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INFO ARTIKEL  ABSTRAK 

Sejarah artikel:  Industri keramik banyak memanfaatkan sumber daya alam mineral yang terdapat di 

Indonesia. Tujuan penelitian ini adalah untuk merancang dan membuat alat serta 

mendapatkan hasil berupa pelet pasir silika. Oleh karena itu sebuah mold press pellet 

dirancang untuk mendapatkan mold yang berkualitas dengan metode penekanan dingin. 

Bahan digunakan untuk membuat (mold, tuas punch, plat silinder, dan bantalan penekan 

bawah) adalah ASTM A276, Baja Tipe 410. Baja stainless matrtensit ST60 digunakan 

untuk membuat (kedudukan punch, dan kedudukan mold). Dan baja SS400 digunakan 

untuk membuat (Plat bulat pada kedudukan mold). Dalam penelitian ini dihasilkan mold 

dengan dimensi atau ukuran  25,45 mm, tinggi 89 mm. volume silinder mold adalah 45,07 

cm³ dengan luas lingkaran mold 5,06 cm². luas penampang punch ialah 452,16 mm², gaya 

penekan maksimal pada mold ialah 49050 N. Hasil tegangan normal ialah 108,47 MPa, 

nilai regangan ialah 3,8 mm/mm, nilai modulus elastisitas ialah 28,54 MPa, bahan material 

mold yang digunakan memiliki tengangan maksimal sebesar 812,871 MPa, material mold 

yang digunakan sanagat baik. Berat beban reaksi tumpuan vertikal A dan B ialah 2500 kg 

dan momen maksimal yang didapat ialah -612500 kg.mm. Cetakan pellet pasir silika yang 

dihasilkan dapat dimanfaatkan dalam pengembangan bidang  fuel cell dan bahan material 

komposit. 
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  ABSTRACT 

Keywords:  Currently, the ceramic industries is utilizing many natural mineral resources. The purpose 

of this study is to design and manufacture the tool; a mold press pellet or silica sand mold  

and to obtain the results of silica sand pellets that are affected by varying pressure. The 

materials used for the tools are ASTM A276, Type 410 steel. ST60 martensite. SS400 steel 

is used to made the round plate at a mold position. This study produced mold with 

dimensions of 25.45 mm of diameter, height of 89 mm, volume at 45.07 cm³ with a mold 

circle area of 5.06 cm² and punch cross-sectional area of 452.16 mm². The maximum 

pressing force on the mold is 49050 N, the normal stress result is 108.47 MPa, the strain 

value is 3.8 mm / mm, the modulus of elasticity value is 28.54 MPa, the mold material has 

a maximum limit of 812,871 MPa, indicating that the mold material used is very good. This 

silica sand pellet mold produced can be utilized for the development of fuel cell and 

composite materials. 
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1. Introduction 

 

There are many clays, feldspar, kaolin dan silica sand 

distributed in various regions in Indonesia, potentially 

made them as materials for ceramic industries. Currently, 

ceramic industries is utilizing these natural resources. 

Silica itself is the most popular material used in highly 

accurate dimensions of castings at more favorable cost 

than other materials (Thiel, 2011). Despite its high 

annual output, silica’s utilization rate is still low (Tie, 

2012). 

Silica is a form of chemical compound with SiO2 

molecule, and it can be found in the form of mineral 

silica which can be obtained from sand mining in various 

regions. Many investigations regarding silica in the form 

of silicon nitride in nanorod, nanofiber and nanowire are 

also conducted in recent years (Bechelany et al 2007 ; 

Chaudhari, 2011). Thermo mechanical properties of 

molded products will improved when reinforced with 

particle such as silica (Chandran and Waigaonkar, 2017). 

Silica also used in form of gel as antifungal agent for 

bamboo (Yang, 2019). 

In the industries, silica sand commonly used in glass, 

cement, ceramic and sandpaper manufacturing. It also 

commonly used as additive or mixing component in 

manufacturing processes, high-temperature material 

(refractory), fiber cement silica board industries and etc. 

It also used as bearing, mainly known as silica-bearing 

additive (Pattnaik, 2012). Additionally, silica is 

preferred because the core removal won’t be needing any 

chemical substances. Thus, silica sand is commonly 

utilized in research and development of material sciences 

(Latif et al., 2014).  

Another use of silica is known as nano-silica, where 

it has been used as nano fillers for polymer’s coatings to 

enhance the additive performance (Shi et al. 2013). Other 

examples are nano silicon dioxide is used in coatings for 

the preservation of food (Sun et al. 2016). Then 

nanosilica is also commonly used to prolong fruit shelf 

life and for the growth of Chinese winter jujube (Kou et 

al., 2016). Nanosilica/chitosan also used for controlling 

gray mold of grapes (Youssef et al., 2019; Youssef and 

Roberto, 2021). 

Many research on silica sand in pellet form are 

conducted, with the silica sand pellet made from mold. 

The mold design will affect the hardness and form of 

pellet (Astika et al., 2010). Other experiment involving 

the silica molds are on the silica stiffness (Lashkaripour, 

2003) and sand mold or cores. Pressure on the pellet will 

affect the porosity and permeability of that pellet (Fadli 

et al., 2021). 

Therefore, there is a need of further research on the 

designing of silica pellet mold. The mold (with pressing 

motion process) will be permanent for a repeated uses to 

save the production cost. The pellets consists of silica 

sand mixed with bonding material for the test of the silica 

sand composite’s characteristics. The pellet mold also 

used as samples in pharmautical researchs, such as tablet 

and etc. 

This tool is expected not only to helps the researchers 

in material science field, but also those who specialized 

in renewable energy field, such as fuel cell and solar cell. 

 

2. Method 

 

Flowchart 

 

Here are the steps taken in this research, figure 1 shows 

the flow of the designing process. 

 
Figure 1. Flowchart 

 

Design sketch of Mold Press Pellet 

 
Figure 2. Design of the Mold Press Pellet 

 
Info  : 

1. Punch holder 

2. Punch lever 

3. Upper cylinder plate 

4. Lower cylinder plate 

5. Mold 
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6. Lower Pressing pads 

7. Mold holder 
 

 

Equipment & Materials 

Here are the equipments and materials used for the 

manufacturing of the mold press pellet : 

1. Turning machine 

2. Milling machine 

3. Welding machine 

4. Grinding machine 

5. Hydraulic press machine 

6. ST 60 Steel 

7. ASTM A276 type 410 Stainless steel martensite  

8. SS 400 Steel 

 

3. Results and discussion 

 
Mold Press Pellet Specifications 

 
The Specifications of mold press pellet created in 

dimensions and materials used in the design with 

maximum capacity of weight at hydraulic cylinder at 

10.000 kg. 

Mold press dimensions                

      = 89 x 47 x 25,45 (mm) 

Plate thickness of mold press                              

= 21,55 (mm) 

Length of torque bar  

= 250 (mm) 

Punch dimensions                          

= 173 x 33 x 24  (mm) 

Mold materials      

= ASTM A276 Type 410 

 
Product Design 

 

 
Isometric View      Top View 

Figure 3 Mold Press Design 

 

On the design of the mold, there is a need for the 

entrance and exit of the pellet resulted by the press. After 

the press done and pellet bonded, the pellet will be out 

and ready for the sintering.   

 

The Selection of Mold Press Design 

 
Figure 4.  Mold Press Concept 

 

The concept is selected based on the aspect of the 

easier and lighter pressing process. It also considered 

how to insert the silica sand into the press mold to get the 

desired silica sand pellets shape. 

 
Construction of Mold Press Pellet  

 
1. Punch Position 

The finished punch’s position is the part that touched 

directly by the hydraulic press machine. It will received 

the load or pressure that is given by the hydraulic press, 

then deliver the pressure onto the mold. The materials 

used are ST 60 steel. 

 

 
Figure 5.  Punch Position 

 

2. Punch Lever 

The punch lever is the pressing part of the mold to put 

pressure on the mold to make silica sand pellets. The 

material used is Type 410 stainless steel. 

 

 
Figure 6. Punch Lever 

 

3. Cylinder Plate 

Cylinder plate is the supporting part between the 

silica sand pellets so that they do not break and to keep 

them formed as desired. Materials used are ASTM type 

410 martensitic steel. 
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Figure 7. Cylinder Plate 

 

4. Mold 

The mold is the main part for making or contain silica 

sand pellet molds. Materials used are ASTM type 410 

martensitic steel. 

 
 

Figure 8. Mold 

 

5. Low Pressure Bearing 

The low pressure bearing is the lower part of the 

mold, acts as the holder of the received pressure by the 

hydraulic press. Materials used are ASTM type 410 

martensitic steel. 

 
Figure 9. Low pressure bearing 

 

6. Mold position 

The position of the finished mold is for the place of 

the silica sand pellet, pressed in a safe position that would 

not shift and to avoid unwanted things mixed during 

pressing. In making this mold position, 2 different 

materials are used, they are ST 60 steel material for the 

top cylinder and SS 400 steel for the bottom cylinder 

plate. 

 

 
Figure 10. Mold position 

 

Design Calculations 

 

Calculating the volume of the cylinder by : 

V =  π x r² x t 
(1) 

V = volume of cylinder (cm³) 

r² = radius (cm²) 

t  = tube height (cm) 

 

Calculation : 

V = π x r² x t 

(2) 

    =  3,14 x (1,27)² cm x 8,9 cm 

    = 45,07 cm³ 

 

Area of Circle 

A = π x r² 

(3) 

L = Area of circle (cm²) . 

r² = radius  (cm²) 

t  = Tube height (cm) 

   

with d = 2,545 (cm) : 

r   = 
𝐷

2
 

(4) 

        = 
2,545 cm

2
 

          = 1,27 cm 

 

Use formula (3) : 

    A = 3,14 x (1,27)² cm 

        = 5,06 cm² 

 

Hydraulic Cylinder on the Punch 

There are some calculations regarding the punch 

lever, they are the parts that connected to the hydraulic, 

shown by figure 10 below. 

 
Figure 11. Hydraulic on Punch 

 

Area of punch 

 

A    =  
𝜋

4
. 𝑑² 

(6) 

A = Area of punch (mm2) 

d²   = Diameter of punch (mm²) 

Calculation : 

A   = 
3,14

4
. 24²    

       = 452,16 mm² 

 

Maximum force on the mold 

 

𝐹 max = m.𝑔 

(7) 

F max = Force (N) 

m      = mass (kg) 

g       = Gravitation (m/s²) 
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Calculation : 

F max = 5000 kg x 9,81 m/s² 

          =  49.050 (N) 

Maximum value of force could be applied on the 

mold is 49.050 N. 

 

Mechanical Properties Due to Load  

To measure the mechanical properties due to the load 

applied on the silica sand pellet, there are 3 variable to 

measure in this case. They are the stress, strain and 

elasticity. Figure 11 below shows the illustration of stress 

test. 

 
Figure 12. Static press test (Zainal et al., 2018) 

 

Normal Stress (MPa) 

To measure the normal stress, equation 8 below is 

used : 

σ =  
F

A
  (MPa) 

(8) 

σ = Normal stress (MPa)  

F = Load/Force (N) 

A = Area of punch applied by the load (mm²) 

Calculation : 

σ = 
49050  N

452.16 mm²   
  

   = 108,47 N/mm² 

   = 108,47 MPa 

With the normal stress value of 108,871 MPa, the 

mold should be desirable since it has maximum value of 

stress at 812,871 MPa. The mold materials used can be 

considered very good. 

 

Strain (ε) 

To measure the strain based on the load, equation 9 

below is used : 

ε =  
∆𝑙 

𝑙
 

(9) 

Δl = 𝑙0 − 𝑙1 

Δl = 48 mm ─10 mm 

Δl = 38 mm 

ε   = Strain (mm/mm) 

∆l = Difference of length (mm) 

 𝑙0= Initial length (mm) 

  𝑙1= Final length after test (mm) 

Calculation : 

ε  =  
38 mm 

10 mm
  

   = 3,8 mm/mm 

With the value of strain at 3,8 mm/mm and strain of 

the mold materials at 43,56 mm/mm, there is a 

considerable gap between them. 

 

Modulus of Elasticity 

Equation 10 below is used to calculate the modulus of 

elasticity of the mold : 

E= 
σ

ε
 

(10) 

E = Modulus of elasticity (MPa) 

σ = Normal stress (MPa) 

ε  = Strain (mm/mm) 

Calculation : 

  E  =  
108,47   MPa

3,8  mm/mm
  

      =   28,54 MPa 

Value of the modulus of elasticity is 28,54 MPa, 

which making the mold materials is very good since it 

has maximum stress value at 812,871 MPa. 

 

Identifying the Strength of Construction  

 

After determining the dimensions of the mold, the 

construction calculations are carried out. Construction 

calculations including mechanical parts and control parts 

can be explained, namely: 

 

A. Mechanical Parts 

The mechanical part is an important part of the silica 

sand pellet press mold, which consists of the following 

components: 

 

1. Construction (frame) 

The construction of the tool was carried out to 

determine the strength of the silica sand pellet mold press 

when it was used as a place and to support the 

components used. 

 
Figure 13. Construction of mold press 

 

So that calculating the construction strength on the 

silica sand pellet press mold tool, can be seen in the side 

view, rear view and view of the tool frame. Figure 14 

shows the side view of the mold press. 

 
Figure 14. Side view 

As for figure 15 shows,  the front view of mold with 

dimensions of 490 mm width and height of 720 mm.  
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Figure 15. Front view 

Figure 16 below shows the top view of the mold press 

with height of the hydraulic press at 450 mm. 

 
Figure 16. Top view 

 

Based on the data in Figure 17 above, the frame 

construction has a centered reaction on the iron plate. So 

that it can be calculated and then compared between the 

amount of load P on the machine frame. The forces acting 

on the portal or the intermediate support reaction, the RA 

vertical support reaction and the RB support vertical 

support reaction are then calculated to obtain the result, 

namely: 

 
Figure 17 Load and distance of tool frame 

 

Based on the data in Figure 17 above, the frame 

construction has a centered reaction on the iron plate. So 

that it can be calculated and then compared between the 

amount of load P on the machine frame. The forces acting 

on the portal or the intermediate support reaction, the RA 

vertical support reaction and the RB support vertical 

support reaction are then calculated to obtain the result, 

namely: 

 

2. Vertical support reaction A 

The equation is used to calculate the vertical support 

reaction A to get the RB calculation results in Figure 18. 

 
Figure 18. Vertical support reaction A 

 

ƩMA  = 0 

ƩMA  = P. 
𝐿

2
  +(-RB) . L = 0 

P. 
𝐿

2
  = RB.L 

P.
𝐿

2
  .

1

𝐿
 = RB 

RB   = 
1

2
 P 

(11) 

 

RB  = Reaction support (kg)     

P    = Load (kg) 

L    = Length of beam (mm) 

Maka: 

RB = 
1

2
 . P 

 (12) 

 RB = 
1

2
 . 5000 kg 

  RB = 2500 kg 

 

Result of the calculation of the vertical support 

reaction A to get the RB calculation result is 2500 kg. 

 

3. Vertical support reaction B 

The equation used to calculate the vertical support 

reaction B is in Figure 19. 

 
Figure 19. Vertical support reaction B 

 

ƩMB  = 0 

ƩMB  = P. 
𝐿

2
+RA . L = 0 

P. 
𝐿

2
  = RA . L 

P. 
𝐿

2
. 

1

𝐿
  = RA 

RA = 
1

2
  .P 

(13)  

RA  = Reaction support (kg)     

P    = Load (kg) 

L    = Length of beam (mm) 

Maka: 

 RA =  
1

2
  .5000 kg 

  RA = 2500 kg 

The result of the calculation of the vertical support 

reaction A to get the RA calculation result is 2500 kg. 

Those are the weight between the vertical support 

reaction A and the vertical B. The load (P) is divided by 

two, then the calculation results get the support reaction 

load is 2500 kg. 

 

4. Maximum Moment 

Calculating the Maximum Moment on a simple beam 

with a load centered in the middle part of the beam. A 
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simple beam forces diagram with a centered load can be 

seen in Figure 20. 

 
Figure 20. Maximum Moment 

 

Mmax =  -RB.
1

2
 L 

Or, 

Mmax =  -  
1

2
   P. 

1

2
  L 

Mmax =  -  
1

4
  .P.L 

(14) 

Mmax = Max moment (kg.mm)     

P        = Load                    (kg) 

L      = Beam’s length     (mm) 

 

The calculation :  

Mmax  =  - 
1

4
  .5000 kg .490 mm 

Mmax  =  - 612500 kg.mm 

The result of the calculation of the Maximum 

Moment on a simple beam with a centered load in the 

middle of the beam is -612500 kg.mm. 

 

4. Conclusion 

 

From this study, the materials used are ST60 steel, 

410 type of stainless steel and SS400 steel. They are used 

as the parts on the constructed tools. ST60 used as punch 

position and mold position. 410 type of stainless steel 

used as mold, punch, cylinder plate, and bottom pressure 

bearing, consists of 11.5% chromium and has good 

corrosion resistance properties. As for SS400 steel, used 

as round plate at mold position. 

The results of the calculation of the mold press are 

mold cylinder volume and mold circle area are 45.07 cm³ 

and 5.06 cm² respectively. The calculation results 

obtained on the cross-sectional area of the punch is 

452.16 mm² and the maximum pressure force on the 

mold press is 49050 N. 

The results of the calculation of the mechanical 

behavior due to static loads, among other things, the 

normal tension (σ) is 108.47 MPa, strain (ε) is 3.8 mm / 

mm, the modulus of elasticity (E) is 28.54 MPa. The 

mold material used is more than capable since it has a 

maximum limit of 812.871 MPa. The material for mold 

used can be considered as very good. 

The result of the weight of the vertical support loads 

A and B is 2500 kg, and the maximum moment result that 

is obtained is -612500 kg.mm. 
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INFO ARTIKEL  ABSTRAK 

Sejarah artikel:  Industri keramik banyak memanfaatkan sumber daya alam mineral yang terdapat di 

Indonesia. Tujuan penelitian ini adalah untuk merancang dan membuat alat serta 

mendapatkan hasil berupa pelet pasir silika. Oleh karena itu sebuah mold press pellet 

dirancang untuk mendapatkan mold yang berkualitas dengan metode penekanan dingin. 

Bahan digunakan untuk membuat (mold, tuas punch, plat silinder, dan bantalan penekan 

bawah) adalah ASTM A276, Baja Tipe 410. Baja stainless matrtensit ST60 digunakan 

untuk membuat (kedudukan punch, dan kedudukan mold). Dan baja SS400 digunakan 

untuk membuat (Plat bulat pada kedudukan mold). Dalam penelitian ini dihasilkan mold 

dengan dimensi atau ukuran  25,45 mm, tinggi 89 mm. volume silinder mold adalah 45,07 

cm³ dengan luas lingkaran mold 5,06 cm². luas penampang punch ialah 452,16 mm², gaya 

penekan maksimal pada mold ialah 49050 N. Hasil tegangan normal ialah 108,47 MPa, 

nilai regangan ialah 3,8 mm/mm, nilai modulus elastisitas ialah 28,54 MPa, bahan material 

mold yang digunakan memiliki tengangan maksimal sebesar 812,871 MPa, material mold 

yang digunakan sanagat baik. Berat beban reaksi tumpuan vertikal A dan B ialah 2500 kg 

dan momen maksimal yang didapat ialah -612500 kg.mm. Cetakan pellet pasir silika yang 

dihasilkan dapat dimanfaatkan dalam pengembangan bidang  fuel cell dan bahan material 

komposit. 
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  ABSTRACT 

Keywords:  Currently, the ceramic industries is utilizing many natural mineral resources. The purpose 

of this study is to design and manufacture the tool; a mold press pellet or silica sand mold  

and to obtain the results of silica sand pellets that are affected by varying pressure. The 

materials used for the tools are ASTM A276, Type 410 steel. ST60 martensite. SS400 steel 

is used to made the round plate at a mold position. This study produced mold with 

dimensions of 25.45 mm of diameter, height of 89 mm, volume at 45.07 cm³ with a mold 

circle area of 5.06 cm² and punch cross-sectional area of 452.16 mm². The maximum 

pressing force on the mold is 49050 N, the normal stress result is 108.47 MPa, the strain 

value is 3.8 mm / mm, the modulus of elasticity value is 28.54 MPa, the mold material has 

a maximum limit of 812,871 MPa, indicating that the mold material used is very good. This 

silica sand pellet mold produced can be utilized for the development of fuel cell and 

composite materials. 
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1. Introduction 

 

There are many clays, feldspar, kaolin dan silica sand 

distributed in various regions in Indonesia, potentially 

made them as materials for ceramic industries. Currently, 

ceramic industries utilizing these natural resources. 

Silica itself is the most popular material used in highly 

accurate dimensions of castings at more favorable cost 

than other materials (Thiel, 2011). Despite its high 

annual output, silica’s utilization rate is still low (Tie, 

2012). 

Silica is a form of chemical compound with SiO2 

molecule, and it can be found in the form of mineral 

silica which can be obtained from sand mining in various 

regions. Many investigations regarding silica in the form 

of silicon nitride in nanorod, nanofiber and nanowire are 

also conducted in recent years (Bechelany et al 2007 ; 

Chaudhari, 2011). Thermo mechanical properties of 

molded products will improved when reinforced with 

particle such as silica (Chandran and Waigaonkar, 2017). 

Silica also used in form of gel as antifungal agent for 

bamboo (Yang, 2019). 

In the industries, silica sand commonly used in glass, 

cement, ceramic and sandpaper manufacturing. It also 

commonly used as additive or mixing component in 

manufacturing processes, high-temperature material 

(refractory), fiber cement silica board industries and etc. 

It also used as bearing, mainly known as silica-bearing 

additive (Pattnaik, 2012). Additionally, silica is 

preferred because the core removal won’t be needing any 

chemical substances. Thus, silica sand is commonly 

utilized in research and development of material sciences 

(Latif et al., 2014).  

Another use of silica is known as nano-silica, where 

it has been used as nano fillers for polymer’s coatings to 

enhance the additive performance (Shi et al. 2013). Other 

examples are nano silicon dioxide is used in coatings for 

the preservation of food (Sun et al. 2016). Then 

nanosilica is also commonly used to prolong fruit shelf 

life and for the growth of Chinese winter jujube (Kou et 

al., 2016). Nanosilica/chitosan also used for controlling 

gray mold of grapes (Youssef et al., 2019; Youssef and 

Roberto, 2021). 

Many research on silica sand in pellet form are 

conducted, with the silica sand pellet made from mold. 

The mold design will affect the hardness and form of 

pellet (Astika et al., 2010). Other experiment involving 

the silica molds are on the silica stiffness (Lashkaripour, 

2003) and sand mold or cores. Pressure on the pellet will 

affect the porosity and permeability of that pellet (Fadli 

et al., 2021). 

Therefore, there is a need of further research on the 

designing of silica pellet mold. The mold (with pressing 

motion process) will be permanent for a repeated uses to 

save the production cost. The pellets consists of silica 

sand mixed with bonding material for the test of the silica 

sand composite’s characteristics. The pellet mold also 

used as samples in pharmautical researchs, such as tablet 

and etc. 

This tool is expected not only to helps the researchers 

in material science field, but also those who specialized 

in renewable energy field, such as fuel cell and solar cell. 

 

2. Method 

 

Flowchart 

 

Here are the steps taken in this research, figure 1 shows 

the flow of the designing process. 

 
Figure 1. Flowchart 

 

Design sketch of Mold Press Pellet 

 
Figure 2. Design of the Mold Press Pellet 
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6. Lower Pressing pads 

7. Mold holder 
 

 

Equipment & Materials 

Here are the equipments and materials used for the 

manufacturing of the mold press pellet : 

1. Turning machine 

2. Milling machine 

3. Welding machine 

4. Grinding machine 

5. Hydraulic press machine 

6. ST 60 Steel 

7. ASTM A276 type 410 Stainless steel martensite  

8. SS 400 Steel 

 

3. Results and discussion 

 
Mold Press Pellet Specifications 

 
The Specifications of mold press pellet created in 

dimensions and materials used in the design with 

maximum capacity of weight at hydraulic cylinder at 

10.000 kg. 

Mold press dimensions                

      = 89 x 47 x 25,45 (mm) 

Plate thickness of mold press                              

= 21,55 (mm) 

Length of torque bar  

= 250 (mm) 

Punch dimensions                          

= 173 x 33 x 24  (mm) 

Mold materials      

= ASTM A276 Type 410 

 
Product Design 

 

 
Isometric View      Top View 

Figure 3 Mold Press Design 

 

On the design of the mold, there is a need for the 

entrance and exit of the pellet resulted by the press. After 

the press done and pellet bonded, the pellet will be out 

and ready for the sintering.   

 

The Selection of Mold Press Design 

 
Figure 4.  Mold Press Concept 

 

The concept is selected based on the aspect of the 

easier and lighter pressing process. It also considered 

how to insert the silica sand into the press mold to get the 

desired silica sand pellets shape. 

 
Construction of Mold Press Pellet  

3.4.1. Punch Position 

1. Punch Position 

The finished punch’s position is the part that touched 

directly by the hydraulic press machine. It will received 

the load or pressure that is given by the hydraulic press, 

then deliver the pressure onto the mold. The materials 

used are ST 60 steel. 

 

 
Figure 5.  Punch Position 

 

2. Punch Lever 

The punch lever is the pressing part of the mold to put 

pressure on the mold to make silica sand pellets. The 

material used is Type 410 stainless steel. 

 

 
Figure 6. Punch Lever 

 

3. Cylinder Plate 

Cylinder plate is the supporting part between the 

silica sand pellets so that they do not break and to keep 

them formed as desired. Materials used are ASTM type 

410 martensitic steel. 

 

Commented [HI14]: Move to the caption Figure. 2 

Commented [HI15]: 2.3 

Commented [HI16]: Here are the equipments and materials used 
for the manufacturing of the mold press pellet (1) Turning machine, 

(2)  Milling machine, etc.. (be in a pharagraf) 

 

Commented [HI17]: XX .. insert to the pharagraf above 

Commented [HI18]: 3.1 

Commented [HI19]: 3.2 

Commented [HI20]: 3.3 

Commented [HI21]: 3.4 

Commented [HI22]: 3.4.1 
position at the beginning of the paragraph 

Commented [HI23]: 3.4.1 

position at the beginning of the paragraph .. please see the example 

Commented [HI24]: past tense 

Commented [HI25]: 3.4.2…. 

position at the beginning of the paragraph .. please see the example 

Commented [HI26]: past tense 

Commented [HI27]: past tense 



Jurnal Litbang Industri - Vol. x No. x, Bulan Tahun : hal – hal 

4  http://dx.doi.org/10.24960/jli… 

 
Figure 7. Cylinder Plate 

 

4. Mold 

The mold is the main part for making or contain silica 

sand pellet molds. Materials used are ASTM type 410 

martensitic steel. 

 
 

Figure 8. Mold 

 

5. Low Pressure Bearing 

The low pressure bearing is the lower part of the 

mold, acts as the holder of the received pressure by the 

hydraulic press. Materials used are ASTM type 410 

martensitic steel. 

 
Figure 9. Low pressure bearing 

 

6. Mold position 

The position of the finished mold is for the place of 

the silica sand pellet, pressed in a safe position that would 

not shift and to avoid unwanted things mixed during 

pressing. In making this mold position, 2 different 

materials are used, they are ST 60 steel material for the 

top cylinder and SS 400 steel for the bottom cylinder 

plate. 

 

 
Figure 10. Mold position 

 

Design Calculations 

 

Calculating the volume of the cylinder by : 

V =  π x r² x t 
(1) 

V = volume of cylinder (cm³) 

r² = radius (cm²) 

t  = tube height (cm) 

 

Calculation : 

V = π x r² x t 

(2) 

    =  3,14 x (1,27)² cm x 8,9 cm 

    = 45,07 cm³ 

 

Area of Circle 

A = π x r² 

(3) 

L = Area of circle (cm²) . 

r² = radius  (cm²) 

t  = Tube height (cm) 

   

with d = 2,545 (cm) : 

r   = 
𝐷

2
 

(4) 

        = 
2,545 cm

2
 

          = 1,27 cm 

 

Use formula (3) : 

    A = 3,14 x (1,27)² cm 

        = 5,06 cm² 

 

Hydraulic Cylinder on the Punch 

There are some calculations regarding the punch 

lever, they are the parts that connected to the hydraulic, 

shown by figure 10 below. 

 
Figure 11. Hydraulic on Punch 

 

Area of punch 

 

A    =  
𝜋

4
. 𝑑² 

(6) 

A = Area of punch (mm2) 

d²   = Diameter of punch (mm²) 

Calculation : 

A   = 
3,14

4
. 24²    

       = 452,16 mm² 

 

Maximum force on the mold 

 

𝐹 max = m.𝑔 

(7) 

F max = Force (N) 

m      = mass (kg) 

g       = Gravitation (m/s²) 
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Calculation : 

F max = 5000 kg x 9,81 m/s² 

          =  49.050 (N) 

Maximum value of force could be applied on the 

mold is 49.050 N. 

 

Mechanical Properties Due to Load  

To measure the mechanical properties due to the load 

applied on the silica sand pellet, there are 3 variable to 

measure in this case. They are the stress, strain and 

elasticity. Figure 11 below shows the illustration of stress 

test. 

 
Figure 12. Static press test (Zainal et al., 2018) 

 

Normal Stress (MPa) 

To measure the normal stress, equation 8 below is 

used : 

σ =  
F

A
  (MPa) 

(8) 

σ = Normal stress (MPa)  

F = Load/Force (N) 

A = Area of punch applied by the load (mm²) 

Calculation : 

σ = 
49050  N

452.16 mm²   
  

   = 108,47 N/mm² 

   = 108,47 MPa 

With the normal stress value of 108,871 MPa, the 

mold should be desirable since it has maximum value of 

stress at 812,871 MPa. The mold materials used can be 

considered very good. 

 

Strain (ε) 

To measure the strain based on the load, equation 9 

below is used : 

ε =  
∆𝑙 

𝑙
 

(9) 

Δl = 𝑙0 − 𝑙1 

Δl = 48 mm ─10 mm 

Δl = 38 mm 

ε   = Strain (mm/mm) 

∆l = Difference of length (mm) 

 𝑙0= Initial length (mm) 

  𝑙1= Final length after test (mm) 

Calculation : 

ε  =  
38 mm 

10 mm
  

   = 3,8 mm/mm 

With the value of strain at 3,8 mm/mm and strain of 

the mold materials at 43,56 mm/mm, there is a 

considerable gap between them. 

 

Modulus of Elasticity 

Equation 10 below is used to calculate the modulus of 

elasticity of the mold : 

E= 
σ

ε
 

(10) 

E = Modulus of elasticity (MPa) 

σ = Normal stress (MPa) 

ε  = Strain (mm/mm) 

Calculation : 

  E  =  
108,47   MPa

3,8  mm/mm
  

      =   28,54 MPa 

Value of the modulus of elasticity is 28,54 MPa, 

which making the mold materials is very good since it 

has maximum stress value at 812,871 MPa. 

 

Identifying the Strength of Construction  

 

After determining the dimensions of the mold, the 

construction calculations are carried out. Construction 

calculations including mechanical parts and control parts 

can be explained, namely: 

 

3.12.1. Mechanical Parts 

A. Mechanical Parts 

The mechanical part is an important part of the silica 

sand pellet press mold, which consists of the following 

components: 

 

3.12.1.1.Construction (frame) 

1. Construction (frame) 

The construction of the tool was carried out to 

determine the strength of the silica sand pellet mold press 

when it was used as a place and to support the 

components used. 

 
Figure 13. Construction of mold press 

 

So that calculating the construction strength on the 

silica sand pellet press mold tool, can be seen in the side 

view, rear view and view of the tool frame. Figure 14 

shows the side view of the mold press. 

 
Figure 14. Side view 

As for figure 15 shows,  the front view of mold with 

dimensions of 490 mm width and height of 720 mm.  
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Figure 15. Front view 

 

Figure 16 below shows the top view of the mold press 

with height of the hydraulic press at 450 mm. 

 
Figure 16. Top view 

 

Based on the data in Figure 17 above, the frame 

construction has a centered reaction on the iron plate. So 

that it can be calculated and then compared between the 

amount of load P on the machine frame. The forces acting 

on the portal or the intermediate support reaction, the RA 

vertical support reaction and the RB support vertical 

support reaction are then calculated to obtain the result, 

namely: 

 
Figure 17 Load and distance of tool frame 

 

Based on the data in Figure 17 above, the frame 

construction has a centered reaction on the iron plate. So 

that it can be calculated and then compared between the 

amount of load P on the machine frame. The forces acting 

on the portal or the intermediate support reaction, the RA 

vertical support reaction and the RB support vertical 

support reaction are then calculated to obtain the result, 

namely: 

 

2. Vertical support reaction A 

The equation is used to calculate the vertical support 

reaction A to get the RB calculation results in Figure 18. 

 
Figure 18. Vertical support reaction A 

 

ƩMA  = 0 

ƩMA  = P. 
𝐿

2
  +(-RB) . L = 0 

P. 
𝐿

2
  = RB.L 

P.
𝐿

2
  .

1

𝐿
 = RB 

RB   = 
1

2
 P 

(11) 

 

RB  = Reaction support (kg)     

P    = Load (kg) 

L    = Length of beam (mm) 

Maka: 

RB = 
1

2
 . P 

 (12) 

 RB = 
1

2
 . 5000 kg 

  RB = 2500 kg 

 

Result of the calculation of the vertical support 

reaction A to get the RB calculation result is 2500 kg. 

 

3. Vertical support reaction B 

The equation used to calculate the vertical support 

reaction B is in Figure 19. 

 
Figure 19. Vertical support reaction B 

 

ƩMB  = 0 

ƩMB  = P. 
𝐿

2
+RA . L = 0 

P. 
𝐿

2
  = RA . L 

P. 
𝐿

2
. 

1

𝐿
  = RA 
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RA = 
1

2
  .P 

(13)  

RA  = Reaction support (kg)     

P    = Load (kg) 

L    = Length of beam (mm) 

Maka: 

 RA =  
1

2
  .5000 kg 

  RA = 2500 kg 

The result of the calculation of the vertical support 

reaction A to get the RA calculation result is 2500 kg. 

Those are the weight between the vertical support 

reaction A and the vertical B. The load (P) is divided by 

two, then the calculation results get the support reaction 

load is 2500 kg. 

 

4. Maximum Moment 

Calculating the Maximum Moment on a simple beam 

with a load centered in the middle part of the beam. A 

simple beam forces diagram with a centered load can be 

seen in Figure 20. 

 
Figure 20. Maximum Moment 

 

Mmax =  -RB.
1

2
 L 

Or, 

Mmax =  -  
1

2
   P. 

1

2
  L 

Mmax =  -  
1

4
  .P.L 

(14) 

Mmax = Max moment (kg.mm)     

P        = Load                    (kg) 

L      = Beam’s length     (mm) 

 

The calculation :  

Mmax  =  - 
1

4
  .5000 kg .490 mm 

Mmax  =  - 612500 kg.mm 

The result of the calculation of the Maximum 

Moment on a simple beam with a centered load in the 

middle of the beam is -612500 kg.mm. 

 

4. Conclusion 

 

From this study, the materials used are ST60 steel, 

410 type of stainless steel and SS400 steel. They are used 

as the parts on the constructed tools. ST60 used as punch 

position and mold position. 410 type of stainless steel 

used as mold, punch, cylinder plate, and bottom pressure 

bearing, consists of 11.5% chromium and has good 

corrosion resistance properties. As for SS400 steel, used 

as round plate at mold position. 

The results of the calculation of the mold press are 

mold cylinder volume and mold circle area are 45.07 cm³ 

and 5.06 cm² respectively. The calculation results 

obtained on the cross-sectional area of the punch is 

452.16 mm² and the maximum pressure force on the 

mold press is 49050 N. 

The results of the calculation of the mechanical 

behavior due to static loads, among other things, the 

normal tension (σ) is 108.47 MPa, strain (ε) is 3.8 mm / 

mm, the modulus of elasticity (E) is 28.54 MPa. The 

mold material used is more than capable since it has a 

maximum limit of 812.871 MPa. The material for mold 

used can be considered as very good. 

The result of the weight of the vertical support loads 

A and B is 2500 kg, and the maximum moment result that 

is obtained is -612500 kg.mm. 
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