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-: At the end of the workshop, the students will be able

To understand the basics of Robotics and Automation A
To have a close look into Anatomy, Kinematics of Robot prioth Bonor
To programme and control the robot
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THREE DAY ONLINE STUDENT WORKSHOP
ON

INTRODUCTION TO ROBOTICS AND AUTOMATION

From 18t" to 20th June 2020 @ 2.00PM to 3.00PM
E-certificate will be provided for all participants who participate on all the days
Resource persons from renowned institutions
Registration link: https://docs.google.com/forms/d/e/1IFAIpQLSf4K_K7iaF3PyQw3Wc7-
z5N_RsF4Cc5nuTu_PQWIslbYZUROQ/viewform?usp=sf_link
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Mr. J.Subba Reddy Dr.S.Pichi Reddy

Dr.K.Murahari
Mr. R. Praveen Kumar

ORGANIZED BY THE ROBOTIC CLUB,
DEPARTMENT OF MECHANICAL ENGINEERING
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Mr. R. Praveen Kumar
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Lakireddy Bali Reddy College of Engineering, Online workshop on
“Introduction to Robotics and Automation”

Details of the Workshop:

Registration Details:

Robotics Club Student Coordinator(s):

Mr. K. Siddha Nagarjuna +918639008666

Mr. Pendem Sai Kumar +918897312319

Faculty Coordinator(s):

Mr. J. Subba Reddy +919985100936

Dr. K. Murahari +918074139826

Mr. R. Praveen Kumar +918985923633

Mr. A. Nageswara Rao +918985621662

Convener(s):

Dr. S.Pichi Reddy, H.0.D., Mechanical Engineering

Dr. P. Ravindra Kumar, Prof., Mechanical Engineering

Principal:

Dr.K.Appa Rao, LBRCE.

The Robotics Club, Department of Mechanical Engineering, Lakireddy Bali Reddy College of
Engineering (A), Mylavaram organized an online three days students workshop on “Introduction to
Robotics and Automation” from 18 to 20 June 2020 from 2 PM to 3 PM through Google Teams app.
The workshop is focused towards the students who are interested in learning and brushing up their
basic concepts in the fundamentals of Robotics and Automation. The faculty and Alumni shared their
experiences during the workshop. Successful projects were demonstrated in the workshop by Alumni
and basic concepts of Robotics and Automation will be covered in the workshop.

The students are joined in the watsapp group with the following link to share the information about the
workshop from time to time.
https://chat.whatsapp.com/HWGI3dbEWFRDUwojRWWCcFO

Participants are issued an E-certificate on successful attempt of the quiz (released on the 20" June 2020)
and submission of their feed back at the end of the workshop.

Registration Details of the workshop: Free
Registration Link for ‘Fundamentals of Robotics and Automation’:

https://docs.google.com/forms/d/e/1FAlpQLSf4K K7iaF3PyQw3Wc7-
z5N RsFACc5nuTu PQWIslbYZUROQ/viewform?usp=sf link

To attempt the Previous Quiz, organized by the Robotics Club, Dept of Mechanical Engineering, LBRCE, on “Basics
of Robotics” (open up to 20th June 2020) go to the following link:
https://tinyurl.com/RobocQuiz-LBRCE

Email: jonnalasu@Ibrce.ac.in, Website: www.lbrce.ac.in

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Schedule of the Programme:

S.No Date Topics Resource Person / Faculty / Alumni
18-06-2020 | Fundamentals of Industrial Mr. J. Subba Reddy, Associate Professor,

1 (2.00PM to | Robotics: Introduction, Mechanical Engineering, Lakireddy Bali Reddy
3.00PM) Applications, Future Scope College of Engineering, Mylavaram
19-06-2020 | Industrial Robotics: Drive Mr. J. Subba Reddy, Associate Professor,

2 (2.00PM to | Systems, Power Transmission | Mechanical Engineering, Lakireddy Bali Reddy
3.00PM) Systems College of Engineering, Mylavaram
20-06-2020 | Fundamentals of Industrial Mr. J. Subba Reddy, Associate Professor,

3 (2.00PM to | Robotics: Sensoring System Mechanical Engineering, Lakireddy Bali Reddy
2.45PM) and Programming of Robots College of Engineering, Mylavaram
20-06-2020 | Inform Robotic Programming | Mr. P. Sai Kumar, IV yr B. Tech, Mechanical

4 (2.45PM to | — Installation, Demonstration | Engineering, Lakireddy Bali Reddy College of
3.30PM) and Case Studies Engineering, Mylavaram

First Day of the Workshop (18-06-2020):

On the first of the workshop, Mr. J. Subba Reddy, Associate Professor, Mechanical
Engineering, Lakireddy Bali Reddy College of Engineering, Mylavaram delivered a talk on
“Fundamentals of Industrial Robotics: Introduction, Applications, Future Scope”.
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Lakireddy Bali Reddy College of Engineering, Online workshop on
“Introduction to Robotics and Automation”

Industrial Robots

The term “robot” (robota) was used the first time by the Czechian writer
Karel Capek in his play "Rossum’ s Universal Robot”,

= "Man creates a robot as a forced labour to

serve him. But in the end the robot kills
man!”

1941 Karel Capek, 1936

The science fiction writer Isaac AsimovV first used the word
“robotics” to describe the technology of robots.

He proposed also the “Laws of Robotics” :
- Law 1: Robots may not injure a human!
-> Law 2: Robots must obey orders given by human b 4
beings! Isaac Asimov
echatronik
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This invention of G. Devol made available for the first time a
general purpose machine for manipulation that was
able to offer universal application.

In 1956 the first robot company UNIMATION was
founded by George Devol and Joseph Engelberger 1o
produce and market this manipulator.

The product name was ., Unimate”.

]

First industrial robots

Victor Scheinman continued to improve his “robot arm”
concept.

In 1977 he started in cooperation with UNIMATION and
with support from GM the production of a very famous,
electrically driven 6-axis robot :

Pl

Programmable
Universal
Manipulator Arm

Or:

Programmable
Universal

. Source: YouTube-First Test of PUMA 500
Machine for Assembly

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Major Industrial Robot Manufacturers

\DCJI\/IAU
A ROBOTICS
italy

Y YASKAWA

MOTOMAN ROBOTICS

Japan

B<E Kawasaki

Robotics

SrausLr anasonici © iRegb ot Japan

|
Austria :

Industrial Robots worldwide

1.4 million industrial robots between 2016 and 2019

Woridwide annual supply of industrial robots
2001 - 2019"

2017-2019:+13%
per year on average

2005 2000 2007 2008 2009 2010 2011 2

Sorecast

Source: UNECE
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Second Day of the workshop (19-06-2020): On the Second of the workshop, Mr. J. Subba
Reddy, Associate Professor, Mechanical Engineering, Lakireddy Bali Reddy College of

Engineering, Mylavaram delivered a talk on “Industrial Robotics: Drive Systems, Power
Transmission Systems”.

Industrial Robots

Robot in suspended position

Gantry system

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Industrial Robots

Mechanical design of Industrial Robots:

Robots are built from numerous parts:

Arm elements —> material= aluminum alloy, carbon steel or cast iron,
Actuators—> AC servo motors,

Reduction gears —>to reduce motor rotation and to multiply motor
torque

Transmission devices—> to transmit the mechanical power generated
by the motors (for instance by means of belts, spindels, or gears)

Sensors - to measure arm positions and speed of axis motion
Cabling - transmission of electrical power and electrical signals.
R A

Source: Kawasaki

Limitation of Operating Space

Maomum space

Hex. socket-head boit M10x25 (Sirength class 129
Tightening torgus: 38 7.6 Nm

> Electrical end-stops
Mechanical end-stops
- Restricted areas

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Industrial Robots

Mechanical structure of Industrial Robolts:

- Robots and Huomans share the sarme undertying structurs of nks
and jomnts

=  The principie of moving joimnis and ransmanng powsrs through the
fink= is common in both huormans and robots

Robots are roughly categorized in Swo types: serial link™ and
Joaraliel link™ asrrangements. The human anm s arranged as &

Senad ink™ since its jJomnts (shoulder, arnm . and wrist) are aligned

) sSenes ﬂ
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Drive Systems

Robot drives require “Four-quadrant” operation:

rpmi . Forward & Reverse
(1) Vo Axis motion
i® »

de
rotation

brake 4
left-handed
) rotation

torque

Harmonic Drive Principle

Gear unit

9009 0200006 O

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Robotics - Drive Systems and Transmission Systems

1 05

AC Servo motors and Uransmisson systems guaraniee
high dynamics and accurate motion.

Robotics - Drive Systems and Transmission Systems

AC Servo motors and Iransmission systems guaraniee
high dynamics and accurate motion,

D ¢ oMo WMo osoft Sream

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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AC Servo Drive

The basic Design of a Servo System for Motion Control:

Motion =3 B High voltage
command s input L4 output

often combined “ifE

L. :
X~ 4
Servo Motor

- Mechanical system
Tl (servo mechanism)

Source: Kollmorgen, Kistler

Power Transmission System

Robot axis

Reduction

Gear
Motor

Input: Output:
3000 rot min-1 30 rot min-?

“

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Drive System: Manipulator arm

Arm element

®

Mnotor = Motor torque
Bary center S Mg = friction torque
Fs = gravity force
Fe © = rotation angle

/ J.rm = moment of inertia

JMotor

Mo = Jpotor © + 1o ©® + M2 O + M, + Fg Lg cOs ©

° Dynamic model of a
e M. =[H] o+ [D] o+ [c[(c) N one-axis manipulator

arm

Drive System: Manipulator

To select for this example application is a:

Servo disc motor

Torque: 5,1 Nm
Max Rot. Speed: 3000 min-’
Max rotor current: 22 A
U,=90V
R,=047 Q
cy= 0,258 Nm/A
ce=27V/ 1000 min-"

=0,258 Vs/rad
VR=0.00143 Nms/rad (viscous friction)
HR=0.08 Nm (dry friction)
Jmotor= 0.0012 Nms?
L, =0.000705 Vs/A

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Robot Motion Control

Servo Drive System

Control , |

?

Robot Motion Control

Motion

LU o o Drive Sstem

Position  [NEMCLEE
control Control
t

Position
Feedback

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Third and Final Day of the Workshop (20-06-2020):

On the third of the workshop, Mr. J. Subba Reddy, Associate Professor, Mechanical
Engineering, Lakireddy Bali Reddy College of Engineering, Mylavaram delivered a talk on
“Fundamentals of Industrial Robotics: Sensoring System and Programming of Robots”.

Mr. P. Sai Kumar, IV yr B. Tech Student of Mechanical Engineering, LBRCE, Mylavaram has
delivered a talk on “Inform Robotic Programming — Installation, Demonstration and Case Studies”. Sai
Kumar has discussed about installation and demonstration of certain commands of Inform Robotic
Programing and Discussed about his project done during his final year.

Motion Control: Sensor Measurement

Position measurement

Encoder
- incremental
- absolute

Resolver

Incremental Encoder: Principle

ST
P\
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Zero reference

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram



Lakireddy Bali Reddy College of Engineering, Online workshop on
“Introduction to Robotics and Automation”

Incremental Encoder: Principle

Incremental encoder:

Source: Baumes taterenan ot
Qrenan i

and senzar

Two sensors positioned with 90° displacement
*Pulses represent the output signals.

Frequency of pulses is directly proportional to speed
of encoder rotation

L
20y N
W

- 3 MOn A0S
*Resolution = number of pulses per revolution. 24l UUQU}“,’\-

Absolute Encoder:

Coded disc

Source: researchgate, anaheim aut

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Resolver: Principle

Stator

Rotor
winding

Excitation
\_ Resolver

Rotor winding is rotating with the load and is excited by AC input voltage.

Source: pohony kadanik

Stator windings (Sine,Cosine) are fixed in position with a 90° offset to 7o’
one another. Output voltages are generated through induction.

Tool Changer
System

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Robot Control: User Input

RAM/R Ext. Teach
Cl

Operato Servo Servo
NG panel J Control 1 Control 6

Robot Control: HMI (Operator Panel)

Fanuc

Allen Bradley

—

Panel extension

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Power Supply PC (WINDOWS+ VXWORKS

Disc drive

——

KUKA KRC 2

Connectors Servo controller

Robot Control: Motion Planning

« CP mode: Linear interpolated movement

P2
t= TIPO?/ =
—\ Approach:

Joint angles of the robot are
changing while the TCP moves
on a straight line!

The calculation of intermediate
positions will by performed within:

T,0o= Interpolation

: P <
cycle time

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Robot Control: Motion

*CP mode - Motion with linear interpolation

-> Interpolation of positions and orientations

PC-based
Programming &
Simulation

Programming
with Teach
Pendant

Robot
Robot &l manipulator

Controller

Main Components of an Industrial Robot System

Source: ABB

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Robot Control: Programming

: o RESLGERAelel
RRMIMITGRIRILS =] (H10DT)

ABB Robot (IRC5) \
COMAU Robot (C5G)

Robot Programming with Teach-in Mode

‘Online-Mode

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Source: AB,E

Example: Lead-through (Play-back) Programming 4

Position accuracy and Repeatability

The work of many robots is repeatable but not accurate!!

Reasons: Thermal drift when robot is cold; inaccuracies of individual
components (from concrete base plate up to tooling at the endeffector)

®
O

Not repeatable; not accurate

Not repeatable; accurate

Repeatability:
~0,05mm — 0,1mm
Absolute accuracy:
0.25mm — 0,55mm
(see: ISO 9283)

OOO
&

Repeatable; not accurate

Repeatable; accurate

Robotics Club, Department of Mechanical Engineering, LBRCE, Mylavaram
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Feed Back on the Workshop:

RATE THE DELIVERY

NAME OF THE PARTICIPANT Year of study Branch Co\TenT OF THE SPEAKER
TIRUMALASETTY VAMSI KRISHNA 11 ECE Excellent
BADETI VENKATESWARA RAO 11 MECH Excellent
MOREMPUDI CHARAN KUMAR Il MECH Excellent
METTU RAKESH Il MECH Excellent
NIVESH SWARGAM v MECH Excellent
NAVEEN RAMISETTI Il MECH Very Good
SIRISETTI NAGARAJU 11 MECH Excellent
Madala.Tejasri 11 EEE Excellent
JOSHUA PAUL 1 MECH Excellent
GOLUSU LAKSHMI VIMALA Il MECH Good
Mahadasu chetan satya manikanta 11 MECH Very Good
BODDU GANESH 1l ECE Very Good
KUNAPAREDDY SYAMPAUL | MECH Excellent
BANDARU GOPI 1 MECH Excellent
GONTINI KARTHIK KUMAR 1l MECH Very Good
Mukul Sai J 11 MECH Very Good
Avinash Mukunda Il MECH Very Good
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KANNURU PRAVEEN 1 MECH Very Good
Nanda Sai Palanki 1l ECE Very Good
Rangisetti Naveen I MECH Excellent
SRIGIRI SRI HARSHA 11 MECH Excellent
MENTE JAGADEESH BABU 11 MECH Excellent
Sandeep S v MECH Very Good
CHALLA NEERAJ KUMAR 1l ECE Excellent
Duduku vamsi kumar I MECH Excellent
KETAVATU BRAHMA TEJA 1 MECH Excellent
ROOP KIRAN KANULLA 1 MECH Excellent
Hemanth Kadali I MECH Excellent
K.sunil I MECH Very Good
Atragadda Dhana Venkata Vinay Sandeep | MECH Excellent
SATHYAMOORTHY G | MECH Excellent
Chodisetti Anantababu 11 MECH Very Good
JUPALLI VENKATASAI 11 ECE Excellent
LANKE JYOTHI VENKATA NAGABABU I MECH Excellent
SIVA CHENNA KESAVA TALLADA 1 MECH Excellent
METLA KOTA AKHIL 1 MECH Very Good
Jillepalli Mahesh Babu Il MECH Excellent
SHAIK FARAZ HUSSAIN Il MECH Excellent
LAKHIMSETTI HARIKA 11 ECE Excellent
Mohammed Saif Ali Khan 11 MECH Very Good
KUNDURU LEELA PRASAD v MECH Excellent
Mukku jagan sankar rao Il MECH Good
KASIREDDY YATHEESHA Il MECH Excellent
Ganna Siva Krishna I MECH Good
SRINU KUNCHAPU v MECH Very Good
M.jeswant I MECH Excellent
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BORAVANCHA SURENDRA 11 MECH Very Good
Golle Mahantesh 1l ECE Very Good
CH.LAKSHMI POORNIMA v MECH Excellent
Eswara Sai Naveen Sriranganilayam \% MECH Good
Challa Hema Sundar Yadav I MECH Excellent
KORADA SRIKANTH v MECH Excellent
PANDULA JAGADEESH GOPI Il MECH Very Good
MEGHAVATH VIJAY KUMAR NAIK I MECH Excellent
Catherine Christina Ganduri 1l ECE Very Good
Dodda Sai Ganesh 11 ECE Very Good
C TRISHIT Il MECH Excellent
GALANKI VAMSI Il MECH Good
Jitender Kumar Goyal v MECH Excellent
GAMPALA NAGA PRANAI 1 ECE Excellent
Nallanagula Jagadeesh I MECH Excellent
Kunapareddy Phani Kumar Likhith Il MECH Excellent
VINAY MAMIDISETTI 11 MECH Excellent
Harshavardhan Guntupalli Il MECH Excellent
Bindu Madhav Ashok Sai Pavan.Narayana I MECH Excellent
P.Sathiya Moorthy Il MECH Very Good
KANCHARLA PRAVALLIKA 11 ECE Very Good
Gonthupalli Pavan Kumar 11 MECH Excellent
CHELLU THARUN KUMAR 1 MECH Excellent
Jambavi teja Il MECH Very Good
GARIKIMUKKALA RAKESH ROSHAN 1 MECH Good
SINGULURI NAGA MANIKANTA 1l MECH Good
SHAIK CHAN BASHA Il MECH Very Good
M.GOPIKRISHNA | MECH Excellent
Bhavani kanakam 1l ECE Excellent
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J.venkata Ganesh Il MECH Excellent
Kona Prudhvi Il MECH Excellent
Ette Tejanadh 1l MECH Very Good
Jaya venkata saibabu 11 MECH Very Good
ATTA PAVANI 11 ECE Good

K. Surya Sai Kumar 1l MECH Good
Movva venkata swamy I MECH Very Good
SOLA JAMALAIAH 1l MECH Very Good
SODAGUDI ENOSH 1 MECH Excellent
Pallepogu Naveen \Y, MECH Excellent
Surasani.Hemanth kumar 1l MECH Very Good
SEELAM VENKATA ARAVIND REDDY | MECH Excellent
SEELABOYINA PAVAN KUMAR v MECH Excellent
Kokkiligadda Ramanjaneyulu \% MECH Very Good
MADDIRALA RISHI v MECH Excellent
Shiva Pranav Pillagolla 1l MECH Excellent
Swetha A Il ASE Very Good
PAVAN KUMAR TOKALA | MECH Excellent
Thammineni Sowjanya I ECE Very Good
VARIKALLU NAVEEN BABU 1 ECE Excellent
Battagiri venkata Radha Krishna Reddy I MECH Very Good
DHARAVATHU SAI PAVAN NAYAK I MECH Excellent
KUNDURU LEELA PRASAD v MECH Very Good
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