
Promoting robotic design and entrepreneurship 

experiences among students and teachers

Lesson 16: Links and Joints of 

of a Robotic Arm



CONTENTS 

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19

• Introduction to robotic arm

• Degrees of freedom (DOF)

• Joints and links

• TASK/ACTIVITY: DOF for VEX Clawbot 

activities 

2



What is a robotic arm? 

• A robotic arm, which is usually re-
programmable, is a type of mechanical arm
which functions similar to a human arm

• It is a system made of links and joints with
multiple degrees of freedom (DOF) with a
manipulator at the end to perform various
dexterous tasks like gripping, picking and
placing objects, etc.

INTRODUCTION TO ROBOTIC ARMS
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• Basic skeleton of an arm contains upper arm, lower arm and the end-effector
(gripper)

• End-effector: It is the attached at the end of lower arm which will perform tasks like
gripping, digging, etc.

PARTS OF ROBOTIC ARMS
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A FEW APPLICATIONS OF ROBOT ARMS

• Medical Robots
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https://i.dailymail.co.uk/i/pix/scaled/2013/12/05/article-2518603-19DC380D00000578-81_636x382.jpg
https://www.jnjmedicaldevices.com/sites/default/files/inline-images/Digital%20Surgery.png


• Military robots
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Source Source

A FEW APPLICATIONS OF ROBOT ARMS

https://www.army-technology.com/wp-content/uploads/sites/3/2017/09/1l-image-65.jpg
https://www.army-technology.com/wp-content/uploads/sites/3/2017/09/1l-image-65.jpg


• Automobile Industry
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SourceSource

A FEW APPLICATIONS OF ROBOT ARMS

https://3dprintingindustry.com/wp-content/uploads/2017/02/car-manufacture-arm.jpg
https://3dprintingindustry.com/wp-content/uploads/2017/02/car-manufacture-arm.jpg


• Domestic Robots
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Video Source

A FEW APPLICATIONS OF ROBOT ARMS

https://www.youtube.com/watch?v=rNcPVvIs_tk&ab_channel=UPHIGHProductions
https://www.cnet.com/a/img/resize/6873fbb82146b2a35e8313933300e3d9f0fe0187/2021/01/11/d0e46d4f-f1bd-4589-bd60-ddef03bad411/samsung-bot-handy.png?auto=webp&fit=crop&height=675&width=1200


• Space and exploration industry
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Source Source

A FEW APPLICATIONS OF ROBOT ARMS

http://www.americaspace.com/wp-content/uploads/2015/03/LM-CRS-2-illustration-iss-web.jpg
https://www.robotshop.com/community/uploads/j/g/jgendron/space-robots.jpg
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Video

APPLICATIONS OF ROBOT ARMS

https://www.youtube.com/watch?v=6L-V4xzUcmM&ab_channel=Top10Files


JOINTS 
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• Joints, also called axes, are the movable components of the robotic arm that
result in relative motion between adjacent links

• The numbering of the joints start from 1 to n

Joints



LINKS 
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• Links, also called as arms, are the rigid structures connecting the joints
• The ground/base is also called the base link and considered as link 0

• The no. of links will be 0 to n-1 where n = no. of joints

Link 3

Base - link 0

Link 1

Link 2



TYPES OF JOINTS

• Prismatic joints:

o They are also called as linear or translational

joints

o The type of motion between the links is linear

along the prismatic axis of the joint

o One degree of translational freedom (DOF)

along a prismatic axis
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https://light-and-shadows.com/documentation/interact/kinematics/


TYPES OF JOINTS

• Revolute joints:

o They are also called as hinge joints which

allow rotation along a single axis

o Driven by electric motors and chain/belt/gear

transmissions, or by hydraulic cylinders

o One degree of rotational freedom (DOF)

about a revolute axis
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https://light-and-shadows.com/documentation/interact/img/Hinge.gif


TYPES OF JOINTS
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• Helical joints:

o They are also called as screw joints

o Its motion is similar to a screw motion

which rotates freely but cannot translate

freely restricting its translational motion

o One degree of rotational freedom (DOF)

along the axis

Source

Rotation along the 

direction of the arrow

https://gepettoweb.laas.fr/doc/stack-of-tasks/pinocchio/master/doxygen-html/spherical_laas.gif


TYPES OF JOINTS

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19 16

• Cylindrical joints:

o Its motion is similar to a revolute joint in

series with a prismatic joint

o Two degrees of freedom (DOF) with one

being rotational and the other translational

along the same axis
Source

Translation and rotation 

along the direction of 

the arrow

https://skill-lync-portal.nyc3.digitaloceanspaces.com/tinymce/07_20/1595766813271.jpg


TYPES OF JOINTS
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• Spherical joints:

o They are also called as ball and socket

joints

o Three revolute joints intersecting at a

point called the pivot with rotation in 3

directions

o Three degrees of rotational freedom (DOF)

about the pivot point
Source

https://gepettoweb.laas.fr/doc/stack-of-tasks/pinocchio/master/doxygen-html/spherical_laas.gif


TYPES OF JOINTS
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• Universal joints:

o They are also universal coupling or

Hooke joints

o Two hinges joining at a point at 90o to

each other with their axes inclined to

each other

o Two degrees of rotational freedom

(DOF) about the intersecting joint
Source

Axes of two rigid bodies 

are inclined to each other

https://d2t1xqejof9utc.cloudfront.net/screenshots/pics/2b00bcd322c9143548cb607950dcd7d3/large.gif


DEGREES OF FREEDOM (DOF)

• Degrees of Freedom (DOF): It is generally used to define the motion capabilities of

a system

• It is the total number of independent motions a joint can perform

• In most manipulators, containing rotational and linear joints only, DOF is usually the

number of joints, performing rotational and linear movements

• DOF = number of independently driven joints

Computational complexity

Cost

Flexibility

As DOF
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• In general, a free body in space has 6 DOF:

o Three translation degrees of freedom along X,

Y and Z axes

o Three orientational/rotational degrees of

freedom called roll, pitch, and yaw
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DEGREES OF FREEDOM (DOF)

NOTE: Any free object in 3D space (e.g., the hand, a fingertip, a car, a plane, 

etc.) can have at most 6 DOF

Source

Z

X

Y

https://light-and-shadows.com/documentation/interact/img/Free2.gif


REMEMBER!

• Degrees of freedom: Number of ways (rotation, translation about axes) in which 
the motion of the system can be actuated (motors, linear actuators)

How many degrees of freedom are there in human arm?
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DEGREES OF FREEDOM (DOF) OF A HUMAN ARM

ACTIVITY 1



• A human arm has 7 DOF, of which:

o 3 rotations are in the shoulder

o 1 rotation is in the elbow

o 3 rotations are in the wrist

•All the degrees of freedom can be controlled
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DEGREES OF FREEDOM (DOF) OF A HUMAN ARM

ACTIVITY 1 - SOLUTION

Source

Rotation along 

the axes

https://w7.pngwing.com/pngs/878/347/png-transparent-arm-computer-file-strong-powerful-right-arm-mammal-cartoon-arms-hand.png


• How to calculate degrees of freedom for a robot?
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DEGREES OF FREEDOM (DOF)
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CONSTRAINTS ON JOINTS

• Joint constraints: They are used to restrict the relative motion between the

two components at a joint

o They result in the decrease of the degrees of freedom (DOF) of rigid body

system

• Types of Constraints:

1. Planar: Motion constraint placed by one body on another in 2 - dimensional

space

1. Spatial: Motion constraint placed by one body on another in 3 - dimensional

space
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CONSTRAINTS ON JOINTS

Joint type DOF Planar 

Constraints

Spatial 

Constraints

Prismatic 1 2 5

Revolute 1 2 5

Helical 1 - 5

Cylindrical 2 - 4

Universal 2 - 4

Spherical 3 - 3



ACTIVITY - 2

How many degrees of freedoms are there for mechanical arm in Clawbot?
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Source
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https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcSuo6jacIBrDtH1xlfF8HVflzoWeOYGsrPfbg&usqp=CAU


ACTIVITY 2 - SOLUTION

How many degrees of freedom for mechanical arm in Clawbot?
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Source

Using:

• We have on revolute joint:

o m = 3

o N = 3 

o c = 5 (spatial constraints)

o i = 1

• DOF = 3 (3-1) – 5 = 1

Revolute 

joint

https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcSuo6jacIBrDtH1xlfF8HVflzoWeOYGsrPfbg&usqp=CAU


Thank You!

Questions and Feedback?


