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Abstract

This study aims to optimize the design of a 30 ° angled paddle blade for a 10 kg horizontal mixer to
reduce the motor’s workload and improve the efficiency of bread dough mixing. Problems with the
previous machine included a high motor power rating (4.85 kW), a relatively long mixing time (60
minutes), the use of materials that did not meet food-grade standards, and a lack of protection for the
transmission system. The design method used the French Method, which includes needs identification,
concept design, detailed design, and performance evaluation. The drive system uses a 6.5 HP gasoline
engine with a 1:20 WPA 60 gearbox and a belt-pulley transmission at 60—80 rpm. The drum and online
mixer are made of SUS 304 stainless steel. Test results showed a reduction in motor load from 4.85
kW to 2.45 kW (49.48% power efficiency) and a reduction in mixing time from 60 minutes to 35
minutes (a 41.67% increase in productivity). Furthermore, the addition of a transmission guard
enhances operator safety. Research shows that optimizing the paddle blade angle to 30° significantly
improves energy efficiency, mechanical load stability, and machine productivity.
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1. Introduction

The horizontal mixer is the primary equipment in the bread dough processing industry, where
mixing quality is largely determined by the mixer’s design, rotation speed, and the dough's
rheological characteristics [1-4]. A suboptimal blade design can increase mechanical resistance,
thereby increasing torque and motor power.

In the existing engine, the motor power load is 4.85 kW, and the mixing time is up to 60
minutes. In addition, the safety and hygiene aspects have not fully met the standards for the design
of food industry machinery. High motor loads indicate an uneven shear-force distribution and less
effective material flow patterns.

Several studies have discussed the design and fabrication of dough mixer machines, focusing
on machine capacity, transmission systems, and operational performance [4-7]. However, limited
studies quantitatively evaluate the effect of paddle blade geometry, particularly blade inclination
angle, on motor power consumption and mixing efficiency. Therefore, optimizing the 30° paddle
blade angle is an important engineering approach to improving mixer performance. A 30° blade
inclination angle was chosen based on engineering considerations, as it is expected to generate a
balanced axial-radial flow pattern, improve dough circulation, and reduce mechanical resistance
during mixing.

The angle of inclination of the wind blades affects the axial-radial flow pattern and the
distribution of shear forces during the mixing process [8], [9]. Therefore, optimizing the paddle blade
angle is a technical approach to reducing system resistance and improving the machine’s operational
efficiency.

The novelty of this study lies in the implementation of a 30° inclined paddle blade on a 10 kg
horizontal dough mixer and the quantitative evaluation of its effects on motor power consumption,
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torque reduction, and mixing efficiency. Unlike previous studies that mainly focused on machine
fabrication and capacity improvement, this research demonstrates that blade-angle optimization can
simultaneously improve energy efficiency, productivity, hygiene compliance, and operational safety.

2. Methods and Materials
2.1 Design Method

This study employs the French Method as a systematic approach to machine design and
development. The method begins by identifying technical needs to determine functional
specifications and design limitations. Furthermore, concept design was conducted to develop
alternative solutions that meet engine performance requirements. The next stage is detailed design,
which includes determining component dimensions, selecting suitable materials, and planning the
transmission system. The final stage is evaluation and performance testing to ensure that the resulting
design meets the design objectives technically, efficiently, and safely in operation [6], [10].

2.2 Machine Specification
The technical specifications of the developed horizontal mixer machine include:

Capacity: 10 kg

Petrol engine: 6.5 HP (= 4.85 kW)

Transmission: WPA 60 (1:20 ratio)

Working rotation: 60—80 rpm

Blade & tube material: SUS 304 stainless steel
Transmission system: Belt-pulley + protector (safety guard)

AN e o

The belt-pulley transmission system is designed based on V-belt transmission planning [7] and
slip analysis for specific workloads [11].

2.3 Test Parameters

Variable and parameter testing is designed to quantitatively analyze the effect of paddle blade
angle on the horizontal machine performance of the mixer, including:

1. The independent variable in this study was the rotational speed of the mixer shaft, which
was varied at 60 rpm, 70 rpm, and 80 rpm.

2. The measured variables in this study include motor power (kW) as an indicator of the load
of the working system and mixing time (minutes) as a parameter of process efficiency.

3. The workload is kept constant in the form of bread dough with a mass of 10 kg to ensure
the consistency of the test conditions.

4. As a comparison, a paddle blade with an angle of 0° was used to analyze the difference
in performance compared to the 30° angle paddle blade design developed.

2.4 Basic of Calculation

Based on working torque:

P=T.w (1)
2. m.n
w = s (2)
where:
P = power (W)

T = torque (Nm)
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o = angular velocity (rad/s)

The relationship between power and torque in a rotational system follows the operating

principles of chemical engineering and fluid mechanics, as described in the classic literature on unit
operations [12].

3. Result and Discussion
3.1 Results of Machine Realization
It has total dimensions of 675 mm % 756 mm % 1118 mm, including all mechanical elements

and supporting structures. The results of the horizontal bread dough mixer machine design are shown
in Figure 1. The paddle blade design with a 30° angular inclination is shown in Figure 2.

Figure 1 shows the final result of the development of the horizontal bread dough mixer machine in
the form of an overall assembly.

Figure 1. Paddle Blade Design with 30° Angular Tilt

3.2 Power and Torque Models
Lowering the Motor Load
Initial power: 4.85 kW
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Power after optimization: 2.45 kW
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Figure 3. Comparison of Motor Power Consumption

Power efficiency:

_ 4.85—-245
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This decrease occurs because the 30° angle yields a more continuous material flow pattern and

reduces the drag force during mixing. The motor power ratio is shown in Figure 3.

X 100% = 49.48%

The relationship of power and torque is formulated:

P=T w
Angular velocity is calculated from:
27N
“=7%60
With a working rotation of 70 rpm (60—80 rpm on average):
W= 2m(70) = 7.33 Rad/s
60
Torque Calculation
Before optimization:
4850
T, = 733 661.66 Nm
After optimization:
2450
T, = 733 = 334.38 Nm

Torque drop =49.5%

This means that a 30° angle mechanically lowers the resistance by almost half.

The results of the comparison before and after optimization are shown in Figure 4.
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Figure 4. Comparison of Required Torque
3.3 Energy Efficiency Analysis

The mixing time was reduced from 60 minutes to 35 minutes (a 41.67% increase in
productivity), as shown in Figure 5. The decrease in power and process time indicates that the
specific energy per cycle becomes lower.

0 o - 60 mi —— _—

Mixing Time (minutes)
)

Before Optimization After Optimization
Condition

Figure 5. Comparison of Mixing Process Duration

Time efficiency:
60 — 35
r="eo

These results show that the system's mechanical load has decreased significantly, productivity

X 100% = 41.67%

has increased, and energy consumption per mixing cycle has decreased and become more stable [6].

3.4 Mechanical Analysis

Based on the analysis of fluid mechanics and rotational dynamics, the use of a paddle blade
angle of 30° results in a more even distribution of shear force across the mixing plane. The geometric
angle can improve the flow pattern toward more axial and radial components, thereby reducing the
occurrence of material reinforcement and stagnant zones. This condition reduces the system's
mechanical resistance, thereby directly reducing peak torque during stirring. Theoretically, the
relationship between power and torque is given by equation 1, where a decrease in resistance reduces
the torque and motor power required.

The test results showed that the 30° angle reduced the load torque by up to +49.5%, with
implications for dynamic load stability and a decrease in motor working current. Thus, the motor
work is lighter,
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and the energy consumption per mixing cycle is significantly reduced. The distribution of shear
forces and axial-radial flow patterns in agitation systems is influenced by the geometry of the blades,
which directly affects the power and torque requirements of the system [13].

3.5 Safety and Hygiene Aspects

The safety and hygiene of the machine are improved by selecting SUS 304 stainless steel,
which offers high corrosion resistance, is nonreactive with food, and meets food-grade material
standards [6], [14]. This material also has a relatively smooth surface that facilitates the cleaning
process and minimizes microbiological contamination.

In addition, the belt-pulley transmission system is equipped with a safety guard to prevent
direct contact between the operator and rotating components [12], [15]. The implementation of this
transmission protector aligns with the principle of occupational safety in industrial machinery design,
namely, eliminating potential mechanical hazards and reducing the risk of work accidents [11].

4. Conclusion

Based on the results of the planning, testing, and analysis that have been carried out, it can be
concluded that:

1. The optimization of the 30° angled paddie blade can reduce the load of the motor by 49.48%.
The stirring time is reduced by 41.67% so that it increases the productivity of the machine.
Energy consumption becomes more efficient and stable during the operation process.

The use of SUS 304 material improves hygiene and food safety standards.

A

The addition of transmission protectors improves the operator’s work safety.
Overall, the design optimization not only improves technical efficiency but also enhances the
machine's safety and operational aspects. Future studies are recommended to evaluate long-term
performance and investigate the effects of different blade geometries and operating parameters on
mixing efficiency.
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