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Abstract 

A Meatball Dough Grinding-Mixing (MDGM) machine is a device that transforms raw 

meat into meatball dough through a combination of grinding and mixing processes, 

similar to a food processor or blender. The MDGM machine features four sharp 

stainless-steel blades. The rotation of the blade is driven by an electric motor with a 

power rating of 1 HP, operating at an engine speed of 2800 rpm. This engine speed is 

then transmitted through a belt pulley transmission with a diameter ratio of 3:5. The 

belt moves the installed blade at a rate of 1600 rpm. This MDGM machine has a 

capacity of 6 kg in one process. In this MDGM machine, one shaft stands vertically. 

The shaft has a diameter of 15 mm and a length of 400 mm. Pegs on the shaft, with 

dimensions of 6 mm in height and 6 mm in width, hold the rotating pulley in place 

when the engine is operating. 

1 Introduction  

Indonesian traditional meatballs known as bakso are produced from a mixture of finely ground meat 

with cooking salt, tapioca starch, and garlic. This batter is formed into balls ranging in size from a marble 

to a ping-pong ball and then cooked in boiling water. It is served with other stuff such as noodles, 

steamed/deep-fried tofu filled with minced meat, or steamed/deep-fried chow mien (a Chinese mixed spicy 

flour and minced meat in a thin dough sheet) or bakso itself in chicken/beef stock/soup. Peddlers typically 

distribute this product from pushcarts or small outlets along pedestrian walkways, at corners, or in 

restaurants [1-3]. Meatballs are processed food products [4]. They are liked by consumers of all age ranges, 

from the older to the younger generation [5]. Meatballs also have a high market which also supported by 

data that the consumption of bakso in Indonesia reached 2.5 kg per capita per year [6]. 

https://dx.doi.org/10.20961/mekanika.v24i1.97476
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Corresponding to pioneer researcher’s [7] statement, the quality of meatballs is highly affected by its 

composing ingredients, such as the quality of the meat. Meat with high-fat content will produce a coarse 

meatball texture [8]. Meatballs are processed comminuted meat, which can be classified as restructured 

meat, and are trendy in certain countries within the Asian region and some European countries. These 

products include Polpette from Italy, Koningsberger Klopse or meatballs in lemon and carper from 

Germany, Swedish meatballs from Swedia, Koefte from Turkey, Nunh Hoa from Vietnam, Curried Kofter 

from India, and Chinese meatballs of China [9-12] Asian meatballs are commonly produced by emulsifying 

delicate ground meat with starch, mixing salt and certain herbs specific to the ethnic cuisine, and shaping 

it into balls. Depending on the cuisine, they are then cooked in boiling water, steamed, or deep-fried. Like 

any other food, these products also contain elements (fat, cholesterol, salt, nitrite, phosphate, residues from 

environmental pollution or the use of pharmaceuticals, contaminants from disinfectants or detergents, toxic 

compounds formed during cooking, etc.) that, in certain circumstances and inappropriate proportions, harm 

human health [13]. The Indonesian National Standard [14] for bakso states that the product must have a 

moisture content of approximately 70%, a fat content of a maximum of 2%, protein content of a minimum 

of 6%, and an ash content of a maximum of 3%, and no borax must be detected [15] 

Along with the development of the business and the increase in meatball production, small-scale 

meatball entrepreneurs face obstacles because they lack the necessary tools or machines to grind and knead 

the meatball dough. The Meatball Dough Grinding-Mixing (MDGM) machine will produce more dough 

much faster. Therefore, the MDGM machine is essential in grinding meat and kneading dough on a large 

scale. Based on this, the MDGM machine is designed and manufactured with a capacity of 8 kg for each 

process, utilizing an electric motor with a power of 1 HP. This design aligns with the philosophy of ease of 

use and low cost, enabling small-scale food industries to use it conveniently. The MDGM machine is 

considered better for making meatball dough because it can perform two processes simultaneously. Several 

components make up an electric motor, including a driving force, a shaft, a stirring knife, a mixing 

container, pulleys and belts for transmission, and a frame for mechanical support.      

2 Literature Review  

2.1 The Concept of Designing a Chopping Blade System in the MDGM Machine 

The MDGM machine is designed for grinding and mixing meat, particularly for making meatball 

dough. Mincing and mixing raw meat and other materials is a crucial stage in manufacturing finely 

comminute meat products; it influences the properties of meat systems [16,17]. This machine aims to 

simplify the production of meatballs for meatball entrepreneurs. The bowl cutter can be used for industrial 

mincing and mixing of meat and other materials, maximizing the stability of the product [18], which relies 

on a rotating bowl with a series of rotating sharp knives. The beating machine disrupts connective tissues 

and myofibrillar structures with blunt blades (200 rpm) using a variable-speed crushing force, thereby 

enhancing friction forces and the exchange of soluble components in processed meats. Milling, in this 

context, refers to the process of cutting or chopping meat. Manual milling is performed by cutting meat 

using a knife that is moved directly by hand. Researchers in [19,20] reported that, compared to chopping, 

the Kung-Wans and frankfurters produced by beating had a better texture and higher cooking yield. 

However, few studies have reported the effects on physicochemical and rheological properties of meat 

batters made by chopping or beating [21]. This method results in fewer fine cuts of meat. Therefore, people, 

especially entrepreneurs and small business owners, need tools to help them. 

The construction system should have a planning concept. The concept outlines the theoretical 

foundations that will serve as guidelines for the design. When designing the chopping knife system for the 

MDGM machine, specific components will be planned or calculated, including the power required to crush 

the meat and the cutting force necessary for the knife to cut it. 
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2.1.1 Meat Cut Force 

Cutting force is the force required by the knife to cut the material. This force will later be used to 

determine the driving force of this machine and the power distributor for the shaft and other supporting 

components. In this design, the cutting force can be determined by knowing the material's shear stress and 

the area of the chopping area perpendicular to the blade (see Equation 1).  

𝐹 = 𝜏𝑔 ⋅ 𝐴      (1) 

The result of the cutting force is used to determine the total force, which is calculated based on the 

number of rotor blades (see Equation 2). 

∑𝐹 = 𝐹 ⋅ 𝑛𝑃      (2) 

2.1.2 Chopping Blade Planning 

Before determining the engine's driving power, it is necessary to know the rotation and torque used 

in the design. The rotation on the blade of this MDGM machine can be found in Equation 3. 

𝑛 =
𝑣𝐶⋅1000

𝜋⋅𝐷
       (3) 

Feeding speed can use the following Equation 4. 

𝑠𝑧 =
𝑠

𝑧⋅𝑛
        (4) 

The cutting capacity can be found using Equation 5. 

𝑄 = 𝜌 ⋅ 𝑣       (5) 

Determining the weight of the knife can be performed using Equation 6. 

𝑊𝑛 = 𝐿 ⋅ 𝑙 ⋅ 𝑡 ⋅ 𝑦      (6) 

The tangential force of the blade can be found in Equation 7. 

𝐹𝑡 =
𝑤𝑛

𝑔
⋅ 𝜔2 ⋅ 𝑟 =

𝑤𝑛

𝑔
(

2⋅𝜋⋅𝑛

60
)

2

⋅ 𝑟     (7) 

Cutting power can be found using the following Equation 8. 

𝑁 =
𝐹⋅𝑣

75
        (8) 

2.2 The Concept of Designing a Pulley and Belt System in the MDGM Machine  

The MDGM machine enables small and Medium Sized Enterprises (SMEs) in the meatball 

manufacturing industry to produce meatballs more efficiently. This tool is designed to perform two 

processes: milling and stirring. In planning the construction system, a transmission system consisting of a 

belt and pulley is utilized. The quality of the pulleys significantly impacts the coupling timing belt with the 

pulley (see Figure 1). The pulley is connected with precision in terms of movement and displacement [22]. 

The V-belt drive system is typically designed for the specific function and operating conditions of the 

machinery [23]. It transmits power in many engineering applications, from a driver to a driven pulley. The 

V-belt drive consists of a V-belt mounted on two grooved pulleys, which are kept at a specified distance 

apart. The pulley groove angle is smaller than the belt section angle, allowing the belt to wedge into the 

groove and thereby increase friction. The side compression of the pulley walls yields elastic penetration 

into the groove, resulting in radial components of the friction forces [24-26]. The groove angle depends 

upon the belt section, pulley radius, and the contact angle of the belt and pulley. Because of this, an optimum 

groove angle is required for the system to avoid excessive belt pull on the pulley-shaft elements, which can 

result in unwanted vibration [27]. 
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Figure 1. Tension in belt and pulley 

The planning concept outlines the theoretical foundations that will serve as guidelines for the design. 

Reducing belt-pulley coupling is a primary concern during the design stage. Undesirable transverse span 

vibrations reduce belt life, produce noise, and accelerate fatigue. Significant belt vibrations can even cause 

the belt to jump a pulley groove, dramatically increasing belt stress that ultimately snaps the belt and fails 

the system [28]. 

A deeper understanding of these coupling mechanisms can enhance our knowledge of this system 

and provide valuable insights to designers of serpentine systems. Correspondingly, developing a 

mathematical model that captures the belt-pulley coupling is a primary objective of this research. This 

dynamic model should explain the large belt transverse vibration that occurs at the engine firing frequency, 

as observed by our research sponsor. Further analytical investigation of the design parameters of this belt-

pulley coupling mechanism follows naturally. In planning the transmission system, several key factors will 

be considered, including determining engine power, pulley diameter, belt type, torque, belt length, belt 

contact angle, and selecting the correct belt. 

2.2.1 Belt Calculation 

1. Determining belt length (L) 

The length of the circumference of the belt can be calculated by the following Equation 9. 

𝐿 = 𝜋(𝑟1 + 𝑟2) + 2𝑥 + (
(𝑟1+𝑟2)2

𝑥
)      (9) 

2. The contact angle for an open belt 

The surfaces of the belt and pulley grooves that touch form an angle that can be calculated by the 

following Equations 10 and 11. 

𝑠𝑖𝑛 𝑎 =
𝑟1+𝑟2

𝑐
        (10) 

θ = (180 - 2 ∝)
𝜋

180
            (11) 

3. The tight side pull (T1) and the slack side pull (T2) on the belt 

Figure 2 and Equation 12 illustrate the tension schemes for the vertical centrifugal casting machine's 

tight and loose sides. 

2,31 𝑙𝑜𝑔
𝑇1

𝑇2
= 𝜇 ⋅ 𝜃 ⋅ 𝑐𝑜𝑠𝑒𝑐 𝛽      (12) 
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Figure 2. Pull the tight side (T1) and the loose side (T2) 

4. Belt speed (v) 

The belt rotates in conjunction with the rotating pulley, allowing for calculation of its linear speed 

using Equation 13. The belt specification is referenced in Tables 1 and 2. 

𝑣 =
𝜋⋅𝐷𝑃.𝑛

60
       (13) 

Table 1. Specification and dimensions of the v-belt (1) 

Type of belt 
Power ranges in 

kW 

Minimum pitch 

diameter of 

pulley (D) mm 

Top width (b) 

mm 

Thickness (t) 

mm 

Weight per 

meter length in 

Newton 

A 0.7 – 3.5 75 13 8 1.06 

B 2 – 15 125 17 11 1.89 

C 7.5 - 75 200 22 14 3.43 

D 20 – 150 355 32 19 5.96 

E 30 - 350 500 38 23 - 

Table 2. Specification and dimensions of the v-belt (2) 

Type of 

belt 
w d a c f e 

No. of sheave 

grooves (n) 

Groove angle 

(2𝛽) in degrees 

A 11 12 3.3 8.7 10 15 6 32, 34, 38 

B 14 15 4.2 10.8 12.5 19 9 32, 34, 38 

C 19 20 5.7 14.3 17 25.5 14 34, 36, 38 

D 27 28 8.1 19.9 24 37 14 34, 36, 38 

E 32 33 9.6 23.4 29 44.5 20 - 

 

5. Belt surface size 

The shape of the belt size is illustrated in Figure 2. The surface of the V-belt has a trapezoidal shape 

so that it can be calculated by the following Equations 14-16. 

𝑥 = 𝑡𝑎𝑛𝛽 ∙ 𝑡       (14) 

𝑐 = 𝑏 - 2𝑥      (15) 

𝐴 =
1

2
(𝑏 + 𝐶)𝑡      (16) 

6. Belt mass 

The belt in the transmission system is made of a specific material or a combination of materials. 

Therefore, the mass of the belt can be calculated by following Equation 17. 

𝑚 = 𝐴 ⋅ 𝐿 ⋅ 𝜌       (17) 
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7. Centrifugal tension on the belt (Tc) 

When the pulley rotates, the belt generates tension in a circular direction, following the path of the 

pulley groove. This stress is called centrifugal tension, which can be calculated by Equation 18. 

 

𝑇𝑐 = 𝑚 ⋅ 𝑣2       (18) 

8. Maximum tensile tension of belt (𝑇𝑚𝑎𝑥) 

The maximum tensile stress for the belt is the tensile stress, with the highest value acting on the belt 

when the pulley is in motion. The maximum tensile stress can be calculated in Equation 19. 

𝑇𝑚𝑎𝑥 = 𝜎𝑚𝑎𝑥 ⋅ 𝐴      (19) 

9. Style on belt 

Belts can be safe if the force on the belt does not exceed the maximum belt tension. The check force 

on the belt can be calculated by Equation 20. 

𝑇 = 𝑇1 − 𝑇2      (20) 

10. Belt transmitted power (Pb) 

The power transmitted by the belt is used to determine the maximum power that a single belt can 

transmit. This is important for determining the number of belts. The power transmitted by the belt can be 

calculated by the following Equation 21. 

𝑃𝑏=(𝑇1−𝑇2)⋅𝑉      (21) 

11. Number of belts (nb) 

From the amount of power transmitted by the belt, the number of belts used will be searched using 

the following Equation 22. 

𝑛𝑏 =
𝑃

𝑃𝑏
       (22) 

2.2.2 Pulley 

A pulley is a component used to run a flow force, which works to deliver power. The pulley works 

to change the direction of the applied force, send motion, and change the direction of rotation of the driven 

pulley diameter (see Equation 23). 

𝑑2 =
𝑑1⋅𝑁1

𝑁2
      (23) 

 

2.3 Shaft and Stake Design Concepts in the MDGM Machine  

The construction system should have a planning concept. The planning concept outlines the 

theoretical foundations that will serve as guidelines for the design. Configuration design is a design 

approach that provides a set of predefined components, which can be interfaced (connected) in predefined 

ways and then assemble the selected components. The term "component" is used in a generic sense to 

encompass special-purpose parts, standard parts, and standard assemblies [29].  In the design of shafts and 

pins, various components must be planned or calculated, including the power transmitted by the shaft, the 

force acting on the shaft, and the strength of the pin. A shaft is a rotating member, usually of a circular 

cross-section, used to transmit power or motion. It provides the axis of rotation or oscillation for elements 

such as gears, pulleys, flywheels, cranks, and sprockets and controls the geometry of their motion [30]. The 

shaft is the most vital component in almost every mechanical system and machine. Among all power 

transmission components, the shaft is the primary component that must be carefully designed for efficient 

machine operation. The discontinuities in the shaft are prime causes for shaft failure due to a reduction in 
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shaft strength. The shaft design for combined loading is the most critical problem in practical applications. 

In most practical applications, the shaft must be designed for combined loadings. The shaft withstands a 

whole load of the machine. Therefore, the shaft design is essential to mechanical design [31]. Shafts are 

subjected to various loading conditions depending on their application. Various types of loading are 

considered while designing the shaft. Essential loading for the shaft is torsional, as it is always present in 

any shaft [32]. Therefore, it must be designed for shear stresses in any application. Pioneer researchers have 

designed the shaft of an inertia dynamometer, which is subjected to combined bending and torsion [33-35], 

based on calculations of force and torque. The following formulas are used to calculate the shaft (Equations 

24-27). 

a. Torque on the shaft 

𝑇 =
𝑃⋅60

2⋅𝜋⋅𝑁
        (24) 

b. The moment that occurs on the shaft 

𝑀 = 𝐹. 𝐿        (25) 

c. Torque equivalent 

𝑀 = 𝐹. 𝐿       (26) 

d. Shaft diameter 

𝑑 = √
16⋅𝑇ⅇ

𝜋⋅𝑙�̅�
      (27) 

3 Methodology 

3.1 Planning Stage  

• Literature study. This process aims to collect as much information as possible in the field about the 

conditions that the product must meet in terms of specification requirements, as well as its advantages 

and disadvantages, components, and other relevant details. Next, the points of the problem that need to 

be solved are identified. From here, the technical specifications that must be met for the product will be 

obtained, allowing it to be implemented in actual field conditions. 

• Sketch. This process begins with collecting data, a theoretical basis, and literature from relevant sources 

to serve as reference materials, as well as references for designing machines in the form of sketches, 

which facilitate easier problem-solving for designers. After that, they collected as many concept ideas 

as possible about the design of the MDGM machine. Sketching by hand before creating a machine design 

in the SolidWorks application is essential. After the sketch has been approved, a 3D model is developed 

using SolidWorks. 

• Power and component calculations. Before proceeding to a more detailed process, the existing 3D design 

is evaluated, and each component is analyzed. Additionally, the machine's power and detail must be 

carefully calculated to prevent machine failure from causing it to malfunction later. 

• Engineering drawings. After all sizes and designs are declared functional, detailed drawings and 

dimensions (2D and 3D Drawings) of the MDGM machine design are made. This simplifies the 

production process, from material procurement to assembly and archiving, ensuring a seamless 

manufacturing process. 

• Production process planning aims to minimize the risk of errors during the production process, especially 

processes that must be carried out sequentially so that work takes place optimally and no material is 

wasted. 

• Production and assembly. The next step is the component assembly process, which follows the purchase 

of all materials and the completion of the manufacturing process. Components are assembled in sequence 

according to the assembly process until the machine is fully assembled. 
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• Testing. The finished machine is then tested to determine if any parts require any repair before being 

used in the field. It is tested for its performance in grinding and mixing the meat to be bakso. 

• The data obtained from the testing process is then used as the basis for the tool repair process. So that 

when the machine is used in actual conditions, it can work optimally without any problems. If 

components do not work as they should in testing, the next step is to make repairs, starting from the 

initial step. 

• Compiling reports. After the machine has been manufactured and no further errors have been identified, 

the next step is to compile a report based on the existing systematics and instructions for use and care. 

The flowchart of the planning process is shown in Figure 3. 

 

Figure 3. The MDGM machine planning flow chart 

3.2 Product Identification 

 This MDGM machine made it easier for meatball entrepreneurs to produce meatball dough on a 

medium to low scale. With this MDGM machine, small and medium-scale meatball entrepreneurs can save 

time and costs that they previously incurred by grinding and kneading meatball dough in-house. Things to 

consider are: 
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1. Looking for the mechanism literature on how the Meatball Grinding and Mixing Machine can 

simultaneously work with two processing processes. 

2. Looking for data about the chopping knife system as a component for grinding and mixing meatball 

dough. 

3. Looking for data about the shaft as a power transmission from the electric motor to the cutting blade. 

4. Looking for data about the transmission system as a successor to the rotation of the electric motor to 

the shaft. 

3.3 Machine Drawing Model 

Figure 4 shows the final project sketch planning, titled Meatball Dough Grinding-Mixing (MDGM) 

machine. Table 3 describes the image of the MDGM machine. 

 

Figure 4. The MDGM machine drawing model 

Table 3. Description of the meatball dough grinding-mixing machine 

No. Description No. Description 

1 Close the top of the dandang 8 Wheel 

2 Dandang 9 Pulley 

3 Knife 10 Electric motor 

4 Frame 11 Close the bottom of the dandang 

5 Valve 12 Reservoir channel 

6 Bearing 13 Shaft 

7 V-Belt   
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4 Results and Discussion 

4.1 Meat Cut Force 

Calculating the fundamental requirements of force performance required for a system to work is essential. 

In this work, it is assumed that the processed meat in a cycle process is 8 kg, and the force for this will be 

needed to calculate the transmission system and engine capacity. The summarized calculation using 

Equations 28-30 is presented in Table 4. 

Table 4. The obtained technical details for the meat cut force 

Variable Formula Equation no. Results 

Meat cut force to cut 8 kg of meat 𝐹 = 254𝑔𝑟𝑓 

 

(28) F = 4.98 N 

 

Transmission system selection in the 

form of a driven pulley 
𝑁1 ⋅ 𝑑2 = 𝑁2 ⋅ 𝑑1 

 

(29) 𝑁2 = 1680 rpm 

 

Engine speed planning 

 
𝑣 =  

𝜋 ⋅ 𝐷𝑃 ⋅ 𝑁

60
 

(30) 𝑣  = 24.61 m/s 

 

4.2 Calculation of Transmission System (Pulley and V-belt) 

The pulley is selected based on the summarized calculation using Equations 31 and 32 in Table 5. It 

can be seen that the primary considerations for the pulley are torque and motor power. Based on the obtained 

values, the planned pulley specification is given as follows: 

• Rotating speed on motor = 2800 rpm 

• Shaft axis distance = 343.57 mm 

• Pulley 1 (d1)  = 76.2 mm 

• Pulley 2 (d2)  = 127 mm 

 
Table 5. The obtained technical details for the pulley 

Variable Formula Equation no. Results 

Torque at T1 
𝑇1 =

𝑇2 ⋅ 𝑁2

𝑁1
 

(31) 𝑇1 = 597.6 N/m 

 

Motor power 𝑃 = 𝑇 ⋅ 𝜔 

 

(32) P = 0.87 HP ≈ 1 HP 

 

The belt type can be calculated using the parameters of the electric motor power and the rotation of 

the small pulley and pulley driver. Based on the electric motor used, the small pulley rotates at 2800 rpm. 

The choice of belt type can be found using the diagram in [36], which can be concluded that the selected 

belt is a V-belt type A with the specification as follows: 

• Material    = rubber 

• Wide (b)    = 13 mm 

• Thick (t)    = 8 mm 

• Pulley angle (2𝛽)  = 34° 

• Belt density (p)   = 1140 kg/m³ 

• Max. tensile stress (𝜎𝑚𝑎𝑥)  = 2.1 MPa 

 

Further calculations for the belt will be directed to several parameters, i.e., belt length (L), belt contact 

angle (α), belt speed (V), tight and slack side pull (T1 and T2), belt cross-sectional area (A), belt mass per 

meter (M), belt centrifugal force (TC), belt maximum tension (T), belt transmitted power (pb), and a total of 

the belt (ηb). The summarized calculation using Equations 33-42 is presented in Table 6, while the 

illustrations for length and cross-sectional area calculations are presented in Figures 5 and 6. 
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Table 6. The obtained technical details for the belt 

Variable Formula Equation 

no. 

Results 

Belt length (L) 

𝐿 = 𝜋(𝑟1 + 𝑟2) + 2𝑥 + (
(𝑟1−𝛤2

)2

𝑥
) 

(33) L = 1047.93 mm 

 

Belt contact angle (α) sin 𝑥 =
𝑟1 − 𝑟2

𝑥1
 

 

(34) α = 3.03 rad 

Belt speed (V) 
𝑉 =    

𝜋 ⋅ 𝐷2 ⋅ 𝑁2

60
 

(35) V = 5.58 m/s 

Tight and slack side pull (T1 and 

T2) 
2.31 log

𝑇1

𝑇2
= 𝜇 ⋅ 𝜃 ⋅ cosec 𝛽 

(36) 𝑇1

𝑇2
= 22.13 

Belt cross-sectional area (A) tan 17° = 
𝑥

𝑡
 (37) A = 0.000084 m² 

Belt mass per meter (M) M = area x length x density 

 

(38) M = 0.100 kg/m 

Belt centrifugal force (TC) 𝑇𝑐 = 𝑀 . (𝑣)² (39) TC = 3.11 N 

    

Belt maximum tension (T) T = 𝜎 ⋅ 𝑎 (40) T = 7.87 N 

Belt transmitted power (pb) 𝑝𝑏 = (𝑇1 − 𝑇2)𝑉 (41) pb = 9.282 kW 

Total of the belt (ηb) 
𝑛𝑏 =

𝑃

𝑝𝑏
 

(42) ηb = 0.36 ≈  1 

 

 

 
 

Figure 5. Description of the belt length calculation 

 

 
Figure 6. V-belt cross-section 

 

4.3 Shaft Calculation 

 The shaft calculation can be calculated with the following data: the motor power (P) is 653.376 W, 

the rotation speed (N) is 1680 rpm, the shaft material used is ST37 steel, shear stress r (τs) of 170 N/mm2, 

bending stress (σb) of 340 N/mm2, pulley tension on the shaft is 182.07 N, pulley force on the shaft is 1.746 

N and the force on the grinder and stirrer is 86.328 N. The calculation of the force on the cutting knife and 

grinder, as determined by Equations 43-48, is presented in Table 7. Then, the shaft force balance schematic 

is illustrated in Figure 7 and summarized in Table 8.  

Table 7. Forces on cutting and grinding blades 

Variable Formula Equation no. Results 

Shaft torque (T) 𝑇 =
60 × 𝑃

2𝛱𝑁2
 (43) T = 3.715 Nm 

Style on cutting blades and 

grinders (Fps) 
𝐹𝑃𝑆 =

𝑇

𝑅
 (44) Fps = 26.53 N 
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Figure 7. Schematic balance of shaft forces 

∑MA = 0 

Rcy = 183.8 Nmm (in the direction according to the red arrow) 

 

∑Fy = 0 

Ray = 90.009 N (in the direction according to the red arrow) 
 

Table 8. Calculation of the moment on the shaft. Graphical illustration is displayed in Figures 8 and 9. 

Variable Formula Equation no. Results 

Moment at point A (MA) MA = 90.009 N . x (45) MA = 0 

Moment at point B (MB) MB = 90.009 N . x (46) MB = 10,801.08 Nmm 

Moment at point C (MC) MC = 90.009 N (120+ 𝑥) − 

Rby . x 

(47) MC = - 3,533.07 Nmm 

Moment at point D (MD) MD = 90.009 N (270 + 𝑥) + 

Rby (150 + 𝑥) + Rcy. x 

(48) MD = 0 

 

 
Figure 8. Shear force diagram (SFD) 

 

 

 
Figure 9. Bending moment diagram (BMD) 

 

The shaft diameter (see Table 9) is selected based on an equivalent torque of at least 8 mm and an 

equivalent moment of at least 8.56 mm (the calculation is conducted using Equations 49-52). Therefore, 

the shaft is safe and can be adapted to available bearings. Finally, the used shaft has a diameter of 15 mm. 

 

 

A B C D 
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Table 9. Calculation of shaft diameter (d) 

Variable Formula Equation no. Results 

Torque equivalent (Te) 𝑇𝑒 = √(𝑘 × 𝑚)2 + (𝑘𝑡 × 𝑇)2 (49) Te = 17,133.16 Nmm 

Shaft diameter (d) 

𝑑 = √
16 × 𝑇𝑒

𝛱 × 𝜏𝑠

3

 

(50) d = 8 mm 

Equivalent moment (Me) 𝑀𝑒 =
1

2
[𝑘𝑚 𝑥 (𝑀 + Te)] (51) Me = 20950.68 N 

Shaft diameter (d) 

𝑑 = √
32𝑥𝑀𝑒

𝛱𝑥𝜎𝑏

3

 

(52) d = 8.56 mm 

4.4 Counting Knife Calculation 

The planning of the chopping knife to be used is related to the desired blade rotation and whether it 

can cut meat with a capacity of 6 kg. The knife's design is illustrated in Figure 10. The summarized 

calculation, using Equations 53-57, for the knife design is presented in Table 10. 

 

Figure 10. Illustration of chopping knife planning 

Table 10. Calculation of the knife design 

Variable Formula Equation no. Results 

Cutting rotation speed (vrot) 
𝑣𝑟𝑜𝑡 =

𝜋 ⋅ 𝐷 ⋅ 𝑛

1000 ⋅ 60
 

(53) vrot = 0.5 m/s 

Cutting result speed (vres) 
𝑣𝑟ⅇ𝑠 =

𝜋 ⋅ 𝐷 ⋅ 𝑛

1000
 

(54) vres = 0.03 m/min 

Cutting capacity (Q) 𝑄 = 𝜌 ⋅ 𝑣 (55) Q = 26.43 kg/h 

Blade weight (Wn) 𝑊𝑛 = 𝐿 ⋅ 𝑙 ⋅ 𝑡 ⋅ 𝑦 (56) Wn = 0.19 kg 

Tangential force (Ft) 
𝐹𝑡 =

𝑤𝑛

𝑔
(

2 ⋅ 𝜋 ⋅ 𝑛

60
)

2

⋅ 𝑟 
(57) Ft = 408.7 N 

4.5 Machine Design Result and Testing 

Tests are conducted to evaluate the machine's performance by feeding it 1 kg of beef and the dough 

ingredients. The grinding time and smoothness of the meatball dough are considered in this test. It takes 

approximately three minutes to make a smooth meatball dough and the seasonings. The results of the design 
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of the Meatball Dough Grinding-Mixing (MDGM) machine are shown in Figure 11. The obtained machine 

specifications are: 

• The driving motor power is 1 HP (746 W) 

• The shaft diameter is 15 mm, made of ST37 steel, with a 6 mm high and 6 mm wide keyway. 

• Drive pulley diameter = 76.2 mm, driven pulley diameter = 127 mm. 

• The pulley belt used is a V-belt no. = 39, L = 1047 mm. 

• The bearings used in this machine have a diameter of 15 mm. 

Figure 12 shows that the test results for 1 kg of beef, ground for 1 minute, were already smooth. 

Compared to existing machines on the market, this designed MDGM machine is more efficient because it 

takes approximately 5 minutes to produce the same results as those machines. Based on Figure 12, the 

results of grinding with seasoned meatballs are shown. The ingredients used are egg, wheat, tapioca flour, 

pepper, and meatball seasoning. To achieve the result presented in Figure 13, the designed MDGM machine 

takes 3 minutes to form a dough. Compared to existing machines on the market, this MDGM is still more 

efficient because it takes only 10 minutes to produce the same amount of dough using the same ingredients. 

 

 
Figure 11. Meatball dough grinding-mixing machine: 

actual size 

 

 
Figure 12. The results of the meat grinder 

 

Figure 13. Results of ground beef and meatball seasoning 
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5 Conclusions 

• The machine uses a 1 HP motor with a drive shaft diameter of 15 mm, a drive pulley diameter of 76.2 

mm, and a pulley driver of 127 mm. The pulley belt used is a V-type belt no = 39 with L = 1047 mm. 

• This machine is designed with a maximum capacity of 6 kg. 

• The material used in the design of the shaft is ST37 steel, while the material used in the design of the 

chopping knife and dough container/pan in this MDGM machine is SS 304 series stainless steel and is 

included in the food-grade category. 

• Lathes, hand grinding machines, and milling machines are used in the manufacture of this machine. 

The supporting equipment used is a right-aligned HSS chisel, inner chisel, center drill, rotary center, 

end mill cutter diameters of 10 mm and 25 mm, vise, caliper, and Occupational Health and Safety 

equipment (K3). 

• It takes 3 minutes to conduct grinding and stirring the beef until it becomes a smooth meatball dough. 
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