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Abstract

Maintaining sewage systems is vital for public health and environmental sustainability, particularly in urban settings.
In countries like Bangladesh, manual methods for separating solid and liquid waste expose workers to significant
health risks and contribute to environmental degradation. To tackle these issues, we have designed the Automated
Drain Cleaner, a cutting-edge solution that automates waste separation while enhancing garbage collection efficiency.
The system features a conveyor-based waste separator, a garbage-can level sensor, a clog-detection mechanism, and
an adjustable structure to accommodate various pathway sizes. Utilizing SolidWorks for design and ANSYS for
structural analysis, the system is both durable and efficient. Customer insights gathered through surveys guided the
design process, and Quality Function Deployment (QFD) ensured alignment with user needs. Financial analysis
demonstrated the system’s affordability and practicality, making it a sustainable and scalable solution. This innovation
reduces worker exposure to hazardous environments, improves waste management practices, and supports cleaner
urban sanitation systems.
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1. Introduction

Maintaining urban drainage is essential for environmental sustainability and sanitation, yet conventional cleaning
techniques are ineffective and present serious health hazards. Manual cleaning practices put workers in danger and
ineffectively handle waste management issues, particularly in developing economies like Bangladesh.By automating
the collection and sorting of solid and liquid waste in drainage systems, the Automated Gutter Cleaner provides a
creative solution. The ability to adjust to different gutter sizes, sensors for tracking obstructions, and a revolving
conveyor belt for garbage disposal are important characteristics. This method guarantees smooth drainage flow,
reduces manual labor, and increases efficiency.

The system's cost-effectiveness, ease of installation, and dependable waste treatment are highlighted in its customer-
focused design. Logistical difficulties are further addressed by its capacity to compress solid waste for convenient
transportation. This essay examines the Automated Gutter Cleaner's conception, creation, and application,
emphasizing how it could transform urban drainage systems and advance environmentally friendly waste disposal.
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1.1 Objectives

Designing and creating an automated gutter cleaner that efficiently collects and separates solid and liquid trash in
drainage systems is the main goal of this project. Through the integration of cutting-edge technologies including a
rotating conveyor belt, obstruction detecting sensors, and flexibility to different gutter diameters, the system seeks to
solve the inefficiencies and health hazards associated with traditional hand cleaning methods. The project aims to
improve urban drainage maintenance, lessen reliance on manpower, and advance sustainable waste management
techniques by guaranteeing cost-effectiveness, simplicity of installation, and operational dependability.

2. Literature Review

Efficient drainage management has received a lot of attention because of its implications for urban sustainability,
health, and environmental preservation. Several studies have looked into novel options for automating drainage
systems and tackling related difficulties. Achleitner et al. (2007) presented CITY DRAIN, an open-source simulation
tool for integrated urban drainage systems that is modular and adaptable to a wide range of urban water management
scenarios. Building on this, Burger et al. (2016) created CityDrain3, which uses multi-core processing for real-time
and large-scale simulations, demonstrating a 40-fold performance increase over its predecessor. These tools illustrate
the growing computational demands of urban drainage modeling, as well as the importance of scalable frameworks.
Mitchell et al. (2001) created Aquacycle, a comprehensive urban water cycle model that combines water supply,
stormwater, and wastewater systems. The study revealed the feasibility of wastewater reuse, highlighting resource
efficiency and sustainability in municipal water management. Similarly, Rahul Bharadwaj & Jogdhankar, (2013)
developed an automated wastewater treatment system powered by renewable energy, which reduces macro-level waste
while minimizing global warming consequences via multi-stage filtration processes. Agarwal et al. (2022) described
an automated drainage cleaning system that included thrusters, conveyor belts, and loT-based overflow notifications.
The solution showed modularity, ease of integration with existing infrastructure, and a significant reduction in manual
involvement. L & Rampur (2016) devised a semi-automatic drain cleaner for floating debris that uses mechanical
components to assure regular trash removal while improving water flow.

Sharma & Singh (2019) developed the Automatic Drainage Cleaning System (ADCS), which uses screens and lifters
to automatically remove solid debris, eliminating labor-intensive operations and health risks. Kumar et al. (2020)
created a drainage cleaner vehicle based on the "Mr. Trash Wheel" concept, including Raspberry Pi for real-time
monitoring and a conveyor mechanism for waste collecting, demonstrating the applicability of robotics in automated
drainage systems.Pawar et al. (2016) evaluated several cleaning robots and proposed a PIC controller-based model
with obstacle avoidance for improved functionality. Finally, Semadeni-Davies et al. (2008) investigated the effects of
climate change and urbanization on drainage systems in Helsingborg, Sweden. The study focused on sustainable urban
drainage systems (SUDS) as efficient options for mitigating increased rainfall and urban expansion pressures.
ollectively, these studies highlight the need of combining sophisticated technology like IoT, robots, and multi-core
computing with sustainable practices. They lay the groundwork for the development of automated drainage systems
that successfully solve today's urban concerns.

3. Methods

The development of the Automated Drain Cleaner followed a systematic design and validation process to ensure its
functionality, reliability, and cost-effectiveness.A comprehensive survey was conducted among the target population,
followed by a quality function deployment of the product. The design process began by identifying the core objective:
automating the separation of solid and liquid waste in drainage systems to reduce health risks and environmental
hazards. Functional decomposition was applied to break down the system into manageable components. This approach
clarified the relationships between input and output flows, emphasizing subsystems like waste separation, mobility,
and adaptability. Key elements, such as the conveyor belt mechanism, garbage collection system, and frame design,
were established during this phase.

The design was created using SolidWorks, a powerful CAD software, to visualize the system in three dimensions and
ensure that each component aligned with functional requirements. The software allowed precise modeling of features
such as the conveyor belt for solid waste collection and the adjustable frame for compatibility with various drainage
dimensions. Material selection was guided by both qualitative and quantitative methods to ensure that each component
met the desired performance and economic criteria. Qualitative analysis included considerations of durability, cost,
and environmental impact. Quantitative analysis was carried out using the Digital Logic Method and Performance

© IEOM Society International

1250



Proceedings of the International Conference on Industrial Engineering and Operations Management,

Index Evaluation, where properties such as cost, strength, weight, availability, elastic modulus, and aesthetics were
weighted to finalize material choices. For instance, high-strength polymers were chosen for conveyor belts, while mild
steel was selected for load-bearing components like the frame.

Manufacturing processes were similarly chosen with care to optimize cost and quality. Injection molding was
identified as suitable for complex polymer components, while welding techniques were selected for joining metallic
parts of the frame. These decisions were based on analyses performed to balance precision, durability, and economic
feasibility.Once the design and material choices were finalized, the model was tested for structural and functional
validation using ANSYS simulation software. This testing phase included assessments of stress distribution,
deformation under load, and safety factors, ensuring the system could operate reliably under real-world conditions.
Design iterations were carried out as necessary based on the simulation results. The finalized design incorporated key
innovative features, such as sensor-based garbage collection and machine operation systems, a size-adjustable frame,
and an efficient conveyor mechanism. These features address critical customer needs identified during the survey
phase.

4. Data Collection

Understanding consumer preferences and needs for an automated gutter cleaning system was the goal of the data
collection procedure. Tenants, homeowners, and cleaning personnel in charge of drain maintenance were the target
audience for the survey. Convenience sampling was used to collect 94 replies, which included 21 authorities, 48
tenants, and 25 homeowners.

Design and Administration of Questionnaires

A methodical survey was created to gather information on:

Gutter obstruction frequency;

Present cleaning procedures and difficulties

Interest in automated systems;

Expectations for desired features and costs

Closed-ended questions were used in the survey to ensure clarity and facilitate analysis. To improve the questions in
response to feedback, a small group pilot test was carried out. To ensure participant confidentiality and data privacy,
the survey was conducted via online platforms and in-person interviews.

Key Findings

Blockages: According to 84% of respondents, their gutters frequently or extremely frequently become blocked.
Manual Cleaning: Due to worries about expense, inefficiency, and health hazards, 68% of respondents had engaged
manual labor for cleaning.

Interest in Automation: 50% of respondents were willing to think about an automated system, with cost-effectiveness,
convenience of installation, and effective waste collection as the main considerations.

Desired Features: Participants emphasized the value of remote monitoring capabilities (12%) and compatibility with
various gutter kinds (59%).

Priorities and Perspectives

The inefficiencies and dangers of manual cleaning techniques were highlighted by the respondents, highlighting the
need for a labor-saving alternative that also ensures efficient maintenance. The information gathered helped shape the
design of a useful and effective automated gutter cleaning system by offering insightful information about consumer
expectations and challenges. The results demonstrate how ready the market is for a solution that puts dependability,
cost, and ease of use first.

5. Results and Discussion

5.1 Numerical Results

The structural and functional integrity of the Automated Drain Cleaner was validated through simulations conducted
using ANSYS. The analysis focused on critical components of the design, including the main base, conveyor gears,
and shafts, to ensure that they could withstand operational stresses while maintaining reliability and safety.Key
performance metrics evaluated during the analysis included total deformation, equivalent (Von-Mises) stress, safety
factors, and expected life cycles under typical loading conditions. The results demonstrated that the design was robust,
with all components operating well within their respective safety limits.
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Table 1. Summary of the ANSYS Analysis Results

Component Total Equivalent Stress | Safety Factor Life Cycle (Cycles)
Deformation(mm) | (MPa)

Main Base 0.000816 1.43 15 >1,000,000

Sprocket 0.000342 44.91 15 >1,000,000

Main Shaft 0.000862 1.98 15 >1,000,000

Chain 0.000237 1.86 15 >750,000

The ANSYS analysis results demonstrate the robustness and reliability of the key components of the Automated Drain
Cleaner under operational stresses. The main base, conveyor gears, shafts, and bevel gear were analyzed for
deformation, equivalent stress, safety factors, and life cycles.

All components exhibited low deformation and stress values, remaining well within the material yield limits. The
safety factors for each component exceeded the threshold of 2.0, ensuring reliable operation under peak loading
conditions. Life cycle analysis indicated durability across hundreds of thousands of cycles, highlighting the product's
longevity.These findings confirm that the design is structurally sound, capable of withstanding real-world conditions,
and ready for implementation without compromising performance or safety.Cost analysis provides an in-depth
understanding of the financial feasibility of the Automated Drain Cleaner, outlining manufacturing and non-
manufacturing costs and the break-even point (BEP). Sensitivity analysis evaluates how variations in costs and other
parameters affect the break-even point, helping identify areas where efficiency can be improved or risks minimized.

Table 2. Manufacturing Costs

Category Cost (BDT) Description

Machinery Cost 7,91,800 Includes various machines purchased on credit.

Raw Material Cost 56,40,000 Annual expense for mild and high-carbon steel.

Labor Cost 30,36,000 Salaries for operators, welders, and other staff.
Overhead Costs 16,32,000 Includes power, rent, and management expenses.
Purchasing Cost of Product 33,00,000 Expense for components like DC motors and bearings.
Total Manufacturing Cost 1,36,08,000 Aggregate annual manufacturing expenditure.

Table 3. Non-manufacturing Costs

Category Cost (BDT) Description

Administrative Costs 16,98,000 Salaries of management and clerical staff.

Sales & Marketing Expenses 4,40,000 Includes salaries for marketing staff and advertising.
Bank Loan Repayment 4,08,000 Annual repayment for machinery loan.

Taxes and Insurance 85,000 Annual mandatory fees and insurance costs.
Utilities and Rent 4,20,000 Operational expenses for factory space.

Total Non-Manufacturing Cost 35,01,000 Aggregate annual non-manufacturing expenses.

The total manufacturing cost is 1,36,08,000 BDT per year, with raw materials and purchasing costs being the major
contributors. Effective cost management in these areas is crucial for financial sustainability.

The total non-manufacturing cost is 35,01,000 BDT per year, dominated by administrative and loan repayment costs.
Efficient financial management can help reduce these fixed costs over time.

Table 4. Break-Even Analysis

Metric Value (BDT) Explanation

Total Fixed Costs 35,01,000 Includes all non-manufacturing expenses.

Variable Cost per Unit 22,680 Derived from manufacturing costs (600 units/year).
Selling Price per Unit 31,917 Includes 15% profit on variable costs.

Break-Even Quantity 379 units Minimum units needed to cover total costs.
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The break-even quantity is 379 units, achievable within one year, as the anticipated annual sales volume is 600 units.
This ensures profitability beyond the break-even point.

Table 5. Sensitivity Analysis

Factor Change (%) Impact on BEP

Direct Material Cost 19.24 BEP increases to 452 units
Labor Cost 5.80 BEP increases to 401 units
Administrative Costs 5.01 BEP increases to 398 units
Selling Expenses 1.32 BEP increases to 384 units

The break-even point is highly sensitive to direct material costs, which account for a significant portion of variable
costs. Other factors like labor and administrative costs have moderate impacts while selling expenses have minimal
influence.The financial analysis indicates that the Automated Drain Cleaner is economically viable, with a manageable
break-even point and projected profitability. Sensitivity analysis highlights the need to control raw material costs and
labor expenses to maintain profitability and minimize risk. These insights will guide cost management and production
optimization.

5.2 Graphical Results
A high-quality rendered image from SolidWorks showcases the detailed structure of the cleaner, including the
adjustable frame, garbage collection system, and conveyors.

Figure 1. Design of Automated Drain Cleaner

This is followed by an image of the final assembled product, demonstrating the transition from concept to a functional
system.
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Figure 2. Final Product

The ANSYS analysis results include a graphical visualization of stress distribution on critical components such as the
frame. These highlights areas of maximum and minimum stress, ensuring the design's structural integrity under
operational loads.
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Figure 3. Stress Analysis with ANSYS

To explain the operational workflow, the Black Box Model is included to depict the functional decomposition of the
system. It shows how inputs like energy and waste are processed through the system to produce outputs like separated
solid and liquid waste.
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Figure 4. The Black Box Model for Automated Gutter Cleaner

These graphical results provide a comprehensive understanding of the cleaner’s design, structural reliability, and

operational process.

5.3 Proposed Improvements
To enhance the durability, cost-efficiency, and functionality of the Automated Drain Cleaner, two key improvements
are proposed based on material selection and design adjustments. The current design uses mild steel and high-carbon
steel for various components. While cost-effective, these materials are susceptible to corrosion and wear in harsh
drainage environments. Replacing mild steel with stainless steel (Grade 304) for critical components such as the
conveyor belt can significantly improve corrosion resistance, reduce maintenance costs, and extend the product’s
lifespan. Additionally, using aluminum alloys for the frame instead of mild steel can reduce the overall weight of the
system without compromising structural integrity, making the product easier to transport and handle.

Table 6. Proposed Material Improvement

Material Current Material Proposed Material | Cost Increase (%) | Expected Lifespan
Comparison Increase (%)
Frame Mild Steel Aluminum Alloy 25% 40%

Inclined Conveyor Mild Steel Stainless Steel (304) | 30% 50%
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The current design incorporates conveyor belts for solid waste collection and transport. While functional, this setup
requires significant material and regular maintenance due to blockages. Replacing conveyor belts with a simpler
mechanical lifting mechanism—such as a lever-based or rotating scoop system—could reduce material usage and
associated costs. These alternative mechanisms are also less prone to mechanical failures and require fewer moving
parts, thereby enhancing reliability and reducing downtime.This shift would maintain the efficiency of waste
collection while simplifying the design, reducing manufacturing complexity, and lowering production costs.

5.4 Validation
The validation of the Automated Drain Cleaner involved a combination of ANSYS simulations and practical
assessments to ensure the design met the necessary safety, reliability, and functional objectives.

Structural analysis using ANSY'S focused on critical components such as the frame, conveyor belt, gears, and shafts.
The simulations evaluated total deformation, equivalent stress, safety factors, and life cycles under typical and peak
operational conditions. All components demonstrated low deformation and stress values, remaining within material
yield limits; safety factors exceeding 2.0, confirming robustness under expected loads; life cycles exceeding 500,000
cycles for heavily used parts, ensuring durability. Preliminary field testing validated the system’s operational
performance in real-world conditions. The cleaner efficiently separated solid and liquid waste, achieving functional
goals such as reliable solid waste collection and disposal using conveyor and sensor systems, and smooth adaptation
to variable drain dimensions with adjustable frame components.

6. Conclusion

An important step forward in tackling the difficulties of maintaining urban drainage is the creation of the Automated
Gutter Cleaner. This technology eliminates the inefficiencies present in conventional cleaning techniques and reduces
the health hazards to sanitation personnel by automating the collection and separation of solid and liquid waste. The
system's practicality and effectiveness in a variety of operational scenarios are guaranteed by the incorporation of
essential features such a revolving conveyor belt, real-time blockage-detecting sensors, and adaptability to different
gutter diameters.

The project's results and execution show that using automation to improve drainage and waste management system
performance is feasible. Furthermore, the system is a scalable solution for urban and industrial applications because
of its emphasis on cost-effectiveness, simplicity of installation, and operational reliability, all of which meet the needs
of stakeholders and end users.This study adds to the expanding corpus of research on environmentally friendly waste
management technology by emphasizing how automated systems have the power to revolutionize conventional
methods. Future research may examine additional improvements, such as using [oT for remote monitoring and cutting-
edge materials for greater robustness. The Automated Gutter Cleaner provides a practical route to cleaner, healthier,
and more effective urban settings by tackling the crucial nexus of sustainability, technology, and sanitation.
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