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“MECHANISM

e Introduction to Planar Mechanism

e Types of Mechanism
e Applications of Planar Mechanism

Machines need to move in different directions to complete complex tasks. Unlike planar
mechanisms that move only in a flat surface, three-dimensional mechanisms work in 3D
space, allowing movement in multiple directions. These mechanisms can rotate, tilt, and
move freely, making them important for advanced machines and robots.

We can find three-dimensional mechanisms in robotic arms, airplanes, car suspension
systems, and camera stabilizers. Their ability to move in different ways helps make machines
more efficient, precise, and versatile in many fields.

Three-Dimensional Mechanisms

Machines often require movement in multiple directions to perform complex tasks. Unlike
planar mechanisms, which move only in a flat plane, three-dimensional mechanisms work in
three-dimensional space, allowing motion in multiple directions. These mechanisms provide
rotation, tilting, and free movement, making them essential for advanced mechanical and
robotic systems.

From robotic arms and aerospace components to car suspension systems and camera
gimbals, three-dimensional mechanisms play a crucial role in modern technology. Their ability
to move in different directions enhances efficiency, precision, and versatility in various
applications.

Understanding Three-Dimensional Mechanisms

A three-dimensional mechanism is a system of connected parts (links) that can move freely in
X, Y, and Z axes. These mechanisms allow:

« Rotation and tilting in multiple angles.

« Movement in space without restrictions to a single plane.

o Greater flexibility for advanced applications in robotics, aerospace, and automobiles.
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Characteristics of Three-Dimensional Mechanisms

Freedom of Motion: Can move in all three directions (X, Y, and Z) and rotate in multiple axes.
Complex Joints: Uses ball-and-socket joints, universal joints, and other multi-axis joints.
Higher Degrees of Freedom: More flexibility compared to two-dimensional mechanisms.
Application in Advanced Machines: Found in robotics, aerospace, automobiles, and medical
devices.

Types of Three-Dimensional Mechanisms

1. Robotic Arm Mechanisms
e Used in industrial automation, space exploration, and medical surgeries.
o Moves freely in all directions for tasks like welding, assembling, and operating on
patients.
o Example: Canadarm2 on the International Space Station (ISS).
2. Aerospace and Aircraft Mechanisms
« Used in aircraft and spacecraft for navigation, control, and propulsion.
o Example: Jet engine nozzle mechanisms, satellite deployment arms.
3. Car Suspension Mechanisms
o Absorbs shocks and provides stability on rough roads by moving in multiple
directions.
o Example: Independent suspension system in modern cars.
4. Gimbal Systems
o Used in cameras, drones, and navigation systems to stabilize motion.
o Example: Camera stabilizers in drones and movie filming.
5. Human Joints as Natural 3D Mechanisms
o The shoulder joint works as a ball-and-socket mechanism, allowing free
movement.
o The wrist joint enables tilting and rotation for smooth hand motion.

Real-Life Applications of Three-Dimensional Mechanisms

Three-dimensional mechanisms are widely used in various fields, enabling movement in
multiple directions and providing flexibility, precision, and efficiency. These mechanisms help in
automation, control, and stability across industries like robotics, aerospace, automobiles,
medical devices, and entertainment.

1. Industrial Robotics (Robotic Arms in Manufacturing)

A robotic arm is a machine with joints that allow it to move in different directions, just like a
human arm. It can rotate, stretch, and bend, making :
it useful for handling objects with great accuracy.
These robotic arms are controlled by sensors and
computer programs, which help them, work
automatically without needing much human help.

One common use of robotic arms is in car factories,
like Tesla, where they help assemble car parts quickly
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and efficiently. They are also used in welding, where they join metal parts with high precision.

Robotic arms provide many benefits. They speed up work and make fewer mistakes,
improving production quality. They also reduce human effort and risk, especially in
dangerous jobs like welding or lifting heavy objects. Another big advantage is that they can
work all day and night without getting tired, helping factories produce more in less time.

2. Aerospace and Aviation

In aerospace and aviation, three- LY
dimensional movement is very :
important for stability, contr9l, and y ﬁ > e
accuracy. Spacecraft and airplanes /

need to move in different directions to | 2
function properly. Robotic arms in X
space, like Canadarm2 on the 3

International Space Station (ISS), “ | ‘ =A 2w
have flexible joints that help ) - e 3

astronauts repair satellites and dock -
spacecraft. In airplanes, jet engine

nozzles use a special system called

thrust vectoring to change the direction of the engine’s exhaust, which helps the plane move
and turn more easily.

These systems have many benefits. They allow smooth and stable operations in space,
making it easier for astronauts to complete tasks. In airplanes, they help with better control
and movement, making flights safer and more efficient. They also save fuel, improving the
overall performance of the aircraft.

3. Automotive Engineering

In automotive engineering, car suspension systems use three-dimensional linkages to
absorb shocks and provide a smoother ride, especially on rough roads. An independent
suspension system allows each wheel to move separately, improving comfort and stability.
Multi-link suspension systems
automatically adjust the wheel's angle
and height for better control and
performance.

Many luxury cars, like Mercedes-Benz
and BMW, use advanced suspension =
systems to ensure a comfortable
driving experience. Sports cars have
active suspension that helps improve
handling, especially when taking sharp
turns at high speeds.
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These suspension systems offer several benefits. They increase ride comfort and vehicle
stability, making driving smoother. They also reduce the impact and vibrations from rough
roads, protecting both the car and passengers. Additionally, they improve handling and
safety, especially at high speeds, ensuring better control for the driver.

4. Camera Gimbal Systems

Camera gimbal systems help keep cameras steady, even when they are moving. A gimbal is a
device with three-axis stabilization, meaning it can adjust the camera in different directions
to reduce shaking and vibrations. This makes videos look smooth and professional. Gimbals
are commonly used in drones, movies, and sports broadcasting to capture clear and steady
footage.

One popular example is DJI drones, which use gimbal technology to take stable aerial
photos and videos, even when flying in the Yaw
wind. In Hollywood, camera stabilizers help :
filmmakers shoot smooth action scenes, even
when filming fast movements like running or
driving.

Mounted to
host vehicle

Gimbals have many benefits. They help keep
videos clear and steady, even when the camera
is moving. They also allow the camera to move
freely in different angles, making it easier to
capture creative shots. Gimbals are also used in
virtual reality (VR) and gaming to track
movements, making the experience more immersive and realistic.

) Payload
/ (IMU Built in)

5. Medical Robotics & Prosthetics

Medical robotics and prosthetics use three-dimensional technology to help doctors
perform surgeries and assist people with disabilities. Surgical robots move with high
accuracy, allowing doctors to perform delicate operations with small cuts and less risk.
Prosthetic limbs, like robotic arms and legs, use sensors to copy natural human movement,
helping people regain control of their lost limbs. Some advanced brain-controlled
prosthetics use artificial intelligence (Al) and motion sensors to move just by sensing the
person’s thoughts and muscle signals.

A well-known example is the Da Vinci Surgical Robot, which helps
doctors perform precise surgeries with small incisions, leading to
faster recovery. In prosthetics, the Hero Arm by Open Bionics is a
lightweight and functional bionic arm that helps people with limb
loss performs everyday tasks.

These medical advancements have many benefits. Surgical robots
improve accuracy in operations, making them safer. Robotic prosthetics help people move
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again, improving their daily lives. Additionally, robotic surgeries require smaller cuts, which
mean faster healing and less pain for patients.

6. Virtual Reality (VR) & Gaming

Virtual Reality (VR) and gaming use motion tracking to create fun and realistic experiences.
VR headsets, gloves, and controllers have sensors that follow a person’s movements,
allowing them to interact with a virtual world. Flight and driving simulators use moving
platforms that tilt and shake to feel like real-life
driving or flying, helping pilots and drivers practice
safely. Some robotic exoskeletons let users feel
movement and pressure, making the experience even
more real.

Popular gaming systems like PlayStation VR and
Oculus Rift use motion tracking to make games
more interactive, so players can move and control
objects inside the game. NASA uses VR simulators =
to train astronauts, helping them prepare for space =
missions by simulating weightlessness and space
conditions.

VR and gaming have many benefits. They make

games and simulations more exciting and realistic. They also help train professionals like
pilots, doctors, and astronauts in a safe way. VR is also used in entertainment, education,
and medical therapy, helping people learn, practice, and recover in a virtual environment.
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Chapter Highlights

e Spatial mechanisms allow movement in 3D space (X, Y, Z axes) with rotation and
tilting.

e They offer higher flexibility and more degrees of freedom than planar
mechanisms.

e Common joints used: ball-and-socket, universal joints.

Applications include:
e Robotic Arms — For precise industrial and medical tasks.
« Aerospace - For satellite control and jet engine manoeuvring.
e Car Suspension — For smooth and stable rides.
o Camera Gimbals - For steady footage in drones and films.
e Medical Robotics & Prosthetics — For surgeries and mobility aids.
e Virtual Reality (VR) — For immersive gaming and training simulators.
e These mechanisms improve accuracy, safety, and efficiency across various
industries.

Exercise

Multiple-Choice Questions (MCQs)

1. What is a key feature of spatial mechanisms?
a) Only linear motion
b) Movement in a single plane
¢) Movement in 3D space
d) Only circular motion

2. Which joint provides multi-axis movement in spatial mechanisms?
a) Fixed joint
b) Ball-and-socket joint
¢) Hinge joint
d) Revolute joint

3. Which of the following uses a spatial mechanism?
a) Scissor
b) Fan blade
c) Robotic arm
d) Pulley system

4. What is the movement range of a three-dimensional mechanism?
a) 1 axis
b) 2 axes
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c)3axes (X, Y, Z2)
d) 4 axes
5. Gimbal systems are commonly used in:
a) Elevators
b) Drills
c) Drones and cameras
d) Printers
6. Which system helps in absorbing shocks in vehicles?
a) Gimbal
b) Suspension system
c) Conveyor belt
d) Hydraulic press
7. What is the function of the Canadarm2 on the ISS?
a) Capturing images
b) Welding satellites
c) Docking spacecraft and handling objects in space
d) Navigating the ISS
8. Which of the following is a real-world example of a ball-and-socket joint?
a) Elbow
b) Knee
¢) Shoulder
d) Finger
9. Prosthetic limbs use what to mimic natural movement?
a) Springs
b) Al and sensors
c) Levers
d) Pneumatic pumps
10. What is the benefit of active suspension in sports cars?
a) Slower ride
b) Improved fuel efficiency
c) Better handling and control
d) Reduced speed

True or False

1. Three-dimensional mechanisms can only rotate, not tilt.

Robotic arms are limited to moving in a straight line.

Gimbals help keep cameras steady during motion.

Suspension systems in cars only support weight, not movement.
VR systems use sensors to track user movement in 3D space.

vk W

Fill in the Blanks

1. A joint allows free movement in multiple directions, like the human shoulder.
2. Robotic arms are used in to assemble parts automatically.
3. The system in vehicles improves stability and absorbs road shocks.
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4.
5.

technology is used in drones for capturing smooth aerial footage.
The Surgical Robot is used for performing precise medical operations.

Assertion and Reason

1.

Assertion (A): Spatial mechanisms allow movement in multiple directions including
rotation and tilting.
Reason (R): They can move freely in all three axes—X, Y, and Z.

a) Both A and R are true, and R is the correct explanation of A.

b) Both A and R are true, but R is not the correct explanation of A.

c¢) Alstrue, but Ris false.

d) Ais false, but R is true.
Assertion (A): Gimbal systems help stabilize cameras by reducing vibrations.
Reason (R): Gimbals allow the camera to move only in a fixed direction.

a) Both A and R are true, and R is the correct explanation of A.

b) Both A and R are true, but R is not the correct explanation of A.

c¢) Ais true, but R is false.

d) Ais false, but R is true.
Assertion (A): Suspension systems in modern vehicles improve ride comfort and
stability.
Reason (R): Multi-link suspension allows each wheel to move independently.

a) Both A and R are true, and R is the correct explanation of A.

b) Both A and R are true, but R is not the correct explanation of A.

c¢) Aistrue, but Ris false.

d) Ais false, but R is true.
Assertion (A): Robotic arms are used in aerospace missions to repair satellites and dock
spacecraft.
Reason (R): Robotic arms can only move in 2D and are not suited for space conditions.

a) Both A and R are true, and R is the correct explanation of A.

b) Both A and R are true, but R is not the correct explanation of A.

c¢) Aistrue, but R is false.

d) Ais false, but R is true.
Assertion (A): Virtual Reality (VR) systems offer immersive experiences using motion
tracking.
Reason (R): VR headsets and devices are equipped with sensors that follow user
movement in 3D space.

a) Both A and R are true, and R is the correct explanation of A.

b) Both A and R are true, but R is not the correct explanation of A.

c¢) Aistrue, but R is false.

d) Aisfalse, but R is true.

Short Answer Questions

1.
2.
3.

What are spatial mechanisms?
Name any two types of joints used in three-dimensional mechanisms.
How does a suspension system improve vehicle performance?
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4. What is the function of gimbal systems in drones?
5. Mention one advantage of using robotic arms in manufacturing.

Long Answer Questions

1. Explain how three-dimensional mechanisms are different from planar mechanisms.

2. Describe the role of robotic arms in space and industry.

3. How do suspension systems in automobiles use spatial movement to improve
performance?

4. Write a detailed note on the use of gimbal systems in modern technology.

5. Explain how spatial mechanisms are used in medical robotics and prosthetics with
examples.
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