 

this project is 0.0088 m^3 which gives us a % reduction in 

volume by 18.5 %. Thereby increase the casting yield which 

was the objective of this project. 

 Various graphs were obtained as shown in figure 

through constraint optimization technique in MATLAB 

(MATRIX LABORATORY) 

 
Fig. 8: Graph between Numbers of Iterations & Function 

Value (Vr) 

 
Fig. 9: Graph between Number of Iterations and Surface 

Area 

 The only inspection test performed in column is 

ultrasonic inspection in ultrasonic method an oscillator is 

used to send an ultrasonic signal through the casting such a 

signal is readily transmitted through a homogeneous medium, 

however on encountering a discontinuity the signal is 

reflected back. 

 
Fig. 10: Graph between Number of Iteration and Riser 

Diameter 
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Fig. 11: Graph between No. of Iterations and Riser Height 

 This reflected signal is then detected by an 

ultrasonic detector. The time interval between this sending 

the signal and receiving its reflection determines the location 

of the discontinuity. 

 The very first step in testing a column was to set the 

machine according to velocity parameter and for that a probe 

was first kept on a cylindrical block for calibration this block 

is a high dimensional tolerance block of 30 mm thickness 

because the dimension of a column is 35 mm before 

machining and after machining its outer and inside thickness 

of  the dimension has to be 30 mm but in casting the 

dimensions are not same everywhere hence a probe was 

passed in different section named in figure as A1-5, B1-5, C1-

5 D1-5. 

 

 Now as per the tolerance limit setby the customer as 

32+-3 but it is ready to accept the product in higher side but 

not in any case less than 32 mm the result generated are 

shown in figure below 

V. CONCLUSION 

Constrained optimization technique is an effective technique 

used for solving the multi variables problems and when used 

in this project providing the constraint and objective function 

it minimizes the volume of riser needed for the casting of 

“column” to 0.0088 m^3 and when this riser design is 

compared with the industrial riser design the % age of volume 

reduced was 18.5 % thereby increasing the casting yield. 
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