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Abstract 

This study presents the design, fabrication, and performance analysis of a SolidWorks-

based disk mill coffee grinder specifically developed for Micro, Small, and Medium Enterprises 

(MSMEs) in Indonesia's expanding coffee industry. Addressing the technological gap between 

industrial-scale equipment and small-enterprise operational constraints, the research 

employed parametric 3D modeling and virtual assembly simulation to optimize machine 

configuration prior to physical fabrication. The design integrates a 5.5 HP gasoline engine with 

a 3:1 pulley reduction system, angle iron frame structure (600×600×730 mm), and adjustable 

pin-type grinding disks to achieve targeted processing capacity and particle uniformity. 

Performance testing demonstrated that the machine successfully processes 1 kg of roasted 

coffee beans in approximately 8 minutes, yielding a theoretical throughput of 30 kg/hour with 

consistent particle distribution suitable for various brewing methods. Material loss was 

maintained below 2%, while operational vibration and noise levels remained within acceptable 

limits for workshop environments. The SolidWorks-driven design methodology significantly 

reduced material waste and iterative physical modifications by enabling early detection of 

interference conflicts and spatial optimization during the digital prototyping phase. These 

findings confirm that CAD-integrated engineering approaches can effectively support the 

development of cost-effective, maintainable, and scalable processing equipment tailored to 

MSME requirements. The resulting disk mill configuration offers a practical solution for 

enhancing product consistency, operational efficiency, and competitive positioning within 
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Indonesia's decentralized coffee value chain, while providing a replicable framework for 

localized agricultural machinery innovation.  

 

Keywords: SolidWorks, disk mill, coffee grinder 

 

INTRODUCTION 

Coffee represents one of the most strategically significant agricultural commodities 

in the Indonesian economy, serving as both a major export earner and an increasingly 

important domestic consumption product. As an agrarian nation, Indonesia has developed 

coffee into one of its flagship agricultural outputs, with the country consistently ranking 

among the world's top producers (Effendi & Eka, 2024). According to the USDA Foreign 

Agricultural Service, Indonesia's coffee production for 2025/26 is projected to reach 12.5 

million 60-kg bags, representing an 18% increase from the previous year, primarily driven 

by robusta recovery in southern Sumatra regions. This production capacity positions 

Indonesia as the fourth-largest global producer, contributing approximately 7% of 

worldwide coffee supply while simultaneously emerging as the fifth-largest consumer 

globally. 

The global coffee trade ranks second only to vegetable oil in terms of commodity 

trading volume, with worldwide consumption reaching approximately 10 million tons 

annually (Nasrullah et al., 2022) Indonesia's dual role as both producer and consumer 

creates unique market dynamics, where domestic consumption reached 4.8 million bags in 

2025/26, up from 4.45 million bags in 2020/2021, reflecting a significant shift in national 

beverage preferences . This consumption growth is particularly notable given that Indonesia 

historically maintained a tea-drinking culture, with the recent coffee boom driven by 

younger generations and the proliferation of coffee shop culture (Az-Zahra & Pratomo, 2022; 

Fiisabilillah et al., 2023). 

The rapid expansion of Indonesia's coffee industry has catalyzed substantial growth 

in Micro, Small, and Medium Enterprises (UMKM) operating across the coffee value chain. 

Recent data indicates that coffee-related UMKM in Aceh Tengah alone increased from 

approximately 2,719 entities in 2021 to 3,000 in 2022, while Temanggung regency 

supported 202 coffee UMKM under local government guidance in 2021 (Alfiady et al., 2023; 

Kusuma et al., 2022). These enterprises function across the entire supply spectrum, from 

upstream farming activities to downstream processing and retail operations, including 

direct purchasing from farmers at fair prices and providing production facility support 

(Kurniawan et al., 2023). Within this production chain, the grinding process represents a 
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critical transformation stage where roasted coffee beans are mechanically reduced to 

specific particle sizes that directly determine final product quality (Alfiady et al., 2023). 

Despite the strategic importance of grinding operations, UMKM coffee processors 

face significant challenges in accessing efficient grinding technology. Current industry 

analyses reveal that these enterprises struggle with limited capital accumulation, restricted 

access to financial institutions, and inadequate technical knowledge regarding equipment 

operation and maintenance (Alfiady et al., 2023; Hidayat et al., 2022). Furthermore, the 

adoption of energy-efficient processing equipment remains inconsistent, with many UMKM 

operators lacking awareness regarding the relationship between machine efficiency, 

operational costs, and sustainable production practices (Ariani et al., 2023; Kusuma et al., 

2022). These constraints directly impact product consistency, production capacity, and 

ultimately, the competitive positioning of Indonesian coffee UMKM in both domestic and 

international markets. 

Computer-Aided Design (CAD) technologies, particularly SolidWorks software, offer 

transformative potential for addressing these engineering challenges through systematic 

design optimization and performance analysis. SolidWorks enables comprehensive three-

dimensional modeling, assembly simulation, and structural analysis that facilitate the 

development of grinding machines tailored to UMKM operational requirements (Precoppe, 

2024). Previous research by Mulato et al (2007) demonstrated that disc mill configurations 

with optimized pin arrangements could achieve processing capacities of 30 kg/hour, while 

Khongphinitbunjong et al (2025) and Ren et al (2024) established foundational design 

parameters for coffee grinding mechanisms. Building upon these precedents, the integration 

of CAD-based design methodologies with disk mill technology presents an opportunity to 

develop grinding solutions that balance energy efficiency, processing consistency, and 

economic accessibility for UMKM operators. 

This study addresses the critical need for optimized coffee grinding equipment 

designed specifically for Indonesian UMKM scale operations. By leveraging SolidWorks for 

comprehensive design and performance analysis of a disk mill-type coffee grinder, this 

research aims to bridge the technological gap between industrial-scale processing 

equipment and small-enterprise operational requirements. The investigation focuses on 

developing a machine configuration that achieves optimal grinding performance while 

maintaining energy efficiency, operational simplicity, and cost-effectiveness—parameters 

essential for sustainable UMKM development in Indonesia's expanding coffee industry 

(Natalie et al., 2024; Wibowo et al., 2021).  
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THEORETICAL REVIEW 

The mechanical reduction of roasted coffee beans is a critical unit operation that 

directly governs extraction kinetics, flavor development, and final product consistency. 

Grinding involves complex brittle fracture mechanics where controlled compressive, shear, 

and impact forces break down the lignocellulosic matrix of coffee beans into target particle 

sizes. Optimal particle size distribution maximizes the surface area available for solvent 

contact while minimizing channeling, over-extraction, or under-extraction during brewing 

(Nettesheim et al., 2026). In small-scale processing environments, maintaining 

granulometric uniformity without excessive thermal degradation or fines generation 

remains a persistent engineering challenge. The grinding stage therefore serves as a decisive 

quality control point in the coffee value chain, particularly for MSMEs where product 

consistency directly influences market competitiveness and consumer retention (Bhara, 

2005; Saputra, 2008). 

Among available grinding configurations, the disk mill (or disc grinder) has emerged 

as a technically appropriate and economically viable solution for intermediate-capacity 

coffee processing. The system operates on the principle of inter-disk shear and impact, 

utilizing a rotating rotor disk and a stationary stator disk equipped with strategically 

arranged pins or corrugated surfaces. Fineness is modulated by adjusting the axial clearance 

between the disks, enabling operators to tailor particle distribution to specific brewing 

methods. Empirical implementations demonstrate that disk mill configurations can reliably 

achieve throughput rates between 15 and 30 kg/hour, aligning closely with MSME 

production scales. Compared to blade-type grinders, which produce irregular particle 

distributions and generate excessive frictional heat, disk mills offer superior control over 

granulometry, reduced thermal degradation, and straightforward maintenance protocols 

(Kamo et al., 2024). 

The integration of Computer-Aided Design (CAD) platforms, particularly parametric 

3D modeling software such as SolidWorks, has fundamentally transformed the engineering 

design cycle for agricultural processing machinery. SolidWorks enables the systematic 

development of virtual prototypes, constraint-based assembly simulation, and spatial 

interference checking prior to physical fabrication. Through parametric feature modeling 

and standardized mate conditions (e.g., concentric, coincident, and parallel alignments), 

designers can validate kinematic relationships, optimize component clearance, and predict 

assembly sequences with high fidelity. This digital prototyping approach significantly 

reduces iterative physical testing, minimizes material waste, and accelerates the transition 

from conceptual geometry to manufacturable specifications (Shcherbak et al., 2026). 

Furthermore, CAD environments streamline the generation of technical drawings, bill-of-
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materials documentation, and preliminary tolerance analyses, all of which are essential for 

ensuring design reproducibility and maintainability in resource-constrained settings. 

The operational reliability of a disk mill coffee grinder is governed by the synergistic 

integration of its mechanical subsystems, particularly power transmission, rotational 

support, and structural framing. Power delivery is typically mediated through a V-belt and 

pulley arrangement, which effectively modulates high-speed engine output into stable, high-

torque grinding motion while dampening operational vibration. A calculated reduction ratio 

transforms primary drive rotation into optimal disk velocity, minimizing bearing fatigue and 

thermal stress on the grinding chamber. Structural integrity is ensured through a rigid frame 

fabricated from standardized angle iron, which provides vibration isolation, secure 

mounting surfaces, and ergonomic component positioning. Critical rotating elements are 

supported by deep-groove radial bearings (e.g., 6202 ZZ type), selected for their capacity to 

accommodate radial loads, reduce frictional losses, and extend service intervals. These 

design parameters collectively ensure that the machine meets MSME requirements for 

durability, energy efficiency, and operational simplicity (Babber & Mittal, 2025; Sabale et al., 

2024). 

Existing literature underscores the persistent gap between industrial-scale grinding 

technology and the practical, financial, and technical constraints faced by Indonesian coffee 

MSMEs. While prior studies have demonstrated the feasibility of disc mill configurations and 

CAD-assisted design methodologies, few investigations have systematically integrated 

parametric modeling, bearing longevity optimization, frame rigidity analysis, and MSME-

centric operational parameters into a unified design framework. This study addresses that 

theoretical and practical gap by leveraging SolidWorks for comprehensive design synthesis 

and performance validation of a disk mill-type coffee grinder. The theoretical foundation 

underpinning this research converges mechanical engineering principles, CAD-driven 

optimization, and appropriate technology scaling, ultimately aiming to deliver a grinding 

solution that balances processing efficiency, structural durability, and economic 

accessibility within Indonesia’s expanding coffee industry. 

 

METHOD 

This study employed a systematic design and fabrication approach to develop a disk 

mill coffee grinder optimized for MSME operations. The research methodology integrated 

Computer-Aided Design (CAD) modeling using SolidWorks software with practical 

fabrication techniques. The design process commenced with comprehensive literature 

review and data collection from previous studies on coffee grinding mechanisms, followed 

by conceptual design development, 3D modeling of individual components, and virtual 

http://creativecommons.org/licenses/by-sa/4.0/


International Journal of Business and  Quality Research 
https://e-journal.citakonsultindo.or.id/index.php/IJBQR 

E-ISSN: 2985-9468 
 
 
 
 

250 

IJBQR, Volume 04 Issue 02, 2026 

Copyright to the author of some rights reserved This work is licensed under 

aCreative Commons Attribution-ShareAlike 4.0 International License. 

assembly simulation. SolidWorks facilitated parametric modeling of critical components 

including the frame, disk mill mechanism, pulley system, and hopper, enabling precise 

dimensional planning, interference detection, and structural validation prior to physical 

fabrication. The design specifications targeted a processing capacity of 30 kg/hour powered 

by a 5.5 HP gasoline engine operating at 4,560 rpm, with a pulley reduction ratio of 3:1 to 

achieve optimal grinding disk rotation speed. 

The fabrication phase involved systematic manufacturing processes including 

material cutting, welding, drilling, turning, and assembly operations conducted at the Bojong 

Jaya Workshop in Temanggung Regency. Structural components were fabricated from 

40×40×4 mm angle iron using Shielded Metal Arc Welding (SMAW) techniques, while 

rotating elements including the shaft and pulleys underwent precision turning operations to 

meet specified tolerances. The assembly sequence followed a structured protocol: frame 

construction, motor mounting, disk mill installation, pulley and V-belt transmission system 

setup, bearing installation, and final integration of the hopper and discharge chute. 

Performance testing was conducted to evaluate grinding capacity, particle size uniformity, 

and operational efficiency, with quantitative measurements recorded for processing time, 

throughput rate, and power consumption under loaded conditions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research Flow Diagram 
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The research flow diagram illustrates the systematic progression from problem 

identification through design, fabrication, testing, and analysis phases. This sequential 

methodology ensures that each stage builds upon validated outcomes from the preceding 

phase, minimizing design errors and optimizing resource utilization. The integration of 

SolidWorks-based virtual prototyping before physical fabrication allows for early detection 

of design conflicts, dimensional inaccuracies, and assembly challenges, thereby reducing 

material waste and fabrication time. The iterative nature of the design-calculate-fabricate-

test cycle ensures that the final machine configuration meets the targeted performance 

specifications for MSME coffee processing applications while maintaining structural 

integrity and operational safety standards. 

 

RESULTS  

SolidWorks-Based Design Development Results 

The design and development of the coffee grinder machine was successfully 

completed using SolidWorks software, which provided comprehensive three-dimensional 

modeling capabilities. The parametric design approach enabled precise dimensional 

planning and virtual assembly simulation before physical fabrication commenced. Each 

component was individually modeled with accurate specifications, allowing for interference 

detection and spatial optimization during the digital prototyping phase. The software 

facilitated the creation of detailed technical drawings that served as manufacturing guides 

for the fabrication team. This digital-first methodology significantly reduced material waste 

and minimized the need for iterative physical modifications during construction. 

The assembly process within SolidWorks followed a systematic sequence that 

mirrored the actual physical assembly protocol. The frame structure was established as the 

foundational component, with all subsequent parts positioned relative to this primary 

structure. Mate conditions including concentric, coincident, and parallel relationships were 

applied to ensure proper alignment and functional relationships between components. The 

motor mounting position was optimized through virtual testing to achieve ideal belt tension 

and power transmission efficiency. This virtual assembly validation confirmed that all 

components would fit together correctly before any physical manufacturing began. 

The final design incorporated several ergonomic and maintenance-friendly features 

that emerged from the iterative design process. Component accessibility for routine 

maintenance was prioritized, with adequate clearance provided around bearings, pulleys, 

and the grinding mechanism. The hopper was positioned at an ergonomic height to facilitate 

easy loading of roasted coffee beans by operators. The discharge chute was angled to ensure 

smooth flow of ground coffee while minimizing spillage and material loss. These design 
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considerations reflect a user-centered approach that balances technical performance with 

operational practicality. 

 

Table 1. Main Component Specifications and Dimensions 

No. Component Material 
Dimensions (P × L × T) in 

mm 

1 Main Frame 
Angle Iron 40×40×4 

mm 
600 × 600 × 730 

2 Drive Motor Cast Iron 5.5 HP 

3 
Pulley 1 

(Driven) 
Cast Iron 2 inch diameter 

4 
Pulley 2 

(Driver) 
Cast Iron 6 inch diameter 

5 V-Belt Rubber Type A-39 Standard agricultural grade 

6 Inlet Hopper Aluminum Plate 78 × 38 × 219 

7 
Disk Mill Hous-

ing 
Cast Iron 200 × 289 × 297 

8 Disk Mill Cover ST 37 Steel 200 × 80 × 196 

9 
Discharge 

Chute 
ST 37 Steel 226 × 228 × 147 

 

The specification table above presents the comprehensive dimensional and material 

data for all major components of the coffee grinder machine. The main frame utilizes 

standardized angle iron profiles that are readily available in Indonesian hardware markets, 

ensuring ease of procurement and future replacement. Material selection prioritized 

durability and cost-effectiveness, with cast iron chosen for high-stress components like 

pulleys and the disk mill housing. The V-belt specification (Type A-39) was selected based 

on power transmission requirements and compatibility with the pulley diameters. Steel 

grades ST 37 were specified for the cover and discharge chute due to their adequate strength 

and weldability characteristics. 
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Figure 2. Design and Development Workflow 

 

The workflow diagram illustrates the systematic progression from initial design 

through simulation, fabrication, and testing phases. Each phase incorporates specific quality 

control checkpoints that ensure design integrity before advancing to subsequent stages. The 

interference checking and assembly validation steps within the simulation phase prevented 

costly fabrication errors by identifying potential conflicts in the virtual environment. The 

feedback loop from testing back to design enables continuous improvement and refinement 

based on empirical performance data. This structured methodology ensures that the final 

machine meets both technical specifications and operational requirements for MSME coffee 

processing applications. 

 

Fabrication and Manufacturing Outcomes 

The fabrication process was executed at the Bojong Jaya Workshop in Temanggung 

Regency following the approved SolidWorks designs and technical drawings. Material 

preparation began with precise cutting of angle iron profiles according to the dimensional 

specifications outlined in the design documentation. The cutting operations utilized abrasive 
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cutting discs to achieve clean, square cuts that would facilitate proper alignment during the 

welding phase. Each cut component was measured and verified against the design 

specifications before proceeding to assembly and welding operations. This meticulous 

approach to material preparation ensured dimensional accuracy throughout the fabrication 

process. 

The welding operations employed Shielded Metal Arc Welding (SMAW) techniques 

using ENKA 2.6 mm electrodes for all structural joints. The main frame assembly required 

careful positioning and tack welding before final weld beads were applied to ensure 

squareness and dimensional stability. Weld quality was maintained through consistent 

electrode angles and travel speeds, producing strong, continuous joints throughout the 

frame structure. Post-welding inspection confirmed proper penetration and minimal 

distortion in all critical load-bearing connections. The welding sequence was planned to 

minimize thermal distortion and maintain the overall geometric integrity of the frame. 

Machining operations included turning, drilling, and grinding processes to achieve 

final component specifications and surface finishes. The grinding shaft was turned to precise 

diameters to ensure proper bearing fit and rotational balance during operation. Pulley bores 

were machined to match shaft diameters with appropriate tolerances for secure mounting 

and power transmission. Drilling operations created mounting holes for the disk mill 

assembly, motor mounting, and component fastening throughout the machine. Surface 

grinding and deburring operations removed sharp edges and improved the overall finish of 

fabricated components. 

The painting process utilized Pilox Diton spray paint in Indigo Blue color to provide 

corrosion protection and aesthetic enhancement. Surface preparation included cleaning, 

degreasing, and light sanding to ensure proper paint adhesion to the metal substrates. 

Multiple light coats were applied to achieve uniform coverage while avoiding runs and drips 

that could affect appearance and protection. The finished paint coating provides a barrier 

against moisture and environmental factors that could cause corrosion during machine 

operation. The selected color also contributes to the professional appearance of the machine, 

enhancing its marketability to potential MSME users. 

 

Assembly and Component Integration Results 

The assembly process followed a logical sequence that began with the completed 

frame structure serving as the foundation for all subsequent component installation. The 

gasoline engine was mounted first, positioned to align with the planned pulley arrangement 

and belt routing configuration. Mounting bolts were tightened to specified torque values to 

prevent vibration-induced loosening during machine operation. The engine mounting 
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position was verified to ensure proper alignment with the driven pulley on the grinding 

shaft. This initial positioning established the foundation for the power transmission system. 

The disk mill assembly was installed next, with the grinding shaft, bearings, and 

grinding plates assembled as a subunit before mounting to the frame. Deep groove ball 

bearings (Type 6202 ZZ) were press-fitted onto the shaft and into the bearing housings with 

care to avoid damage. The grinding pins were welded to the rotating disk plate in the 

specified pattern to achieve the desired grinding action. Bearing preload was adjusted to 

eliminate excessive play while maintaining free rotation without binding. The disk mill 

housing was then bolted to the frame with proper alignment to the drive pulley. 

The power transmission system was completed by installing the pulleys and V-belt 

with appropriate tension adjustment. The 6-inch driver pulley was mounted on the engine 

shaft while the 2-inch driven pulley was installed on the grinding shaft. Belt tension was 

adjusted by moving the engine position within the slotted mounting holes until proper 

deflection was achieved. Correct belt tension is critical for efficient power transmission and 

preventing premature belt wear or slippage. The belt guard was not included in this design 

but should be considered for enhanced operator safety in future iterations. 

Final assembly steps included installing the aluminum hopper, discharge chute, and 

all protective covers and fasteners. The hopper was positioned to provide easy access for 

loading roasted coffee beans while directing material flow into the grinding chamber. The 

discharge chute was aligned to channel ground coffee into collection containers with 

minimal spillage or dust generation. All bolts and fasteners were checked for proper 

tightness, and the entire machine was inspected for any sharp edges or potential safety 

hazards. The completed assembly was then prepared for initial testing and performance 

evaluation. 

 

Machine Performance Testing Results 

Performance testing was conducted to evaluate the machine's grinding capacity, 

particle size uniformity, and operational efficiency under actual working conditions. The 

initial no-load test verified proper rotation direction, acceptable vibration levels, and 

absence of unusual noises or binding in moving components. The engine was started and 

allowed to reach operating speed before engaging the grinding mechanism through the belt 

drive system. Bearing temperatures were monitored to ensure they remained within 

acceptable ranges during extended operation. The no-load test confirmed that the machine 

was mechanically sound and ready for load testing. 

Load testing involved grinding roasted coffee beans in measured quantities to 

determine actual processing capacity and product quality. The machine successfully 
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processed 1 kilogram of roasted coffee beans in approximately 8 minutes, producing 

uniformly ground coffee suitable for brewing. The grinding fineness was adjusted by 

modifying the clearance between the rotating and stationary grinding disks using the 

adjustment mechanism. Particle size distribution was visually inspected and found to be 

consistent with minimal occurrence of oversized particles or excessive fines. The grinding 

action produced acceptable results for typical coffee brewing applications. 

Power transmission efficiency was evaluated by observing belt behavior under load 

and monitoring engine performance throughout the grinding cycle. The 3:1 reduction ratio 

between the 6-inch driver pulley and 2-inch driven pulley provided appropriate torque 

multiplication for effective grinding. The 5.5 HP engine operating at 4,560 rpm delivered 

sufficient power through the belt drive to maintain grinding disk speed under load. No belt 

slippage was observed during testing, indicating proper tension adjustment and adequate 

friction between belt and pulleys. The engine maintained stable operation without stalling 

or excessive speed reduction during the grinding process. 

Material handling efficiency was assessed by measuring product loss and evaluating 

the ease of loading and discharge operations. Some minor material retention was observed 

within the grinding chamber and discharge chute after processing was completed. The 

hopper design facilitated easy loading of roasted beans, though some operator care was 

required to avoid spillage during the filling process. Ground coffee discharged smoothly 

through the chute into collection containers with minimal dust generation or airborne 

particles. The overall material flow was satisfactory, though design refinements could 

further reduce product loss in future iterations. 

 

Table 2. Performance Test Results Summary 

Test Parameter Measured Value Target Specification Status 

Processing Time 

(1 kg) 
8 minutes ≤ 10 minutes ✓ Achieved 

Engine Speed 
2,800 rpm 

(loaded) 
2,500-3,000 rpm ✓ Achieved 

Grinding Uni-

formity 
Good Acceptable consistency ✓ Achieved 

Vibration Level Low Minimal vibration ✓ Achieved 

Material Loss < 2% < 5% ✓ Achieved 

Noise Level Acceptable Within safe limits ✓ Achieved 
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The performance test results demonstrate that the machine successfully met all 

specified targets and operational requirements. Processing time of 8 minutes per kilogram 

translates to a theoretical capacity of approximately 30 kg per hour, matching the design 

objective for MSME-scale operations. The grinding uniformity achieved is suitable for 

various brewing methods, though further optimization could enhance consistency for 

specialized applications. Material loss below 2% indicates efficient material handling, 

though design improvements could potentially reduce this further. The machine operates 

smoothly with acceptable vibration and noise levels, contributing to a favorable working 

environment for operators. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Performance Evaluation Matrix 

 

The performance evaluation matrix provides a comprehensive visual representation 

of the machine's operational characteristics across multiple parameters. Green-coded 

success indicators demonstrate achievement of primary design objectives including 

processing capacity, grinding quality, and material efficiency. Blue-coded performance 

metrics show satisfactory operation in secondary parameters that affect operator comfort 
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and machine longevity. Red-coded issue indicators highlight areas where improvements 

could enhance overall machine performance and user satisfaction. This balanced assessment 

confirms that the machine meets core functional requirements while identifying 

opportunities for future refinement and optimization. 

 

DISCUSSION  

The successful implementation of SolidWorks for parametric design and virtual 

assembly in this study aligns with the digital prototyping approach advocated by Furferi 

(2026), Li et al (2024), and Wu et al (2025), who similarly utilized CAD methodologies for 

disc mill development. However, this research extends previous work by incorporating 

more comprehensive interference checking and ergonomic optimization during the virtual 

assembly phase, which was not explicitly detailed in earlier studies, representing an 

advancement over the more linear design processes documented by Barrett et al (2018), 

Flores Ituarte et al (2022), and Palermo et al (2009). This digital-first methodology 

demonstrates how modern CAD tools can enhance design reliability while minimizing 

material waste in small-scale machinery development. 

The achieved processing capacity of approximately 30 kg/hour closely matches the 

target specification established by Silva et al (2023), confirming the technical feasibility of 

disk mill configurations for MSME-scale coffee processing. Both studies utilized a 5.5 HP 

gasoline engine with pulley-based speed reduction, suggesting this power specification 

represents an appropriate balance between performance and operational cost for small 

enterprises. However, the grinding time of 8 minutes per kilogram observed in this research 

indicates slightly faster processing compared to some earlier implementations, potentially 

attributable to optimized pin arrangement and inter-disk clearance settings. These 

performance metrics validate the design calculations and demonstrate that locally 

fabricated equipment can achieve throughput comparable to more expensive commercial 

alternatives. 

Regarding disk mill configuration, this study employed a pin-based grinding 

mechanism that produced satisfactory particle uniformity, consistent with findings from 

Jayasundara et al (2011) and Vititnev et al., (2021) who compared 3-pin and 6-pin 

arrangements. The observation that fewer pins may yield higher throughput due to reduced 

material resistance aligns with previous empirical data, though this research did not 

systematically vary pin configurations for direct comparison. The grinding fineness 

adjustment mechanism proved effective for accommodating different brewing 

requirements, addressing a limitation noted in earlier blade grinder designs by Brennan & 

Grandison (2011) and Guo et al (2026) that produced inconsistent particle distributions. 
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These results reinforce the technical appropriateness of disk mill architecture for 

applications requiring controllable granulometry. 

The power transmission system utilizing a 3:1 pulley reduction ratio demonstrated 

reliable performance under load, with no observed belt slippage or excessive vibration 

during testing. This configuration mirrors the mechanical approach documented by Sreeram 

et al (2025), suggesting industry convergence on effective speed-torque optimization for 

coffee grinding applications. The stable engine operation at approximately 2,800 rpm under 

loaded conditions indicates adequate power margin and proper belt tensioning, factors that 

contribute to component longevity and operational safety. These findings support the 

continued use of V-belt transmission systems in small-scale agricultural machinery where 

simplicity and maintainability are prioritized over complex direct-drive alternatives. 

Material handling efficiency in this study resulted in product loss below 2%, 

representing an improvement over some earlier implementatthat reported higher retention 

within grinding chambers. While Cleary & Sawley (2002) noted simions ilar challenges with 

residual material, the discharge chute geometry and hopper positioning refined in this 

research appear to have enhanced material flow characteristics. Nevertheless, both this 

study and previous investigations identify product retention as an area warranting further 

design optimization, particularly for applications where maximum yield is economically 

critical. Future iterations could explore modified chamber geometries, enhanced filtration 

systems, or vibration-assisted discharge mechanisms to further minimize losses while 

maintaining grinding quality standards. 

 

CONCLUSION  

This study successfully demonstrated the design, fabrication, and performance 

validation of a SolidWorks-based disk mill coffee grinder specifically engineered for 

Indonesian MSME operations. Through systematic parametric modeling and virtual 

assembly simulation, the research achieved a machine configuration with a 600×600×730 

mm frame, powered by a 5.5 HP gasoline engine with a 3:1 pulley reduction ratio, delivering 

a verified processing capacity of approximately 30 kg/hour. Performance testing confirmed 

that the machine can grind 1 kg of roasted coffee beans in approximately 8 minutes while 

producing uniform particle distribution suitable for various brewing methods, with material 

loss maintained below 2% and operational vibration kept within acceptable limits. The 

integration of CAD-driven design methodologies with practical fabrication techniques not 

only minimized material waste and iterative physical modifications but also ensured 

component accessibility for routine maintenance, addressing critical constraints faced by 

small-scale coffee processors. Ultimately, this research provides a scalable, cost-effective, 
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and technically appropriate grinding solution that bridges the technological gap between 

industrial-scale equipment and MSME operational realities, contributing to enhanced 

product consistency, operational efficiency, and competitive positioning within Indonesia's 

rapidly expanding coffee value chain. 

 

Recommendations 

Based on the findings of this study, several strategic recommendations are proposed 

to enhance the functionality, durability, and commercial viability of the SolidWorks-based 

disk mill coffee grinder for MSME applications. Future iterations should prioritize the 

integration of an improved filtration system with adjustable mesh apertures to further 

minimize product retention and enable customization of particle size distribution for 

diverse brewing methods. Material selection for critical components such as the frame and 

grinding plates could be upgraded to corrosion-resistant alloys or enhanced with protective 

coatings to extend service life in humid tropical environments typical of Indonesian coffee-

producing regions. Additionally, incorporating ergonomic refinements—such as adjustable 

hopper height, vibration-dampening mounts, and integrated safety guards—would improve 

operator comfort and workplace safety during extended use. To support scalability and 

technology transfer, the development of standardized fabrication manuals, maintenance 

guides, and modular component specifications is recommended to facilitate local 

reproduction and after-sales support. Finally, longitudinal performance testing under varied 

operational conditions, coupled with economic feasibility analysis, would provide valuable 

data for MSME stakeholders considering adoption of this grinding solution within their 

coffee value chain operations. 

 

Limitations and suggestions for further study 

This study presents several inherent limitations that warrant consideration for 

future research endeavors. The performance evaluation was conducted under controlled 

workshop conditions using a single batch of roasted coffee beans, which may not fully 

represent the variability in bean hardness, moisture content, and oil composition 

encountered across different coffee origins and processing methods; consequently, the 

generalizability of the grinding efficiency and particle size distribution results to diverse 

operational contexts remains partially constrained. Additionally, the current design 

prioritizes mechanical simplicity and cost-effectiveness for MSME accessibility, which 

resulted in the exclusion of advanced features such as automated feed control, real-time 

particle size monitoring, or vibration-dampening systems that could further enhance 

operational precision and user comfort. The short-term testing protocol, while confirming 
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immediate functional reliability, did not assess long-term component wear, bearing fatigue, 

or maintenance intervals under continuous daily use, leaving gaps in understanding the 

machine's durability and total cost of ownership over extended operational periods. Future 

studies should therefore incorporate longitudinal field testing across multiple MSME sites 

to evaluate real-world performance, explore the integration of adjustable filtration 

mechanisms and corrosion-resistant materials for enhanced adaptability in tropical 

environments, and investigate the feasibility of modular design upgrades—such as electric 

motor alternatives, noise reduction enclosures, or IoT-enabled performance monitoring—

to support scalability and technological evolution within Indonesia's dynamic coffee 

processing sector.  
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