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ABSTRACT

The "Design and Development of Motor Module for the Advancements in Smart Lift"
represents a pioneering approach to address accessibility concerns within campus
environments. By focusing on the creation of a smart standing lift system tailored specifically
for campus staircases, the project aims to provide a reliable and convenient vertical mobility
solution for individuals with mobility challenges. Central to this innovation is the integration
of intelligent sensors and adaptive controls within the standing lift system. These
technological features enable the lift to offer intuitive operation while catering to the diverse
needs of users. Through meticulous design and implementation, the standing lift ensures
not only safety but also seamless user experience, thus facilitating accessibility across
campus premises. The paper delves into the intricate details of the design, implementation,
and evaluation phases of the smart standing lift. It explores the engineering principles behind
the motor module development, highlighting how each component contributes to the overall
functionality and efficiency of the lift system. Moreover, the assessment aspect of the paper
scrutinizes the lift's performance under various conditions, emphasizing its reliability and
efficacy in real-world scenarios. Ultimately, this innovative solution holds significant promise
in enhancing accessibility and streamlining mobility within campus settings. By leveraging
cutting-edge technology and design principles, the smart standing lift represents a
significant step towards creating inclusive environments where individuals of all abilities can

navigate with ease and independence.
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CHAPTER 1
INTRODUCTION

1.1 GENERAL

Accessing buildings via stairs presents a formidable obstacle for individuals relying on
wheeled mobility aids or contending with age-related mobility constraints. The gravity
of this challenge cannot be overstated. In Bangladesh, a considerable number of
individuals aged 65 and beyond encounter difficulties ascending steps without
frequent pauses, with many resorting to wheelchairs for assistance. Conventional
remedies for this accessibility dilemma often entail either installing a lift where feasible
or relocating to housing equipped with such amenities. However, these options come
at a steep price, and there are instances where lift installation is simply not viable.
Consequently, a considerable portion of the population remains underserved.
Moreover, the existing stairlift solutions available on the market are often exorbitantly
priced, exacerbating the issue of affordability. This endeavour aims to address these
shortcomings by developing a cost-effective stairlift solution that is easy to deploy and
minimally intrusive in residential settings. The proposed design approach centres on
utilizing a chain drive mechanism, with the goal of providing a practical and user-
friendly mobility solution for individuals with disabilities.

Stairlifts come in several categories tailored to different needs:

1. Straight Stairlifts: For staircases without curves or turns, these are the simplest and
most common type.

2. Curved Stairlifts: Custom-built for staircases with curves or landings, offering
seamless navigation.

3. Outdoor Stairlifts: Designed to withstand outdoor conditions, providing accessibility
to entrances and outdoor spaces.

4. Platform Stairlifts: Accommodate wheelchairs or scooters, allowing users to remain
seated while being transported.

5. Standing Stairlifts: For users who prefer or require a standing or perched position
rather than sitting.

10



While elevators are acknowledged for their efficiency in terms of speed, capacity,
vertical reach, and user-friendliness, their installation poses challenges due to space
requirements and the substantial costs incurred not only in purchasing but also in
maintaining them. Consequently, their adoption within typical residential environments
is limited. Furthermore, commercially available stairlifts often come with hefty price
tags. Therefore, the objective of this endeavour is to engineer an affordable stairlift
solution tailored to the needs of individuals with disabilities. This solution aims to
minimize installation complexities and aesthetic disruptions to home environments.
This paper investigates the creation of a stairlift operated by a chain drive mechanism,

delving into the intricacies of its design and development process.

1.2 MOTIVATION FOR THE SELECTION OF PROBLEM

The impetus behind this research primarily stems from the necessity for an
affordable and easily installable lifting solution. Conventional lifts are prohibitively
expensive, and their maintenance costs are exorbitant. In older buildings lacking
adequate space for lift installation or in two/three-story structures, stair use poses
significant hazards for individuals with physical disabilities. Moreover, manoeuvring
heavy materials and equipment up and down stairs is arduous. Hence, the focus of
this study is on devising a cost-effective lifting system that addresses these challenges
while also enhancing accessibility and safety for individuals with disabilities.

» Accessibility: Stairlifts provide individuals with mobility limitations easy
access to different levels of a building, eliminating the need to navigate
stairs independently.

» Safety: Stairlifts are equipped with safety features such as seat belts,
sensors, and braking systems to ensure users remain secure during transit.

» Independence: Stairlifts empower users to move between floors
independently without relying on assistance from others, enhancing their
sense of autonomy and freedom.

» Comfort: Stairlifts typically feature padded seats or platforms, armrests, and
footrests, providing users with a comfortable and stable seating or standing
position during transportation.

11



» Convenience: Users can effortlessly glide up or down stairs at the touch of
a button, eliminating the physical exertion and potential risk associated with
climbing stairs manually.

» Versatility: Stairlifts come in various configurations to accommodate
different staircase designs, including straight, curved, and outdoor
staircases, making them suitable for a wide range of environments.

» Space-saving: Stairlifts require minimal space and can be installed without
major structural modifications, making them ideal for homes or buildings
with limited space.

» Customization: Stairlifts can be customized with additional features such as
adjustable seat heights, swivel seats, and remote controls to meet individual
user preferences and needs.

» Reliability: Modern stairlifts are built with durable materials and undergo
rigorous testing to ensure reliability and longevity, providing users with a
dependable mobility solution.

» Improved Quality of Life: By enabling individuals with mobility challenges to
navigate stairs safely and independently, stairlifts contribute to an improved
quality of life, allowing users to remain active and engaged in their daily

activities

1.3 OVERVIEW

In today's rapidly evolving and interconnected global landscape, the relentless
pursuit of accessibility, convenience, and self-sufficiency underscores a fundamental
ethos of human progress. This drive permeates various facets of life, with particular
emphasis on mobility, where empowering individuals facing physical limitations has

spurred a wave of technological innovation.

Traditional staircases pose significant barriers for countless individuals grappling with
mobility constraints. These structures impede everyday activities and compromise the
independence of those affected. Simple tasks like navigating between floors within
one's home or accessing public spaces can become daunting challenges, often
accompanied by frustration and physical strain. Such limitations not only curtail

personal autonomy but also contribute to feelings of exclusion and social isolation.
12



The Smart Standing Staircase Lift with Flat Platform project represents a pioneering
initiative to confront these pervasive challenges head-on. By envisioning a future
where mobility constraints are overcome, this innovative solution aims to redefine the
very essence of vertical movement. At its core, the project seeks to develop a cutting-
edge standing staircase lift equipped with a flat platform, seamlessly adaptable to

diverse environments ranging from private residences to bustling public areas.

Through prioritizing flexibility, safety, and user-centric design, the project endeavours
to revolutionize perceptions surrounding accessibility. By offering individuals with
mobility limitations a dignified and effortless means of navigation, the Smart Standing
Staircase Lift with Flat Platform project embodies a commitment to inclusivity and
social equity. It heralds a future where barriers to mobility are dismantled, enabling all

individuals to fully participate in and contribute to society's fabric.

In an increasingly interconnected and innovative world, the quest for accessibility,
convenience, and independence knows no bounds. The desire to empower individuals
with mobility challenges to navigate their surroundings effortlessly and with dignity has
given rise to numerous technological advancements. Among these innovations, the
Smart Standing staircase Lift with Flat Platform project emerges as a beacon of hope,
promising a life-enhancing solution for those who face the daily challenge of traversing

stairs.

For individuals wit mobility limitations, traditional staircases represent formidable
obstacles. Tasks as simple as moving between floors within their own homes or
accessing public buildings can become arduous and, at times, impossible. The
constraints imposed by standard staircases undermine personal freedom, restrict

access to spaces, and can even lead to isolation.

The Smart Standing Staircase Lift with Flat Platform project envisions a future where
mobility constraints are a thing of the past. This groundbreaking innovation aims to
revolutionize the way we think about vertical movement, providing a versatile, safe,
and user-friendly solution. The core idea behind this project is to design and develop
a state-of-the-art standing staircase lift with a flat platform that seamlessly integrates

into various environments, including private residences and public spaces.

13



CHAPTER 2
LITERATURE SURVEY

2.1 INTRODUCTION

A literature survey on "Smart Standing Staircase Lift Systems" entails a thorough
examination of scholarly literature concerning the design, functionality, and
performance of such innovative mobility solutions. The smart standing staircase lift
represents a pivotal advancement in accessibility technology, necessitating an in-
depth analysis of existing research and theoretical frameworks. This survey would
delve into various aspects, including but not limited to, ergonomic design principles,
user interface technologies, safety mechanisms, integration of sensors and
automation, and human-machine interaction paradigms. Moreover, it would explore
the incorporation of loT connectivity, Al algorithms for predictive maintenance, and
data analytics for optimizing user experience and operational efficiency. By conducting
a comprehensive literature survey, researchers can gain insights into the current
landscape of smart standing staircase lift systems, identify gaps in knowledge, and
pinpoint avenues for future research and development in this domain. Furthermore,
the literature survey would encompass a critical examination of case studies and real-
world implementations of smart standing staircase lift systems across various settings,
including residential, commercial, and public spaces. By analyzing the successes,
challenges, and lessons learned from these deployments, researchers can gain
practical insights into the factors influencing the adoption, usability, and maintenance
of such systems. Additionally, the survey would explore regulatory frameworks and
standards governing accessibility technology, as well as societal perspectives on
inclusive design and assistive technology acceptance. Through this holistic approach,
researchers can develop a comprehensive understanding of the opportunities and
constraints in the development and deployment of smart standing staircase lift

systems, thereby informing future advancements and policy considerations in the field.
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2.2 MAJOR FINDINGS FROM LITERATURE SURVEY

An elevator or lift is a vertical transport equipment that efficiently moves people or
goods between floors (levels) of a building, or of other structure. Elevators are
generally powered by electric motors that either drive traction cables or counterweight
systems like a hoist or pump hydraulic fluid to raise a cylindrical piston like a jack.
Because of wheelchair access laws, elevators are often a legal requirement in new
multi-storey buildings, especially where wheelchair ramps would be impractical. A
stairlift is a mechanical device for lifting people and wheelchairs up and down stairs.
For sufficiently wide stairs, a rail is mounted to the treads of the stairs. A chair or lifting
platform is attached to the rail. A person on the chair or platform is lifted as the chair
or platform moves along the rail.

Stairlifts are known variously as stair lifts, stair-lifts, chair lifts, stair gliders
and by other names. This type of chair lift should not be confused with the chairlift
used by skiers. As the name suggests stair case lift is a type of lift that can be mounted
on the stock stair case without altering civil structure. This lift of course runs on electric
power and consists of a motor two rails a sliding chair. This stair case lift can be
mounted stock stair case where the civil structure is not be altered; and still
handicapped old age and goods are to be carried across the stair case. These actual
size stair case lift will be on could with at which can be assembly, and mounted and

wheel as disassembled and mounted.

In the middle 1800s, there were many types of crude elevators that carried
freight. Most of them ran hydraulically. The first hydraulic elevators used a plunger
below the car to raise or lower the elevator. A pump applied water pressure to a
plunger, or steel column, inside a vertical cylinder. Increasing the pressure caused the
elevator to ascend. The elevator also used a system of counter-balancing so that the
plunger did not have to lift the entire weight of the elevator and its load. The plunger,
however, was not practical for tall buildings, because it required a pit as deep below
the building as the building was tall. Later a rope-geared elevator with multiple pulleys
was developed.

15



The development of elevators was led by the need for movement of raw
materials including coal and lumber from hillsides. The technology developed by these
industries and the introduction of steel beam construction worked together to provide
the passenger and freight elevators in use today. Lifts are invented long back ago. But
installation of lift involves ample amount of cost intenous of rails, motor honk, civil
structures. If lifts to be installed in the stalk structure, then it be alteration cost is too
much. To overcome all these factors and to civil construction cost the concept of stair
case lift come with being which reduced extra costing associated with the lift
mechanism, the benchmark of the system is that this concept is associated with
simplifying as well. Some people argue that lifts began as simple rope or chain hoist.
A liftis an essential platform that is either pulled or pushed up by a mechanical means.
A modern-day lift when consists of a cab (also called a "cage" or "car") mounted on a
platform within an enclosed space called a shaft or sometimes a "hoistway". In the
past, lift drive mechanisms were powered by steam and water hydraulic pistons or by
hand. In a "traction" lift, cars are pulled up by means of rolling steel ropes over a deeply
grooved pulley commonly called a sheave in the industry. The friction between the

ropes and the pulley furnishes the traction which gives this type of lift its name.

Hydraulic lifts use the principles of hydraulics (in the sense of hydraulic power) to
pressurize an above ground or in-ground piston to raise and lower the car. Roped
hydraulics use a combination of both ropes and hydraulic power to raise and lower
cars. Recent innovations include permanent magnet motors, machine room-less rail
mounted gearless machines, and microprocessor controls. The technology used in
new installations depends on a variety of factors. Hydraulic lifts are cheaper, but
installing cylinders greater than a certain length becomes impractical for very high lift
hoist ways. For buildings of much over seven storey’s, traction lifts must be employed
instead. Hydraulic lifts are usually slower than traction lifts. Lifts are a candidate for
mass customization.

In the year of 2000, a group of researchers [1] introduced a rover type of vehicle to
run over stepped path. Using a rhombus configuration, the rover had one wheel
mounted on a fork in the front, one wheel in the rear and two bogieson each side.
Researchers around the world are thinking seriously to redesign such vehicle, which
will be economical and affordable. Chang Hsueh-Er [2] developed a five-wheeler

16



trolley, which was driven by manual power. Anastasios et al. [3] and D. Helmick et al.
[4] designed a robotic carrier with belt driven. No wheel was introduced in his robotic
carrier. However, none of them think about automatic vehicle that can carry loads
through stairs. In various research projects all over the world the different locomotion
concepts for mobile robots have been analyzed and new concepts have been
proposed [5, 6]. Good general surveys are provided in [5-12]. In [8] over 300 mobility
concepts and more than 400 navigation concepts have been generated and
discussed, yielding to three candidate systems, a symmetrical walker with six identical

legs, a four-wheeled vehicle and a so called attached scout concept with six wheels.

In this article the design and manufacturing of a stair climbing vehicle has
been presented. The vehicle is designed in such a way that it can climb a stepped
path (like stairs) with its modified wheel structure. Not only on the stairs, can it also
move with load over flat or rocky surface. This is the individuality of this vehicle.
Different speed combinations are incorporated depending on the working condition
through simple gear arrangement, powered by the local motor drive. Speed reduction
at any desired rate, is possible to establish over the existing ratio. Wheeled rovers are
the optimal solutions for well structured environment like roads or habitations. But off-
the road, their efficiency is very dependent on the typical size of encountered obstacles
that have to be overcome in a standard motion mode. This is the case for [13-15],
which can typically overcome obstacles of their wheel size, if friction is high enough.
Adding real climbing abilities to a wheeled rover requires the use of a special strategy
and often implies dedicated actuators like [16, 17] or complex control procedure like
[18, 19].

A group of Indian students designed and fabricated [20] a stairlift for material
handling system using rope drive. Some Japanese students did a project on stairlift
[21] and the aim of this project was to supply a new, cost-effective stair lift for
wheelchair users. For this purpose, a new mechanism, known as "crawl type," has
been developed. This system was composed of three parts: traction guides, drive

guides, and a hoist carrier.

17



2.3 EXISTING SYSTEM BLOCK DIAGRAM

RAILS
POWER PROXIMITY
» SWITCH » MOTOR s AND » CHAIR = &
SUPPLY _ TRACKS SENSOR
CONTROLLER |

Fig 2.1: Existing system block diagram

A smart standing staircase lift with a chair integrates cutting-edge technology to
provide enhanced mobility assistance for users with varying needs. At the heart of this
system lies a sophisticated block diagram, encompassing crucial components such as
the power supply, switch, motor, rails and tracks, chair, proximity sensor, and
controller. The power supply serves as the backbone, ensuring uninterrupted energy
provision to all system elements. Fig 2.1 Explains about the working of the existing
system. The switch acts as the interface through which users initiate the lift operation,
offering intuitive and user-friendly control. The motor, meticulously engineered for
efficiency and reliability, drives the movement of the lift along the rails and tracks,
facilitating smooth vertical transportation. The chair, meticulously designed with
ergonomic considerations in mind, offers a comfortable and secure seating
arrangement for users throughout their journey. A proximity sensor enhances safety
by detecting obstacles or obstructions along the lift's path, triggering immediate
adjustments or halting operations if necessary. Crucially, the controller orchestrates
the harmonious interaction of these components, overseeing lift operations,
monitoring system health, and implementing safety protocols in real-time. Together,
these intricately integrated components form a robust and intelligent smart standing
staircase lift with a chair, poised to revolutionize accessibility and enhance user

independence in diverse environments.
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In addition to the core components, the smart standing staircase lift with a chair also
incorporates advanced features to elevate user experience and safety standards. This
includes the integration of wireless connectivity options, allowing users to remotely
control the lift operation via smartphones or other smart devices. Furthermore, the
inclusion of advanced sensors and machine learning algorithms enables the lift to
adapt to user preferences and environmental conditions, optimizing performance and
energy efficiency. Additionally, the implementation of real-time monitoring and
diagnostics capabilities empowers maintenance personnel to proactively identify and
address potential issues, minimizing downtime and ensuring continuous operation.
Moreover, the incorporation of customizable settings and personalized user profiles
enhances accessibility for individuals with specific mobility requirements. By
embracing state-of-the-art technologies and user-centric design principles, the smart
standing staircase lift with a chair sets a new standard for accessibility solutions,

offering unparalleled convenience, safety, and inclusivity for users of all abilities.

24 OPEN PROBLEMS IN EXISTING SYSTEM

Fig 2.1 shows Existing system block diagram. In this Existing system chair is
implemented to help individuals with limited mobility move up and down stairs while
seated in it. A motor moves the chair along a rail system attached to the staircase,
allowing for smooth and safe transportation up or down stairs. Safety features, such
as sensors to detect obstructions and emergency stop buttons, are in place to ensure
the user’s safety during the operation.

Cost-effectiveness: One of the primary challenges facing the widespread adoption
of smart standing staircase lift systems is their cost. These systems often involve
complex components, advanced technology, and customized installation, leading to
high upfront expenses. Moreover, ongoing maintenance and service costs can further
burden users and facility owners. Finding ways to reduce costs without compromising
safety and quality is essential. This could involve innovations in manufacturing
processes, materials, and component sourcing, as well as exploring alternative

business models such as leasing or shared ownership arrangements.
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Space constraints: Many buildings, particularly older ones or those with limited floor
space, may pose challenges for installing smart standing staircase lift systems.
Traditional staircases may lack the necessary structural support or clearance required
for retrofitting lifts, making installation difficult or impractical. Overcoming these space
constraints while maintaining compliance with building codes and safety standards is
a significant hurdle. Solutions may involve redesigning lift components to be more
compact, exploring alternative installation methods, or even reconfiguring building

layouts to accommodate lift systems more effectively.

User interface and accessibility: Ensuring that smart standing staircase lift systems
are accessible and user-friendly for individuals with diverse abilities is paramount.
However, current user interfaces may not always meet the needs of all users,
particularly those with disabilities or older adults. Enhancing accessibility features such
as voice commands, tactile feedback, or customizable user interfaces can improve
usability for a broader range of users. Additionally, considering the ergonomic design
of seating arrangements and control interfaces can enhance comfort and usability for

all users.

Reliability and maintenance: Maintaining the reliability and longevity of smart
standing staircase lift systems is crucial for user safety and satisfaction. However, like
any mechanical or electronic system, lifts are subject to wear and tear over time.
Developing robust maintenance protocols, including regular inspections, preventive
maintenance schedules, and swift repair services, is essential to minimize downtime
and ensure optimal performance. Additionally, implementing predictive maintenance
technologies, such as condition monitoring sensors and data analytics, can help

identify potential issues before they escalate into costly failures.

Integration with existing infrastructure: Integrating new lift systems with existing

building infrastructure can be complex, particularly in retrofitting scenarios.

Compatibility issues with staircases, electrical systems, and building codes may arise,

requiring careful planning and coordination. Standardization efforts and

interoperability solutions can help streamline integration processes and ensure

compatibility across different environments. Collaborating with architects, engineers,
20



and building managers during the design and planning phases can facilitate smoother

integration and minimize disruptions.

Safety and regulatory compliance: Ensuring that smart standing staircase lift
systems meet stringent safety standards and regulatory requirements is paramount.
Lifts must adhere to a range of safety regulations and building codes to protect users
from accidents and ensure compliance with legal obligations. Keeping abreast of
evolving regulations and industry standards, as well as implementing the latest safety

technologies and best practices, is essential to mitigate risks and ensure user safety.

Energy efficiency: Optimizing energy consumption and minimizing environmental
impact are increasingly important considerations in the design and operation of smart
standing staircase lift systems. Lifts often consume significant amounts of electricity,
particularly during peak usage periods. Developing energy-efficient components, such
as low-power motors and LED lighting, and implementing smart energy management
strategies, such as regenerative braking and occupancy sensing, can help reduce the
environmental footprint of lift systems. Additionally, exploring alternative power
sources such as solar or battery storage can further enhance energy efficiency and

sustainability.

Addressing these open problems will require a concerted effort from stakeholders
across various disciplines, including researchers, engineers, designers, policymakers,
and end-users. The current system gives solution for the existing problems like user
accessibility, space requirement, wastage of energy, weight limitations and cost-
effectiveness fault that are faced by the users.
2.5 DISADVANTAGES

e Higher costs.

e Weight limitations.

e More space requirement.

e Wastage of energy
21



2,6 |EEE STANDARDS FOLLOWED

The Institute of Electrical and Electronics Engineers (IEEE) has several standards
related to the smart standing staircase lift technology. Some of these standards

include:

1.IEEE 1100 - IEEE Recommended Practice for Powering and Grounding Electronic
Equipment

This standard provides guidance on electrical grounding practices and can be relevant

for the electrical components of a smart stairlift system.

2. |EEE 802.11 - IEEE Standard for Information technology - Telecommunications and
information exchange between systems - Local and metropolitan area networks -

Specific requirements

If the smart stairlift system uses wireless communication for authentication, you might

refer to IEEE 802.11 for wireless networking standards.

3.IEEE 802.1X - IEEE Standard for Local and Metropolitan Area Networks - Port-
Based Network Access Control

This standard might be applicable if you are implementing port-based network access

control for password authentication in the smart stairlift system.

4. |IEEE 90 - IEEE Guide for the Protection of Electric Generating Plants and

Associated High Voltage Direct Current Converter Stations
While this standard primarily relates to power generation plants, it can provide

guidance on electrical protection systems, which might be relevant for safety in the

context of a smart stairlift.
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2.7

CONSTRAINTS AND TRADE-OFF

CONSTRAINTS:

1.

Cost: The acquisition and installation of current methods, such as traditional
standing lifts, often entail considerable expenses. These costs can pose a
significant barrier for individuals or organizations operating within constrained

budgets, limiting their ability to afford and implement these solutions effectively.

Space: The restricted spatial dimensions of staircases, particularly in narrow or
compact residential or commercial settings, present a notable constraint for lift
installation. In such environments, the feasibility of installing a lift without
extensive structural modifications may be severely limited, posing logistical
challenges and potentially requiring costly alterations to accommodate the lift

system.

Complex Installation: The installation of these lift systems is characterized by
its intricate and labor-intensive nature, necessitating the expertise of skilled
technicians and thorough planning to navigate the complexities involved. This
complexity can result in prolonged installation times and potential disruptions

to regular operations, impacting both convenience and cost-effectiveness.

Energy Consumption: Another noteworthy constraint pertains to the
significant energy consumption associated with current lift methods. High
energy usage not only leads to elevated operational costs but also raises
environmental apprehensions due to increased carbon emissions and resource
depletion. Mitigating these concerns necessitates the exploration of energy-
efficient alternatives and sustainable practices to minimize the environmental

footprint of lift operations.
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TRADEOFF

1.

Cost vs. Features : Users must balance budget constraints with desired
features when selecting a lift system. Advanced features may enhance
functionality but come at a higher cost, requiring careful consideration to ensure

optimal value for money.

Space Efficiency vs. Capacity: Choosing between space-saving designs and
lift capacity involves evaluating spatial constraints and user needs. Smaller lifts
save space but have lower weight limits, requiring users to prioritize space

efficiency while ensuring sufficient capacity.

Energy Efficiency vs. Performance: Optimal energy efficiency may require
trade-offs in lift speed and performance. Users must consider energy-saving
measures alongside preferences for lift responsiveness, striking a balance

between environmental impact and operational performance.

Safety vs. Accessibility: Balancing safety features with accessibility
requirements is essential for user well-being. While rigorous safety measures
enhance protection, they may introduce complexities or limitations that affect
accessibility, necessitating careful consideration of user needs and regulatory

standards.
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CHAPTER 3
AIM AND SCOPE OF THE PRESENT INVESTIGATION

3.1 AIM OF THE PROJECT

The primary objective underlying the development of a staircase standing lift with a
flat platform is to furnish individuals facing mobility challenges with a pragmatic and
pioneering solution, meticulously engineered to facilitate their safe and efficient
navigation of staircases. These innovative mobility aids are purposefully crafted to
confront head-on the myriad limitations and hurdles presented by staircases,
regardless of whether they are encountered within the confines of residential abodes,
sprawling public edifices, or any other architectural setting. By providing a level and
stable platform upon which users can confidently stand, these lifts endeavour to
transcend mere functionality, aiming instead to redefine the landscape of accessibility
and independence. Through the provision of such assistive technology, individuals
grappling with disabilities or constrained mobility are afforded not only enhanced
physical mobility but also a profound elevation in their quality of life, fostering a
newfound sense of empowerment and enabling them to navigate their environments

with unprecedented freedom and dignity.

3.2 SCOPE OF THE PROJECT

The scope of a project involving the design, development, and implementation of a
staircase standing lift with a flat platform is comprehensive and multifaceted. It
encompasses various phases, including conceptual design, engineering, safety
compliance, customization, installation, testing, user training, maintenance planning,
market research, cost analysis, documentation, environmental considerations,
regulatory approvals, and marketing strategies. This project requires collaboration
among multidisciplinary teams to ensure the lift's safe and efficient operation while
meeting the needs of individuals with mobility challenges and enhancing their

independence and quality of life.
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3.3

OBJECTIVES

Design and develop a smart stair lift system that prioritizes the comfort, safety,
user-friendliness and dignity of disabled and elderly users.

Emphasize the importance of maintaining dignity and independence for
disabled and elderly populations through the use of this technology.

Improve accessibility in both private and public spaces that can be easily
integrated into various environments.

To make cost-effective technology, ensuring that it is accessible to a wide range
of users and facilities.

Create a range of customizable options to accommodate individual needs and
preferences, including different lift sizes, seating arrangements, and control
mechanisms.

Develop comprehensive user training materials and support systems to assist
individuals in using the smart stair lift effectively.

Conduct thorough testing, including user trials and safety assessments, to
ensure the reliability and effectiveness of the smart stair lift system.
Incorporate eco-friendly and sustainable design principles into the project to

minimize its environmental impact.

3.4 METHODOLOGY

Initiation and Planning — Defining the objectives, scope, including the specific
features and functionalities of the next-generation stair lift.

Investigate the latest technologies relevant to vertical mobility and accessibility.
Market Research and Needs Assessment to understand the current state of
stair lifts and the needs of disabled and elderly populations.

Identification of project team members, and their roles.

Develop a project plan with timelines, milestones, and deliverables.

Establishment of budget and allocation of resources

Incorporate feedback from potential users and experts into the design.
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Assess the feasibility of implementing advanced features such as sensors, Al,
and connectivity.

Develop detailed design specifications

Create initial prototypes and mock-ups to visualize the product.

Build a working prototype or minimum viable product (MVP) based on the
design.

Conduct rigorous testing, including usability testing, safety testing, and
performance testing for compliance with safety and industry standards.

Iterate on the design and development based on test results and user feedback.
Ensure that the stair lift complies with relevant accessibility standards and
regulations.

Focus on improving the user experience through user-friendly interfaces and
controls.

Integrate connectivity options such as Wi-Fi or Bluetooth for remote control and
monitoring.

Explore Al and machine learning capabilities to enhance the stair lift's
functionality.

Conduct quality assurance tests to ensure each unit meets specified standards.
Develop an installation manual for technicians and ensure proper installation.
Provide user training materials and support for end-users.

Conduct a pilot test with a small group of users to gather real-world feedback.
Make necessary improvements based on user experiences.

Maintain comprehensive project documentation throughout the development
process.

Ensure the installation is done according to manufacturer's guidelines and local
building codes.

Perform safety tests to confirm the proper functioning of the lift.

Ensure that the lift is properly connected to a power source, and that the
electrical components are installed safely. It may require an electrician's

services.
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3.5 PROPOSED SYSTEM BLOCK DIAGRAM AND EXPLANATION

Fig 3.1: Proposed System Block Diagram

Fig 3.1 shows Proposed system block diagram. The smart standing staircase lift with
a flat platform incorporates a range of components to provide safe, reliable, and
accessible vertical transportation for users. The power supply ensures continuous
operation by providing electrical energy to the system, while the switch serves as the
user interface for initiating lift operation and activating safety features. The motor with
gearbox converts electrical energy into mechanical motion, driving the lift platform
along the rails and tracks in a smooth and stable manner. The flat platform offers a
spacious and secure load-bearing surface for users to stand or sit during travel,
complemented by the footrest for additional support and safety. Proximity sensors
detect obstacles along the lift path, ensuring safe operation by triggering safety
measures to prevent collisions or accidents. At the heart of the system, the controller
coordinates the operation of all components, interpreting user commands, controlling
the motor, and implementing safety protocols to ensure optimal performance and user
safety. Together, these integrated components form a sophisticated lift system that
enhances mobility and independence for individuals with diverse needs in various
residential, commercial, and public settings. The design of the lift platform prioritizes
accessibility and inclusivity, with ample space to accommodate individuals with
mobility aids such as wheelchairs, walkers, or crutches. The flat platform design
eliminates the need for steps or ramps, providing seamless access for users with
mobility challenges. Furthermore, the lift system incorporates intuitive controls and
ergonomic features to enhance user experience, including tactile buttons, clear

signage, and adjustable handrails for added stability.
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3.5.1 PLATFORM

Description: The flat platform depicted in Fig 3.2 is the central component of the lift,
serving as the primary and most visible element. It acts as the user's foundation during
transportation, providing a secure and stable surface for users to stand on or sit if the

lift includes a foldable or swivel seat.

Materials: Platforms are typically constructed from robust materials such as steel or
aluminum, chosen for their exceptional strength and durability. These materials ensure
that the platform can withstand the rigors of daily use and support the weight of multiple

passengers without compromising its structural integrity.

Fig 3.2: Flat Platform

Design Considerations: The design of the platform is meticulously considered to meet
the diverse needs of users, including those with mobility aids such as wheelchairs or
mobility devices. The platform is engineered to provide ample space, accommodating
users of varying sizes comfortably. Additionally, it often features a non-slip surface to
enhance user safety, reducing the risk of slips or falls, especially in environments

prone to moisture or slippery conditions.

Safety: Safety is paramount in the design of the platform, with several features
incorporated to ensure that users feel secure and stable during transit. Safety edges

or barriers are often integrated into the platform design to prevent accidental falls or
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entrapment. These safety mechanisms are strategically positioned to detect
obstructions along the lift path and trigger automatic stops, enhancing user protection

and confidence during lift operation.

3.5.2 RAILS OR TRACK SYSTEM

Description: The rail system depicted in Fig 3.3 plays a fundamental role in guiding the
movement of the lift along the staircase. Comprising rails or tracks, this system
determines the lift's path and stability during operation, ensuring smooth and precise

movement along the designated route.

Materials: Rails are typically constructed from robust materials such as steel or
aluminum, chosen for their exceptional durability and resistance to wear. These
materials are well-suited for supporting the weight of the lift and its passengers while

withstanding the stresses and strains of repeated use over time.

Fig 3.3: Rails Or Track System

Configuration: The rail system is customized to match the specific configuration of the
staircase, whether it's straight or curved. Precision engineering is employed to ensure
that the rails are precisely aligned and securely mounted to the staircase structure,
facilitating smooth and reliable movement of the lift platform. Additionally, rails may be
modular in design, allowing for flexibility in installation and adaptation to various

staircase layouts.
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Safety: Proper installation and maintenance of the rail system are crucial for the safety
and reliability of the lift. The track system must securely support the entire lift structure
and user, providing a stable and secure path along the staircase. Regular inspection
and maintenance of the rails are essential to detect any signs of wear, damage, or
misalignment that could compromise safety or performance. Additionally, safety
features such as rail guards or bumpers may be incorporated to further enhance user

protection and prevent accidents or collisions during lift operation

3.5.3 DRIVE MECHANISM

Description: The drive system depicted in Fig 3.4 is a critical component responsible
for propelling the lift along the rail system. Serving as the driving force behind lift
movement, the drive mechanism converts power from the primary power source into
mechanical motion, enabling the lift to traverse the designated path along the

staircase.

Types: Various drive mechanisms are employed in lift systems, each offering unique
advantages and considerations. Cable-driven systems utilize cables and pulleys to
transmit motion, offering smooth operation and relatively low maintenance
requirements. Rack and pinion mechanisms employ gear systems to drive the lift,
providing precise control over speed and position. Screw-driven systems utilize

threaded screws to lift or lower the platform, offering exceptional stability and reliability.

Fig 3.4: Drive System
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Power Source: The drive mechanism is powered by the lift's primary power source,
typically electricity sourced from the building's main electrical grid. It is essential to
ensure that the lift has a reliable and uninterrupted power supply to operate efficiently.
In instances where power outages may occur, battery backup systems are essential
to ensure continuous operation and passenger safety. Battery backup systems provide
temporary power to the drive mechanism during power interruptions, allowing the lift
to safely return to a designated landing or complete its current journey without

compromising user safety or comfort.

3.5.4 POWER SOURCE

Description: The power source serves as the primary energy supply for the lift's
operation, providing the necessary electrical energy to power its various components
and facilitate vertical transportation along the staircase. It is an essential component
that ensures the lift operates reliably and efficiently, meeting the needs of users with

diverse mobility requirements.

Primary Source: The primary source of power for the lift is typically electricity sourced
from the building's mains. This reliable and consistent power supply ensures
continuous operation of the lift, allowing users to access different levels of the building
safely and conveniently. Electricity from the mains powers the motor, control system,
lighting, and other electrical components of the lift, enabling smooth and efficient

operation under normal operating conditions.

Battery Backup: In addition to the primary electrical supply, the lift is equipped with a
battery backup system to ensure uninterrupted operation during power outages or
emergencies. The battery backup system serves as a secondary power source,
providing emergency power to critical lift components such as the motor, control
system, and safety features when mains power is unavailable. This ensures that the
lift can continue to function safely and reliably, preventing users from becoming
stranded on the stairs during power disruptions. Battery backup systems are designed
to automatically activate in the event of a power outage, prioritizing user safety and
ensuring uninterrupted vertical transportation until normal power supply is restored.
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In summary, the power source is a crucial component of the lift system, providing the
necessary energy for its operation. With electricity from the building's mains serving
as the primary power source and a battery backup system ensuring uninterrupted
operation during power outages, the lift system can reliably meet the mobility needs

of users while prioritizing their safety and convenience.

3.5.5 CONTROL PANEL

Description: The control panel serves as the primary user interface for operating the
lift, providing users with the means to initiate movement, stop the lift, and control its
direction. It is an essential component that enables users to interact with the lift system

and control its functions according to their needs and preferences.

Ergonomics: Control panels are meticulously designed with user convenience and
comfort in mind. They feature intuitive layouts and easy-to-use interfaces, allowing
users to operate the lift effortlessly. The placement of buttons or switches is carefully
considered to ensure ergonomic accessibility for users of all abilities. Additionally,
control panels may incorporate features such as tactile feedback or color-coded
buttons to enhance usability and facilitate navigation. Some control panels may also
offer remote control options, allowing users to operate the lift from a distance for added

convenience and accessibility.

Safety: Safety is a paramount consideration in the design of the control panel, with
several features incorporated to enhance user safety and control during transit.
Emergency stop functions are integrated into the control panel, allowing users to halt
lift movement immediately in case of emergencies or unforeseen circumstances.
These emergency stop buttons are prominently located and easily accessible to
ensure quick response times and minimize potential risks to user safety. Additionally,
control panels may include other safety features such as key locks or password
protection to prevent unauthorized access and ensure that only authorized personnel

can operate the lift system.

33



In summary, the control panel is a critical component of the lift system, providing users

with intuitive controls and essential safety features for operating the lift safely and

efficiently. With ergonomic design considerations and robust safety features, control

panels enhance user experience and confidence during vertical transportation,

ensuring a seamless and secure journey for users of all abilities.

3.6 ADVANTAGES

1.

Space Saving Design: Staircase lifts are typically engineered with a compact
design, making them ideal for homes with limited space or narrow staircases.
By utilizing minimal space, these lifts ensure that staircases remain accessible

without impeding movement or obstructing pathways within the home.

Energy Efficiency: Many staircase lifts are designed to be energy efficient,
consuming power only when in operation. This not only reduces electricity
consumption but also leads to lower energy costs for users over time. By
optimizing energy usage, these lifts contribute to sustainability efforts and help

minimize environmental impact.

Foldable Platforms: Some staircase lifts feature foldable platforms, which can
be conveniently stowed away when the lift is not in use. This innovative design
allows for additional space-saving benefits, particularly in tight or crowded
stairwell spaces. By folding the platform, the staircase remains accessible for

others, ensuring maximum flexibility and convenience.

Cost-Effectiveness: Staircase lifts are often more affordable to purchase and
install compared to more complex mobility solutions. This lower initial cost
makes them an attractive option for individuals or businesses on a budget,
providing accessibility without breaking the bank. Additionally, reduced
installation expenses mean that staircase lifts can be a cost-effective solution

for improving accessibility in various settings.
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3.7 PROCESS CHART

Research and Analysis

Project Initiation

I Manufacturing and
Assembly

Detailed Design and Prototyping

Conceptual Design

Finalize Design and i
Production
I User Testing and
Feedback

Fig 3.5: Process Chart

3.8 APPLICATIONS
Table 3.1: Applications
Application Description
1. Residential Homes Provide accessibility for individuals with

mobility issues within private residences.

N

. Public Buildings

Offer access to different levels in public
spaces, such as schools, libraries, and
community centers

d

Hospitals and Clinics

Facilitate mobility for patients, visitors,
and medical staff within healthcare
facilities.

. Educational Institutions

Assist students, faculty, and staff in
accessing different floors in schools and
universities.
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CHAPTER 4
HARDWARE DESCRIPTION

4.1 INTRODUCTION

In an era where accessibility and mobility are paramount, innovative solutions continue
to emerge to empower individuals with physical challenges. Among these solutions,
the standing staircase lift stands out as a pioneering advancement in assistive
technology. This hardware implementation seamlessly combines engineering
ingenuity with user-centric design to redefine the way individuals navigate vertical
spaces. The standing staircase lift addresses a critical need for individuals with
mobility impairments who face challenges in ascending or descending staircases.
Traditional stairlifts provide seated transportation, but they may not be suitable for
those who prefer or require standing positions due to their unique mobility
requirements. Recognizing this gap, engineers and designers have collaborated to

develop a transformative solution that prioritizes both safety and comfort.

At its core, the hardware implementation of the standing staircase lift comprises
several essential components, each contributing to its functionality and reliability. The
rail system serves as the backbone of the lift, providing a stable path for vertical
movement. Mounted securely along the staircase, these rails guide the lift's platform
smoothly and safely. The heart of the lift's propulsion system lies in the squirrel cage
induction motor, a robust and efficient motor type renowned for its reliability and
performance. Coupled with a gearbox, this motor provides the necessary torque to
drive the lift's movement along the rails. The gearbox ensures optimal speed and

power transmission, allowing for smooth and controlled ascent or descent.

Safety features are paramount in the design of the standing staircase lift. The spracket
with chain mechanism, integrated with the motor and gearbox assembly, ensures
precise and secure movement of the platform. This mechanism, combined with

advanced sensors and control systems, enables smooth transitions and prevents
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sudden stops or jerks. User interaction and control are facilitated through the forward-
reverse LT control switch, a user-friendly interface that allows individuals to initiate and
control the lift's movement with ease. Whether ascending or descending, users can
effortlessly maneuver the lift to their desired position, enhancing both convenience and

independence.

Moreover, safety remains a paramount concern in the design and implementation of
the standing staircase lift. Advanced sensor technologies continuously monitor the
surrounding environment, detecting obstacles and adjusting the lift's trajectory
accordingly. Emergency stop mechanisms and fail-safe protocols provide additional
layers of protection, offering peace of mind to users and caregivers alike. Beyond its
functional benefits, the standing staircase lift symbolizes a broader commitment to
inclusivity and empowerment. By enabling individuals with mobility impairments to
navigate staircases with ease, this innovative hardware implementation promotes
independence and enhances quality of life. Whether in residential settings, public
buildings, or commercial spaces, its presence signifies a step towards a more

accessible and inclusive society.

In conclusion, the hardware implementation of the standing staircase lift represents a
remarkable fusion of engineering prowess and human-centered design. Through its
seamless integration of cutting-edge technology and user-centric features, it
transcends mere functionality to become a symbol of empowerment and inclusivity.
As we continue to push the boundaries of assistive technology, solutions like the
standing staircase lift stand as shining examples of innovation's power to transform

lives.
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4.2 HARDWARE COMPONENTS

The hardware implementation of a standing staircase lift encompasses several crucial
components, each meticulously designed to ensure seamless functionality and user
safety. At the core of the system is the Forward/Reverse Lift Control Switch, offering
users intuitive command over the lift's movement along the staircase. Working
alongside this control switch is the durable Squirrel Cage Induction Motor, serving as
the powerhouse propelling the lift's motion. Its consistent performance ensures steady
torque delivery, facilitating seamless traversal along the Rail System. This rail system,
meticulously crafted for stability and alignment, forms the foundation of the lift's
structure, ensuring safe and comfortable transportation. Complementing the motor
and rails is the Sprocket with Chain assembly, enabling the transfer of rotational
motion to drive the lift platform with accuracy and effectiveness. Meanwhile, the
Gearbox optimizes motor performance, fine-tuning torque and speed to suit the lift's
specific needs, thereby improving overall functionality and dependability. Together,
these elements collaborate to empower individuals with mobility challenges, granting

them the independence to navigate staircases autonomously and with assurance.

4.21 0.5 HP 3 PHASE SQUIRREL CAGE INDUCTION MOTOR

The integration of three-phase squirrel cage induction motors into smart standing
staircase lift systems represents a significant advancement in accessibility technology.
These motors, renowned for their robustness, reliability, and efficiency, play a pivotal
role in facilitating the vertical transportation of individuals within residential,
commercial, and public buildings. As the demand for mobility solutions that prioritize
safety, efficiency, and user experience continues to rise, the incorporation of three-
phase squirrel cage induction motors in smart lifts offers unparalleled benefits. This
introduction explores the fundamental principles, advantages, and applications of
three-phase squirrel cage induction motors within the context of smart standing
staircase lifts, setting the stage for a comprehensive examination of their role and

significance in modern accessibility solutions.
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4.2.1.1  INDUCTION MOTOR

The induction motor, a cornerstone of electrical engineering, epitomizes simplicity and
efficiency in motion. Functioning on the principle of electromagnetic induction, this
motor features a stationary stator encompassing three-phase windings energized with
alternating current. Upon activation, these windings produce a rotating magnetic field,
inducing currents in the rotor—an assembly of conductive bars arranged in a "squirrel
cage" configuration. The resulting interaction between the stator's magnetic field and
the induced current in the rotor generates torque, propelling the rotor into motion.
Renowned for its self-starting capability, rugged construction, and minimal
maintenance requirements, the induction motor finds widespread use across
industries. From powering conveyor belts and pumps to driving fans and compressors,
its versatility and reliability make it indispensable in myriad applications. Moreover,
advancements in motor design and control techniques continue to enhance its
efficiency and performance, reaffirming its status as a foundational element of modern
machinery. In essence, the induction motor stands as a testament to the ingenuity of
electrical engineering, providing efficient and dependable motion for countless

industrial and commercial endeavours.

4.2.1.2 WORKING PRINCIPLE OF INDUCTION MOTOR

We need to give double excitation to make a DC motor to rotate. In the DC motor, we
give one supply to the stator and another to the rotor through brush arrangement. But
in induction motor, we give only one supply, so it is interesting to know how an
induction motor works. It is simple, from the name itself we can understand that here,
the induction process is involved. When we give the supply to the stator winding, a
magnetic flux gets produced in the stator due to the flow of current in the coil. The
rotor winding is so arranged that each coil becomes short-circuited. The flux from the

stator cuts the short-circuited coil in the rotor.

As the rotor coils are short-circuited, according to Faraday’s law of electromagnetic

induction, the current will start flowing through the coil of the rotor. When the current

through the rotor coils flows, another flux gets generated in the rotor. Now there are
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two fluxes, one is stator flux, and another is rotor flux. The rotor flux will be lagging
with respect to the stator flux. Because of that, the rotor will feel a torque which will
make the rotor to rotate in the direction of the rotating magnetic field. This is the

working principle of both single and three-phase induction motors.

4.2.1.3 TYPES OF INDUCTION MOTOR

A 3-phase induction motor includes two essential components namely the stator &
the rotor. In this motor, the stationary part is the stator whereas the rotating part is the
rotor. In this motor, the load is connected to the shaft. Three-phase armature winding
can be wound over the stator. Once balanced 3- phase current supplies throughout
this winding, then a stable amplitude rotary magnetic field can be formed within the
air gap. This armature winding can be connected toward the three-phase power
supply & carries the load current. This kind of motor is classified into two types based

on its construction like Squirrel Cage Rotor & Wound Rotor.

SQUIRREL CAGE INDUCTION MOTOR

The squirrel cage induction motor construction is extremely simple. In this motor, the
rotor includes a cylindrical core that can be laminated & includes some slots on the
external periphery. These slots are not comparable & they are twisted by some
angles. These slots assist to stop magnetic locking among the teeth of the stator &
rotor so that smooth operation can be achieved and humming noise can be reduced.
These motors include rotors of bars in place of the rotor winding where these bars are

fabricated with brass, aluminum otherwise copper.

In this type of motor, the winding of the rotor includes an aluminum bar otherwise
uninsulated copper fixed into semi-closed rotor slots. At both ends of this motor, these
conductors are short-circuited through similar material’s end ring. As a result, this type
of rotor is similar to a squirrel cage, so this is known as a squirrel cage induction

motor.
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SLIP RING INDUCTION MOTOR

The slip-ring induction motor is also called a wound rotor motor. In this motor, the
rotor includes a laminated cylindrical core. Similar to the squirrel cage, there are some
slots on the outer periphery. The rotor winding is placed inside the slots. In the wound
rotor, the insulated windings are wound on top of the rotor similarly like on the stator.
The winding of this rotor can be distributed uniformly & usually connected in the STAR
model. The three terminals of this STAR connection can be taken out throughout the

slip ring. So this is the reason to call this motor a slip ring induction motor.

4.2.1.4 3 PHASE SQUIRREL CAGE INDUCTION MOTOR

The squirrel cage induction motor stands as a cornerstone of electrical engineering,
renowned for its simplicity, robustness, and versatility. Within the realm of electric
motors, it serves as a ubiquitous workhorse, powering a myriad of industrial,
commercial, and residential applications with unmatched reliability. At its core, this
motor operates on the principle of electromagnetic induction, harnessing the
interaction between magnetic fields to generate motion. Its design features a
stationary stator housing a set of three-phase windings, which, when energized with
alternating current, produce a rotating magnetic field. This magnetic field induces
currents in the rotor a cylindrical assembly of conductive bars arranged in a "squirrel
cage" configuration propelling it into motion. The resulting rotational force drives
myriad mechanical systems, from conveyor belts to pumps, fans, and compressors,
with remarkable efficiency and efficacy. Notably, the squirrel cage induction motor's
self-starting capability, rugged construction, and minimal maintenance requirements
render it indispensable across diverse industries and environments. In this
introduction, we embark on a journey to explore the inner workings, applications, and
significance of the squirrel cage induction motor an enduring symbol of engineering

ingenuity and practicality in the modern era.
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4.2.1.5 CONSTRUCTION

The squirrel cage induction motor comprises several key components that collectively
enable its operation. Here's a breakdown of its constructional details:

1. Stator: The stator is the stationary part of the motor and is typically made of
laminated steel sheets to minimize eddy current losses. It consists of a cylindrical core
with evenly spaced slots to accommodate the stator windings.

2. Stator Windings: These windings are typically made of copper or aluminum and
are placed in the slots of the stator core. They are connected in a three-phase
configuration and carry alternating current to produce a rotating magnetic field.

3. Rotor: The rotor is the rotating part of the motor and is also made of laminated
steel sheets to reduce eddy current losses. In a squirrel cage induction motor, the
rotor consists of a cylindrical core with conductive bars (usually made of aluminum or
copper) arranged in a "squirrel cage" configuration.

4. End Rings: The rotor bars are short-circuited at both ends by conducting end
rings. These rings ensure that the induced currents in the rotor bars can circulate
freely, generating the necessary magnetic fields for motor operation.

5. Bearings: Bearings support the rotor shaft within the motor housing, allowing it
to rotate freely. These bearings are typically ball or roller bearings, designed to
withstand the radial and axial loads encountered during operation.

6. Motor Housing: The motor housing encloses the stator, rotor, and bearings,
providing mechanical protection and housing for the motor components. It is often
made of cast iron or aluminum to provide durability and heat dissipation.

7. Cooling Fan: Some squirrel cage induction motors are equipped with a cooling
fan mounted on the rotor shaft. This fan helps dissipate heat generated during
operation by circulating air through the motor housing, thus preventing overheating

and ensuring optimal performance.

42



4.2.1.6 CHARACTERISTICS
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Fig 4.1: Torque — Speed Characteristics

Torque Characteristics:

s Starting Torque: Squirrel cage motors typically exhibit low starting torque,
making them suitable for applications where the load is relatively light at
startup. Fig 4.1 Explains the characteristics through graph.

¢ Pullout Torque: As the motor accelerates, the torque increases until it reaches
the pullout torque, which is the maximum torque that the motor can produce
without stalling or losing synchronism.

% Breakdown Torque: Beyond the pullout torque, the motor enters a region
where the torque decreases, reaching a point called the breakdown torque. At
this point, the motor may stall if the load exceeds the available torque.

% Full Load Torque: The torque required to maintain rated speed and power

output under full load conditions.
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Speed Characteristics:

% Synchronous Speed: The speed at which the rotating magnetic field of the
stator rotates, determined by the frequency of the power supply and the
number of poles in the motor.

% Slip: The difference between synchronous speed and rotor speed. It indicates

the amount of slip necessary for the rotor to produce torque.

s Speed-Torque Curve: A graph illustrating the relationship between motor
speed and torque. It shows how the motor's speed decreases as the torque
increases.

s Operating Speed: The speed at which the motor operates under load
conditions. It lies between synchronous speed and the speed at which the

motor produces maximum torque.

4.2.1.7 SQUIRREL CAGE INDUCTION MOTOR IN SMART STAIRCASE LIFT

Fig 4.2: 0.5hp 3 Phase Squirrel Cage Induction Motor

Squirrel cage induction motors are commonly chosen for stairlift applications due to

their reliability, high torque capabilities, efficiency, low maintenance requirements,

and quiet operation. Fig 4.2 Shows the prime mover of the foot stand. These motors

boast a simple yet robust design, featuring fewer moving parts which enhances their
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reliability and minimizes the risk of mechanical failure. Their ability to deliver high
starting torque is crucial for smoothly lifting and lowering the stairlift along the
staircase, accommodating various loads without compromising performance or

stability.

3 PHASE INDUCTION MOTOR
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Fig 4.3: Name Plate Details of The Motor

Additionally, squirrel cage induction motors are highly efficient, converting electrical
energy into mechanical energy with minimal waste, leading to cost savings for users
and reduced environmental impact. Fig 4.3 gives the name plate details of the prime
mover. Their simple design also translates to lower maintenance needs, as they are
less prone to wear and tear compared to other motor types. Furthermore, the quiet
operation of these motors ensures a smooth and peaceful ride for users, particularly
important in residential settings where noise levels can affect comfort. Table 4.1 have
all the specifications of the prime mover. Overall, the combination of reliability, high
torque, efficiency, low maintenance, and quiet operation makes squirrel cage
induction motors an optimal choice for powering stairlifts, effectively meeting the

unique demands of mobility assistance devices.
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Table 4.1: Motor Specifications

Specifications Value

SKU MOT.GEA.88114183
Phase Three Phase
Model No 1-102-2T
Type of Product Gear Head
Adapter 160-14
Insulation Class F

Pole 4

Voltage 415V £ 5%
Frequency 50Hz £+ 5%
Mount Type Flange Mount
Protection Degree IP55

Duty S1

Power 0.37 KW
Frame Size 71

Efficiency Class IE2

4.2.1.8 ADVANTAGES

v Simple and Robust Construction: Squirrel cage induction motors have a simple
design with fewer moving parts, which enhances their reliability and durability.
They are less prone to mechanical failures and require minimal maintenance,
reducing downtime and operating costs.

v Cost-Effective: Compared to other types of motors, such as synchronous
motors or wound rotor induction motors, squirrel cage induction motors are
generally more cost-effective to manufacture and maintain. This makes them

an economical choice for a wide range of applications.
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v Self-Starting Capability: Squirrel cage induction motors have inherent self-
starting capability, meaning they can start and accelerate to their operating
speed without the need for external starting devices. This simplifies the motor
control system and improves reliability.

v' High Efficiency: Squirrel cage induction motors are known for their high
efficiency, especially when operating at or near full load. This helps reduce
energy consumption and operating costs, making them environmentally
friendly and economically advantageous.

v" Wide Range of Sizes and Power Ratings: Squirrel cage induction motors are
available in a wide range of sizes and power ratings, making them suitable for
various applications, from small household appliances to large industrial
machinery.

v" Low Maintenance: Due to their simple construction and robust design, squirrel
cage induction motors require minimal maintenance throughout their lifespan.
This reduces the need for downtime and servicing, resulting in increased
productivity and cost savings.

v" Smooth and Quiet Operation: Squirrel cage induction motors typically operate
smoothly and quietly, providing a comfortable working environment and
enhancing user experience in residential and commercial settings.

v Suitability for Variable Speed Applications: Although squirrel cage induction
motors are primarily designed for fixed-speed applications, they can also be
used in variable speed applications with the help of variable frequency drives

(VFDs). This adds versatility to their usage in various industrial processes.

4.2.1.9 APPLICATIONS

% Industrial Machinery: Squirrel cage induction motors are extensively used in
industrial machinery such as pumps, compressors, fans, conveyors, and
mixers due to their reliability, durability, and ability to handle heavy loads.

% HVAC Systems: These motors are commonly employed in heating, ventilation,
and air conditioning (HVAC) systems for air handling units, blowers, and air

compressors, where they provide efficient and reliable operation.
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Water Treatment Plants: Squirrel cage induction motors are utilized in water
treatment plants for applications such as pumps, agitators, and mixers, where
they provide continuous and dependable operation for water purification
processes.

Material Handling Equipment: They are used in material handling equipment
such as cranes, hoists, and lifts for moving heavy loads in warehouses,
manufacturing facilities, and construction sites, where reliability and
robustness are crucial.

Agricultural Machinery: Squirrel cage induction motors find applications in
agricultural machinery such as irrigation pumps, grain conveyors, and crop
processing equipment, where they provide efficient and durable operation in
challenging outdoor environments.

Mining Equipment: In the mining industry, these motors are employed in
crushers, conveyor belts, and pumps for extracting, transporting, and
processing minerals, where they offer reliable performance in harsh and
demanding conditions.

Petrochemical Plants: Squirrel cage induction motors are used in
petrochemical plants for various applications including pumps, compressors,
and blowers, where they provide continuous and efficient operation for
processing and transporting fluids and gases.

Oil and Gas Industry: They are utilized in the oil and gas industry for powering
drilling rigs, pumps, and compressors, where they offer dependable
performance in remote and rugged environments.

Food and Beverage Industry: In the food and beverage industry, these motors
are employed in processing equipment such as mixers, grinders, and
conveyors, where they provide hygienic and efficient operation for food
processing and packaging.

Commercial and Residential Applications: Squirrel cage induction motors are
also used in various commercial and residential applications such as
household appliances (e.g., washing machines, refrigerators, air conditioners),
garage door openers, and pool pumps, where they offer reliable and energy-
efficient operation
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4.2.1.10 COMPARISON BETWEEN SQUIRREL CAGE AND SLIP RING

Table 4.2: Comparison Between Squirrel Cage and Slip Ring Motor

Aspect Squirrel Cage Slip Ring
Cylindrical core  with | Laminated core  with
Rotor Construction conductive bars in squirrel | insulated windings and
cage slip rings
Starting Torque Lower Higher
Speed Regulation Poor Better

Maintenance

Minimal Maintenance

Periodic Maintenance

Cost

More cost-effective

Typically more expensive

External starting devices

Starting Torque Self-starting may be required
Speed Control Limited Precise through varying
rotor resistance
Applications Constant speed | Adjustable speed and high
operations like pumps, | starting torque for cranes,

fans, compressors

elevators, industrial

machinery
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4.2.2 LT CONTROL SWITCH

The LT (Low Tension) forward and reverse switch is an essential component utilized
in electrical circuits to control the rotation direction of motors, particularly in
applications where bidirectional movement is required. It functions by altering the
connection of electrical power to the motor, thereby dictating whether the motor rotates
clockwise or counterclockwise. Fig 4.4 has the 3 phase electrical connections of the
switch. Typically, the switch comprises multiple poles, each associated with a specific
function such as forward, reverse, stop, and neutral. These poles enable the switch to
facilitate smooth and efficient operation, allowing operators to seamlessly transition

between forward and reverse motor rotation modes.

Fig 4.4: LT Control Switch

In operation, when the switch is toggled to the forward position, electrical power is
directed to the motor in a manner that induces clockwise rotation. Conversely, when
the switch is shifted to the reverse position, the electrical connections are rearranged
to induce counterclockwise rotation. This bidirectional control capability is invaluable
in numerous industrial and commercial applications, ranging from conveyor systems
and winches to cranes and hoists. By providing a simple yet effective means of

controlling motor direction, the LT forward and reverse switch enhances operational
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flexibility, productivity, and safety, enabling operators to precisely manoeuvre

equipment and machinery according to specific task requirements.

Reverse Forward L.T.Control ON-OFF-ON Switch 32 Amp, 3 - Phase, 415-
Volts.

Heavy duty Bakelite moulded industrial change over switch Heavy duty MS
powder coated body

Our Reverse Switches Forward Switches are very good in performance and are
widely used with compound direct current motors, squirrel cage motors and
Three phase motors.

Forward Reverse switch is used in Lathes & Machines where forward and
reverse operations are frequently done. Contacts made of pure cold rolled
electrolytic copper, electroplated to withstand considerable overload without
overheating to increase the life of switching cycle.

Switch Operation Manual

4.2.3 GEAR BOX

Gearboxes are commonly attached to 3-phase induction motors to modify their output

speed and torque characteristics. Fig 4.5 depicts the outer structure of the gear box.

By utilizing different gear ratios, these attachments enable motors to operate at

varying speeds while maintaining optimal efficiency. This versatility makes them

indispensable in applications where precise control over rotational speed and torque

is essential, such as in conveyors, pumps, and machinery requiring variable speeds.




Fig 4.5: Worm Gear Box

ALMO 40 worm gearbox stands as a pivotal component in the realm of mechanical
power transmission, renowned for its robustness, versatility, and efficiency. Designed
to meet the demands of diverse industrial applications, the ALMO 40 gearbox
embodies a synthesis of innovative engineering and precision manufacturing. At its
core lies a worm gear mechanism meticulously engineered to convert rotational
motion into linear motion, thereby facilitating the seamless transfer of power from one
component to another. The ALMO 40 gearbox offers a plethora of benefits, ranging
from its compact design and high torque capacity to its smooth operation and reliability

in challenging operating conditions.

Table 4.3: Worm Gear Box Specifications

Type ALMO40
Ratio 1:10

Sr.No HXM110877
Flange 71B5
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In terms of design and construction, the ALMO 40 worm gearbox boasts a compact
and space-efficient form factor, making it well-suited for installations where space
constraints are a consideration. The gearbox housing is typically constructed from
high-quality materials such as cast iron or aluminium, ensuring durability and
resistance to wear and tear. Within the gearbox, precision-machined worm gears and
worm wheels interact to transmit power efficiently while minimizing friction and energy
losses. This meticulous attention to design detail results in a gearbox that delivers
consistent performance and longevity, even in demanding industrial environments.

One of the key advantages of the ALMO 40 worm gearbox is its high torque capacity,
which makes it suitable for applications requiring the transmission of large amounts

of power.

Table 4.3 have all the specifications of the gear box used. The worm gear mechanism
inherent in the gearbox provides excellent torque multiplication, enabling the gearbox
to handle heavy loads with ease. This feature is particularly advantageous in
industries such as mining, construction, and material handling, where equipment must
withstand significant stresses and strains. Additionally, the ALMO 40 gearbox offers
precise control over rotational speed and direction, allowing for seamless integration

into various industrial processes and machinery.

4.2.4 RAIL SYSTEM

The rail system utilized in a standing stairlift with a sprocket represents a sophisticated
infrastructure engineered to provide seamless and secure movement along
staircases, catering to individuals with mobility challenges. Fig 4.6 represents the rail
system with sprocket to move the foot stand. Constructed from robust materials like
steel or aluminium, these rail systems are meticulously designed to withstand the
rigors of daily operation while ensuring precise guidance and support for the stairlift.
In real-world applications, companies like Acorn Stairlifts, Bruno, and Handicare
manufacture and install rail systems for standing stairlifts with sprockets. These rail
systems often undergo rigorous testing and quality assurance processes to meet
safety standards and regulations set forth by organizations such as the Occupational
Safety and Health Administration or the European Committee for Standardization.
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Fig 4.6: Rail Track with Sprocket

The rail system typically consists of two main components: the rail tracks and the
sprocket mechanism. The rail tracks are securely anchored to the staircase structure,
providing a stable pathway for the stairlift to traverse. These tracks may be straight,
curved, or custom-designed to accommodate various staircase configurations,

ensuring a perfect fit for each installation.

Table 4.4: Rail System Specifications

NAME DETAILS
75 x42 mm
Rail Track 3 i(])nf terﬁt:k
40 Feet
Chain
16 x 12 inches
Foot Rest > mm fhick

The sprocket mechanism, integrated into the stairlift assembly, engages with the rail
tracks to facilitate movement along the staircase. Table 4.4 portray the dimensional
details of the rail system used to move the foot stand. This mechanism is often

powered by a motorized chain or belt drive system, offering the necessary traction
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and propulsion for smooth and controlled ascent or descent. Companies like Standing
Stairlifts utilize advanced engineering techniques to ensure the sprocket mechanism
operates with precision and reliability, delivering a safe and comfortable ride for users.
Moreover, modern rail systems for standing stairlifts with sprockets often incorporate
additional safety features such as obstruction sensors, emergency stop mechanisms,
and backup power systems. These features help mitigate risks and enhance user
confidence by ensuring the lift can respond promptly to any unforeseen circumstances

or obstacles encountered during operation.

Overall, the rail system in a standing stairlift with a sprocket exemplifies a harmonious
fusion of cutting-edge engineering and real-world practicality. By providing robust
support, precise guidance, and advanced safety features, these rail systems
empower individuals with limited mobility to navigate staircases with ease and
confidence, improving their quality of life and promoting independence in their daily

activities.

4.2.5 WIRES

A 3-core wire with a cross-sectional area of 3 square millimeters (mm?) is another
common type of electrical cable used in various applications, including for smart

standing stairlifts.

Fig 4.7: 3 Core Wire
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1. 3-core: This indicates that the wire contains three individual conductors within its
insulation. Each core serves a specific purpose:

¢ Live (also known as Line or Phase): Carries the electrical current to the load.

¢ Neutral: Returns the current to the power source, completing the circuit.

e Earth (also known as Ground): Provides a path for fault currents to safely

dissipate to the ground, enhancing safety.

2. 3 square millimeters: This refers to the cross-sectional area of each conductor in
the wire. It's a measure of the thickness of the conductor and determines its current-
carrying capacity and resistance. Fig 4.7 shows all the wires arrangement used to
rotate the prime mover A larger cross-sectional area generally allows for the

transmission of higher currents and reduces voltage drop over longer distances.

The 3-core wire with a cross-sectional area of 3mm? is suitable for carrying electrical
power and signals in various low to medium voltage applications, including for smart
standing stairlifts. It provides a higher current-carrying capacity compared to smaller
wire sizes, which may be necessary for powering the motor and other components of

the stairlift system.

4.2.6 FOOT REST

The footrest used in standing stairlifts is a crucial component designed to enhance
user comfort, stability, and safety during transportation along staircases. These
footrests are carefully engineered to accommodate various user preferences and
ergonomic requirements while ensuring reliable performance and ease of use. In real-
world applications, companies like Handicare, Standing Stairlifts, and Bruno
manufacture and install footrests for standing stairlifts. These footrests undergo
rigorous testing and quality assurance procedures to meet industry standards and
regulations, ensuring they can withstand the demands of daily use and provide a

secure platform for users.
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Fig 4.8: Foot Rest

The footrest typically consists of a sturdy platform made from durable materials such
as aluminium or reinforced plastic. This platform is designed to support the user's
weight comfortably while providing ample space for their feet to rest securely during
transportation. Fig 4.8 represents the place which will be used for mobility.
Additionally, the surface of the footrest may feature non-slip textures or coatings to
prevent slipping and enhance user safety. Furthermore, the footrest may incorporate
additional features for convenience and customization, such as adjustable height
settings or folding mechanisms. These features allow users to tailor the footrest to
their individual preferences, ensuring optimal comfort and support throughout the

journey.

Safety is a paramount consideration in the design of footrests for standing stairlifts.
Companies integrate features like safety edges or sensors to detect obstructions and
automatically stop the lift if any obstacles are encountered during operation.
Additionally, footrests are engineered to remain stable and securely locked in place
throughout the journey, minimizing the risk of accidents or injuries.

Overall, the footrest in standing stairlifts represents a vital element in ensuring user

comfort, stability, and safety during transportation along staircases. By providing a
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sturdy platform with customizable features and advanced safety mechanisms, these
footrests contribute to a positive user experience and empower individuals with limited

mobility to navigate their environments with confidence and independence.

4.3 HARDWARE RESULT

In the hardware setup of a smart standing staircase lift, several key components work
together to ensure smooth and safe operation. At its core is the robust 3 Phase
Squirrel Cage Induction Motor, chosen for its durability and efficiency in providing the
necessary power to move the lift along the rail system. Fig 4.9 portray the final result
of the staircase standing lift. The rail system itself is meticulously engineered to guide
the lift's movement along the staircase securely. Supporting the motor, the chain with
sprocket mechanism efficiently transfers motion, ensuring synchronized movement
between the motor and the lift carriage. Electrical connections within the system are
facilitated by the 3 Core Wire, crucial for transmitting power and control signals reliably
throughout the setup. Complementing these components, the LT Control Switch acts
as the user interface, enabling intuitive control over lift operations such as starting,
stopping, and adjusting speed. Together, this hardware configuration forms a robust
and reliable system, offering not only seamless transportation between different levels
of a building but also incorporating smart functionalities for enhanced user experience

and safety.

Fig 4.9: Smart Staircase Lift
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CHAPTER 5
SUMMARY AND CONCLUSIONS

51 SUMMARY

This project embodies a holistic approach towards enhancing the mobility and
accessibility of individuals facing diverse mobility impediments. It presents an
innovative solution in the form of a smart standing lift tailored specifically for staircases,
offering a safe and autonomous means of vertical transportation within indoor spaces.
Central to the project's design are key components such as a robust platform,
meticulously engineered rails or tracks, a dependable drive system, a power source
equipped with backup functionality, and an intuitive interface for user control. Safety
remains paramount, with the incorporation of advanced features including sensors,
harnesses, and brakes to ensure secure passage. The operation of this lift is
characterized by user-initiated movement, precise navigation, continuous safety
monitoring, and optional seating arrangements to enhance user comfort. The project
endeavors to empower individuals with mobility challenges, enabling them to navigate

indoor environments with confidence, independence, and peace of mind.

5.2 CONCLUSION

Smart Standing Staircase Lift project has provided a comprehensive overview of
staircase lifts with flat platforms, highlighting their role in advancing accessibility and
mobility solutions for individuals with limited mobility. The lifts’ versatile design and
space efficient characteristics cater to a broad user base, accommodating wheelchair
users and individuals who prefer to stand, thus promoting user comfort and safety.
These lifts have demonstrated their practical utility in diverse settings, spanning
residential, commercial, and public environments, thereby contributing to inclusivity
and convenience. Furthermore, the advantages of space efficiency, enhanced
accessibility, and reduced initial costs underscore their significance in addressing the

needs of individuals with mobility challenges.
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