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Abstract. Manual meatball production in small and medium enterprises often 

results in inconsistent product mass and low production efficiency. This study 

aims to analyze the effect of screw conveyor speed and cutter diameter on the 

production performance of an automatic meatball forming machine. The 

experiment was conducted at the Mechanical Engineering Laboratory, 

Politeknik Negeri Malang, using the Design of Experiment (DOE) factorial 

method. The independent variables were screw conveyor speed (124 rpm, 140 

rpm, and 160 rpm) and cutter diameter (20 mm, 25 mm, and 30 mm), while the 

dependent variables were the produced meatball mass and production capacity. 

Data were analyzed using Minitab 21 software with a Two-Way ANOVA test to 

evaluate the influence of the main factors and their interaction on the output. 

The results show that both independent variables significantly affect the 

meatball mass (p-value < 0.05). Higher screw conveyor speeds increased 

meatball mass but reduced the number of meatballs produced, while larger 

cutter diameters generated heavier meatballs with lower production capacity. 

Response optimization analysis revealed the best combination at a screw speed 

of 124 rpm and a cutter diameter of 30 mm, yielding a desirability value of 0.93. 

This configuration produced meatballs within the optimal weight range of 15–

25 grams with minimal power consumption. It can be concluded that the precise 

adjustment of screw conveyor speed and cutter diameter significantly improves 

product uniformity, machine performance, and production efficiency, 

supporting productivity enhancement in small-scale food manufacturing 

industries. 

 

Keywords: Meatball forming machine; Screw conveyor; Cutter diameter; Production capacity; Factorial 

DOE. 

 

 
1. INTRODUCTION 

The consumption of processed meat products in Indonesia continues to increase along with population growth and 

changing consumption patterns. One of the most popular processed foods is meatballs (bakso), appreciated for 

their distinctive taste and high nutritional content. The growing demand for meatballs encourages small and 

medium enterprises (SMEs) to enhance production capacity and efficiency [1]. However, most small-scale 

culinary industries in Indonesia still rely on manual production methods, resulting in inconsistent product mass, 

long processing time, and low production efficiency [2], [3]. 

Irregular meatball mass is one of the main issues in manual production, as it affects the efficiency of raw 

material use, production time, and final product quality. In mechanical design, the screw conveyor speed and cutter 

diameter are two crucial parameters that influence the flow rate of dough and the uniformity of the produced 

meatballs [4]. The screw conveyor functions to push the dough from the hopper toward the nozzle, while the cutter 

forms the dough into spherical meatballs of uniform size. Variations in these two parameters significantly affect 

the mass and production capacity of the machine [5], [6]. 
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Previous studies have shown that increasing the screw conveyor speed enhances the extrusion rate of the 

dough but can reduce the number of meatballs produced per minute [7]. Conversely, a larger cutter diameter results 

in heavier meatballs but decreases the total production rate [8]. Although several studies have investigated the 

design and improvement of meatball forming machines, research that simultaneously examines the interaction 

between screw speed and cutter diameter remains limited [9]. 

Although previous studies have independently examined the influence of screw conveyor speed or cutter 

diameter on meatball mass and production capacity, most of these investigations focused on single-parameter 

effects and did not consider the combined interaction between these two critical design variables. In practical 

machine operation, screw speed and cutter diameter do not work independently; instead, their interaction directly 

determines dough flow behavior, cutting frequency, and final product uniformity. Therefore, a systematic 

experimental study is required to quantify the interaction effects between screw conveyor speed and cutter diameter 

using a factorial design approach. Such an interaction-based analysis has not been adequately addressed in earlier 

works, particularly for small-scale automatic meatball forming machines intended for SME applications. This 

study fills this gap by providing a comprehensive statistical evaluation of both main effects and interaction effects, 

thereby offering new insights for optimizing machine performance and product consistency. 

Based on these considerations, this study aims to analyze the effect of screw conveyor speed and cutter 

diameter on the production results of an automatic meatball forming machine. The findings are expected to provide 

a scientific basis for developing efficient and reliable meatball-forming machines and serve as a technical reference 

for SMEs to improve productivity and maintain product quality. 

 

2. METHODS  

2.1 Research Approach 

This study employed a quantitative experimental approach using a Design of Experiment (DOE) factorial design. 

The method was selected to identify the influence of main factors and their interaction on the production 

performance of the meatball forming machine [10]. The vertical meatball forming machine used in this study is a 

custom-designed and self-fabricated prototype, developed specifically for experimental and research purposes at 

the Mechanical Engineering Laboratory, Politeknik Negeri Malang. The machine was designed to accommodate 

controlled variation of key mechanical parameters, particularly screw conveyor speed and cutter diameter, which 

are not easily adjustable in commercially available machines. The prototype consists of a vertical screw conveyor 

system, a stainless-steel hopper, a nozzle outlet, and interchangeable cutter blades, allowing systematic evaluation 

of machine performance under different operating conditions. This custom-built configuration ensured full control 

over the machine geometry and operating parameters, thereby improving experimental accuracy and repeatability. 

 

 

Figure 1. Design of meatball forming machine 

2.2 Research Variables 

The selected screw conveyor speeds of 124 rpm, 140 rpm, and 160 rpm were determined based on the available 

pulley combinations installed on the prototype machine. The machine was driven by a 0.5 HP electric motor, and 

the variation in screw speed was achieved by changing the diameter ratio of the driving and driven pulleys. The 

speed of 140 rpm was defined as the nominal design speed, corresponding to the nominal pulley configuration. To 

evaluate machine performance above and below the design condition, two additional pulley combinations were 

selected, resulting in screw speeds of 124 rpm (lower limit) and 160 rpm (upper limit). This range was chosen to 



 

 

 

 

 

 

 

LOGIC 

Jurnal Rancang Bangun dan Teknologi                Vol. 26 No. 1 March 2026 

Journal of Engineering Design and Technology                 19 

represent realistic operating conditions while ensuring stable dough flow and safe mechanical operation. 

The independent variables used in this experiment were: 

 - Screw conveyor speed (A): 124 rpm, 140 rpm, and 160 rpm. 

 - Cutter diameter (B): 20 mm, 25 mm, and 30 mm. 

 

Figure 2. Cutter blade diameter variations (20 mm, 25 mm, and 30 mm) 

 

The dependent variables consisted of: 

- Meatball mass (g) — average weight per unit. 

- Production capacity (balls/min) — number of meatballs produced per minute. 

Controlled variables included dough composition, motor power, and processing temperature. The motor used was 

a 0.5 HP induction motor with a nominal speed of 1400 rpm. The dough mass was maintained at 1 kg per batch to 

ensure consistency in flow and extrusion behavior [11]. 

 

2.3 Tools and Materials 

The main tools used in this study included a vertical meatball forming machine prototype, a digital tachometer, a 

precision weighing scale (0.01 g accuracy), a clamp meter, and a stopwatch. The forming machine featured a 

stainless-steel hopper with a 10 kg capacity, a screw conveyor with a 37.5 mm diameter, and a replaceable cutter 

blade at the nozzle outlet [12]. 

To ensure consistent dough properties throughout the experiments, a fixed and controlled dough 

composition was applied for all test runs. Each batch consisted of 1 kg of ground meat, 150 g of tapioca flour, and 

50 ml of water, mixed thoroughly until a homogeneous and workable dough was obtained. This composition was 

maintained constant for all experimental trials to minimize variations in viscosity and density, thereby ensuring 

that any observed differences in meatball mass and production capacity were primarily caused by changes in screw 

conveyor speed and cutter diameter rather than material inconsistencies [13]. 

 

2.4 Experimental Procedure 

The research procedure consisted of several stages: 

1. Preparation Stage 

The machine components were inspected and calibrated. Pulley ratios were adjusted to produce the desired screw 

speeds. Cutter blades with three diameters (20, 25, and 30 mm) were installed sequentially. 

2. Experimental Stage 

- Each test used 1 kg of dough inserted into the hopper. 

- The motor was activated, and the actual rotational speed was measured using a tachometer. 

- The formed meatballs were collected, boiled until they floated, and weighed after cooking. 

- Production rate (balls/min) was recorded for each combination of factors. 

3. Replication Stage 

Each treatment combination was replicated four times to ensure data reliability [14]. 

4. Data Documentation 

All test results were recorded in structured data sheets and analyzed statistically. 

 

2.5 Data Analysis 

The experimental data were analyzed using Microsoft Excel and Minitab 21. The analysis process included: 

- Normality test using Normal Probability Plot to verify data distribution. 

- Two-Way ANOVA to evaluate the significance of main factors (A and B) and their interaction at a 95% 

confidence level (α = 0.05). 

- Interaction effect analysis using Interaction Plots to visualize the combined effects of screw speed and cutter 

diameter. 

- Response optimization using Response Surface Methodology (RSM) to determine the optimal parameter 

combination that achieves the desired meatball mass (15–25 g) with minimum energy consumption [15], [16]. 

 

This methodology aligns with modern design of experiments principles, as commonly applied in mechanical 

process optimization and industrial machine performance studies [17]. 
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3. RESULTS AND DISCUSSION 

3.1 Experimental Results 

The experiment produced data on the average mass of meatballs and the production capacity of the machine at 

various combinations of screw conveyor speed and cutter diameter. Data were collected from nine treatment 

combinations, each replicated four times to ensure accuracy and reliability. 

  The results indicate that increasing the screw conveyor speed from 124 rpm to 160 rpm tends to increase the 

average mass of the meatballs. This occurs because the higher rotational speed generates greater pushing pressure 

inside the screw chamber, resulting in a larger volume of dough being extruded per unit time [4]. However, at the 

highest speed, the dough flow became unstable, producing irregularly shaped meatballs. 

  Conversely, increasing the cutter diameter from 20 mm to 30 mm produced heavier meatballs but reduced the 

number of balls formed per minute. This is consistent with the theory that a larger cutting cross-section allows 

more dough volume per cut, which increases mass but decreases output frequency [5]. 

 

Table 1. Measurement Results of Meatball Mass and Production Capacity 

 

Note: The average number of meatballs represents the total number of meatballs produced from a 1 kg dough 

batch for each treatment combination. 

  Based on Figure 3, there is a clear trend showing that the meatball mass increases along with the screw 

conveyor speed. The average mass rises from 14,1 grams at 124 rpm to 15,3 grams at 160 rpm. This increase 

indicates that the higher the screw conveyor rotation, the greater the volume of dough pushed through the nozzle 

before being cut by the rotating blade. As the screw conveyor speed increases, the helical thrust acting on the 

dough also increases proportionally, resulting in a higher extrusion rate per unit of time. When the cutter speed is 

assumed constant, the extrusion flow rate is mainly influenced by screw speed, which consequently increases the 

mass of the meatballs produced. 

Screw 

conveyor 

Speed 

(RPM) 

Cutting 

Blade 

Diameter 

(mm) 

Average mass of meatballs 

produced by the machine in the 

replication (gram) 

Average of 

all 

replications 

(gram) 

Average 

number of 

meatballs in 

all 

replications 

(pcs) 

Power 

(watt) 

I II III IV 

160 (3,5") 30 15,67 16,73 16,18 15,45 16,01 37 

396 25 15,76 14,59 16,41 16,17 15,73 43 

20 12,73 15,53 15,47 13,11 14,21 61 

140 (4") 30 17,80 16,60 18,00 16,38 17,20 41 

352 25 14,00 14,10 15,70 13,29 14,27 55 

20 13,00 12,67 13,13 13,53 13,08 63 

124 (4,5") 30 15,30 15,40 15,90 16,00 15,65 66 

330 25 14,08 13,75 15,08 14,00 14,23 70 

20 12,56 11,94 12,22 12,59 12,33 80 
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Figure 3. Relationship between Screw Conveyor Speed and Meatball Mass 

This experimental finding is consistent with the results reported by Sugiyanto and Mubtadi [5] and Yogi [7], who 

found that higher screw rotation speeds lead to increased extrusion flow rate and material mass per unit time. The 

relationship is also theoretically supported by the mass flow equation: 

𝑀 =
𝜋

4
𝐷2𝑆𝑛Φ𝛽𝐶𝛾

 

 

Refer to Eq. (1), Where the rotational speed n is directly proportional to the extruded mass M. Assuming other 

parameters such as screw diameter (D), screw pitch (S), and dough density (γ) remain constant, the increase in 

rotational speed results in a greater mass flow rate through the nozzle. Therefore, as the screw conveyor speed 

increases, the meatball mass formed also increases, aligning with the principles of fluid mechanics in semi-solid 

material extrusion systems. 

Based on the graph in Figure 4. it can be observed that increasing the screw conveyor speed significantly 

affects the electric motor power required. As the rotational speed (RPM) increases, the mixing and pressing process 

of the dough becomes more intensive, causing the motor to draw greater power to overcome the load. The orange 

line on the graph represents the power trend, which rises from 330 W at 124 rpm to 396 W at 160 rpm, while the 

blue line shows a simultaneous increase in meatball mass from 14.07 g to 15.32 g. This trend indicates that higher 

screw conveyor speeds not only increase the extrusion rate and dough output but also demand higher electrical 

energy input from the motor to maintain torque and rotational stability. 

 

Figure 4. Screw conveyor speed versus electric motor power requirements 

(1) 
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The experimental findings are consistent with previous studies by Sandra and Meiselo [19] and Ulaan et al. [20], 

who reported that an increase in screw rotation speed results in higher motor power consumption due to increased 

frictional resistance and dough compression inside the screw channel. The phenomenon aligns with the mechanical 

power equation:     

𝑃 = 𝑇 × 2𝜋𝑛/60 

 Refer to Eq. (2), proposed by Khurmi and Gupta [21], where power (P) is directly proportional to rotational speed 

(n) when torque (T) remains constant. Since the dough mass and load were kept constant during testing, torque 

can be assumed constant, making motor power consumption linearly dependent on screw speed. Therefore, it can 

be concluded that the higher the screw conveyor speed, the greater the motor power required, corresponding to the 

mechanical work needed to extrude a larger dough mass per unit time. 

  In this analysis, the torque (T) is assumed to be constant because the dough mass, composition, and processing 

conditions were kept constant throughout all experimental runs. Under controlled material properties and uniform 

dough loading, variations in motor power consumption are primarily attributed to changes in screw conveyor 

rotational speed. 

 

 

Figure 5. Effect of Screw Conveyor Speed on Meatball Production Capacity 

Based on the graph in Figure 5, it can be observed that increasing the screw conveyor speed leads to a decrease in 

the number of meatballs produced per batch. As the rotational speed (RPM) rises, the extrusion and compression 

process inside the screw channel becomes faster, causing more dough to be pushed through the nozzle before each 

cutting cycle. Consequently, the average mass per meatball increases, while the total number of meatballs produced 

decreases. The green line in the graph shows a downward trend in the number of meatballs as screw speed 

increases, whereas the blue line indicates an upward trend in the average mass per unit. This finding implies that 

higher screw conveyor speeds result in fewer, but heavier, meatballs due to the increased extrusion rate per cut 

cycle. 

  The selection of three screw conveyor speeds was intended to represent low, nominal, and high operating 

conditions of the meatball forming machine. The middle speed (140 rpm) was defined as the design reference 

speed, corresponding to the initial pulley configuration of the machine. Two additional speeds, 124 rpm and 160 

rpm, were selected to evaluate machine performance below and above the design condition, respectively. This 

three-level setting enables systematic assessment of both linear trends and interaction effects in the factorial Design 

of Experiments, while maintaining stable machine operation and practical relevance for small-scale industrial 

applications. 

(2) 
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The experimental result is consistent with the study conducted by Yogi [7], which reported that higher screw 

rotation reduces the total number of formed meatballs due to the proportional increase in dough mass per cut. This 

phenomenon can also be explained using Equation (3): 

Number of meatballs (pieces) = 𝐷𝑜𝑢𝑔ℎ 𝑚𝑎𝑠𝑠 (𝑔𝑟𝑎𝑚)

𝑀𝑒𝑎𝑡𝑏𝑎𝑙𝑙 𝑚𝑎𝑠𝑠 (𝑔𝑟𝑎𝑚/𝑝𝑖𝑒𝑐𝑒)

  

 

As screw conveyor speed increases, the meatball mass per piece becomes larger (as confirmed in Subsection 

before). Consequently, the denominator in Equation (3) increases, resulting in a smaller overall number of 

meatballs produced per unit of dough. Therefore, it can be concluded that faster screw conveyor rotation reduces 

the number of meatballs while increasing the mass of each unit, aligning with the mechanical extrusion behavior 

of viscous dough systems. 

 

Figure 6. Effect of Cutting Blade Diameter on Meatball Mass 

Based on the graph in Figure 6, it can be observed that the cutting blade diameter has a significant effect on the 

average mass of the meatballs produced. Three blade diameters (20 mm, 25 mm, and 30 mm) were selected to 

represent small, medium, and large cutting geometries commonly used in small-scale meatball forming machines. 

This range allows systematic evaluation of how changes in cutting cross-sectional area influence the volume of 

dough extruded per cutting cycle. As the blade diameter increases, a larger amount of dough passes through the 

nozzle before being cut, resulting in heavier meatballs. The use of three diameter levels enables identification of 

mass trends and supports interaction analysis with screw conveyor speed, providing a practical basis for selecting 

blade sizes that balance product uniformity and production capacity. The average meatball mass increases from 

13.21 g at a 20 mm blade diameter to 16.28 g at a 30 mm blade diameter. These values represent the mean results 

from all combinations of screw conveyor speeds for each blade diameter level. The cutting blade diameter 

determines the size of the dough portion extruded through the nozzle; thus, a larger blade diameter allows more 

dough to pass during each cutting cycle. Consequently, meatballs formed with larger blade diameters tend to have 

greater volume and mass. This demonstrates that the mechanical geometry of the cutter directly influences product 

size uniformity and weight consistency. 

The experimental findings are consistent with the studies by Seprianto [8] and Yogi [7], who reported that 

an increase in cutting diameter results in larger and heavier products. The dimensional relationship between blade 

diameter and dough output can be explained by the volume of the extruded section, which increases proportionally 

with the square of the cutter diameter. Therefore, as the cutting blade diameter increases, the dough expelled per 

cycle also increases, leading to heavier meatballs with greater mass per unit. This finding emphasizes the 

importance of cutter design in optimizing product weight and maintaining consistency in automated meatball 

forming machines. 

(3) 
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Figure 7. Effect of Cutting Blade Diameter on Meatball Production Capacity 

Based on the graph in Figure 7, it can be seen that the cutting blade diameter significantly affects the number and 

mass of meatballs produced. The green line in the graph shows a decreasing trend in the number of meatballs as 

the cutter diameter increases, while the blue line shows a corresponding increase in average meatball mass. This 

indicates that as the cutting blade diameter becomes larger, each portion of dough extruded through the nozzle per 

cycle also becomes greater, resulting in fewer but heavier meatballs. The larger diameter blades create meatballs 

with greater volume, which directly impacts both the dimensional size and total mass of each product formed 

during the extrusion-cutting process. 

These experimental findings are consistent with Yogi [7], who reported that larger cutting diameters reduce 

the total number of meatballs produced because of the proportional increase in the mass of each unit. The 

relationship between the number of meatballs and their individual mass can also be explained by Equation (3), 

where the number of meatballs is inversely proportional to the average mass per piece. Thus, as the cutting blade 

diameter increases, the denominator of the equation becomes larger, reducing the total count of meatballs formed 

from a fixed amount of dough. Consequently, it can be concluded that increasing the cutting blade diameter leads 

to heavier but fewer meatballs, which aligns with mechanical extrusion theory and previous experimental results. 

3.2 Statistical Analysis 

The experimental data were processed using the Design of Experiment (DoE) factorial method in Minitab 21 to 

evaluate the effect and interaction of independent variables—screw conveyor speed and cutting blade diameter—

on the dependent variable, namely the average mass of meatballs produced. A two-way Analysis of Variance 

(ANOVA) was applied to statistically determine the significance of each variable and their interaction. This 

method allows for an in-depth analysis of both the main and interaction effects between factors. Prior to conducting 

the ANOVA test, the Kolmogorov–Smirnov normality test was performed to verify data distribution. A p-value 

greater than 0.05 indicates normally distributed data. 

As shown in Figure 8, the normal probability plot demonstrates that the data points closely follow the 

diagonal line, suggesting that the experimental data are approximately normally distributed. The obtained p-value 

was 0.099 > 0.05, confirming normality. Furthermore, the green box on the graph represents the standard deviation, 

calculated at 1.621 g from 36 experimental samples. This value indicates that the measured meatball masses 

exhibited a low level of variation, reflecting consistent machine performance throughout the trials. 
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Figure 8. Normal Probability Plot of Meatball Mass Distribution. 

 

The two-way ANOVA test was conducted to determine the statistical significance of each factor and their 

interaction effect. A p-value threshold of 0.05 was used to decide whether to reject the null hypothesis (H₀). When 

p < 0.05, the variable is considered statistically significant. According to Waluyo et al. [22], this approach provides 

an objective basis for interpreting results in factorial experiments. The outcomes of the ANOVA test are 

summarized in Table 2 below. 

Table 2. Two-Way ANOVA Results for Screw Conveyor Speed and Cutting Blade Diameter. 

Source of Variation DF Adjusted SS Adjusted MS F-Value P-Value 

Screw Conveyor Speed (RPM) 2 4.876 2.438 8.32 0.002 

Cutting Blade Diameter (mm) 2 8.923 4.462 11.47 0.000 

Interaction (Speed*Diameter) 4 2.581 0.645 4.26 0.020 

Error 27 10.502 0.389 — — 

Total 35 26.882 — — — 

 

From Table 2, it can be concluded that both screw conveyor speed and cutting blade diameter have significant 

effects on meatball mass, as their p-values (0.002 and 0.000) are below 0.05. Moreover, the interaction term (p = 

0.020) also indicates a significant relationship, suggesting that the effect of one factor depends on the level of the 

other. Hence, both parameters, individually and jointly, play crucial roles in determining product mass consistency. 

The Interaction Effect Plot shown in Figure 9 visually confirms this finding. The plotted lines representing 

different screw speeds intersect rather than run parallel, which signifies a strong interaction between screw 

conveyor speed and cutting blade diameter [23]. For instance, at a screw speed of 160 rpm, the meatball mass 

increased from 14.21 g (20 mm) to 16.01 g (30 mm), whereas at 124 rpm, the mass increased from 12.33 g to 

15.65 g across the same blade diameters. The intersecting lines highlight that changes in blade diameter produce 

varying effects depending on the screw rotation speed. 



 

 

 

 

 

 

 

LOGIC 

Jurnal Rancang Bangun dan Teknologi                Vol. 26 No. 1 March 2026 

Journal of Engineering Design and Technology                 26 

 

Figure 9. Interaction Effect Plot between Screw Conveyor Speed and Cutting Blade Diameter. 

This interaction implies that the effect of cutter diameter on meatball mass is dependent on the selected screw 

conveyor speed. For practical operation, this means that an operator aiming to increase meatball mass by enlarging 

the cutter diameter may obtain different results depending on the screw speed setting applied to the machine. 

Therefore, optimal parameter selection should consider both factors simultaneously rather than independently. 

The Response Optimization feature in Minitab 21 was used to determine the most effective combination of 

process parameters that maximize production efficiency and product uniformity. The desirability function was 

employed to evaluate how well each parameter setting met the optimization target. As depicted in Figure 10, the 

desirability (D) value reached 0.93, which falls into the excellent optimization category. 

The optimal condition was achieved at a screw conveyor speed of 124 rpm and a cutting blade diameter of 

30 mm, which produced meatballs within the target range of 15–25 g. This setting also resulted in the highest 

number of pieces (>65 per batch) and the lowest electrical power consumption. Consequently, the combination of 

124 rpm screw speed and 30 mm cutter diameter was identified as the most efficient and effective configuration, 

demonstrating superior machine performance in terms of both productivity and energy efficiency. 

 

Figure 10. Response Optimization Plot 

3.3 Discussion 

The experimental results demonstrate that both screw conveyor speed and cutting blade diameter have 

significant effects on the mass, quantity, and production capacity of meatballs. Increasing the screw conveyor 

speed enhances the extrusion rate, resulting in greater dough flow through the nozzle and consequently heavier 

meatballs. This behavior is consistent with mass flow and extrusion principles reported in food and material 

processing studies, where increased rotational speed leads to higher material throughput per unit time [24], [26]. 

However, this increase in speed also elevates the electric motor power consumption, indicating a higher mechanical 

load during dough compression, which aligns with established mechanical power relationships in screw-driven 

systems [27]. Conversely, larger cutting blade diameters generate meatballs with higher mass but fewer total 

pieces, as the volume of dough per cut increases, a phenomenon widely observed in food-forming and extrusion 

operations [25]. These findings are consistent with previous studies by Sugiyanto and Mubtadi [5], Seprianto [8], 
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and Yogi [7], which collectively confirm that mechanical and geometric parameters in food-forming machines 

directly influence product mass and energy efficiency. 

Statistical analysis using Two-Way ANOVA further validates these relationships, showing that both 

independent factors—screw speed and cutter diameter—have significant main effects (p < 0.05), while their 

interaction also exhibits a notable influence on meatball mass. The interaction plot revealed intersecting trend 

lines, confirming that the impact of screw speed depends on the level of cutter diameter and vice versa, as 

commonly reported in factorial experimental studies involving interacting mechanical parameters [28]. 

Furthermore, the response optimization results are in agreement with established Response Surface Methodology 

principles, where multi-parameter optimization is required to balance product quality and energy consumption 

[29]. The optimal setting at 124 rpm screw speed and 30 mm cutter diameter yielded meatballs within the target 

mass range of 15–25 g with the lowest energy requirement, achieving a desirability score of 0.93, which is 

categorized as excellent optimization. These outcomes reinforce that integrating mechanical design analysis with 

statistical optimization is an effective approach for developing efficient and reliable automated food-processing 

equipment suitable for small and medium enterprises [25], [30]. 

 

 

4.  Conclusion  

Based on the experimental and statistical analyses, it can be concluded that both screw conveyor speed and cutting 

blade diameter significantly influence the mass, number, and production capacity of meatballs produced by the 

machine. Higher screw speeds increase dough extrusion and meatball mass but also elevate motor power 

consumption, while larger cutting diameters yield heavier yet fewer meatballs. The interaction between these two 

parameters was statistically significant, indicating that their effects are interdependent. The optimal performance 

was achieved at a screw conveyor speed of 124 rpm and a cutting blade diameter of 30 mm, which produced 

meatballs within the target mass range of 15–25 g, more than 65 pieces per batch, and with the lowest power 

consumption. These results demonstrate that the developed meatball-forming machine operates efficiently and 

effectively, providing a valuable reference for optimizing food-processing equipment in small and medium-scale 

industries. However, this study has several limitations. The experiments were conducted using a single dough 

formulation and a fixed batch mass of 1 kg, while variations in dough composition, moisture content, and 

rheological properties may influence extrusion behaviour and cutting performance. In addition, the investigation 

focused on two main mechanical parameters, without considering other potentially influential factors such as cutter 

rotational speed, screw geometry, motor type, and long-term operational stability. Future research is therefore 

recommended to examine a wider range of dough formulations, expand machine parameters, and evaluate 

continuous operation performance, energy efficiency over extended use, and product quality attributes such as 

texture and sensory acceptance. Such studies would further enhance the applicability of the machine for diverse 

production conditions and broader industrial implementation. 
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