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ABSTRACT

Automated gate systems have become essential in modern residential security due to the need for
controlled access and reduced manual operation. Traditional manually operated gates often pose
safety risks, increase security vulnerabilities, and require physical effort from users. This project
presents the virtual design and simulation of an automated residential sliding gate using
SolidWorks for mechanical modeling and Proteus for electronic control simulation. The system
integrates key mechanical components such as the gate frame, rollers, track, and rack-and-pinion
mechanism, alongside a microcontroller-based control circuit designed to operate the motor
responsible for gate movement.

The SolidWorks simulation was used to analyze the gate’s mechanical performance, focusing on
linear motion, component alignment, and the conversion of rotational motor input into smooth
sliding action. Proteus was employed to simulate the automation logic, including motor
activation, direction control, and stopping at predefined limits. These simulations allowed full
validation of system behavior without physical prototyping, reducing cost and eliminating real-
world testing constraints.

Results from both platforms confirmed that the gate moves smoothly, responds correctly to
control inputs, and maintains proper synchronization between mechanical and electronic
subsystems. The study demonstrates that virtual simulation tools provide an effective method for
evaluating automated gate mechanisms before fabrication. The design also offers a foundation
for future enhancements such as remote wireless control, improved safety features, and
integration with smart-home systems.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

Automation and control systems have changed how we live, particularly in home and industrial
security.

One big improvement is automated gate systems. People love these systems—they make life a
whole lot easier and safer. No more struggling to open heavy gates or stepping outside in bad
weather just to let someone in.

Traditional gates always needed someone to open and close them by hand, which wasn’t very
convenient or secure. You would have to go outside rain or shine, and honestly it risky when you
are out, especially at night or in isolated areas

Now, thanks to automated gates, you can just tap a button or swipe on a mobile app to let people
in or out. It’s so much more convenient and gives you more control over who enters your home
or workplace.

Thanks to the Internet of Things and microcontrollers, these gates can now link up with your
smartphone.
You can use Bluetooth, Wi-Fi, or GSM networks to open and close them without even getting
out of your car.

This project is about designing an automated gate that you can control with a remote or your
phone. It keeps things simple, safe, and smart. Automated gate systems are more than just a
convenience—they make places more secure and are quickly becoming the new standard for
modern living.

Figure 1.1: Automated Sliding Gate
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1.2 STATEMENT OF THE PROBLEM

Manual gates, while functional, presented a few problems that paved way for smart automated
gates. One of the most significant was safety and convenience especially large and heavy gates
as opening and closing them proved difficult and time consuming. It also meant for the
individual to be physically present to grant access. In this modern era, crime cases such as
burglaries and robberies can occur almost anywhere at any time but tend to occur more often in
anticipated settings and expected times such as in residential area. One of the factors that these
crimes occur because of the failure of security system at the entrance gate. The introduction of
smart automated gates addressed most security issues by developing remote controls and sensors
for opening and closing the gate from a distance or even while you’re away, integration with
security systems for better access control, improved safety by eliminating the need to be near the
gate while operating it. These advancements in convenience, security and remote control made
smart automated gates a desirable option for homeowners. The idea of using automated gate is
not new, but the cost of installing the system is expensive. Home automation system was
proposed that included home appliances and devices that are controlled and maintained in home
management. The goal of this project is to improve home automation, with considering the low cost of
budget.

1.3 AIM AND OBJECTIVES OF THE PROJECT

1.3.1 Aim
The aim of this project is to design and simulate an automated residential gate.
1.3.2 Study Objectives

The present study is guided by several specific objectives:

1. A 3D model of an automated residential gate should be created using SolidWorks software.

2. The simulation of the gate system's motion within SolidWorks, thereby demonstrating the
motor-driven mechanism's function in facilitating automated opening and closing.

3.The electronic control circuit was designed within Proteus, integrating an Arduino
microcontroller to manage the simulated gate functions.

4. The system's overall performance was then analyzed and evaluated, drawing upon the
simulation results, with particular attention paid to control response, motion behavior, and
system reliability.
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1.4 SCOPE

This project is about creating a model and simulating the movement of an automated sliding gate
for homes using SolidWorks. The project includes making models of all the parts like the gate
frame and the motor and giving them the right properties. It also looks at how the gate moves
and how the parts work together when it opens and closes. We only did this on a computer we
did not build a gate.

1.5 Why This Study Is Important

This project helps solve problems with access control by using smart technologies. It makes old
gate systems better by adding automation and wireless control. The good things about this study
are:

1. Better Security: There are a lot of break-ins and thefts in Nigeria and automated gate systems
can help reduce the risk of these crimes by minimizing the time people're outside when the gate
is opening or closing.

2. Convenience: People all over the world want to be able to control their homes remotely. In
Nigeria more and more people have smartphones and internet. It is a good time to start using
automated gate systems.

3. Helping the Elderly and People With Disabilities: The World Health Organization says that
many people in the world have disabilities and in Nigeria that is over 30 million people.
Automated gate systems can help these people by reducing the effort they need to open gates.

4. Making the System Bigger: The automated gate system can be made better with features like
fingerprint or RFID entry cameras to watch who is at the gate and solar power to make it more
environmentally friendly. The automated residential sliding gate system can be made to work
with these features and that is what this project is, about the automated residential sliding gate
system and its benefits.

1. We need to think about energy use. This is very important in Nigeria because many people
still don't have electricity. According to the World Bank about 85 million Nigerians or 43% of
the people don't have access to electricity from the grid.
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2. This project is good for students and teachers. It helps students learn by doing projects in
areas of engineering such as:

* embedded systems

* IoT

* mechanical actuation

* power electronics

* mobile application development

It gives engineering students skills that are useful in their jobs and helps them come up with new
ideas to solve real problems in their communities. The project helps students get hands-on
experience. It is about engineering students. They learn things. They get industry- skills. They
find solutions, to community problems.

In essence, this project addresses security, convenience, and energy access in a holistic manner.

By contributing to the body of knowledge in smart infrastructure, it supports Nigeria's alignment

with global trends in automation, while offering scalable and solutions for everyday problem.
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CHAPTER 2

LITERATURE REVIEW

2.1

Automated gates are really popular these days because they are convenient, secure and look good.
This project is about looking at what other people have researched about automated gates like
what's good about them the different types, how they are controlled and how they look. We want
to see what people have found out about automated gates for homes including how they have
changed over time and how they can be more secure.

2.2 The History of Automatic Gates

The history of gates is a long story. A old gate was found in Israel by a Harvard archaeologist in
1992. This gate is 3,850 years old and was part of a city called Ashkelon. People can still see this
gate made of stone and wood in a park. As time went on people started using materials and better
technology. This made it possible to build gates that're lighter and stronger and can be used in
many different ways.

It was not until people discovered electricity that we could really have automatic doors and gates.
This changed everything about gates. How we use them. A scientist named Michael Faraday
found out in the 1830s that electricity can create a field. This was a deal and led to many new
inventions, including automatic gates. Some people started using electricity to power machines
during the era.. It was not, until 1881 that someone named Fred W. Watson from Canada made
the first automatic gate. Automated gates have come a way since then and they are still changing
today with new automated gates being developed all the time and more people using automated
gates for their homes.
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The twentieth century saw the development of many new automated gate systems, self-opening

doors for office buildings and gates used in parking lots, supermarkets, airports, hospitals,

schools, and other controlled access areas. Furthermore, most modern apartments now have an

automatic gate on their complex, which controls access to parking or garages. Also, modern

automated electric gates have come a long way since the Victorian era. Nowadays, various

methods, including remote control key fobs and motion sensors, also control modern electric

gates. (Hammond, 2000).

2.3 Review of Past Technical Reports

Automated gate systems have come a way with new control technologies like keypads, RFID

readers and smartphone applications. These technologies make it easier for people to use

automated gates. For example Smith said in 2020 that these technologies make automated gates

more accessible and easier to use.

Safety is using sensor technologies like infrared, ultrasonic and laser sensors play a big role.

White and Li's 2021 study showed that different sensor types have unique strengths and

weaknesses, particularly regarding their precision and ability to adapt.

Automated gates need wireless communication protocols, such as Bluetooth, Zigbee, and Wi-Fi,

for their control systems.

Each protocol has its own advantages and disadvantages regarding efficiency, range, and power

use. Patel's 2019 study showed that Zigbee and Wi-Fi are often preferred because they balance

range and security.

In the few years solar power has become a popular choice for automated gates because it is

energy-efficient. Johnson said in 2022 that solar power can help people save energy and money

compared to power sources. However there are still some challenges to overcome before solar-

powered systems become widely used.

Artificial intelligence is also being used in automated gates, which has led to possibilities like

predictive maintenance and AI-driven decision-making. Kim discovered in 2021 that these
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technologies could enhance both the dependability and the overall experience for users of

automated gates.

Safety standards like EN 12453 and UL 325 are crucial for the design and operation of

automated gates. Harris noted in 2019 that these standards help prevent accidents and ensure user

protection in homes.

Automated gates that are designed for environments need special consideration. Murphy and Das,

back in 2020, pointed out that these gates require construction using materials and designs

specifically suited for extreme temperatures and high humidity conditions.

Failure Modes and Effects Analysis is a method used to identify potential problems in automated

gate systems. Lee found out in 2021 that this method can help developers come up with

strategies to reduce risks.

There are types of automated gates, including sliding and swing gates. Gómez and Brown noted

in 2022 that sliding gates are good for spaces while swing gates are easier to maintain.

With automated gates connected to the internet cybersecurity has become a major concern.

Reports shows the importance of encryption protocols for automated gate systems, for smart

gates connected to home networks.

and security measures to protect against potential cyberattacks. Nguyen and Carter talked about

this in 2020. Motion detection technologies like Doppler radar and 3D LIDAR are used in

automated gates to make them more secure. They help track movement of people and vehicles

accurately. Zhao wrote about this in 2021.

In factories and industries automated gates make it easier to control who and what gets in. This

makes things more secure and efficient. Delgado and Singh said so in 2020.

Automated gates have battery backup solutions. This way they keep working when theres a

power outage. Different battery technologies last amounts of time and are more or less reliable.

Fernandez wrote about this in 2019.
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Some algorithms help keep gate reliability high. They use machine learning to predict when

gates might break. This reduces downtime. Helps fix problems before they happen. Kumar and

Richards talked about this in 2022.

Places like airports and stadiums have lots of people coming and going. So gate automation

systems there are built to last. They are made to handle lots of use and work quickly. Silva wrote

about this in 2021.

As more automated gates have cameras and facial recognition people are worried about privacy.

There are rules, about data security and privacy. Johnson and Lee discussed the ethical

implications of these features in 2020.

Automated gate systems need maintenance to work properly for a long time. This means

following guidelines for things like sensor calibration, motor inspection and software updates to

keep automated gate systems running smoothly. Automated gate systems also have monitoring

and control technologies that let users operate and oversee automated gate systems from their

mobile devices. This is possible because of advancements in system architecture and user-

friendly interfaces. Automated gate systems can be a choice for commercial properties because

they provide better security and are easier to use. Even though it can be expensive to install

automated gate systems at first they can save money. Improve security in the long run.

Automated gates that are designed for people to walk through, like turnstiles and sliding gates

provide an efficient way for people to enter public spaces and residential complexes. Automated

gate systems can also be connected to Building Management Systems to make them more secure

and efficient.

Automated gate systems use different control technologies, such as keypads, RFID readers and

smartphone apps to make them easier to use. For example mobile app interfaces let people

control automated gate systems from afar and have a focus on being easy to use and secure.

Automated gate systems also use protocols like Bluetooth, Zigbee and Wi-Fi each of which has
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its own benefits in terms of efficiency, range and power consumption. Automated gate systems,

particularly in security-sensitive environments such as military installations, are designed with

specific attributes, including rapid response capabilities and robust construction, to satisfy

stringent security protocols.

Furthermore, solar-powered automated gate systems present an alternative, utilizing solar panels

to provide a sustainable energy source, thereby reducing reliance on conventional power supplies.

This is important for automated gate systems like those used in industrial or agricultural settings,

where reducing energy consumption is crucial. New technologies that harvest energy, such as

piezoelectric and kinetic energy recovery systems are being developed for automated gate

systems that are not connected to the power grid. Battery backup solutions also ensure that

automated gate systems keep working during power outages.

Artificial intelligence is becoming more important in automated gate systems with applications

like maintenance algorithms that help automated gate systems work better by anticipating

problems before they happen. Artificial intelligence also supports motion detection technologies,

such as Doppler radar and 3D LIDAR, which improve the accuracy of tracking people and

vehicles. In places like airports and stadiums automated gate systems use high-speed

mechanisms that are designed to be durable and safe.

Maintenance is important for automated gate systems to work well. This includes following

protocols for sensor calibration, motor inspection and software updates. There are also

innovations like self-lubricating bearings and corrosion-resistant materials that reduce the need

for maintenance, for automated gate systems that are exposed to harsh weather conditions.

Automated gate systems that are installed in climates need special materials and designs to work

reliably.

Automated gates have to follow safety standards like EN 12453 and UL 325. These rules help

prevent accidents and protect the people who use automated gates. For example during a fire
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automated gates can be set to unlock and open which helps people get out of the building safely.

This is really important for building safety.

Automated gates can also be made to work with people who have disabilities. This makes it

easier for everyone to use them.

When we talk about automated gates security is a deal. Especially for gates that are connected to

the internet because they can be hacked. To stop this from happening we need to use encryption

and other security measures. Automated gates can also work with security systems, like cameras

and alarms. This makes the whole security system stronger. Automated gates can even read

license plates, which helps control who can come in and out. In places where people live, like

apartments, automated gates help manage who can come in and out. They also keep the place

secure. Make it easy for people to get in. In properties, like offices automated gates might seem

expensive at first but they save money in the long run. They reduce the need for people to guard

the gate and make the place more secure.

In buildings automated gates can be installed in a way that preserves the old style of the building.

This is important for sites.

New technology makes automated gates more reliable. Even if something breaks the gate can

still work. This is really important for places that need to be very secure. Automated gates can

also be used to protect the area around a building. They stop people from getting in who should

not be there.

In cities automated gates can help manage parking. They make it easier for people to get in and

out and pay for parking. Schools also use automated gates to keep the students and staff safe.

Automated gates can even be used for people who are walking. They can help manage who gets

in and out and keep everyone safe.

Overall automated gates are getting better and better. They use power last longer and are smarter.

This makes them useful for all kinds of buildings from homes to offices to factories. Automated

gates are really important, for security, accessibility and sustainability. Automated gates are used
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in places, including residential, commercial and industrial applications and they are always

improving.

2.3.1 TYPES OF AUTOMATED GATES

There are types of automated gates that people use. These include:

1. Swing Gates

2. Overhead Gates

3. Barrier Gates

4. Sliding Gates

5. Bi-fold Gates

Swing Gates are a type of gate that opens and closes by turning on a hinge. They are usually

attached to a post or column. The Swing Gates are designed to swing open and closed so people

can get in and out of a property, driveway or entrance.

The Swing Gates are gates that turn on a hinge at one end and they can turn all the way around

up to 90 degrees or 180 degrees. They are made up of a skin plate that is supported by horizontal

ribs.
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The Swing Gates are like miter gates they can only handle pressure from one direction Because

they are simple to make and use the Swing Gates can last a time with very little maintenance.

The Swing Gates can be made from types of metal like carbon steel, stainless steel and duplex

stainless steel. The type of metal used depends on how corrosive the environment's how long the

gate needs to last.

The Swing Gates have parts that work together to open and close the gate smoothly.

Here is how it works:

The Gate Leaf is the part of the gate that moves. It is attached to the Hinge Post by hinges.

The Hinge Post is the post that does not move it is where the hinges are attached and it allows the

Gate Leaf to turn.

The Hinges connect the Gate Leaf to the Hinge Post so the gate can turn smoothly.
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The Gate Operator is the machine that makes the gate move. It can be manual, which means you

have to push or pull it. It can be electric which means it is powered by a motor or it can be

hydraulic, which is used for heavy duty gates.

The Control System is the brain of the gate it controls everything, including:

Remote controls

Keyboards or keypads

Sensors that can detect obstacles

Timers or schedules

Here are the steps to open and close the gate:

To open the Swing Gates:

The Gate Operator gets a signal from the Control System.
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The Gate Operator starts to work. It makes the Gate Leaf turn.

The Gate Leaf turns on the hinges and the gate opens.

To close the Swing Gates:

The Gate Operator gets a signal from the Control System.

The Gate Operator starts to work. It makes the Gate Leaf turn in the opposite direction.

The Gate Leaf turns on the hinges and the gate closes.

The Swing Gates also have safety features like obstacle detection sensors, that stop the gate from

closing if something's, in the way.

They also have stop or slow-down features that make the gate slow down before it closes all the

way.
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Figure 2.1: Swing Gate



17

Overhead Gates:

Overhead gates are a type of gate that goes up and down to let people in or out of a property,

driveway or entrance. Overhead gates are also known as doors or sectional overhead doors.

When an overhead gate is automated it has a lot of parts that work together to open and close

smoothly. Here is how it works:

Opening Cycle:

The gate gets a signal from something like a control, a keypad or a sensor.

Then the motor of the gate starts working and the drive system kicks in.

The motor turns a chain or a belt that is attached to the gates pulley system.

The pulley system lifts the gate up one section at a time along the tracks.

The rollers on the gate help it move along the tracks really smoothly.

Finally the overhead gate is fully open. The motor stops working.

Closing Cycle:

The gate gets a signal to close.

The motor starts working but this time it goes in the opposite direction.

The chain or belt moves in the direction and pulls the overhead gate down.

The overhead gate goes down one section, at a time along the tracks.

The rollers help the gate move along the tracks really smoothly.

When the overhead gate is fully closed the motor stops working.

Safety Features:

Overhead gates have sensors that can detect things in the way and stop or reverse the gate.
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The overhead gate slows down before it closes all the way to prevent accidents or damage.

Overhead gates are also designed to not push hard so they do not hurt people or damage things.

Figure 2.2: Overhead Gates
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Barrier Arms:

Barrier arms are also known as boom gates or barrier gates. They are a type of barrier that we use

to control and restrict access to a specific area. When a barrier arm is automated it uses a

combination of mechanical parts that work together to open and close the arm.

Here is how it works:

Opening Cycle:

First the control system gets a signal from a control or a sensor or some other device.

Then the motor starts working. The drive system kicks in.

The motor turns a gearbox which changes the motors energy into torque.

This torque makes the barrier arm move around its post.

The arm opens all the way so people can get in.

A limit switch sees that the arm is fully open and sends a signal to the control system.

Closing Cycle:

The control system gets a signal to close the barrier arm.

The motor starts working but this time in the opposite direction.

The gearbox turns around so the arm moves back.

The barrier arm closes all the way so people cannot get in.

A limit switch sees that the barrier arm is fully closed. Sends a signal to the control system.

Safety Features:

The barrier arms have sensors that can detect things that're in the way so the arm does not close.
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The arm slows down before it closes all the way so it does not hurt anyone or get damaged.

The force of the barrier arm is limited so it does not hurt anyone. Get damaged. Barrier arms are

important for safety and security. They are used in many places, with barrier arms.

Figure 2.3: Barrier Arms

Sliding gates are really cool. They are also called sliding barriers or sliding doors. These sliding

gates. Close by sliding horizontally along a track or rail.

To make an automated sliding gate work you need a bunch of mechanical parts working together

to open and close the gate. Here is how it works:

Opening Cycle:

1. The control system gets a signal from a control or a sensor.

2. Then the motor starts working. The drive system kicks in.

3. The motor turns a gearbox, which makes the motors energy stronger.
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4. This energy is sent to a chain or belt which pulls the sliding gate along the track.

5. The sliding gate then slides along the track. Opens the entrance.

6. There is a limit switch that detects when the sliding gate is fully open and sends a signal to the

control system.

Closing Cycle:

1. The control system gets a signal to close the sliding gate.

2. The motor starts working but this time in the opposite direction.

3. The gearbox turns in the direction which makes the sliding gate move in the opposite direction.

4. The chain or belt moves, in the direction which pushes the sliding gate along the track.

5. The sliding gate then slides along the track. Closes the entrance.

6. The limit switch detects when the sliding gate is fully closed. Sends a signal to the control

system.

Sliding gates also have some safety features:

* Obstacle detection is one of them: Sensors detect things in the sliding gates path. Stop it from

closing.

* Soft-stop is another feature: The sliding gate slows down before it fully closes so it does not

hurt anyone or get damaged.

* Force limiting is also important: The sliding gates force is limited so it does not hurt anyone.

Get damaged. This makes the sliding gate really safe to use.
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Figure 2.4: Sliding Gate

Bi-fold Gates:

Bi-fold gates are a kind of gate. They are also called -folding gates or accordion gates. These

gates. Close in a zigzag pattern like an accordion. They have panels that are connected with

hinges. When you open them the panels fold inwards.

To open and close a bi-fold gate you need electrical and mechanical parts to work together. Here

is how it works:

Opening Cycle:

The control system gets a signal from a control or a sensor.

Then the motor starts working. The drive system kicks in.

The motor turns a gearbox, which makes the motors energy stronger.
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This energy is sent to a chain or belt which pulls the gates panels apart.

The panels then fold inwards. The gate opens.

A limit switch sees that the gate is fully open and sends a signal to the control system.

Closing Cycle:

The control system gets a signal to close the gate.

The motor starts working but in the opposite direction.

The gearbox turns in the direction which makes the gate move backwards.

The chain or belt moves in the direction and the gates panels come together.

The panels then unfold outwards. The gate closes.

A limit switch sees that the gate is fully closed. Sends a signal to the control system.

Bi-fold gates also have safety features.

These features include:

* Obstacle Detection: Sensors see if there is something, in the way of the gate and they stop it

from closing.

* Soft-Stop: The gate slows down before it closes all the way so it does not hurt anyone or get

damaged.

* Force Limiting: The gate does not use much force so it does not hurt anyone or get damaged.

Bi-fold gates are really useful and safe to use.
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Fi

gure 2.5: Bi-folds Gate

2.3.2 What Makes Up An Automated Gate

An automated gate has important parts including:

1. Gate Panels: These are the doors that open and close. The gate panels are a part of the

automated gate.

2. Gate Operator which is the motor: This is what makes the automated gate move. The

motor is really important for the automated gate.
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3. Control Board: This is the brain of the automated gate. It makes sure everything works

together like the sensors and the remote controls. The control board is essential for the automated

gate to function properly.

4. Sensors: These help the automated gate know if something is in the way and they make

sure the automated gate is working safely. Sensors are crucial for the safety of the automated

gate.

5. Power Supply: This gives power to the motor and the control system of the automated

gate.

6. Transmission System: This is what helps the motor move the automated gate. It can be a

chain or a belt.

7. Track: This is what the automated gate moves on. The track is a part of the automated

gate.

8. Posts or Columns: These hold up the automated gate and the rail or track. The posts or

columns provide support to the automated gate.

9. Safety Features: These are things like obstacle detection and soft-stop. They help keep

people safe around the automated gate.

10. User Interface: This is how people control the automated gate. They can use a control or

a keypad to operate the automated gate.

11. Battery Backup: This gives power to the automated gate when the electricity is out. The

battery backup is useful during power outages.

12. Access Control Systems: This is what connects the automated gate to security systems.

The access control systems provide a layer of security to the automated gate.

13. Maintenance Alerts: These let people know when the automated gate needs to be fixed.

The maintenance alerts are helpful in keeping the automated gate in condition.
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2.4. How An Automated Gate Is Controlled

There are ways an automated gate can be controlled. These include:

1. Remote Control Systems

2. Sensor-based Control Systems

3. Keypad-based Control Systems

Remote Control Systems are really convenient. They let people open and close the automated

gate from a distance. The main parts of a Remote Control System are:

1. Transmitters: These are the controls that people use to send signals to the automated

gate.

2. Receivers: These are the parts that get the signals from the transmitters. They are

installed in the automated gate control system.

3. Radio Frequency or Wi-Fi Signals: These are how the transmitters and receivers talk to

each other. The signals are used to communicate between the transmitter and receiver.

4. Encryption and Security Codes: These make sure only the right people can open the

automated gate. The encryption and security codes provide security to the automated gate.

5. Multi-User Capability: This means lots of people can use the automated gate with their

remotes. The multi-user capability is useful for shared automated gates.

There are kinds of remote control systems for automated gates. These include:

1. RF Remote Control: This is the kind. It uses radio frequency signals to control the

automated gate.
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2. Wi-Fi Remote Control: This kind uses the internet. It lets people control the automated

gate with their smartphones. The Wi-Fi remote control provides convenience and flexibility.

3. Infrared Remote Control: This kind uses signals. However it is not used much because

it does not work very far away. The infrared remote control has limited range. Is not as popular,

as other types.

Features of automated gates include:

1. You can control one gate or many gates with one remote.

2. The code changes every time you use the remote so it is more secure.

3. The gate tells you if it is open or closed so you know what is going on.

4. The remote works from far away usually up to 100 feet and it always sends a good signal.

There are sensor-based control systems for automated gates. These systems use sensors to make

sure the gate works safely and efficiently. Some important sensors are:

1. Photocells, which are like beams that detect things in the way so the gate does not close.

2. Inductive loops that detect cars. Then the gate opens or closes.

3. Magnetic sensors that check the gates position. It is aligned right.

4. Safety edge sensors that detect things in the way and make the gate go back.

5. Radar sensors that detect cars coming. Then the gate opens.

6. Video cameras that watch the area around the gate so you can see what is going on.

7. Pressure sensors that detect things in the way so the gate does not get damaged.
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These sensors help with things like:

1. Detecting obstacles so the gate does not close if something is in the way.

2. Detecting cars so the gate. Closes for them.

3. Checking the gates position so it is always right.

4. Protecting the gate from obstacles so it goes back if something is in the way.

5. Managing traffic so cars do not get stuck.

There are also keypad-based control systems for automated gates. These systems let you enter a

code to open or close the gate. The important parts are:

1. The keypad, where you enter your code.

2. The control unit, which makes the gate move.

3. The memory, which stores all the codes and user information.

4. The display, which shows you if your code is right or wrong.

The features of keypad-based control systems include:

-user capability, which means many people can have their own codes.

You can make your code long or complicated as you want so it is more secure.

You can say when people are allowed to come in. It is only, at certain times or days.

It keeps track of who comes in so you can see if someone is trying to get in who should not.

It tells the people in charge if someone is trying to get in who should not.
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There are a kinds of keypad-based control systems:

Wired keypad, which is connected to the control unit with a wire.

Wireless keypad, which sends signals to the control unit using radio waves.

Smart keypad, which works with your phone or tablet so you can get in from away.

2.5 MATERIALS AND EQUIPMENT

Building an automated sliding gate requires a blend of hardware, software, and some basic tools.

Here's what you'll need to get started:

2.5.1 HARDWARE:

1. An electric motor, either DC or AC, is the heart of the gate's movement.

2. A microcontroller, such as an Arduino or Raspberry Pi, is the brain, controlling the gate's

functions.

3. A motor driver or relay module is essential for connecting the motor to the microcontroller.

4. Limit switches or proximity sensors are used to figure out where the gate is and where it

should stop.

5. Infrared or ultrasonic sensors are used to detect things that might be in the way.

6. A remote control or RF module allows you to operate the gate from a distance.

7. The system requires a power supply unit or battery to function.

8. Solar inverters and panels are used to charge the battery when the power's out.
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9. A gear rack and pinion system is used to turn the motors rotation into movement that opens

and closes the gate.

10. The sliding gate track and rollers guide the gate as it moves.

11. You need an enclosure and wiring components to keep everything connected.

2.5.2 SOFTWARE:

1. Arduino IDE is used to program the microcontroller.

2. Proteus is used to design and test the circuit.

3. SolidWorks or AutoCAD is used to design the parts.

4. MATLAB/Simulink is used to test and analyze the system.

2.5.3 TOOLS:

1. You need screwdrivers and pliers to put things together.

2. A multimeter is used to test the circuits.

3. A soldering iron and solder are used to connect wires.

4. A drill and cutting tools are used to make the parts.

5. A measuring tape and level are used to make sure the gate is installed correctly.

1. DC Electric Motor

The DC motor is the part that turns electricity into the power needed to open and close the gate.

DC motors are often used in automated gates because they are precise, small and do not use

much power. This motor drives the gear mechanism that makes the gate move along its track.
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In gates at homes the DC motor makes sure the gate opens and closes smoothly and at the speed.

It can also change direction easily without needing to be changed.

Key Features:

● The DC motor has a lot of torque when it starts, which is important for getting the gate to

move when it is stopped or going up a hill.

● The DC motor can be reversed, which means it can open and close the gate without needing to

be changed.

● The DC motor can be controlled in time which helps prevent damage and makes it safer.

● The DC motor does not use much power, which makes it good, for systems that use solar

power.

● The DC motor is small which makes it easy to protect from the weather and people who might

try to tamper with it.
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Figure 2.6: DC Remote Control Sliding Gate Motor

2. Arduino Uno Microcontroller

The Arduino Uno is the part of the system that makes decisions. It takes information from

sensors. What the user wants and controls the motors. The Arduino Uno has programs that figure

out when and how to move the gate based on what's happening right now.

The Arduino Uno is like the brain of the gate system. It looks at the signals from sensors and

remotes. Makes decisions based on what it has been told to do. Then it sends signals to control

the gate.

Key Features:

1. The Arduino Uno has ports to connect things like limit switches and sensors and motor drivers

all at the same time.
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2. The Arduino Uno can process information. Make decisions very quickly so the gate moves

when it is supposed to.

3. The Arduino Uno is source which means people can work on it and share their ideas with

others.

4. The Arduino Uno does not need a lot of power to work which's good, for systems that use

solar panels or batteries.

5. The Arduino Uno is a choice because it is affordable and works well without costing too much.

Figure 2.7: Arduino Uno Microcontroller

3. L298N Dual H-Bridge Motor Driver

The L298N motor driver lets your Arduino control a DC motor without breaking a sweat. Think

of it as a bridge between the tiny signals from your Arduino and the beefier power the motor

needs.
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With the L298N, you control both the speed and the direction of your motors. Want your motor

to zip along, slow down, or reverse? This board has you covered. Plus, it protects both your

Arduino and the motor from sudden surges of electricity that could fry your circuit.

A few things that make the L298N handy:

* You can run two DC motors at once, or swap in a stepper motor instead. That means more

ways for you to build your project.

* Changing the motor’s direction is easy. Just flip the signal LOW or HIGH on the right pins,

and the motor spins the other way.

* There’s a built-in heat sink to stop things from overheating. Super helpful if you’re running

projects that go for longer stretches.

* The L298N includes diodes that shield your electronics from nasty voltage spikes. So, you

don’t have to sweat about unexpected shut-downs.

* It works with motors needing up to 46 volts, which means it can handle a bunch of different

motors without any trouble.
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Figure 2.8: L298N Dual H-Bridge Motor Driver

4. Limit Switches

These are the things that help figure out when the gate's all the way open or closed. They are like

a safety net to stop the motor when it gets to the end of its path.

The Limit Switches do an important job, which is to make sure the gate does not go too far and

get broken. They tell the controller where the gate's

Key Features:

1. The Limit Switches can tell us where the gate is so we know when it is open or closed.

2. If something goes wrong the Limit Switches will stop the gate from moving before it gets

broken.
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3. The Limit Switches are made to last a time even when they are used a lot to open and close the

gate.

4. The Limit Switches do not take up a lot of space so they are easy to put on the gate or the track.

5. The Limit Switches are simple to connect to the rest of the system they just need to be able to

tell when they are, on or off.

Figure 2.9: Limit Switches
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Quick Response Tim5. Ultrasonic Sensor (HC-SR04)

The Ultrasonic Sensor measures how far things are between the gate and anything that might be

in the way. This is really important for keeping people and cars safe.

It can find things in the way without touching them. So if someone, an animal or something is in

the way when the gate is closing it will. Open back up.

Key Features of the Ultrasonic Sensor are:

1. It uses a way to figure out how far things are by sending out sound waves and then getting

them back.

2. The Ultrasonic Sensor can detect things from a short distance of 2 cm to a long distance of 4

meters, which is good for watching how long the gate is.

3. The Ultrasonic Sensor makes sure the gate moves at the time so nobody gets hurt.

4. The Ultrasonic Sensor works well in different light conditions it is not, like other sensors that

do not work well when it is dark or light.

5. The Ultrasonic Sensor does not use a lot of power it runs well on an amount of power that is

controlled by a microcontroller.

Figure 2.10: Ultrasonic Sensor

6. RF Remote Control (433 MHz)

The RF transmitter and receiver work together to let you open and close your gate without

touching it. You can send a command to open or close the gate using the RF control.
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RF remote controls make things easier for people because they let you open the gate without

being next to it. People like to use RF controls for the gates at their homes because they do not

cost a lot are easy to use and the signal goes far.

Key Features:

1. The RF remote control can send a signal a way. It works up to 100 meters when there are no

buildings in the way.

2. The RF remote control and receiver can be paired together so that only the right remote

control can open the gate.

3. When you press a button, on the RF control the gate opens or closes right away.

4. The RF remote control is small and light so it is easy to carry around every day.

The RF remote control can also do things like turn on lights or open the gate for people who are

walking.

figure 2.11: RF Remote Control

7. 12V Deep Cycle Battery
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The 12V Deep Cycle Battery is a battery that stores the energy the gate automation system needs

to work. It is the power source or a backup for the system especially when the system is not

connected to the power grid or it is powered by solar energy.

The 12V Deep Cycle Battery makes sure the system keeps working when the power is out or it is

a cloudy day.

Key Features:

1. The 12V Deep Cycle Battery can hold its charge for a time. It was made to lose its power

slowly even when it is used a lot.

2. The 12V Deep Cycle Battery is good at handling cycles. It can be charged and discharged

many times without getting damaged.

3. The 12V Deep Cycle Battery gives a voltage output. This means the system will always work

properly.

4. The 12V Deep Cycle Battery does not need maintenance. It is closed tight so the user does not

have to do much to it. The 12V Deep Cycle Battery is also compatible, with energy. It can be

easily connected to systems that use energy from the sun.
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Figure 2.12: 12v Deep Cycle Battery

8. Solar Panel with PWM Charge Controller

The panel turns sunlight into electricity. This electricity charges the battery using the panel with

PWM charge controller. The solar panel with PWM charge controller has a controller that

regulates the charge level. This helps to avoid damaging the battery.

The solar panel with PWM charge controller provides an energy source. This means the gate can

work on its own without needing electricity from the power grid. The solar panel with PWM

charge controller is great for homes in areas.

Key Features:

● The solar panel with PWM charge controller generates energy. This is good for the

environment.

● The solar panel with PWM charge controller has voltage regulation. The charge

controller stops the battery from getting much or too little charge.
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● The solar panel is weatherproof. This means it can withstand the outdoors.

● The solar panel with PWM charge controller uses a PWM charging algorithm. This helps

the battery longer and charge better.

● The solar panel with PWM charge controller is reliable when the power is out. This

means it can work during blackouts or in areas, from cities.

Figure 2.13: 60Watt Solar Panel
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Figure 2.14: 30A Charge Controller

9. Gear Rack and Pinion Drive

This system helps turn the motion of the motor into the straight motion that is needed to move

the gate. The gear rack and pinion system is very important for the gate to move in a line. The

gear rack and pinion system is good for sliding gates because it is precise and strong, for heavy

gates.

Key Features:

● The gear rack and pinion drive can handle a lot of weight. It can move gates that weigh

hundreds of kilograms.

● The gear rack and pinion drive reduces backlash. This means it fits together perfectly

without much room to move.

● The gear rack and pinion drive moves the gate in a line. It makes sure the gate moves

evenly along the track.

● The gear rack and pinion drive is quiet. It does not make a lot of noise when it is moving.

The gear rack and pinion drive needs little maintenance. You only need to put oil on it

sometimes.
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Figure 2.15: Gear Rack

10. Sliding Track and Heavy-Duty Gate Rollers

The Sliding Track and Heavy-Duty Gate Rollers work together to make the gate move smoothly.

The track is, like a path that the gate follows and the rollers help the gate move.

The Sliding Track and Heavy-Duty Gate Rollers make sure the gate moves up and down

smoothly. They hold the weight of the gate. Keep it on track the whole time.

Key Features:

● The Galvanized Steel Track is strong and does not rust easily. It can handle gates.

● The Ball-Bearing Rollers make the gate roll smoothly and do not get stuck.
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● The Sliding Track and Heavy-Duty Gate Rollers can handle bumps and shocks without

breaking.

● The Weather Resistant Design means the Sliding Track and Heavy-Duty Gate Rollers can

withstand rain or dust outside.

● The Stable Gate Alignment means the gate will not jump off the Sliding Track and get

stuck.

Figure 2.16: Sliding Track and Heavy-Duty Gate Rollers

2.6 Benefits Of Automated Gates In Homes

Automated gates for homes have a lot of things about them. These include:

1. Security: You have more control over who comes in and out of your home because you can

control the gates

Automated gates for homes give you entry points.
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2. Convenience: It is easy to get in and out of your home with automated gates for homes

because you can use a control or keypad.

3. Increased Property Value: Automated gates for homes make your home look nicer and more

modern from the outside.

1. Privacy: Automated gates for homes help keep your property private and enclosed.

2. Safety: Automated gates for homes protect you from people you do not want to visit your

home.

Automated gates for homes also protect you from threats.

3. Reduced Maintenance: Automated gates for homes do not need much maintenance as other

types of gates.

Automated gates for homes reduce the wear and tear on your gates and the area around

them.

4. Accessibility: Automated gates for homes make it easier for people with mobility issues to get

in and out.

5. Customization: You can get automated gates for homes in different designs and materials.

Automated gates for homes also have features that you can choose from to suit your

preferences.

6. Energy Efficiency: You do not have to open and close automated gates for homes by hand.

7. Peace of Mind: Automated gates for homes give you peace of mind because you have

controlled access to your home and property.

8. Increased Curb Appeal: Automated gates for homes make the entrance to your property look

nice and modern.
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Automated gates for homes make your home look attractive, from the outside.

CHAPTER 3

METHODOLOGY
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3.1 MODE OF OPERATION

This project is about designing and simulating an automated gate for homes using SolidWorks

software. We made a model put the parts together and simulated how the gate moves. The gate

works with a mechanism that changes the motors round motion into straight motion. This makes

the gate slide open or closed along a fixed track. The gate has rollers and wheels that help it

move smoothly and steadily.

The simulation shows how the gate opens and closes when it gets a command. This happens

when torque is applied to a gear, which then moves the part attached to the gate. We used

SolidWorks Motion Study to see how the gate moves how fast it goes and what forces are at

work. We also added some limits to the model to stop the gate from moving far. This makes the

simulation more realistic.

Using SolidWorks is great for this kind of project. It is easy to use, for people who are new to

designing and simulating. We can see how the parts move find problems and test forces without

having to build a model. This saves time and money. SolidWorks also combines designing,

simulating and analyzing in one place, which makes the whole process simpler.

Another good thing about SolidWorks is that it is available to students. The company offers

licenses and versions for students so they can use the same software that professionals use. Many

schools have SolidWorks. There are lots of online resources to help students learn. This makes

SolidWorks a great tool for people who want to learn about designing and engineering. Overall

SolidWorks is an versatile tool that is good for both professionals and students who want to

design and simulate mechanical things, like the automated residential sliding gate.
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Figure 3.1: Complete Automated Residential Gate Model

3.2 MATERIALS USED

In this study we used SolidWorks to make models of all the materials. We made each part

separately. Then put them together to make the complete automated gate system. We Tested all

the parts of the automated residential sliding gate system using SolidWorks 2023. We used the

material libraries and motion analysis tools in SolidWorks to make the parts behave like they

would in the real world. This way we could see how they would react to weight and movement

and how they would work together. We gave each part the material properties so it would work

correctly in the system. This let us test how the sliding, rolling and weight-bearing parts would

work.

The main parts we modeled and the materials we used are listed below:

1. Gate Frame

2. Wheel System

3. Track Assembly

4. Wheel Frame
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5. Rollers

6. Rack and Pinion Mechanism

7. Nuts and Bolts

8. Base Compound/Foundation

9. Gate Panel

10. Motor shaft assembly

1. Gate Frame

First we made a drawing of the gate using the Draw.io online design tool. This was a starting

point to help us figure out the basic layout before we made the 3D model. The drawing showed

the frame the parts that support the rollers the track that the gate slides on and where the motor

would go. This gave us a picture to work from when we started making the model in SolidWorks.

Figure 3.2: Conceptual Sketch of the Sliding Gate Design
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The idea for the gate was figured out. Then the gate frame was made in SolidWorks. This was

done to see how the structure would work to simulate how it would move and to make sure all

the parts would fit together correctly. The design in SolidWorks showed the gate in a lot detail

and made it look more real. It included what materials would be used, how the parts would be

connected and how it would move.

The gate frame is the part of the sliding gate system. It gives the gate its strength and stability. It

is also where other parts, like the wheel frame the rack and the gate panel are attached. The

frame was designed using steel because it is very strong and can handle heavy loads without

breaking. When the gate was simulated the gate frame was the part that moved and it was made

to move in a straight line using the wheel system. The gate frame is an important part of the

sliding gate system and it was made to work well with the other parts.

Figure 3.3: Gate Frame Model in SolidWorks

1. Gate Panel

The gate panel is what you see on the sliding gate. It is attached to the gate frame. The gate panel

is made of steel or aluminum. This is because we want the gate to be strong, but not too heavy.
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The gate panel is a part of the gate and it affects how the gate moves. It also affects how the gate

looks. The gate panel is important, for the gates appearance.

Figure 3.4: Gate Panel in SolidWorks

1. Rollers

The Rollers are really important because they are the parts inside the wheel system. They are the

things that touch the gate and the track. We use materials, like stainless steel or steel with a

rubber cover to make the Rollers last longer and move smoothly. This also helps to stop the gate

from shaking much. We used a program called SolidWorks to see how the Rollers would move

on the track. This program helped us make sure the Rollers do not slip when they are moving.

First we drew a picture of the Roller system using SolidWorks. This picture showed us how the

Rollers would help the gate move smoothly along the track. The picture also showed where the

Rollers would be placed on the gate and how they would be connected to the frame. This was

really helpful to see how the Rollers and the gate and the track would all work together. The

Rollers are a part of this system because they support the gate and guide it when it is moving.
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Figure 3.5: Sketch of the Roller Assembly

After the idea was thought of the roller system was made in SolidWorks to see how it was

shaped what it was made of and how it touched the track. The test made sure the rollers could

handle the weight of the gate without any problems and that they stayed steady and did not rub

against anything much when they were moving. The rollers were checked to make sure they

could handle the gates load.

Figure 3.6: Roller Model in SolidWorks
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Figure 3.7: Sketch of the Wheel Frame

1. Wheel Frame

The wheel frame holds up the wheel system. Carries the weight of the gate. It keeps the gate on

track. Stops it from going off course. We used steel because it is strong and does not rust easily.

When we tested it the wheel frame helped move the gates weight to the wheels keeping

everything. The design of the wheel frame started with a drawing in SolidWorks. This drawing

showed where and how the supporting wheels should be placed. These wheels help spread out

the gates weight and guide it as it moves along the track. The drawing was the starting point, for

figuring out the wheels position.
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Figure 3.8: Wheel Frame Assembly in SolidWorks

1. Track Assembly

The track assembly is what the sliding gate follows. It is like a steel rail that is fixed above the

base. We used steel for the track assembly because it is strong and does not rust easily. The track

assembly helps the gate move smoothly along a line. We used a tool, in SolidWorks to make sure

the gate moves nicely along the track assembly.

Figure 3.9: Track Assembly in SolidWorks
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6. Wheel System

The wheel system is an assembly that has rollers, nuts and bolts all together.

It helps the gate move smoothly by reducing the friction between the gate and the track.

Two wheel systems are placed under the gate frame.

This helps to spread the weight of the gate.

In SolidWorks I used a connection to the track to make sure the gate moves in a straight line.

This makes the gate slide, in a way.

The wheel system helps to make the gate move smoothly on the track.

Figure 3.10: Wheel System Assembly in SolidWorks

7.Rack and Pinion Mechanism

The rack and pinion assembly helps to turn the motors motion into back and forth gate motion.

The pinion gear is attached to the motor shaft.
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The rack is fixed to the gate base.

Both parts are made from steel for accuracy and to prevent wear.

A gear mate in SolidWorks was used to make sure the motion conversion is accurate.

This helps to simulate how the gate opens and closes realistically.

The rack and pinion assembly is important for this.

It makes sure the gate moves smoothly.

The rack and pinion work together, for this.

Figure 3.11: Rack and Pinion Mechanism in SolidWorks

8. Motor Shaft Assembly

The motor shaft assembly is what drives the gate. It does this with the help of the rack and pinion

system. We thought of the motor shaft assembly as a motor that is connected to a strong rod.

This rod is called a shaft. The motor shaft assembly was given a torque of 20 Nm and a speed of

1400 RPM. This is what the motor shaft assembly would be like, in life. When we simulate this

the motor shaft assembly is what makes the gate move. It does this by turning around which's the

rotational input that the gate needs to start moving.
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Figure 3.12: Motor Shaft Assembly in SolidWorks

9. Nuts and bolts

Nuts and bolts are really important because they hold parts together like the wheel frame and the

track and the rack mountings. The reason we used carbon steel for nuts and bolts is that they

need to be very strong so they can keep everything in place. We used a program called

SolidWorks to make sure all the nuts and bolts were lined up properly.

We made a model in SolidWorks to show where the nuts and bolts go in relation to other key

parts like the roller brackets and the motor housing and the gate frame joints. This model helped

us see how all the parts would fit together and how the nuts and bolts would keep them secure.

We used nuts and bolts to connect all these parts because they are good, at keeping things in

place.
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Figure 3.13: Sketch of the Nuts and Fasteners

I used SolidWorks to make models of the nuts and fasteners. Then I put these models into the

gate assembly. This was done to make sure that everything lined up perfectly and worked well

together,

The assembly simulation showed that all the parts were attached well. This means that the nuts

and fasteners and the gate assembly will not come loose when they are moved back and forth a

lot or when they vibrate. The nuts and fasteners and the gate assembly will stay in place.

Figure 3.14: Nuts in SolidWorks
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Figure 3.15: Bolts in SolidWorks

10. Base Compound

The base compound is really important because it is the foundation that the entire gate and track

assembly is built on. It gives the gate a lot of stability. Helps absorb the forces that happen when

the gate is moving. We made a model of the base compound, in SolidWorks and we treated it

like it was not moving so it could be the base that we attach the track and other parts to. The base

compound is a foundation that supports the gate and track assembly.
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Figure 3.16: Base Compound/Foundation in SolidWorks

The gate frame was made from steel which gives it the strength and rigidity it needs. The wheel

system and rollers help the gate move smoothly along the track. The rack and pinion assembly is

the part that changes the motors energy into motion. Nuts and bolts were used to hold everything

so it looks like a real gate. The base is like a floor that gives the gate a firm base to stand on.

3.3 DATA AND ANALYSIS

We used SolidWorks to see how the gate would work in real life. We put in numbers that're like

real life to test the gate. We looked at the gates weight the motors power and the friction to see

how smooth the gate moves how fast it goes and how well it works. We made the gate smaller

than an one to make it easier to test.

Input Parameters:

• Gate Width: 4 meters

• Gate Height: 1.8 meters

• Estimated Gate Mass: 170 kilograms

• Friction Coefficient: 0.03
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• Motor Torque: 20 Nm

• Motor Speed: 1400 RPM

• Gear Ratio: 80:1

We got data from the test like how the gate moved over time how the torque changed and the

forces that touched each other. We looked at these results to make sure the gate moved smoothly

without shaking much.

3.4 CALCULATIONS

We did some math to figure out what numbers we needed to put into the test.

First we calculated the force needed to move the gate:

Force = friction coefficient times mass times gravity = 0.03 times 170 times 9.81 = 50 Newtons

Where Force's the force needed friction coefficient is how slippery something is, mass is how

heavy the gate is and gravity is the force that pulls everything down.

Then we calculated the torque or rotational force needed:

Torque = force times radius = 50 times 0.05 = 2.5 Nm

Where Torque's the rotational force force is the force needed and radius is the distance from the

center of the gear to the edge.

We also calculated the power needed:

Power = torque times speed = 366 Watts or 0.5 horsepower

Where Power is the energy needed torque is the rotational force and speed is how fast the motor

goes. We used these numbers in the test to make sure the torque and speed were like real life.

3.5 SELECTION OF MATERIALS
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We picked materials that're strong last a long time and work well with the gate model. Each

material in the model acts like it would in life. The mild steel gate frame is strong and rigid. The

wheel system and rollers are durable. Can handle the gates weight. The rack and pinion assembly

is made to change the motors energy into motion. We chose these materials because they are,

like the thing.

Component Material Reason for Selection

Gate Frame Mild Steel Provides high strength and

rigidity.

Track Galvanized Steel Resistant to corrosion and

deformation.

Wheels Rubber-Coated Steel Enables smooth rolling and

noise reduction.

Wheel Frame Stainless Steel Offers strong load-bearing

capacity.

Rollers Stainless Steel Reduces friction and

maintains balance.

N Rack and Pinion Hardened Steel Ensures precision and wear

resistance.

Nuts and Bolts Carbon Steel Provides firm fastening and

structural integrity.

Base Compound Concrete (Simulated) Provides a stable

foundation for movement.

Table 3.1: Material Selection

3.6 Operational Flow Chart

The automated gate simulation works in an order:

1. It starts when we give the command.
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2. Then we apply torque to the motors pinion gear.

3. This makes the rack move back and forth which opens the automated gate.

4. The wheels and rollers help keep the gate moving smoothly.

5. The automated gate stops when it reaches the limit.

6. When we give the command the torque goes in the other direction.

7. The automated gate then goes back, to the position.

8. The simulation is done when the automated gate reaches the limit.

Figure 3.17: Gate Motion Sequence Flow Chart in SolidWorks

3.7 How To. Set Up The Simulation
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We put the gate together using the SolidWorks Assembly workspace. We took each part that we

designed in the Part environment and brought it into the workspace. Then we lined them up

properly using mating constraints.

Step 1: Adding The Components

We brought in all the parts using the Insert Components command. First we fixed the base

compound in place to give everything a foundation. Then we put the track above it. Made sure it

was aligned properly.

Step 2: Assembling The Wheels And Rollers

We attached the wheels to the bottom of the gate frame using mates. This lets the wheels turn

around. We lined up the rollers with the track using revolute mates. This makes sure the rollers

move smoothly along the track. The automatic gate has wheels and rollers that work together to

make the gate open and close. The wheels and rollers are parts of the automatic gate.

Figure 3.18: Wheel and Roller Assembly in SolidWorks
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Step 3: Rack and Pinion Integration

The rack was placed along the part of the gate. The pinion was attached to the motor shaft. A

gear mate was defined between both to transmit motion to linear movement.

Step 4: Fastening and Structural Assembly

Nuts and bolts were used to connect parts. These parts included the wheel frame and support

base. The connections were aligned properly.

Step 5: Motion Study Setup

A motion study was created. This study simulated gate movement. Torque was applied to the

pinion gear. Contact sets were established between the rollers and the track. Gravity and friction

were enabled. The gates start and end positions were defined. This prevented over-travel.

Step 6: Running Simulation

The simulation was run. The gate. Closed within set boundaries. The analysis showed torque

transfer. It also showed load distribution and smooth motion of rollers and wheels.

3.8 CIRCUIT DESIGN

The circuit was designed. Proteus Software was used for the design. The code, for the design is

shown below:
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3.8.1 How The Circuit Works

1. Making Power:When we run the simulation the solar panels, which are SOL1 and SOL2

make current power. Since they are connected together the total current they make is the sum of

the currents from each panel.

2. How The Current Flows: The current from the panels flows through a part called the

blocking diode D1. This helps with charging the battery. If the power from the panels is stronger

than the power in the battery BAT1 then the battery gets charged.

The blocking diode D1 also helps protect the battery. If the power from the panels gets weaker

than the power, in the battery then the diode stops the battery from losing its power through the

panels.

3. Using The Power: The battery gives power to a circuit that has a part called R1 and a light

called D2. When the battery has power it flows through R1, which limits how much power goes

through and it makes the light turn on.

This is an example of a circuit that uses solar power to charge a battery and power something,

like a light. It is used to show how the Proteus circuits work.
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3.8.2 Circuit Component Analysis

The circuit is made up of three parts: the Controller, the Switching/Power Stage and the

Output/Filter Stage.

1. The Controller, which is U2 is like the brain of the inverter.

It makes the signals that the power stage needs to work.

The Controller has pins like RC0, RC1 and RC2 which're part of a PIC Microcontroller.

This microcontroller makes the signals that the power stage needs to turn on and off.

2. The Switching/Power Stage has parts like Q1, Q2, R1, R2 and C1.

Q1 and Q2 are the power switching parts.

They are kinds of transistors called MOSFETs.

These MOSFETs are used because they can turn on and off quickly and do not waste a lot of

energy.

Q1 and Q2 are connected in a way called push-pull.

This means that when Q1 is on Q2 is off and when Q2 is on Q1 is off.

The Controller tells Q1 and Q2 when to turn on and off.

R1 and R2 are resistors that help the MOSFETs turn on and off.

They make sure the MOSFETs get the voltage when they need it.

C1 is a capacitor that helps with turning on and off.

3. The Output/Transformer Stage has parts like TR1 and C2.

TR1 is a transformer that changes voltage from the battery into high voltage.

The transformer has two parts that the MOSFETs connect to.

When Q1 is on current goes through one part. When Q2 is on current goes through the other part.

This makes a field that changes quickly.

This changing magnetic field makes voltage in the other part of the transformer.

C2 is a capacitor that connects to the output of the transformer.

It helps make the output voltage smoother and gets rid of noise.

3.8.3 Circuit Operation

1. The Controller makes two signals that're like square waves.

These square waves are opposite to each other.

2. The square waves tell Q1 and Q2 when to turn on and off.



72

3. When Q1 is on current goes through one part of the transformer.

When Q2 is on current goes through the part.

This makes a field that changes quickly which turns the low voltage from the battery into a

square wave.

4. The transformer makes the wave into a much higher voltage.

5. The capacitor C2 helps make the high voltage smoother and more useful.

The Controller and the transformer and the capacitor all work together to make the circuit work.

The Switching/Power Stage and the Output/Transformer Stage work together to make the

voltage that we need.

The circuit is like a team with each part doing its job to make the whole thing work.

The Controller is like the leader telling the parts what to do.

The transformer is like the muscle making the voltage that we need.

The capacitor is, like the filter making the voltage smoother and more useful.
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This circuit is a representation of a Microcontroller-based Access Control System. It uses an

Arduino UNO board to manage the input from the keypad the output on the LCD. To control an

external device like a relay.

3.8.4 Circuit System Analysis

The circuit has four parts: the Microcontroller, the Input Device, the Output Display and the

Control Device.

1. The Microcontroller is the Arduino UNO. This is the brain of the system. It runs the program

code that tells the system what to do like checking a password. It talks to the keypad sends data

to the LCD and controls the relay. The digital I/O pins are used to connect to all the parts.

2. The Input Device is the KEYPAD PHONE, a 4x4 Keypad. This is how the user puts in their

security code or password. It is connected to the Arduino using input/output pins. The Arduino

checks the keypad by turning the row pins on and off and seeing which key is pressed.

3. The Output Display is the LCD1. This shows messages to the user like "Enter Code" "Access

Granted" or "Access Denied". It is connected to the Arduino using a 8-bit parallel interface.



74

4. The Control Device is the Relay. This is like a switch that can turn things on and off. It

controls a high-power device, like a door lock or a light. The relay is connected to the Arduino

using one output pin. When the Arduino sends a signal the relay turns on. Controls the device.

System Operation

This is how the system works:

1. The Arduino asks for a code. Shows a message on the LCD.

2. The user enters their code using the Keypad. The Arduino checks the keypad all the time to

see which key is pressed.

3. The Arduino checks the code against a code stored in its memory.

4. If the codes match the Arduino sends a signal to the Relay, which turns on the device like

unlocking a gate. The LCD shows "Access Granted". If the codes do not match the Arduino

keeps the Relay off. Shows "Access Denied" on the LCD.

This is a design for a Microcontroller-based Access Control System, which can be used in many

security or industrial control applications. The Microcontroller-based Access Control System

uses the Arduino UNO board to manage everything. The Microcontroller-based Access Control

System is an effective way to control access, to a place or a device.
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This circuit is a way to make a H-Bridge Motor Controller. It uses relays to control the direction

of a DC Motor.

Circuit Component Analysis

1. The Power Source B1, B2, B3 are Batteries that're 12V. These batteries are connected in

parallel. This means the positive terminals are tied together and the negative terminals are tied to

ground.

The H-Bridge Motor Controller needs these batteries to work. They give the 12V DC power and

current to run the relay coils and the DC Motor. When we connect the batteries in parallel we get

current capacity while keeping the voltage at 12V.

2. The Switching Elements are the H-Bridge. We have RL1 and RL2 which're Relays. These

relays are Single Pole, Double Throw. They are the parts of the H-bridge structure.

A relay works by using a current to control a much bigger current.

Each relay has a parts:

A Coil which switches the contact when it is energized.

A Common terminal that is connected to the DC Motor.

A Normally Closed terminal that is connected to the ground side of the power.

A Normally Open terminal that is connected to the side of the power.

3. The Load is the DC Motor. This is the part that we want to control. We want to control the

direction it rotates. The DC Motor terminals are connected to the contacts of the two relays, RL1

and RL2.

Circuit. Direction Control. This circuit is designed to control the DC Motor direction by

changing the polarity of the voltage across its terminals. The four switchable contacts create an

'H' pattern around the DC Motor.

The DC Motor direction is determined by which relay or relaysre energized. This means we give

12V to the coil.

Detailed Operation for Forward

1. We energize the RL1 Coil by giving it a signal.

2. The RL1 contact switches from Normally Closed to Normally Open. The top terminal of the

DC Motor connects to the supply line.

3. We do not energize the RL2 Coil.
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4. The RL2 contact stays at Closed. The bottom terminal of the DC Motor connects to the ground

line.

5. Result: The DC Motor has 12V across it. The top is positive. The bottom is negative. This

makes the DC Motor spin, in the FORWARD direction.

By controlling the two relay coils the H-Bridge Motor Controller circuit can switch the DC

Motor direction safely.

Figure 3.19: Circuit Diagram

This final Solar-Powered Automated System combines the parts we saw in the previous simpler

circuits. It is a Smart Gate System.

Combined System Analysis

The entire circuit can be broken down into five parts

1. Power Generation and Storage

This is from the step. We have SOLAR PANELS, two of them connected together BATTERIES

UNIT with batteries and the charging circuit.
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The Solar-Powered Automated System gets its power from this section. The solar panels turn

light into electricity, which is used to charge the BATTERIES UNIT. This way the Solar-

Powered Automated System has power all the time even when the sun is not shining.

2. DC-to-AC Conversion

This is the INVERTER part, which we saw in the step. It has switching parts, a transformer and

filters.

The Solar-Powered Automated System uses this part to change the voltage power from the

BATTERIES UNIT into higher voltage power. This power is used by the CONTROL BOX or

other parts that need it.

3. Microcontroller and User Interface

This part is from the step. We have the ARDUINO, the KEYPAD and the DISPLAY SCREEN.

The Solar-Powered Automated System uses the KEYPAD for the user to enter a code. The

ARDUINO then checks the code. Does what it is supposed to do. The DISPLAY SCREEN

shows the user what is happening like "Enter Code" or "Access Granted".

4. Control

This part is new. Has many things. We have the ULTRASONIC SENSOR, the LIMIT SWITCH,

the 12V MOTOR and the CONTROL BOX.

The Solar-Powered Automated System uses these parts to automate things. The ULTRASONIC

SENSOR measures how away something is. The LIMIT SWITCH checks if the gate is fully

open or closed. The 12V MOTOR moves the gate. The CONTROL BOX has the relays and

switches that control the 12V MOTOR.
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5. Interconnection and System Flow

The Solar-Powered Automated System works in a loop.

1. The user enters a code on the KEYPAD or the ULTRASONIC SENSOR detects something.

2. The ARDUINO checks the code or the sensor. If it is correct it sends a signal.

3. The ARDUINO sends a signal to the CONTROL BOX.

4. The CONTROL BOX sends power from the BATTERIES UNIT to the 12V MOTOR to open

or close the gate.

5. The LIMIT SWITCH checks if the gate is fully open or closed and sends a signal back, to the

ARDUINO to stop the motor.

6. The BATTERIES UNIT powers all the parts. Is charged by the SOLAR PANELS. The Solar-

Powered Automated System keeps working because it has power all the time.

CHAPTER 4
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DISCUSSION OF RESULTS

4.1 Anticipated Outcomes

The simulation was expected to show that the gate would slide smoothly and steadily. It was also

expected to demonstrate that the motor rotation would be accurately changed to linear movement

through the rack-and-pinion mechanism. Additionally all mechanical parts were supposed to

work properly without colliding.

4.2 Analysis of Results

The SolidWorks simulation showed that the gate moved smoothly along the track. The rack-and-

pinion mechanism effectively changed the motion into linear movement. All components stayed

aligned. No interference occurred. The Proteus control simulation demonstrated motor activation

and accurate stopping at virtual limit points.

4.3 Testing and Performance

The automated residential gate system's performance was evaluated using simulations. The

primary objective was to confirm its reliability, safety, and control precision. This project

involved an analysis of the gate system's behavior under simulated scenarios.

SolidWorks was used for motion and Proteus was used for electronic control design.

In SolidWorks the gate was modeled as a sliding system. Its operation was simulated using the

Motion Study environment. The main objective was to analyze how the rotational motion of the

DC motor was changed into motion of the gate. The results showed stable motion throughout the

opening and closing cycles. The rollers maintained alignment. The torque was efficiently

transmitted from the motor to the gate structure.

In Proteus the electronic control circuit was simulated. The goal was to test the operation of the

automated system. A microcontroller was programmed to manage the gates movement. It
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responded to control inputs from wireless modules. The simulation verified the function of

sensors. These included obstacle detection and limit switches.

Forms of Simulation Testing

1. Functional Testing

Functional testing checked if all subsystems worked as intended.

- Motor Simulation: The DC motors rotation was accurately modeled. The resulting gate

motion was analyzed to confirm torque transfer and response time.

I. Gate Movement: The SolidWorks motion study verified that the sliding mechanism moved

smoothly. It completed an open and close cycle without misalignment.

II. Control Logic: In Proteus the microcontrollers program correctly executed commands. It

opened, closed and stopped the gate based on user inputs.

2. Safety Testing

Safety features were tested virtually. The goal was to ensure system operation.

I. Obstacle Detection: Infrared sensors, in Proteus were simulated. They stopped the gates

movement when an object interrupted the path.

I. Limit Switches: The virtual limit switches were designed to ensure the gate halted precisely at
its fully open and fully closed positions. This mechanism effectively prevented the gate from
overextending or sustaining undue strain.

II. Emergency Stop Logic: The control program included an emergency stop function. We put
this feature through its paces to confirm it would halt the gate's movement if an issue arose.

3. Performance Testing

The performance testing was done to see how well the gate moved and responded:
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I. Motion Response: The motion graphs from SolidWorks showed that the gate accelerated and
slowed down smoothly. This meant the speed control was working well.

II. Torque and Load Analysis: The simulation showed that the motor had power to move the gate
without making it unstable or putting too much stress on it.

III. System Responsiveness: In Proteus when a command was given the gate moved away and
consistently. This showed that the control system was working well.

4. Integration Testing

The integration testing was done to see how the mechanical and electronic parts of the gate
worked together:

I. System Coordination: The signals, from Proteus were matched with the SolidWorks model to
see if the virtual control logic could really control the gates motion in the world.

II. Synchronization: The timing of the motor turning on the sensor feedback and the gate moving
was checked to make sure everything worked smoothly.

III.. Automation: The obstacle detection and limit switch logic were tested together to make sure
the safety features were working properly with the automation.

5. Reliability and Usability Testing

The reliability testing was done to see if the gate system was consistent and easy to use:

I. Repeated Cycles: The gate was. Closed many times in the simulation to make sure it worked
well every time.

II. User Interaction: The virtual commands using Bluetooth or RF modules showed that the gate
responded quickly and was easy to control.

4.4 Challenges Faced and Addressed

When designing and simulating the automated sliding gate system many challenges came up.
These challenges happened in both the SolidWorks simulation and the Proteus electronic design
stages. Each challenge was found, analyzed and fixed to make sure the final simulated system
worked well and met the projects goals. The automated residential sliding gate system was tested
times to make sure it was reliable and consistent. The automated residential sliding gate system
was also checked to see if it was easy to use. The automated residential sliding gate system had
to be able to stop at the fully open and fully closed positions, which was done using the virtual
limit switches. The automated residential sliding gate system also had to have an emergency stop
feature, which was tested many times.
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1. Mechanical Assembly and Alignment Challenges

One of the problems I had when I was working on the SolidWorks part was making sure that all

the mechanical parts were put together and lined up correctly. The sliding gate and the rollers

and the motor and the drive mechanism all had to be in the place so that everything would move

smoothly along the track.

At first the motor shaft and the drive sprocket were not lined up right. The whole thing would get

stuck and move unevenly. I was able to fix this by making some changes to the way the parts

were connected and by making sure that the rotational axis was accurate. I also had to adjust the

parts so that they would fit together right. This took a lot of trial and error to get it right so that

everything would work smoothly and still be realistic.

2. Conversion of Rotational to Linear Motion

I had a time figuring out how to make the DC motor turn around in a circle and then make the

gate move back and forth in a straight line. When I first tried to simulate it in SolidWorks the

gate would not move right. It would not move all the way.

To solve this problem, I created a rack-and-pinion mechanism to change rotational motion into

linear motion. I then adjusted the gear arrangements and the motion study settings until the gate

moved smoothly and in a straight line.

3. Motion Parameter Definition

It was also hard to make the motor and the motion of the gate seem real in SolidWorks. At first

the gate would. Stop really fast because the torque settings were not right and some of the

physical constraints were missing.

I was able to fix this by using a profile for the motor that was similar to a real DC motor and by

adding some effects to simulate friction. This made the gate move smoothly and slowly when it

was opening and closing.

4. The 3D model was a real beast. Simulating its movement was a struggle, and it took forever.
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The file was really big because it had a lot of parts so it would take a long time to render.

To fix this I got rid of some parts that were not necessary. I used simpler versions of the parts for

the simulation. I also simplified the shape of some of the parts, like the rollers and the supports.

This made the simulation run much faster and more smoothly.

5. Circuit Design and Wiring Issues in Proteus

When I was working with Proteus I had a lot of trouble getting the wiring and connections right.

The microcontroller had to connect with things like sensors and motor drivers. At first I made

some mistakes. Got connection errors and short circuits. This made the simulation not work.

I fixed this by rearranging the circuit and making sure all the connections were clear. I also

double-checked the pin configurations using the microcontrollers manual. After I did this the

simulation worked smoothly. The signals flowed consistently.

6. Microcontroller Coding and Debugging

Writing the code for the microcontroller was not easy. I had problems with the logic and timing.

The first versions of the code made the gate stop soon or respond too slowly.

I fixed these problems by going through the code step by step and adding some delay controls. I

also used commands that could handle sensor feedback in real time. The final code ensured that

the control inputs and the gate's movement were perfectly aligned.

The Proteus system faced a similar challenge when integrating safety features and feedback

mechanisms, particularly with obstacle detection and limit switches.

The infrared sensors did not work well at first. The readings were inaccurate.

To address this, I implemented filtering methods within the code to refine the signals.

Furthermore, I recalibrated the limit switches to ensure their dependable operation.

This made the gate movement safe and stable.
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8. Power Supply and Grounding Challenges

I had another problem with the power supply and grounding in the simulation circuit. The

voltage fluctuations were wreaking havoc. The sensors and motor drivers were particularly

affected.

To remedy the situation, I redesigned the power network. I also incorporated capacitors to

dampen the noise. The control system, as simulated in Proteus, became much more stable and

dependable.

9. Communication and Data Synchronization

Simulating communication like Bluetooth or RF in Proteus was challenging. The timing was off.

Data got lost between the controller and receiver.

I fixed this by adjusting the baud rates and using a communication protocol. This made sure the

data exchange was consistent and the gate could be controlled wirelessly in the simulation.

10. Mechanical–Electronic System Integration

Combining the design in SolidWorks with the electronic control in Proteus was not easy.

Translating the movement and timing from the 3D model to the control logic was tricky.

I fixed this by matching the gates movement time in SolidWorks with the delay parameters, in

the Proteus code. This made sure both systems worked together smoothly and realistically.

11. Learning Curve and Software Compatibility

I also had to deal with the learning curve of using both SolidWorks and Proteus. Switching

between the two sometimes caused problems and compatibility issues when sharing design data.

I overcame this by practicing a lot reading tutorials and documenting my design parameters

carefully, this helped me get better at using both programs and avoided workflow interruptions.
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4.5 SCOPE FOR IMPROVEMENT

The automated residential gate system that we made worked well but there are still a lot of things

that we can do to make it better. We need to improve the simulation to make it more accurate and

useful. The automated residential gate system needs to be more functional and practical.

1. Making the Mechanical Simulation Better

We can use SolidWorks to make the motion simulation more detailed. We can add tests like

stress and vibration to see how the gate will work over time. We can also use realistic material

properties to make the simulation more accurate. This will help us understand how durable the

gates components are. The automated residential gate system will be better if we do this.

2. Making the Motion Conversion Mechanism Work Better

The rack-and-pinion mechanism worked well in the simulation but we can make it even better.

We can try gear ratios and drive configurations to make the gate move smoother and faster.

Employing drive systems such as belt drives or screw actuators presents an additional avenue for

exploration, thereby expanding the range of possibilities and enhancing the efficiency of the

automated residential gate system.

3. Integration of Mechanical and Electronic Models

The integration of SolidWorks and Proteus simulations offers a method for augmenting the

realism of the system's representation.

We can link the motion parameters with the control signals, from Proteus. This will allow us to

simulate how the mechanical and electronic parts work together. The automated residential gate

system will be more realistic if we do this.
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4. Improving the Control Circuit Design

We can make the Proteus circuit design better by using complex control algorithms. We can also

use signal handling. We can try using logic controllers or embedded systems with advanced

control features, This will make the gate move smoother and respond better to obstacles. We can

also make the microcontroller code better by adding timing and self-calibration routines. This

will make the automated residential gate system more responsive and precise. The automated

residential gate system needs these improvements to work better.

5. Enhancing Automation and Intelligent Features

The control system's capabilities can be significantly improved with the integration of

automation.

This can be achieved by simulating connectivity using virtual Internet of Things (IoT) modules.

We can also add voice command simulation or mobile app-based operation.

Adding biometric or camera-based access simulations will make it more secure.

This will make the gate more than a remotely operated device.

6. Maintenance and Diagnostic Simulation

Basic safety features are already in place.

Now we can improve it by simulating maintenance systems.

We can use sensor data and feedback loops in Proteus.

Then we can use AI-based algorithms to find mechanical stress.

It can also signal faults or wear-related issues before they fail.

This will make the system more reliable and reduce downtime.

7. User Interface and Control Feedback

The user interaction part can be made user-friendly.

We can create a simulated graphical user interface (GUI).

This GUI will show gate status, sensor readings and motion parameters in time.
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If we integrate it into the Proteus simulation it will be more user-oriented.

This will allow us to see system feedback and control signals.

8. System Adaptability and Scalability

Future iterations can focus on making it modular.

This way the gate can be used for sizes or motion types.

We can simulate configurations in SolidWorks.

Then we can test corresponding control logic in Proteus.

This will allow us to scale it for commercial or industrial uses.

9. Environmental and Durability Considerations

SolidWorks allows for the integration of simulation capabilities.

This integration facilitates the examination of environmental factors, such as dust, temperature

and humidity impact component performance.

Furthermore, virtual testing of coatings and weather-resistant materials is made possible.

This will improve long-term durability. Reduce maintenance needs.

10. Cost and Efficiency Optimization

Although this project is focused on simulation future research can include cost and performance

optimization.

We can test materials in SolidWorks.

This will help reduce weight and production cost while keeping strength.

We can also optimize circuits in Proteus.

This will minimize power consumption. Improve overall system efficiency.

CHAPTER 5

CONCLUSION

5.1 CONCLUSION



88

This project achieved its goal of designing and simulating an automated residential gate system.

It combined electronic parts to work together smoothly.

The project used SolidWorks to design and test the gates parts.

It checked if the gate moved smoothly and worked properly.

The electronic control circuit was. Tested using Proteus.

The system was controlled by a microcontroller and had remote control features.

Safety features like obstacle detection and gate status indicators were added.

The results showed that the project was successful.

The system worked well. Responded quickly.

It was like an automated gate system.

In conclusion this project showed that simulation tools can be used to develop a mechatronic

system.

The system can be improved with implementation and new features.

It can be used in homes.

5.2 Recommendations

1. Energy Efficiency Improvements:

Use solar panels and energy storage solutions to make the system more reliable.
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2. Durability Enhancements:

Add coatings and self-lubricating rollers to make the system last longer.

3. Smart Features Integration:

Add voice control and AI-driven predictive maintenance to improve user experience.

4. Security Enhancements:

Add biometric access controls and real-time security monitoring to make the system more secure.

5. Cost Optimization:

Find ways to make the system without compromising quality.

6. Backup Power Options:

Add power sources like wind turbines or a manual crank generator.

7. User Interface and Accessibility:

Develop an user-friendly mobile app with multilingual support and voice-guided features.

These recommendations can make the automated gate system better and more suitable, for use.
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