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18MEC325 AUTOMATION AND ROBOTICS

Course Educational Objectives:

o To study the various fundamental concepts of automation.

o To understand the basic concepts associated with the design and functioning
and applications of robots.

o To study about the drives and sensors used in robots.

o To learn about analysing robot kinematics, dynamics and robot programming.

UNIT - 1: BASICS OF AUTOMATION

Basic elements of an automated system — Need — Types — Advanced automation function
— Levels of automation — Hardware components for automation and process control —
Automated storage and retrieval system — Material transport system and equipments —
Over view of automated identification technique — Bar code technology.

UNIT — 2: AUTOMATED FLOW LINES AND LINE BALANCING

Automated flow lines: Part transfer methods and mechanisms — Types of flow lines —
Flow line with/without buffer storage — Qualitative analysis. Assembly line balancing:
Assembly process and systems assembly line — Line balancing methods — Ways of
improving line balance and flexible assembly lines.

UNIT — 3: INDUSTRIAL ROBOTICS AND DRIVE SYSTEM

Definition — Robot anatomy — Co-ordinate systems, Work envelope, types and
classification — Specifications — Pitch, yaw, roll, joint notations, speed of motion, pay load
— Robot parts and functions — Need for robots — Different applications. Robot Drive
System: Pneumatic drives — Hydraulic drives — Mechanical drives — Electrical drives —
Servo motors and stepper motor — Grippers — Mechanical grippers, pneumatic and
hydraulic grippers, magnetic grippers, vacuum Grippers; two fingered and three fingered
grippers; internal grippers and external grippers.

UNIT - 4: KINEMATICS AND DYNAMICS OF ROBOTS

Robot Kinematics: Homogeneous transformations as applicable to rotation and
translation — D-H notation — Forward and inverse kinematics. Robot Dynamics:
Differential transformation — Jacobians, Lagrange-Euler and Newton-Euler formations.
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Trajectory Planning: Trajectory planning and avoidance of obstacles — Path planning —
Skew motion —Joint integrated motion — Straight line motion.

UNIT - 5: ROBOT PROGRAMMING AND APPLICATION

Robot Sensors: Range sensor - Proximity sensor - Touch sensor - Force and torque
sensor. Robot Programming: Teach pendant programming, lead through programming,
robot programming languages - VAL programming - Motion commands, sensor
commands, end effecter commands and simple programs. Robot Applications: Robot
application in manufacturing industry - Applications in assembly and inspection.

Course Outcomes:
Upon completion of this course, the students will be able to:
v" Understand the concept of automation in manufacturing industries.

v" Have knowledge on the fundamentals of Robotics, Robot Kinematics and Programming
which help them to build and work with Robots.

Text Books:
1. Robotics Control, Sensing, Vision and Intelligence, Fu.K.S. Gonzalz.R.C., and Lee C.S.G., 1987,
McGraw-Hill Book Co.,

2. Automation, Production Systems and CIM, M.P.Groover, 3/e, 2008, Prentice- Hall of India, Pvt.
Ltd., New Delhi.

Reference Books
1. Fundamentals of Robotics Analysis and Control, C Robert J Schilling, 2009, Pearson Education.
2. Introduction to Robotics Mechanics and Education, Craig J.J., 2008.

3. Robotics Technology and Flexible Automation, Deb S.R. and Deb S., 2010, McGraw Hill Education.
4. Industrial Robotics-Technology, Programming and Applications, M.P.Groover, 2001, McGrawHill.
5. Foundation of Robotics: Analysis and Control, Yoshikawa, 2004, Prentice Hall of India.

On successful completion of the course, students will be able to:

Course Outcomes POs related to Cos

CO1 | Summarize the various fundamental and advanced concepts of PO1
automation in industry

CO2 |Understand the line balancing and flow line of robotics in automated | PO1, PO2

Demonstrate the basic concepts associated with industrial robots and

Clos driving system used in robots oL

CO4 |Compare the kinematics and Dynamics of robots PO1, PO2

CO5 |Explain about sensors used in robots, Robot programming and PO1
applications
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UNIT - 1: BASICS OF AUTOMATION

Automation

Automation and robotics are 2 closely related technologies.
Automation as a technology that is concerned with use of mechanical,
electronic and computer-based systems in the operation and control of
production

Example: NC machine tools and industrial robots

Automation is the use of control systems and information
technologies to reduce the need for human work in the production
of goods and services.

Automation is defined as “The creation & application of
technology to monitor & control the production and
delivery of products and services.”

Basic elements of an automated system

(1)
Power
(2 3) l |
Fro grat of CO'I_I_trQl —  Bocess
insfructions systermn e

An automated system consists of three elements

1.Power: To accomplish process and operate the system
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2.Program of instructions: To direct the process
3.Control system: To control and accurate the instructions

1.Power:

power is required to drive the process as well as the controls. The
principal source of power in automated systems is electricity.
Electric power has many advantages in automated as well as
nonautomated processes

« Electrical power can be readily converted to alternative energy
forms: mechanical, thermal, light, acoustic, hydraulic, and pneumatic.
« Electrical power at low levels can be used to accomplish functions
such as signal transmission, information processing, and data storage
and communication.

» Electrical energy can be stored in long-life batteries for use in
locations where an external source of electrical power is not
conveniently available.

Power for the Process:
In production, the term process refers to the manufacturing
operation that is performed on a work unit.

2.Program of instructions:

The actions performed by an automated process are defined by a
program of instructions. The manufacturing operation involves low,
medium, or high production. Each part or product requires one or
more processing steps are performed during a work cycle. The
particular processing steps for the work cycle are specified in a work
cycle program. Work cycle programs are called part programs in
numerical control.
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3.Control system

The controls in an automated system can be either closed loop or open
loop. A closed loop control system, also known as a feedback control
system. is one in which the output variable is compared with an input
parameter, and any difference between the two is used to drive the
output into agreement with the input.

closed loop system

A closed loop control system consists of six basic elements:

() Input parameter,

(2) Process,

(3) Output variable,

(4) Feedback sensor,

(5) Controller,

(6) Actuator.

(1 (") (6) {2) 3
Input —»I_ Controller Actuator - Process I — Uultpt.!l
perameler ‘ [ | vanable
L .
(4)

| Feedhack “r

| sensor

() Input parameter: The input parameter, often referred
to as the set point, represents the desired value of the output.

(2) Process: The process is operation or function being controlled
(3) Output variable: The output variable is desired result of product

(4) Feedback sensor: A sensor is used to measure the output variable and
closed loop between input and output




= SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES
@’ (Autonomous)
b7 DEPARTMENT of MECHANICAL ENGINEERING

AUTOMATION AND ROBOTICS

(16MEC325A)

(5) Controller: The controller compares the output with the input and makes
the required adjustment in the process

(6) Actuator: These are the hardware devices which perform the required job.
Open loop system

The open loop control system operates without feedback loop. In this
system the controller operates without measuring the output variable,
S0 no comparison is made between the actual value of the output and
desired value of input.

—

Actuator e Process

Input
parameter

1
- Ou_tpm
vanable

Controller

Need of automation

1. To increase labour productivity
Automating a manufacturing operation usually increase production rate and
labour productivity this means greater output per hour of labour input.

2. To reduce labour cost
For Increasing production increasing labour and labour cost has been a
continuous trend in old industrialization societies. consequently, higher
Investment in automation has become economical justified to replace manual
operations. Machines are increasingly being substituted for human labour to
reduce unit product cost.

3. To improve worker safety
Automating a given operation and transferring the worker from active
participation in the process to a monitoring role makes the worker safer.

4. To reduce manufacturing lead time
Automation helps to reduce the elapsed time between customer order and
product delivery providing a competitive advantage to the manufacturer for
future orders.
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5. To reduce or eliminate routine manual and clerical tasks
An argument can be put that there is a social value in automating operations that
are routine, fatiguing and possible risk some tasks. Automating such tasks
improves the general level of working conditions.

6. To improve product quality
By automation the production rate is increased due to uniformity and
conformity of specifications. The product quality has improved.to
mitigate (making less severe or serious) the effect of labour shortages.
There is general shortage of labour in many advanced nations and this has
stimulated the development of automated operations as a substitute to
labour.

7. To accomplish process that can’t be done manually
Certain operations can’t be accomplished without the aid of a machine.
These processes require precision, complexity of geometry that can’t be
achieved manually. These processes can only be realized by the
computer-controlled systems.

Types of automation

There are 3 broad classes of industrial automation.
1. Fixed automation
2. Programmable automation
3. Flexible automation

1. Fixed automation:

Fixed automation is used when the volume production is very high and it
Is therefore appropriate to design specialized equipment to process the
product or a component very efficiently under high production rates.
Example; Automobile industry where highly integrated transfer lines
consisting of several dozen workstations are used to perform machining
operations on engine and transmission components.
Dis-advantages:

I.  Risk encountered with fixed automation is this, since the initial

investment cost is high, if volume of production is turns out to be
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lower than anticipated (expected or predicted). Then unit cost
becomes greater than anticipated

Ii.  The equipment is specially designed to produce one product and
after that products life cycle is finished. The equipment is likely to
become obsolete.
Characteristics of fixed automation
e Sequence of operations integrate to equipment

It is difficult to automate changes in the design of product

It is used where high volume of production required

In these production rates is high

In this automation no new products are processed for a given

sequence of operation

2. Programmable automation
It is used when the volume production is relatively low and
there are variety of products to be made
In this case the production equipment is designed to be
adaptable to variations in product configuration
The adaptability feature is accomplished by operating
equipment under control of a programme of instructions which
has been prepared for given product.
The programme is read in to a production equipment and the
equipment perform the particular sequence of processing
operations to make the product. Because of programming
feature and the resulting adaptability many different and unique

products can be economically in small batches.
Characteristics of programmable automation

e In this equipment is to be designed

e Different types of programmes loaded in equipment in
order to change sequence of operations and produce
products with new configurations

e Itis used for small batches of production
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3. Flexible automation
It includes FMS (Flexible Manufacturing System) and CIMS (Computer
Integrated Manufacturing System).
Flexible automated system typically consists of a series of work stations
that are interconnected by a material handling and storage system. A
central computer is used to control the various activities that occur in the
system, routing the various parts to the appropriate stations and
controlling the programmed operations at different stations
Characteristics of flexible automation
e |[tis used for mid volume production
e [tincludes FMS and CIM

e |t consists of series of fluctuations which are connected by material
handling and storage system.

e Central computer is used to control the various activities
programme at the different stations

e In FMS the different products is made at same time on same
manufacturing system.

Fixed
Automation
. Flexible
Automation
' Programmable Automation
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Advanced Automation Functions

In addition to the general automation functions there are some advanced
automation functions which are used for different processes. Generally,
they are used for maintaining and safety and performance of the system.
Some of the advanced automation functions are

1. Safety monitoring
Maintenance and repair diagnostics
3. Error detection and recovery

1. Safety monitoring:

N

One of the main reasons of using Automation is to remove the workers form
doing hazardous operations which can lead to the loss of the life. However, the
workers are needed to operate the machines instead of doing that hazardous
work. The automated machines are designed safely in order they should not be
self-destructive. Thus, there are reasons to monitor the system safely. They are:
1. To protect the workers
2. To protect the system which is associated with it.
Safety monitoring of a system involves safety tracking of the system using the
sensors. If there is a hazard then the safety monitoring system responds in either
of the ways:

1. By giving an alarm sound (or)
2. By reducing the speed of the system (or)
3. By turning off the automated system.

2. Maintenance and repair diagnostics:

Modern automation systems are becoming more complex by using the
maintenance and repair components. Actually, they are the components which
are used for the maintaining and reducing the failures. There are three modes of
operation which are used for performing this task.

a) Status Monitoring: Initially in this mode the status of the present
system is estimated. It monitors over it by using the sensors or by using the
parameters of the system. By using them the current status of the system is
being monitored.
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b)  Failure notification: This mode comes under procedure when the
failure occurs. It compares the present values and the previous values
before and after failures.

C) Recommending for the repair: here after noting the repair, this
mode takes the decision how to repair and what are the parts which are to
be repaired

3. Error detection and recovery

The error detection can be done using the sensors. The different types of
errors can be formed in the production system they are: random errors and
systematic errors etc. These can be detected by using the detecting systems
and the recovering system is used for recovering the errors.
Thus these are the advanced functions which are necessary for making a
system automate.

1. Error detection — functions:

» Use the system’s available sensors to determine when a deviation
or malfunction has occurred
» Correctly interpret the sensor signal

» Classify the error
2. Error recovery — possible strategies:

» Make adjustments at end of work cycle

» Make adjustments during current work cycle
» Stop the process to invoke corrective action
» Stop the process and call for help

Levels of automation

The automated system can be applied to various levels of operations,
normally automation with the individual machines. In production the
machines itself is made up of subsystems that may be themselves
automated. The various levels of automation is as follows
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1.Device level:

It is the lowest level in our automation. It includes the actuators sensors
and other hardware components that comprise the machine level.
The devices are combined into a individual control loops to form next
level of machine.
Eg: The feed back control loop for one axis of CNC machine,
Single joint of an industrial robot.
2.Machine level:
The hardware at the device level is assembled into individual machines
like CNC machine tools and similar production equipment, industrial
robots, material handling equipment.
3. Cell or system level:
It is the manufacturing cell or system level which operates under
instruction from the plant level. It is a group of machines are workstations
connected by material handling system, computer and other equipments.
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4. Plant level:
This is the factory production or system level. It receives instructions
from the corporate information system and translates them into
operational plants for production.
It consists of order processing, process planning, inventory control,
purchasing, material requirement planning, shop floor control and
quality control.

5. Enterprise level:
This is the highest level consisting of the corporate information system.
This includes marketing and sales, accounting, design, research,
aggregate planning and master production schedule

Hardware components for automation and

process control

The main hard ware components for automation and control are
Sensors

Actuators

Analog-to-Digital Conversion

Digital-to-Analog Conversion

el N

1.Sensors:
A sensor is a transducer that converts a physical stimulus from one form
into a more useful form to measure the stimulus
Sensors can be classified into two basic categories:
1. Analog (continuous)
Examples: thermocouple, strain gauges, potentiometers.
2. Discrete Binary (on/off)
Examples: Limit switch, photoelectric switches.
Digital (e.g., pulse counter)
Examples: photoelectric array, optical encoder.
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Sensor categories by stimulus

Stimulus Example

Mechanical | Posttional variables, velocity, acceleration, orce, torque, pressure, stress,
sirain, mass, densiy

Electrical Vloltage, current, charge, resistance, conductivty, capactance

Themal Temperature, heat, heat flow, thermal conductivity, Specic heat

Radafion Type of radiation (e.g. gamma rays, x-rays, visile light) intensity, wavelength

Magnefic Magneic fiel, flux, conductvity, permeabilty

Chemical Component identiies, concentration, pH levels, presence of toxic ingredients
pollutants

2.Actuators:

Actuators are hardware devices that convert a controller command signal into a
change in a physical parameter.

The change is usually mechanical (e.g., position or velocity).

An actuator is also a transducer because it changes one type of physical
quantity into some alternative form (e.g. electric current to rotational speed of
electric motor).

Types of Actuators

1. Electrical actuators

e DC servomotors

DC motors are widely used:

¢ Convenience of using direct current.
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E.g. motors in automobiles.

¢ Linear Torque-Speed relationship.

¢ One special type of DC motors is Servomotors.
¢ A feedback back loop is used to control speed.

e AC motors
Mostly used in industry.
Advantages: Higher power supply
Ease of maintenance
Two types: Induction motor
Synchronous motor
e Stepper motors
Provides rotation in the form of discrete angular displacement (step
angles).
Each step angle is actuated by a discrete electrical pulse.
These Are used in open loop control systems.
2. Hydraulic actuators: Use hydraulic fluid as the driving force
3. Pneumatic actuators: Use compressed air as the driving force
3. Analog-to-Digital Conversion




SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES

(Autonomous)
DEPARTMENT of MECHANICAL ENGINEERING

AUTOMATION AND ROBOTICS

(16MEC325A)

The continuous analog signals from the process must be converted into digital
values. The procedure for converting an analog signal from the process into
digital form consist of following steps
» Sensor and transducer
This is measuring device that generates the analog signal
» Signal conditioning
The continuous analog signal from the transducer may require conditioning to
render (provide or give) it into more suitable form
Common signal conditioning includes
e Filtering to remove random noise
e Conversion from one signal to another
» Multiplexer
The multiplexer is a switching device connected in series with each input
channel from the process. It is used to share the analog to digital converter
among the input channels.
» Amplifier
Amplifier are used to scale the incoming signal up or down to be compatible
with the range of the analog to digital converted.
» ADC (Analog to Digital Converter)
As the name indicates the function of ADC is to convert the incoming analog

signal into its digital counterpart.
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4. Digital-to-Analog Conversion

A simple form of DAC (Digital-to-Analog Conversion) using a summing
amplifier to form the weighted sum of all the non-zero bits in the input word.
The reference voltage is connected to the resistor by means of electronic
switches which respond to binary one

The values of input resistances depend on which bit in the word a switch is
responding to the value of resistor for successive bits from the LSB (Limit
Switch Box) being halved. Hence the sum of voltage is a weighted sum of the
digits in the work, such a system is referred as a weighted resistor network. The
limitations of the weighted resistor network is that accurate resistance have to
be used for each of the resistors and it is difficult to obtain wide range of such
resistors. This form of DAC tends to be limited to 4-bit conversions.
Automated storage and retrieval system

An automated storage/retrieval system (AS/RS) can be defined as a storage
system under which a defined degree of automation is to be implemented to
ensure precision accuracy and speed in performing storage and retrieval
operations. These automated storage and mechanized systems eliminate
human intervention in performing basic sets of operations.

Obijectives for Installing AS/RS
1. Increasing the storage capacity
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2. Increasing the stock rotation
3. Utilization of maximum floor space
4. Recovering the space for manufacturing facilities

5. Customer service to be improved

AS (Automated Storage) and RS (Retrieval System) COMPONENTS
AND TERMINOLOGY

Storage racks | ‘ 7 / Row NE
S;;;ac%e /\ ; /? ;E
< 401/ "j“‘
/ 2%7
/| 7 4% %%
SN T AN \
n/ i IniAg Ples
:/ /47/ ¥ :// /gtorage racks /
_/ _/ Rack length
LV LV L
?ﬂlt:;}:;re(s.fm Clearance for F’HTZ} area

Storage Space
It is the three-dimensional space in the storage racks used to store a single load
unit of material.
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Storage Racks

The automated storage and retrieval system contain several rows of storage
racks for storing the material items. The storage structure of automated storage
and retrieval system is much taller (can be as tall as 30 meters) than that of the
convention al storage and retrieval systems.

Bay

It is the height of the storage rack from floor to the ceiling.

Row

It is a series of bays placed side by side.

Aisle

It is the spacing between two rows for the machine operations of AS/RS.

Aisle Unit

It encompasses aisle space and racks adjacent to an aisle.

Storage Structure

It is the rack framework, made of fabricated steel that supports the loads
contained in the AS/RS and is used to store inventory items.

Storage/Retrieval Machine

It is used to move items in and out of inventory. An S/R machine is capable of
both horizontal and vertical movement. A rail system along the floor guides the
machine and a parallel rail at the top of the storage structure is used to maintain
its alignment.

« The pallet is moved from P and D station to the storage rack by storage and
retrieval cranes.

» Whenever there is a request for the item to the central computer, the computer
searches its memory for the storage location and directs the stacker crane to
retrieve the pallet.

» An S/R machine is capable of both horizontal and vertical movement. A rail
system along the floor guides the machine and a parallel rail at the top (up to
30m) of the storage structure is used to maintain its alignment.

Material transport system and equipments

¢ A material-handling system can be simply defined as an integrated
system involving such activities as handling, storing, and controlling of
materials.
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e The primary objective of using a material handling system is to ensure
that the material in the right amount is safely delivered to the desired
destination at the right time and at minimum cost.

e The material handling system is properly designed not only to ensure the
minimum cost and compatibility with other manufacturing equipment but
also to meet safety concerns.

The 10 principles of material handling are listed and explained as follows:
Planning Principle: All material handling should be the result of a deliberate
plan where the needs, performance objectives, and functional specification of
the proposed methods are completely defined at the outset.

Standardization Principle: Material handling methods, equipment, controls,
and software should be standardized within the limits of achieving overall
performance objectives and without sacrificing needed flexibility, modularity,
and throughput.

Work Principle: Material handling work should be minimized without
sacrificing productivity or the level of service required of the operation.
Ergonomic Principle: Human capabilities and limitations must be recognized
and respected in the design of material handling tasks and equipment to ensure
safe and effective operations.

Unit Load Principle: Unit loads shall be appropriately sized and configured in
a way which achieves the material flow and inventory objectives at each stage
in the supply chain.

Space Utilization Principle: Effective and efficient use must be made of all
available space.

System Principle: Material movement and storage activities should be fully
integrated to form a coordinated, operational system that spans receiving,
inspection, storage, production, assembly, packaging, unitizing, order selection,
shipping, transportation, and the handling of returns.

Automation Principle: Material handling operations should be mechanized
and/or automated where feasible to improve operational efficiency, increase
responsiveness, improve consistency and predictability. decrease operating
costs, and eliminate repetitive or potentially unsafe manual labour.
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Environmental Principle: Environmental impact and energy consumption
should be considered as criteria when designing or selecting alternative
equipment and material handling systems.

Life Cycle Cost Principle: A thorough economic analysis should account for
the entire life cycle of all material handling equipment and resulting systems.

Types of Material handling equipment

A great variety of material handling equipment is
available commercially. Material handling equipment

includes:
» Material Transport Equipment
» Storage systems
» Unitizing equipment, and
> Identification and tracking systems

» Material Transport Equipment

Material transport includes equipment that is used to move materials inside a
factory, warehouse. or other facility. This equipment can be divided into the
following five categories:

Industrial Trucks: Industrial trucks divide into two types: non-powered and
powered. Non-powered trucks are platforms or containers with wheels that are
pushed or pulled by human workers to move materials. Powered industrial
trucks are steered by human workers. They provide mechanized movement of
materials.
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Fort lift truck

Forklift truck is a powered industrial truck used to lift and transport materials. A
forklift hydraulics are controlled with either levers directly manipulating the
hydraulic valves or by electrically controlled actuators, using small “finger”
levers for control. It is available in many variations and load capacities.
Advantages:

1. It is useful for lifting heavy materials like heavy component of a machine or a
finished product which is heavily weighted.

2. It has mobility or movement

Pallet truck
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Advantages:

1. Quick lift pumps design.

2. Ultra-urethane wheels and sealed dual-precision ball bearings require less
than 75 Ibs pulling force at full capacity.

3. Hydraulic pump includes overload and upper limit relief valve.

4. Include two steering wheels and two front load rollers.

5. Steering wheels include bearing dust covers, providing longer life.
Automated Guided Vehicles (AGVs): AGVs are battery-powered,
automatically steered vehicles that follow defined pathways in the floor. The
pathways are unobtrusive. AGVs are used to move unit loads between load and
unload stations in the facility. Routing variations are possible, meaning that
different loads move between different stations. They are usually interfaced
with other systems to achieve the full benefits of integrated automation.

e An automated guided vehicle system is a battery-powered driver-less
vehicle with programming capabilities for destination, path selection, and
positioning.

e The AGVS belongs to a class of highly flexible, intelligent, and versatile
material handling systems used to transport materials from various

loading locations to various unloading locations throughout the facility.

The type of AGVSs

1. AGVS towing vehicles: usually, towing applications involve the bulk
movement of product into and out of warehouse areas. Towing vehicles are
better used for large volumes with long moving distances of 1000 ft or more.
2. AGVS unit load transporters: are equipped with decks that permit
transportation of an individual unit load on board the vehicle. The deck can be
powered or non-powered roller, chain or belt deck, lift-and-lower type, or
custom deck with multiple compartments. Unit load transporters are often
equipped with automatic load transfer and normally used in warehousing and
distribution systems where the guide path lengths are relatively short but

the volumes are high.
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3. AGVS pallet trucks: are designed to lift, makeover, and transport palletized
loads. The vehicle is used for picking up and dropping off loads from and to
floor level, thus eliminating the need for fixed load stands. It can be loaded and
unloaded in automatically or manually. For load transportation, the vehicle
normally proceeds along the path to a specific storage area destination, pulls off
onto a spur, lowers the pallet forks to the floor, pulls from the pallet, and then
automatically returns empty to the loading area.
4. AGVS forklift trucks: has the ability to pick up and drop off palletized loads
both at floor level and on stands, and pickup height can be different from the
drop-off height. The vehicles can position its forks at any height so that
conveyors or load stands with different height in the material handling system
can all be served. It is one of the most expensive AGVS types, so they are
applied only in systems where full automation is required. A system with these
vehicles requires a more intricate path layout and a method for accurately
positioning the loads on the floor or on stands. It also requires greater discipline
than other systems.
5. AGVS light-load transporters: They are used to handle small, light parts over
a moderate distance and to distribute the parts between storage and number of
workstations. They are designed to operate in areas with limited space.
6. AGVS assembly-line vehicles: are adaptation of the light-load transporter for
applications involving serial assembly processes. The guided vehicle carries
major subassemblies such motors, transmissions, or even automobiles. As the
vehicle moves from one station to the next, succeeding assembly operations are
performed. The major advantage of the AGVS assembly line is lower expense
and ease of installation compared with hard assembly lines.
The line can easily be changed by adjusting the guide path if necessary and by
reprogramming.
2. Automatic loading and unloading can be accomplished in many different
ways:

e Automatic couple and uncouple

e Powered roller, belt, and chain

e Powered lift and lower device
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e Powered push or pull device
e Number of AGV Required
A simple analysis to determine the number of vehicles:
Dd = total average loaded travel distance
De = total average empty travel distance
Ndr = number of deliveries required per hour
Th = loading and unloading time
Tf = traffic factor that accounts for blocking of vehicles and waiting of vehicles
in line and at intersections. If there is no congestion, the traffic factor is 1.
Whoever, when more vehicles are involved, the traffic factor value will
certainly be less than 1. Normally, Tf lies between 0.85 to 1.
v = vehicle speed
The total time per delivery per vehicle, Tdv

v = vehicle speed
The total ttme per delivery per vehicle, Ty
D D
Tdv = = + :rh + .
11.‘ 1.-‘

Number of deliveries per vehicle per hour

N 607,
‘ Td‘t-'
R i ) N,
Number of automated guided vehicles = —
iV

Monorails & Other Rail-Guided Vehicles: These are self-propelled vehicles
that ride on a fixed rail system that is either on the floor or suspended from the
ceiling. The vehicles operate independently and are usually driven by electric
motors that pick up power from an electrified rail. Like AGVs, routing
variations are possible in rail-guided vehicle systems.
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Conveyors: Conveyors constitute a large family of material transport
equipment that are designed to move materials over fixed paths, generally in
large quantities or volumes. Examples include-roller, belt, and tow-line
conveyors. Conveyors can be either powered or non-powered. Powered
conveyors are distinguished from other types of powered material transport
equipment in that the mechanical drive system is built into the fixed path. Non-
powered conveyors are activated either by human workers or by gravity.

Cranes & Hoists: These are handling devices for lifting, lowering, and
transporting materials, often as very heavy loads. Hoists accomplish vertical
lifting; both manually operated and powered types are available. Cranes provide
horizontal travel and generally include one or more hoists.

Cranes
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» Storage systems

Storage methods and equipment can be classified as follows:

Bulk storage: This consists of simply storing materials in an open floor area,
generally in pallet loads or other containers. It requires little or no storage
equipment.

Rack systems: Rack systems are structural frames designed to stack unit loads
vertically, thus increasing the vertical storage efficiency compared to bulk
storage.

Shelving and bins: Steel shelving comes in standard widths, depths, and
heights to serve a variety of storage requirements, Shelves can include bins,
which are containers for loose items.

Drawer storage: This storage medium is more costly than shelves, but it is
more convenient. Finding items stored in shelves can be difficult if the shelf
level is too high or too low or too deep. Drawers compensate for this by pulling
out to reveal their entire contents. Drawer storage is generally used for tools,
hardware, and other small items.

Automated storage systems: Automated and semi-automated systems are
available to deposit and withdraw items into and from the storage
compartments. There are two basic types: (1) automated storage/retrieval
systems, consisting of rack and shelf systems that are accessed by an automated
or mechanized crane, and (2) carousel systems that rotate storage bins past a
stationary load/unload station.

» Unitizing equipment
The term unitizing equipment refers to (1) containers used to keep individual
items during handling and (2) equipment used to load and package the
containers.
Containers for holding individual items: Containers include pallets, boxes,
baskets, drums, buckets, and barrels. Although seemingly mundane, this type
of equipment is very important for moving materials efficiently as a unit load,
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rather than as individual items. A given facility must often standardize on a
specific type and size of the container if it utilizes automatic transport and/or
storage equipment to handle the loads.

Loading and packing equipment: The second category of unitizing
equipment, loading and packaging equipment, includes Palletizer, designed to
automatically load cartons onto pallets and shrink-wrap plastic film around
them for shipping. Other wrapping and packaging machines are also included in
this equipment category, as are Depalletizers, designed to unload cartons from
pallets.

» Identification and tracking systems

e Material handling must include a means of keeping track of the materials
being moved or stored. This is normally done by appending some kind of
label to the item, carton, or unit load that uniquely distinguishes it.

e The most common label used today consists of bar codes that can be read
quickly and automatically by bar code readers. This is the same basic
technology employed by grocery stores and retail merchandisers.

e Other types of labels include magnetic stripes and radio frequency tags
that are broadly capable of encoding more data than bar codes.

Automatic ldentification Technology
INTRODUCTION:

Automatic Identification Technology (Auto ID) that stores real time data. It is a
series of vertical bars or a graphical bar pattern which can, (depending on the
width and pattern) encode numbers and letters in a format which can easily be
retrieved and interpreted by a bar code reader.

Barcoding is a computer aided process of generating codified information,
which is subsequently printed on a predefined stationary, invariably on a self-
adhesive label for several later applications.

WHAT IS BARCODE

Barcode are a pattern of bars and spaces of varying width that represent digits,
letters or other punctuation symbols to identify an item or object.
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Barcode Technology

There are two basic types of barcode technology, linear and two-dimensional
Linear or one-dimensional bar code technology is the most widely used AIDC
technique. There are two forms of linear barcode: width-modulated barcodes,
and height-modulated barcodes. These are outlined in some detail in Table

Type Description

Width-modulated barcode Used widely in retailing and manufacturing, the barcode consists of
bars and spaces of varying width, with the bars and spaces being
in highly-contrasting colours, such as black and white. The pattern
of bars and spaces is coded to represent numeric or alphanumeric
characters. This code is subsequently interpreted by a barcode
reader; this reading action is done by scanning and decoding the
sequence in which the bars fall.

The barcode reader itself consists of a scanner and decoder. The
22170%22024 9 scanner emits a beam of light that is either automatically or
manually swept over the barcode to be read, thus allowing the
reader to sense light reflections from the barcode that

3

Type Description

Width-modulated barcode Used widely in retailing and manufacturing, the barcode consists of
bars and spaces of varying width, with the bars and spaces being
in highly-contrasting colours, such as black and white. The pattern
of bars and spaces is coded to represent humeric or alphanumeric
characters. This code is subsequently interpreted by a barcode
reader; this reading action is done by scanning and decoding the
sequence in which the bars fall.

2170122024 The barcodg reader itself ponsists _of a scanner and_decoder. The

: scanner emits a beam of light that is either automatically or
manually swept over the barcode to be read, thus allowing the
reader to sense light reflections from the barcode that

distinguishes between bars and spaces. A photodetector coverts
the resultant reflections into an electrical signal, where spaces
represent the signal, and bars represent its absence. Bar-width is
thus converted into electrical signal duration. The decoder
analyses the pulse train to validate and interpret the corresponding
data.

Height-modulated barcode | Niche-industry barcode technology, operative in the US Postal
service, where it is deployed for ZIP code identification. The
barcode in question is distinguished by a series of evenly-spaced

bars of varying height. Operative principles are similar to those
I' ! 'I I I' 'I ! " m "I outlined for width-modulated barcodes.
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USE OF BARCODE SCANNERS

Barcode scanner is a device used to extract information optically from the
barcode. Barcode scanners are of various types. These may be hand —held or
fixed type. Barcode symbols consist of series of vertical dark bars separated by
light spaces. When illuminated reflected light is detected by electro optical
sensor. The intensity of reflected light from the dark bars is less than that of
spaces (white lines). Reflected light is converted into electronical voltage
signals.

The decoder converts this data into the character data representation of the
symbol’s code.

Connecting the Scanner —Keyboard Wedge

1.Turn off power before connecting the scanner

2.Remove the keyboard connector from the PC.

3.Connect the cable’s modular connector to the scanner.

4.Connect the male connector to the keyboard port in the PC and the female
connector to the keyboard cable. You may need to use the Din/Mini Din adapter
(included) to match your keyboard connectors.

.
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Connecting the Scanner
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WORKING OF BARCODE SYSTEM

Barcode technology works in the same way as a keyboard. As pressing a key
sends a signal containing a character code to the computer, reading a barcode
results in the same kind of signals being sent to the processor. The barcode, in
effect, acts as a unique control number, which is associated with a record giving
appropriate details of individual items. While scanning, the light is reflected
from the barcode and the pickup optical device receives less light from the

dark bars than from the spaces between them. The signals received through this
process are then converted into a form, which can be recognized by the
computer

ADVANTAGES OF USING BARODE TECHNOLOGY
It Increased accuracy of data input (error free)
It Improves efficiency of the staff and quality of services;
Rapid access to total production costs
It Increased user satisfaction and hence improves the image of the library;
Reliable statistics for Management Information System (MIS) and
management

f. Real time data collection
Computerised circulation system and application of barcode
Before discussing of barcode-based circulation system, it is necessary to study
the difficulties experienced in the manual system so that the usefulness of
barcode technology can be appreciated:
Some of the difficulties in the manual system area:
1. It is difficult to know the status of a particular book.
2. Providing reservation for books is a tedious job.
3. It is cumbersome to ascertain that to whom a particular book has been issued.
4.To provide a clearance certificate to a particular reader is quite difficult since
the counter assistant will have to verify borrower’s record and other documents
to ascertain whether a particular book is pending against the borrower or not.
Use of barcode system for Security Check
The barcoded identity card will also perform the security check at the gate and
allow only authorized persons to enter in libraries. This is the checking system
when a user leaves the library with the issued document. For this purpose,
barcode technology can be effectively used and a terminal can be installed on
the gate. Since charging/discharging is done online, the whole database is
automatically updated. When borrower leaves the library, accession number of

®oo0 o
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the document carried by the user will again be scanned at the gate. In case of
issued document, the computer will approve the exit. But, in case, someone is
carrying a document that has not been issued, the computer will give an alarm
and a message to the immediate effect.

Identification of membership at the gate

We know very well that in libraries entry is restricted to their members only.
Thus, a person is deputed on the gate as gateman or security guard to check
identity cards of each person entering the library. If the members are provided
barcoded identity cards, then this checking becomes very easy. A barcode
scanner is installed at the gate of the library and every person entering the
library has to place his/her identity card on the scanner. If the person is not

a member of the library, the computer will give the alarm and thus restrict the
entry and the identification of unauthorized entry will be made.

Use of barcode system for monitoring Attendance

The barcode technology could be used for monitoring the attendance of the
users. Under this process, the identity cards of the user have to be barcoded with
their library codes and a barcode scanner is installed at the gate of the
organization. Every user has to get his/her identity card scanned at the gate
while entering. The system will maintain the statistics of users of the library.
Under the manual system most of the libraries maintain gate register wherein
members are requested to enter his/her details and mark their signature as a
proof of their visit to the library. It is time consuming and users show
indifference towards entering their particulars. When users are provided with
barcoded identity cards, it is possible to overcome all these difficulties. Thus,
user statistics are useful for various purposes, particularly for improvement in
library services and control

Issue of No Dues Certificate

No dues certificate is issued when any member leaves the
organisation/institution and his/her membership is cancelled and the library
Issues no dues certificate. This process is time consuming and error prone in a
manual system. In an automated system using barcode technology the member
surrenders his/her identity card and the counter staff scan it. The automation
package will search the database for any document issued in his/her name. If
nothing is due, no dues certificate will be printed
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UNIT - 2: AUTOMATED FLOW LINES AND LINE BALANCING

Automated flow line:

It consists of several machines or workstations which are linked together by
work handling devices that transfer parts between the stations is called
automated flow.

The objective of use of flow line automation are: -

1) To reduce Labour cost

2) To increase the production rate

3) To reduce work in progress

4) To minimise distance moved between operations
5) To achieve specialization of operations.

6) To achieve integration of operations.

Types of automated flow line:-
It is basically divided into two types depending upon the forms in which the
work flow can take place as.
1) In — Line type:-
> It consists of sequence workstations in a more —or- less straight-line
arrangement as shown in figure.
» The transfer of work parts occurs automatically and the workstations
carry out their specialized functions automatically.
> A raw work part enters one end of the line and the processing steps are
performed sequentially as the part moves from one station to the next. It
IS possible to incorporate buffer storage zones into the flow line, either al
a single location or between every workstation. It is also possible to
include inspection stations in the line to automatically perform
intermediate checks on the quality of the work parts.
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workpart part
n out
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PROC PROC PROC PROC PROC PROC

AUT AUT AUT AUT AUT AUT

Sta. 1 Sta. 2 Sta. 3 Sta. 4 Sta. 5 Sta. 6

Example: Metal cutting operation (machining of engine heads, engine blocks
at different work stations to obtain final shape) with in-line transfer mechanism.

2) Segmented In-Line Type
» The segmented in-line configuration consists of two or more workstations
arranged in a straight-line, perpendicular to each other with L-Shaped or
U-shaped or Rectangular shaped as shown in figure.
» The flow of work can take a few 90° turns, either for workpieces
reorientation, factory layout limitations, or other reasons, and still qualify
as a straight-line configuration.

Starting Proc| |Proc| |[Proc| |Proc| |Proc
parts in At At At At At
— @ [ ] = [ ] [ ] [ ]
—_—
= Proc
Aut
Proc
At
@ —»
Cormpleted
parts out

L-shaped configuration
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U-shaped configuration
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part,gin Aut| [Aut| | Aut| [ Aut| | Aut| | Aut parts out
—-0 @ B § F ¥ e
0 —F
B
B T Wash
Aut Return of
work carriers

Rectangular-shaped configuration

3) Rotary type

In the rotary configuration, the work parts are indexed around a circular table or
dial. The workstations are stationary and usually located around the outside
periphery of the dial.
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This type of equipment is often referred to as an indexing machine or dial index
machine and the configuration is shown in Figure

Fixture to

locate parts oD ¥, %>
- % y/—Dial indexing
Starting ; ' table
parts in

Completed
parts out

Rotary configuration

Part Transfer Methods or Methods of Work part Transport

The transfer mechanism of the automated flow line must not only move the
partially completed workparts or assemblies between adjacent stations, it must
also orient and locate the parts in the correct position for processing at each
station. The general methods of transporting workpieces on flow lines can be
classified into the following three categories:

1. Continuous transfer

2. Intermittent or synchronous transfer

3. Asynchronous or power-and-free transfer

1) Continuous transfer
With the continuous method of transfer, the workparts are moved continuously

at Constant speed. This requires the workheads to move during processing in
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order to maintain continuous registration with the workpart.

2) Intermittent transfer

As the name suggests, in this method the workpieces are transported with an
intermittent or discontinuous motion. The workstations are fixed in position and
the parts are moved between stations and then registered at the proper locations
for processing. All workparts are transported at the same time and, for this
reason, the term "synchronous transfer system" is also used to describe this
method of workpart transport.

3) Asynchronous transfer

This system of transfer, also referred to as a "power-and-free system," allows
each workpart to move to the next station when processing at the current station
has been completed. Each part moves independently of other parts. Hence, some
parts are being processed on the line at the same time that others are being
transported between stations. Asynchronous transfer systems offer the
opportunity for greater flexibility than do the other two systems, and this

flexibility can be a great advantage in certain circumstances.

Workpart Transfer Mechanisms

The function of transfer mechanism is not only to move the workstations or
assemblies to adjacent workstations, but also to orient and locate the parts in
correct location for processing, at corresponding workstations.

These mechanisms can be grouped into two types:

1. Linear Transfer Mechanism
2. Rotary Transfer Mechanism

1. Linear Transfer Mechanism:

This mechanism is used to impart a linear motion to the workpart in automated
production systems.
Following linear mechanisms are mostly employed for linear transfer of
workpart.

a) Walking Beam Transfer Mechanism

b) Chain Drive Conveyor System

c) Powered Roller Conveyor System
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a) Walking Beam Transfer Mechanism
The walking beam transfer system is a linear transfer mechanism
employed to transfer the work parts between work stations, to perform
specific operations at their respective workstations. This mechanism has a
transfer bar and fixed beam
The workparts are held on the fixed station beam, the transfer bar lifts the
workparts from their respective workstations, moves linearly and locate the
parts into the nests of the next working stations for accurate processing
The bar is then pulled back to get ready for the next transfer cycle and the
cycle continues in the sequence to perform the operations. The walking beam

transfer mechanism is shown in figure
Workparts
Nest to locate workparts
in stations

| Fixed station beam

\ Transfer beam

<

? ¥ ;s f ) )
of transfer —— ¥ X = V_|-¢— Fixed station beam

beam

[ 1 [ 11 1 I 1 I ] Transfer beam
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Motion of
transfer beam
—_— | | = 1 [
I o - Transfer beam
g
_____________________ Fixed station beam
3)
i | | |
Motion | id W ¥ A Y v Je— Fixed station beam
of transfer N W =%
beam Transfer beam

(4)
b) Chain Drive Conveyor System
The chain drive conveyor system is a workpart transfer mechanism which
enables work transfer either in horizontal or vertical direction.
This mechanism is employed with a chain drive or flexible steel belt, which
Is driven by pulleys. When the pulleys rotate about the horizontal axis it
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called over and under configuration and when pulleys rotate about the
vertical axis then it is called around the corner configuration.

In this chain conveyor system, the pulley turns about the horizontal axis.
The pulleys provide the rotation for chain drive by the friction between
them. The work carriers are held on the chain drive. Thus, as the chain
moves, the work carriers are also moved to perform the specific operation at
corresponding work stations.
The arrangement of system is shown in figure. The indexing mechanism is
connected to driving pulley and is designed as per the sequence of operations
to be performed.
The tension wheel is arranged at a certain distance and is used to support the
indexing mechanism pulley. The number of work carriers and their location
depends upon the distance between the pulleys. They can move in forward
and return travel with respect to the driving pulley.

Tengion .
wheel Forward Working
travel Carriers
= = — [ Indexing
______________________ _— mechanism
| = — — B
» ase
Return !f“’

c) Powered Roller Conveyor System

The powered roller conveyor system is a linear transfer mechanism used to
transfer workparts from one workstation to other. This system can be driven
by two transfer mechanisms i.e., chain drive or belt drive.

In chain drive the work carriers are held on either chains or rollers. When
workparts are placed on the chain, it slides along the workstations. And
when workparts are placed on the rollers, chain drives the rollers

In belt drive the work carriers are held on the belt, which is driven by the
rollers. Belt beneath (below) the rollers, moves due to friction between them.
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Powered roller conveyor system is employed in stock handling systems and
automated flow lines. This system is used to drive pallets into workstation
for processing flat riding surfaces.
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2. Rotary Transfer Mechanism:
The rotary transfer mechanisms are used for indexing a circular table or dial at
different equi-angular positions to perform the specific operations at corresponding
workstations. Following four types of rotary transfer mechanisms are mostly used
a) Rack and Pinion Mechanism
b) Ratchet and Pawl Mechanism
c) Cam Mechanism
d) Geneva Mechanism
a) Rack and Pinion Mechanism

The rack and pinion mechanism convert the linear (i.e., back and forth) motion of rack
into oscillatory motion of the indexing table. This mechanism is simple in
construction. The mechanism comprises of a rack and pinion are, which are in mesh
with each other. The pinion gear is incorporated with the indexing table shaft and the
rack is connected to a piston drive. The drive mechanism is either hydraulic or
pneumatic.

When drive is applied, the rack moves back and forth, thus the indexing table
move in oscillatory motion through pinion gear. The drive is applied as per the
requirement and respective operation to be performed at the desired workstation.
This mechanism is employed for low speed operations associated with indexing table.
The indexing table is expensive than the rotary table.

’ Adjustable stop
Piston Rack to limit angular

/ ',' distance indexed
"YL -~ i "
; :0:
-
——Table spindie
Pinion

driving table through ——

unidirectional clutch /
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b) Ratchet and Pawl Mechanism

The ratchet and pawl mechanism is a method of indexing a circular or dial table
at different equi-angular positions to perform respective operations at
corresponding workstations. This mechanism converts the linear motion into
rotary motion. The mechanism comprises of a ratchet and pawl, assembly where
the ratchet is attached to the indexing table shaft and the pawl is connected to a
piston drive. The ratchet and pawl are in mesh with each other to perform
operations. The mechanism is controlled either pneumatically or hydraulically.
This mechanism is shown in figure. Due to more number of components, this
mechanism is unreliable.

_ Table spindle

c) Cam Mechanism:

Cam mechanism is a method of rotary transfer mechanism used to index the
circular table for specific operations at corresponding workstations. This
mechanism converts the rotary movement of cam into rotary motion of the
indexing table. The mechanism comprises of a cam which is designed to
give varying of velocities and dwell (specified or particular) characteristics
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and to perform a wide range of operations. The table is connected to cam
through indexing plate, thus the motion of cam, results in desired rotation of
dial or circular table.

This mechanism is widely used in industries, although it is expensive, due to
high accuracy and more reliable for indexing the table. The cam mechanism
Is shown in figure

Index plate

d) Geneva Mechanism:

Geneva mechanism is a rotary transfer mechanism and uses a circular rotating
driver, which rotates continuously. The driver has a pin which enters into the
slot of a driven member, for indexing the dial. This mechanism is specified
according to the number of slots in the driven member connected to the dial
shaft. The Geneva is available as four, six and eight slots. The number of slots
equal to number of workstations.

If the Geneva or driven member has four slots, then each turn of the driver will
cause the table to advance one fourth of a turn. Thus, 90° of complete rotation
of drive is used for rotation of drive is used for indexing the table and other
270° is dwell.
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The angle of rotation of work station during indexing the dial is given as
360
6= Ns

Where Ns is number of slots in Geneva

IDriven member
attached to
workable shaft

Iriver

MMotion of driven
mernber during
each rotation
of driver

Pin attached to driver
enters slot to index
driven member

Flow line
e A rroute followed through successive stages of manufacturing a product.
e |t is a combination of machine tools sequentially arranged and integrated with a
transfer line
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Concept of Assembly Process
The following are 3 major processes used to accomplish the assembly of
components.

1. Mechanical fastening

2. Joining methods

3. Adhesive bonding
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1. Mechanical fastening
Mechanical fastening involves various methods to join two or more parts
together by some mechanical action. These mechanical fastening includes
a) Thread fastening
b) Riveting
c) Press fits and Shrink fits
d) Snap fits
e) Sewing and Stitching
2. Joining methods

Assembly systems
The various assembly systems employed in industries to perform various
assembly process are classified as below

1. Manual single station assembly

2. Manual assembly line

3. Automated assembly line
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Non-mechanical and conveyor lines in manual assembly line
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Terminology used in line balancing problem

Line balancing problem is concerned to the assignment of equal amount of work
to the individual workers at specific workstations. For high production on
assembly lines the line balancing problem is carried with specific planning.
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Methods of Line Balancing :-

1) Largest Candidate rule :-

In this method, work elements are arranged in descending orders of Te.

1) Kill bridge and wester’s Method:-

It implied work element are selected according to their position in precedence of
diagram.

Ill) Ranked positioned eights methods :-

It implies calculating RPW (ranked positioned weight value) for each element.
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UNIT - 3: INDUSTRIAL ROBOTICS AND DRIVE SYSTEM

1.2.1. Origin of Robots
Robot: 1921 Czechoplaywriter Karel Capek. .
Robota means forced labour (or) compulsory service.
Robotics: 1saac Asimov, SF Writer
Robotics means science of dealing with robots.

1.2.2. Whatis a Robot?
v Electro-Mechanical device.
v Performs various tasks.
v/ May be human controlled or automated.
7 It finds its uses in all aspects of our life.

Definition
i

Webster: A Machine in the form of a human being that performs the mechanical

functions of a human being but lacks sensitivity.

RIA (Robot Institute  of Amer'ica).- “A robot is 4 - Se—
multifunctional manipulator ‘dcstgned fo move materials, parts, tools, or
specialized devices, through variable programmed moti ons for the pe;farm;nce
of a variely of tasks.”

Reprogranunable means: That machine must be capable of being reprogrammed
to pertorm a new or different task or to be able to change the motion of the arm or

tooling.

Multifunction emphasizes: The fact that a robot must be able to perform many

different functions depending on the program and tooling currently in use.
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li Robot anatomy means: “Study of skeleton of robot (or) physical part”

v" The mechanical structure of a robot is like the skeleton in the human body.

v' The robot anatomy is, therefore, the study of structure of robot, that is physical
construction of the manipulator structure.

v' The mechanical structure of manipulator that consists of rigid bodies (links)
connected by means of joints, is segmented into an arm that ensures mobility
and reachability, a wrist that confers orientation, and an end effector that
performs the required task.

Wrist

Arm End-effector

LN AA

Base

Workpiece

Fig. 1.1. The base, arm, wrist and end effector forming the
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JOINTS AND LINKS

 The manipulator of an industrial robot consists of a series of joints and links.
 Robot anatomy deals with the study of different joints and links and other
aspects of the manipulator's physical construction.

« A robotic joint provides relative motion between two links of the robot.

« Each joint, or axis, provides a certain degree-of-freedom (dof) of motion.

« In most of the cases, only one degree-of-freedom is associated with each joint.
« Each joint is connected to two links, an input link and an output link.

* The robotic base and its connection to the first joint are termed as link-0.

* The first joint in the sequence is joint-1.

« Link-0 is the input link for joint-1, while the output link from joint-1 is link-1
which leads to joint-2.

« Link 1 is the output link for joint-1 and the input link for joint-2.

« This joint-link-numbering scheme is further followed for all joints and links in
the robotic systems.

v

Joint 2

Link 1——x

End of arm

Ground
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Nearly all industrial robots have mechanical joints that can be
classified into following five types

a) Linear joint (type L joint)
« The relative movement between the input link and the output link is a
translational sliding motion, with the axes of the two links being parallel.

Inputihnk Output ink

(a) Linear Joint

b) Orthogonal joint (type U joint)
« This also has a translational sliding motion, but the input and output links are
perpendicular to each other during the move.

,,,,,

Inputlink

Output link (b) Orthogonal
Joint
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¢) Rotational joint (type R joint)
* This type provides rotational relative motion, with the axis of rotation
perpendicular to the axes of the input and output links.

g A

o~ e

@ P
Input link -3 Outputlink

(¢) Rotational Joint

e

d) Twisting joint (type T joint)
« This joint also involves rotary motion, but the axis or rotation is parallel to the
axes of the two links.

Inputlink Outputlink

(d) Twisting Joint d

e) Revolving joint (type V-joint, V from the “v” in revolving)
* In this type, axis of input link is parallel to the axis of rotation of the joint.
Axis of the output link is perpendicular to the axis of rotation.
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Outputlink

Inputink :

(e) Revolving Joint

Coordinate System or Common Robot configurations

A coordinate system defines a plane or space by axes from a fixed point called
the origin.
Robot targets and positions are located by measurements along the axes of
coordinate systems. A robot uses several coordinate systems, each suitable for
specific types of jogging or programming.
The Robots are mostly divided into four major configurations based on their
appearances,
sizes, etc. such as:

I.  Polar Configuration

I.  Cylindrical Configuration,
li.  Cartesian Co-ordinate Configuration
Iv.  Jointed Arm Configuration, and

v. SCARA

(i) Polar configuration
« It consists of a sliding arm L-joint, actuated relative to the body, which rotates
around both a vertical axis (T-joint) and horizontal axis (R-joint).
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(a) Polar

y

] |

(2)

(o]

(| |55
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(if) Cylindrical configuration
« It consists of a vertical column. An arm assembly is moved up or down
relative to the vertical column.
« Arm can be moved in and out relative to the axis of the column. Common
configuration is to use a T-joint to rotate the column about its axis.
« An L-joint is used to move the arm assembly vertically along the column,
while an O joint is used to achieve radial movement of the arm.

>

()

Cwylindrical




SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES

(Autonomous)

DEPARTMENT of MECHANICAL ENGINEERING

AUTOMATION AND ROBOTICS

(16MEC325A)

(iif) Cartesian co-ordinate robot
« It is also known as rectilinear robot and x-y-z robot. It consists of three sliding
joints, two of which are orthogonal O-joints.

P

(c) Cartesian

/ k_\ @)

“ —)

1 " )
Im

_ i CARTESlANIREC'anEARIGANTRv
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(iv) Jointed-arm robot

« It is similar to the configuration of a human arm.

« It consists of a vertical column that swivels about the base using a T-joint.
Shoulder joint (R-joint) is located at the top of the column.

* The output link is an elbow joint (another R joint).
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(v) SCARA

« Its full form is ‘Selective Compliance Assembly Robot Arm'.

« It is similar in construction to the jointer-arm robot, except the shoulder and
elbow rotational axes are vertical.

 The arm is very rigid in the vertical direction, but compliant in the horizontal
direction. Robot wrist assemblies consist of either two or three degrees-of freedom.
« A typical three-degree-of-freedom wrist joint is depicted in Figure.

* Roll joint is accomplished by use of a T-joint.

« Pitch joint is achieved by recourse to an R-joint. Yaw joint, a right-and-left
motion, is gained by deploying a second R-joint.

@) 1

J (1) t -

(1) | ] | \J |
SCARA |
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work envelope:

Work envelope is defined as the envelope (or) space within which the robot can
manipulate the end of the wrist.

Figure 1.16 shows robot on design configuration.
v" A robot’s work envelope is its range of movement.
v’ The shape of the reachable work area of the robot.

v' Space defined by the geometry of the robot; ie, Cartesian, cylindrical,
spherical, revolute.

v" It is the shape created when a manipulator reaches forward, backward, up and
down.

r Gantry Robot

{

i

o emme - SCARA Robot j
Fig. 1.16. Work envelope — —
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v The ocourrence of this might not be predictable by maintenance or
programming personnel working with the robot.
v A component malfunction could also cause an unpredictable movement and/or

robot arm veloeity.

Reach Envelope: A three-dimensional shape that defines the boundaries that the
robot manipulator can reach. It also known as reach envelope.

Mavximum envelope: The envelope that encompasses the maximum designed
movements of all robot parts, including the end effector, work piece and attachments.

Restricted envelope is that portion of the maximum envelope which a robot is
restricted by limiting devices.
Operating envelope: The restricted envelope that is used by the robot, while

performing its proegrammed motions.

D ifferent types of robots.

UL IO WE!

(a) Industrial Robot

v They have ar i i i i i
hey © arms with gripper attached, which are fingers like and can grip or
pick up various objects.
V' They are used (o pick and place.
7l L PP 36y i
I'hese robots can be programmed and computerized.

[V B Rt . i i
hc:n.?my. welding and assembly robots usually have a self contained micro or
minicomputer,

(b) Laboratory Robot
v’ They take many shapes and many things.

v They have micro computers brain, multi joined arms, or advanced vision or
tactile senses.

v" Some of these may be mobile and others stationary.
(c) Explorer Robots

v" They are used to go where human cannot go or fear to tread, e.g. to explore
caves, dive far deeper underwater and rescue people in sunken ships.
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(c) Explorer Robots

v~ They are used to go where human cannot go or fear to tread. e.g. to explore

caves, dive far deeper underwater and rescue people in sunken ships.
v~ They arce sophisticated

machine that have sensory systems and remotely
controlled.

(d) Hobbyist Robots

v" Most of the hobbyist robots are mobile and made to operate by rolling around
on wheels propelled by eclectric motors

controlled by an on board
microprocessor.

v" Most hobbyist robots are equipped with speach synthesis and speed recognition
systems. )
v" They have an arm or arms and resemble a person in appearance.
(e) Class Room Robots

v They are developed to assist the instructer in various aspects of the teaching
learning processors.

(f) Educational Robot

¥ They have the ability to speak and respond to the spoken word,

v They can be used 1o entertain the people at various events or operate s g
revoking advertisement,

(g) Tele-Robots

¥ Tele robots are guided by human operators through remote control.

1.10.1. TYPES OF INDUSTRIAL ROBOTS
1. Sequence Robot

¥ A manipulator which progresses successively through the various stages of an
operation acconding to the predetermined sequence.

2. Playback Robot

¥ A manipulator which is able to perform an operation by reading out stored
information for an operating sequence, which it learned before hand by being
taken manually through the routine.
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3. Intelligent Robot
¥~ A Robot which can determine its own behaviour/conduct through its functions
of sense and recognition.
4. Repeating Robot
v A manipulator performing an operation repeatedly, accurdiilg to a rememorized
work programme.
1.10.2. TELEROBOT
Telerobotics is the area of robotics concerned with the control of robots from a
distance, chiefly using wireless connections “tethered™ connections, or the Internet.
¥ It is a combination of two major subfields. teleoperation and telepresence.

Teleoperation
v’ Teleoperation means “doing work at a distance™, although “work™ may mean

almost anything.

Classification of robots:

The robots can be classified according to the configuration, types of control,
drive, movement, application, degree of freedom and sensory system.

1. Physical Configuration
v Cartesian coordinate configuration:

v" Cylindrical coordinate configuration:
v’ Polar coordinate configuration:

v’ Jointed arm configuration:

v SCARA.

2. Control System
v" Point to point robots
v’ Straight line robots
v" Continuous robot

3. Movement
v’ Fixed robot
v" Mobile robot
v" Walking or legged robot
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4. Types of Drive
v Pneumatic drive
v Hydraulic drive
v Electrie drive
5. Application
v Manufacturing
v Handling
v Testing

6. Degrees of Freedom
v Single degree of freedom
v Two degree of freedom
v" Three degree of freedom
v Six degree of freedom

7. Sensory Systems

v' Simple and blind robot
v" Vision robot
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T echnical specification in Robotics.

1.14.1. Accuracy
v Accuracy can be defined as the ability of a robot to position its wrist end at

desired target point within its reach.

v How closely the robot arm is able to move to a specific coordinate in the work

cell.
v In terms of control resolution, the accuracy can be defined as one-half of the

control resolution.
v This definition of accuracy applies in the worst case when the target point is

between two control points.

1.14.2. Repeatability
v Repeatability refers to robot’s ability to retyrn to th .
€ pro int when !
is commanded to do so. Programmed point W

V' Degree to which the robot is able to returm to a previoualy g position

v" Repeatability is often smaller than accuracy.

v’ A repeatability of 0.25 mm indicates that once a manipulator has been taugflt Fo
reach a certain point, it will continually return to that same point within
0.25 mm.

1.14.3. Reliability
v Reliability identifies the percentage of time that the robot is expected to operate
without being taken out of service for maintenance or repair.
v’ Manufacturers estimate the reliability of their robots to be between 96% and
08%.
v’ Although this estimate is not true in all cases, most robot users have found their
robots to be very reliable.
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1.14.4. Resolution

v' The smallest increment of motion or distance that can be detected or controlled
by the robotic control system.

v/ Tt is a function of encoder pulses per revolution and drive (e.g. reduction gear)
ratio. It is dependent on the distance between the tool center point and the joint
axis.

v’ A resolution of one mm indicates that the robot can distinguish between twp
points that are one mm apart. AN o

v A resolution of 0.01 mm means that the robot can distinguish between two
points that are only 0.01 mm in apart.

>

1.14.5. Spatial Resolution
v~ Ability of the robot to'break down its movements into increments
#increments = 27
where, n = Number of bits in control memory
v~ Spatial resolution= Range/2”
v' Example: A robot controller has 12-bit storage capacity, the full range of the
- robot = 1.0 m for one joint

v Spatial resolution= 1.0 m/4096 = 0.244 mm.
- i e

1.14.6. Precision of Robot
v 1t is the smallest increment of motion for which the robot can be controlled,

1.14.7. Quality of Robot
¥ A robot is said to be high quality when the precision and accuracy is more,

1.14.8. Reach D

v" The maximum horizontal distance from the center of the robot base to the end
of its wrist.

1.14.9. Maximum Speed

A robot moving at full extension with all joints moving simultaneously in
complimentary directions at full speed. The maximum speed is the theoretical values
which does not consider under loading condition..

1.14.10. Payload

7 . s p
Mass that the robot is designed to manipulate under the manufacturer’s

specifications (speed, acceleration / decelerations, duty cycle, etc.) over the
entire work envelope
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Payload = End effector weight (or Tooling weight) + Part weight ]

1.14.11. Pay Load Capability of Robot
v" The maximum load which can be carried by the manipulator at low (or) normal

speed.

4.12. Pitch
¥" This involves the up and down of rotation of the object, typically done by

means of a rotary or ‘R’ type joint.

.14.13. Yaw o
This involves right to left rotation of .the object, also accomplished typically

using an R-type joint.
e
.14.14. Roll

Tl 1 D O [;‘ can b aCCOmp]lShed by a tWi Stln O l - t to [Otat
(&3 g T 1 i
1S » . ) ype 70]n )

1.14.15. Duty Cycle
v" Ratio of run time to total operational time that a robot can continuously work at

the rated payload without overheating or degrading the robot specifications.

1.14.16. Offset
v" Point of action for the tool mounted to the robot tool plate (or tool center point

- TCP).
¥ Consider offset in computer programming of the robot.

1.15. BASIC ROBOT MOTIONS
There are six basic motions, or degree of freedom, which provide the robot, with
capability to move the end effector through the required sequence of motions.

v’ The six degree of freedom are intended to emulate the versatility of movement
possessed by the human arm. Not all robots are equipped with ability to move

in all six degrees.
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v" The six basic motions consist of three arm and body motions and three wrist

motions are illustrated in Fig.1.18 for the polar type robot. These motions are
described below.

Vertical Rotational
Wrist traverse tfraverse

bend ()
\ Radial
L traverse %

j Arm and
body
( \ assembly

()Nrist

swivel

Wrist
assembly

Gripper

Wrist
yaw

Fig. 1.18. Robot motion

The six basic robot motions are: e
i ical axis.
1. Rotational transverse - Movement about a vert

2. Radial transverse - Extension and retraction of arm.

3. Vertical transverse - Upand down motion. -

4. Pitch - Upand down movement of t}'le wrist.
5. Yaw - Side to side movement of wrist.

6. Roll - Rotation of wrist.
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Four types of robot control.

v Industrial robots can be programmed from a distance to perform their required
and preprogrammed operations with different types of paths generated through
different control techniques.

v  The Four different types of paths generated are

Path Control

1. Point-to-point (PTP) control robot
2. Continuous-path (CP) control robot
3. Controlled-path robot

4. Stop-to-Stop

1.17.2. Point-to-Point

v Robots programmed and ¢ ;
from one discrete point to another within the robot’s working e

ontrolled in this manner are programmed to move
nvelope.

v In the automatic mode of operation, the exact path taken by the robot will vary
slightly due to variations in velocity, joint geometries, and point spatial

locations.
v This difference in paths is difficult to predict and thereforc can create a
potential safety hazard to personnel and equipment.

v Primary, programming device - teach pendant. Tooling or gripper moved into
position using the teach pendant and controller records the coordinate values for

the joint positions.
v The path robot takes when programming two consecutive points has no effect
on the final program, only end points are recorded.

v" Controller changes each axis at maximum rate. .

Advantages
v’ Relatively large and complex problems obtained at moderate cost

v" Reliability.

Disadvantages
v’ Lack of straight-line control.
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1.17.4. Continuous Path

v" A robot whose path is controlled by storing a large number or close succession
of spatial points in memory during a teaching sequence is a continuous path
controlled robot.

v When the robot is placed in the automatic mode of operation, the program is
replayed from memory and a duplicate path is generated.

Advantages
v" Very complex tasks can be performed.
¥" Duplicates movement ot the operator.
Disadvantages
v~ Expensive
v High level of control
Applications
v’ Spray painting
1.17.3. Controlled Path

v The path or mode of movement ensures that the end of’ the robot’s arm will

tollow a predictable (controlled) path and orientation as the robot travels from
point to point,

v The coordinate transformations required for this hardware management are
caleulated by the robot’s control system computer,

¥ Observations that result from this type of programming are less likely to present
a hazard to personnel and cquipment.
b} s o < - = - 8 B ~ . - ~
v" Point-to-point system with added capability of providing control of the end
effector.
v’ Axis actuators driven .so that the path between points is a straight line
Advantages
v’ Path control

v Complex tasks
Disadvantages
v" Increase in controller intelligence

Applications
v" Operations requiring path control

v Welding, ete.
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1.17.1. Stop-to-stop
~ Open loop
+ Position and velocity unknown to controller
+ On/off commands stored as valve states
+ End travel set by mechanical stops

Advantages
~ Simple and reliable system

Disadvantages
~ Not flexible

Applications

~ Pick-and-place operations
Need for robots

Frequently, robots are used to do jobs that could be done by humans. However,

there are many reasons why robots may be better than humans in performing certain
tasks.

(a) Speed
v~ Robots may be used because they are faster than people at carrying out tasks.

v~ This is because a robot is really a mechanism, which is controlled by a

computer and we know that computers can do calculations and process data
very quickly.

v~ Some robots actually move more quickly than we can, so they can carry out a
task. such as picking up and inserting items, more quickly than a human can.

(b) Hazardous (dangerous) Environment

v~ Robots may be used because they can work in places where a human would be
in danger.

v~ For example, robots can be designed to withstand greater amounts of heat
radiation, chemical fumes than humans could.

(c) Repetitive Tasks

v Sometimes robots are not really much faster than humans, but they are good at
simply doing the same job over and over again.

Robot parts and functions

A robot system has six major components:
1. Robot arm or Manipulator, 2. End of arm tools or end effector,
3. Power source, 4. Controller,

5. Sensor, 6. Actuator.
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1.22.1. Wobot Arm (or) Robot Anatomy
v An industrial robot comprised of a robot manipulator, power supply, and
controllers. \
v A Robot arm can have shoulders, elbows, and wrists even fingers.
v The robot manipulator can be divided into two sections, each with a different
function:
v Arm and Body - The arm and body of a robot are used to move and position

parts or tools within a work envelope. They are formed from three joints
connected by large links.

v Wrist - The wrist is used to orient the parts or tools at the work location: It
consists of two or three compact joints.

. s _lat
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v The arm-and-body section of the manipulator is based on one of four
configurations. Fach of these anatomics provides a different work envelope and
is suited for different applications,

Gantry - 'T'hese robots have linear joints and are mounted overhead, They are
also called Cartesian and rectilincar robots,

Cylindrical - Named for the shape of its work envelope, cylindrical anatomy
robots are fashioned from linear joints that conneet to a rotary base joint,

Polar - The base joint of a polar robot allows for twisting and the joints are a
combination of rotary and lincar types. The work space created by this
configuration is spherical,

1.22.2. End-Effector

The end-effector (commonly known as robot hand) mounted on the wrist enables
the robot to perform specified tasks. Various types of end-effectors are designed for
the same robot to make it more flexible and versatile.

End-effectors are categorized into two major types:
1. Grippers
2. Tools
1) Grippers

Grippers are gencrally used to grasp and hold an object and place it at a desired
location.

¥’ Mechanical grippers

v Vacuum or suction cups

v' Magnetic grippers

v" Adhesive grippers

v" Hooks, scoops, and so forth

2) Tools

: : ; : erati
At times, a robot is required to manipulate a tool to perform an operation op 4
workpiece. In such applications the end-effector is a tool itself.

v Spot-welding tools

v Arc-welding tools

v" Spray-painting nozzles

v" Rotating spindles for drilling
v’ Rotating spindles for grinding

i iamins Ot 200
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1.22.3. Power Source/Drives

The power source is the unit that supplies power to
co : 3
Almost all modern robots are driven by brushless A lm:llcr and the nmupul:*:;;
robots existing in industry use other drives. The co:t: “uerl'n_otors, but many © -
power. The manipulator is controlled by hydraulic o ; is d:lperatcd by an
Neumatic veSs.

1.22.3.1. Pneumatic Supply/Pneumatic Drives
v' Pneumatic power can be readily adapted to the actuation of piston devices (o

provide translational movement of sliding joints.

1.22.3.2. Hydraulic Supply/Hydraulic Drives _
v Hydraulic drives were used on a large number of the early robots as It was more
rigid and controllable than pneumatics and it could provide more power than
the electric drives then available. .
v Hydraulic drive is gcncral'ly associated with large robots, such as the Unimate

2000 series.
sl sialiiae and masa.

1.22.3.3. Electric Supply/Electric Drives

Electric
v" There are three major types of electric drive that have been used for robots.

Stepper Motors
v" These are used mainly for simple pick and place mechanisms where cheapness

is more important than power or controllability.

DC Servos
v" For the early clectric robots the DC servo drive was used extensively. It gave

good power output with a high degree of control of both speed and position.

AC Servos
v" In recent years the AC servo has taken over from the DC servo-as the standard

drive. These modern motors give higher power output and are almost silent in
operation. As they have no brushes they are very reliable and require almost no
maintenance in operation.

V" In general, each motor requires appropriate reduction gear systems to provide

proper output force or torque.
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41.22.4. Actuators

What are Actuators?

v Actuators are the devices
energy into mechanical energy.

v In other words, actuators perform a function
d delivered by the hydraulic pump is supplie

the energy of the fluid int
e work done.
v The hydraulic actuators produce linear. rotary, or oscillating motion.

v They can be used for lifting, tilting, clamping, opening, closing, metering,
mixing, turning, swinging, counterbalancing, bending and for many other

used for converting hydraulic energy,
just opposite to that of the pumps.

v The pressurized hydraulic flui
the actuators, which converts
This mechanical energy is used to get th

operations.

v~ Special applications are on rollover devices, conveyors, valve operations,

printing presses, rock drills, dies, clamps, machine tools, etc.

1.22.5. Sensors
A sensor is an electronic device that transfers a physical phenomenon

(temperature, pressure, humidity, etc.) into an electrical signal.
Sensors in robotics are used for both internal feedback control and external

interaction with the outside environment.

The Purpose of a Sensor
Sensor is used for an element which produces a signal relating to the quantity

being measured i.e., an electrical resistance temperature element the quantity being
measured is temperature and the sensors transforms an input of temperature in to a

change in resistance.
v Analogous to human sensory 0rgans Eyes, Ears, Nose, Tongue, Skin.

v Sensors help the robot knowing its surroundings better.
v Improves its actions and decision-making ability.
v Provides feedback control.

Examples
v Light Dependent Resistor
v Thermistor
v IR Photo Sensor

(or) electrical

d to
o mechanical energy-.




SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES

(Autonomous)
DEPARTMENT of MECHANICAL ENGINEERING

AUTOMATION AND ROBOTICS

(16MEC325A)

Drive:
The drive is the "engine™ that drives the links (the sections between the joints into their
desired position. Without a drive, a robot would just sit there, which is not often helpful.
Most drives are powered by air, water pressure, or electricity
The robot’s capacity to move its body, arm, wrist and joints are provided by drive system
The common drive systems used in robotics are

1. Mechanical drives

2. Pneumatic drives

3. Hydraulic drives
4. Electrical drives
2

. Pneumatic drives

v' Pneumatic actuators utilise pneumatic energy provided by a compressor and
transforms it into mechanical energy by means of pistons (or) turbines.

v Pressurised air is used to transmit and control power.

v’ Pneumatic actuators are the devices that cause things to move by taking the
advantage of potential energy.

Piston Pneumatic cylinder
located

inside cylinder

Compressor unit Double-acting
cylinder

Electric motor

Tank gauge

=S Four-way 4
2R Lubricator manually activated Ad)u:tstalbte ltl,c;w.
Water drain tank Regulator control valve Coniol vaives

(one in each line)

Fig. 2.2. A pneumatic actuator

v The actuators in their conventional form are basically called pneumo-
mechanical device and have been used to automate industrial tasks of iterative
nature.
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4
The actuator has three components namely: 1. Cylinder, 2. Piston, 3. Val
3 . Valve.

v The cyli : ;
ylinder is hollow chamber into-whi

ch the extern . B

allowed to enter, so as to enable the piston to move Bl comppeand air 18

v The air enters through
a hole usually called
i port and T
consnd'ered as an actuator, controls the rate of flow of air int: tl‘ll alvli, el 18
valve is a controlling element and it is an electromechanical devie chamber. The
hani ce.

B

can slide inside
¥" In operation, the piston is rigidly attached 10 load andtor‘s e 6 T the
cylinder. In view of their motion, only two types of actua o ang
however, in some fiore FEUSAMERI HENGe
' mechanical desigp

angular types are manufactured,
pneumatic actuator are classified according

parameter such as the number of ports and ways t
v The linear actuator converts the potential energy 10 the
tion. The actuator

mechanical energy in terms of linear mo :
and cylinder. The air enters the actuator and pushes the pist
the cylinder to the other.

he piston moves.

compressed air into
consists of a piston

r an on from one end of

Advantages of Pneumatic Actuators

v Control is simple.

v When source of compressed air are rea
engineering related facilities, pneumatic ac

as they often are in

dily available,
good choice.

tuators may be

It is cheapest form of all actuators.

tic actuators have a very quick acti thus allowing

on and response time,

S

Pneuma

for fast work cycles.

The systems are usually compact.

dual components can be easily interconnected.
n is usually required.

d and conveyed casily over long distance.

Indivi
No mechanical transmissio
e store

NKNNN

Compressed air can b

Disadvantages

v More noise and vibration.
;s compressible,
s requiring accurate mo
table for heavy loads.

pneumatic cylinders are not typically used for

v Since air
application tion between two well-defined end points.

~ Pneumatics are not sui

v If mcchanical stops are used, resetting the system can be slow.
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3. Hydraulic drives
¥ Hydraulic actuators transform the hydraulic energy stored in a reservoir into
mechanical energy by means of suitable pumps.
¥ Hydraulic actuators are also fluid power device for industrial robots which

utilise high pressure fluid such as oil to transmit forces to the point of
application desired. Hydraulic actuator as shown in Fig.2.1.

Four-way
valve

Feed line Double acting

Hand :
cylinder
Pl

Pressura
meulic Indicator shut off

Pump valve
Ofl filter
Pressure
relief valve
Oll reservoir Return lines

Hand control

_ L shift lever Punch press
Fig. 2.1. Hydraylic actuator

v’ Principle -and working of hydraulic actuation system is similar to pncun‘mtic
system, except that instead of air, fluid such as water or oil supplies the u}lct
power. Although the working principle remains the same, the structural design
varies.

v These devices utilize pressurized fluid to produce linear motion and force (or)
rotary motion and torque.

v' Hydraulic actuators are used in a variety of power transfer application.

v The pressure that is transmitted when a quantity of fluid such as water (or) oil,
is forced through a comparatively small orifice (or) through tube, operate
hydraulic actuator. Based on the principle, a handful number of hydraulic
actuating components are designed. '

v They are hydraulic accumulator, hydraulic cylinders, hydraulic flow controls,
hydraulic motors, hydraulic power units, hydraulic pumps, hydraulic pressure
regulators, rod less hydraulic cylinder and vacuum pressure regulators.
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v Hydraulic actuators, mainly are classified into three type.
(i) Single acting spring return type
(i) Double acting cylinder
(fif) Ram type

i) Single Acting Spring Return Type

¥ The single acting cylinder is pressurized on only one end. An internal spring is
compressed by pressure on the cap end, and a rod extends. A reduction of
pressure allows for the retraction of the rod by spring.
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ii) Double Acting Cylinder _
(i) Acting Cyli lied to two parts, thereby generating
¥ In a double acting type. pressure can be app
power and motion in twWo directions.
{(iit) Ram Type
In the ram type has a single fluid chamber and
v Hydraulic actuator can also be designed to p
tvpe of actuators provide torque.
¥ There are many types as far as design is conc
pinion type and gear motor type actuators are emp
They are specified depending upon the angular rotation and torq
v The rack and pinion type system uses
gear motor uses gearing mechanisms.
tary motion of a shaft in order

v Both types convert fluid power energy to ro : :
achieve mechanical function such as turning, positioning, steering, opening

closing, swinging or any other involving restricted rotation.

al force.

rovide rotary movement. These

produces unidirection

erned, but importantly rack anq‘
employed in robot applicationy
ue involved. %

m whereas th8

rack and pinion mechanis

2

Advantages
« It has advantage of generating extremely large force from very compact

actuators.

It can also provide precise control at low speeds.

Robust.

Self-lubricating.

Due to the presence of accumulator which act as a storage device, the systel!
can meet sudden demands in power.

No mechanical linkage is required.
High efficiency and high power to size ratio.

They generally have a greater load carrying capacity than electric and
pneumatic actuator.

» Hydraulic robots are more capable of withstanding shock loads

TR

58NN

pisadvantages

+ The hydraulic system is required for a 1 i
pump, tank, distribution lines. arge infrastructure is high pfessu“

v Leakage can occur causing a loss in performanc
e.
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4. Electrical drives
Electric actuator is a device, which uses electrical energy to impart motion.
Electric actuators classified in to 3 types
A.C. Servo Motors,
D.C. Servo Motors,
Stepper Motor.
A.C. Servo Motors

P whEe

Mostly preferred for low power applications.
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2. D.C. Servo Motors
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Where,
7 __ — Torque produced.

/I — Armature current.

k_ — Motor’s torgque constant.

3. Stepper Motor.
or is & devi vhich tnsfoms ety pulses 1nf0 o

A stepper MmO . |
haft motioncalled teps. Figure 23 showes the sepper "

increments of rofary 3
Stator A\L J/F
Siator BL % J}
Phase B J

Figz. 2.3. Stepper rrnofor
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20° 1e0° 270° ;
4y }
:
f

o : ¥

90° 180° 270"
STATOR EXCITING CURRENTS

Fig. 2.4. Magnetic flux path through a two pole stepper motor with
lag between the rotor and stator

Principle
v' The shaft or spindle of a stepper motor rotates indiscrete step increments when
clectrical command pulses are applied to it in the proper sequence.

v The motors rotation has several direct relationships to these applied input
pulses. The sequence of the applied pulses is directly related to the direction of

motor shafts rotation.

v The speed of the motor shafts rotation is directly related to the frequency of the
input pulses and the length of rotation is directly related to the number of input

pulses applied.




<. SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES

;K :f ;‘;%: (Autonomous)
:j DEPARTMENT of MECHANICAL ENGINEERING
AUTOMATION AND ROBOTICS
(16MEC325A)
. Mechanical dxives system. Apt/May 2012

When the various driving methods like hydraulic, pneumatic, electrical servo
motors and stepping motors are used 1n tobots, 1t 15 necessary to get the motion in

linear or rotary fashion.

mechanical drives are mainly classified as following
a) Rack and Pinion Mechanism

b) Ratchet and Pawl Mechanism

c) Cam Mechanism

d) Geneva Mechanism

e) Harmonic drive system

f) Ball and Roller Screws or Screw Driven Nut System or Re-Circulating Ball
screw

up to Geneva mechanism refer in unit 1
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e) Harmonic drive system

For speed reduction, standard gear transmission gives sliding friction and backlash.
Moreover, it takes more space.

Harmonic drive due to its natural preloading eliminates backlash and greatly
reduces tooth wear.

Harmonic drives are suitable for robot drives due to their smooth and efficient
action.

Construction
Harmonic drive consists of three parts:
(7) Elliptical wave generator
(i) Flex spline with external teeth
(iif) Rigid circular spline with internal teeth

(i) Elliptical wave generator: It is an elliptical plate with bearings on the outside

which is used for input. Since the wave generator is rotated ms‘_de —
bearings, the input rotation is not actually transmitted through the device.
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(ii) Flex spline with external teeth which is a thin-walled cup. It has teeth on its
outside. The flex spline fits over the bearings on the wave generator, such that
when the wave generator is rotated, the flex spline deforms to the shape of a
rotating ellipse. But does not actually rotate itself.

(iii) Rigid circular spline with internal teeth: It is a circular cup which has teeth
on the inside of the cup. and is identical to an internal gear. These teeth
engage the teeth on the outside of the flex spline, but only_ at .the ends of the
elliptical shape. Figure 2.16 illustrates the circular spline with internal teeth.

Static circular spine

Rotating wave
generator input

Flex spline
output

Contact at Major Axis
Harmonic Drive

Fig. 2.16. Harmonic drive

Working Principle

/ The harmonic drive theory is based on elastc dynamicg and wlizes ™
feuibilty of metal. More complx versions will have 2 fourth compo™™
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normally used to shorten the overall length or to increase the gear reduction
within a smaller diameter, but still follows the same basic principles.
v/ The end result is that the wave generator rotates within the flex spline,

deforming it and thus shifting the flex spline along the circular spline opposite
to the input rotation.

v Since the wave generator and flex spline are elliptical, the flex spline engages
the circular spline at two points on opposite sides of the gear.

v This allows almost 30% of the teeth to be engaged at any time, providing high
torque capabilities and other benefits.

v/ When the input shaft is rotated 90 degrees clockwise, the wave generator rotates
and deforms the flex spline accordingly.

v Because of the deformation, the flex spline turns slightly (about half a tooth)
counterclockwise.

v When the input shaft is rotated a full 360 degrees clockwise, the flex spline will
have turned about two teeth counterclockwise. This is because the circular
spline, with its larger circumference, has two more tecth than the flex spline.

¥ In a harmonic drive mechanism, the reduction ratio can be calculated from the
number of teeth on each gear:

Reduction = (Flex spline teeth — Circular spline teeth) / Flex spline teeth)

LS | 2 _o e O U Y _

Advantage of Harmonic Drive
v’ Zero backlash
v High reduction ratio with single stage
v Compact & Light weight
¥" High torque capability
¥ Coaxial input & output shaft
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f) Ball and Roller Screws

S S ettt EYy ACAE Sl W )

v~ Rack and pinion and ball screws are used in prismatic joints.

v The rack and pinion system is prone to backlash. whereas the ball screw system
is efficient, moderately stiff, very accurate and has a large mechanical
advantage.

v A schematic of the recirculating ball screw drive is shown in Fig.2.15.

___— Ball bearings

Lead screw

|
L TEE S e = -

Fig. 2.15. Recirculating ball screw

v The nut and screw arrangement converts a rotating motion of the screw into a
linear translation of the nut, as well as increasing the force that can be applied.

v" The rotary motion is normally supplied from an elliptical/cycloidal gearbox

configuration driven by an electric motor.
The nut remains stationary while shaft rotates to provide the motion.

v
v In normal operation. the shaft is attached to one end of the robot, while the nut

is attached to the other.

v Features of this drive mechanism are excellent repeatability, high reliability,
good rigidity. resistance to vibration and smooth action.

END EFFECTORS

In robotics, an end effector is the device at the end of a robotic arm, designed to interact with
the environment.

An end effector is a component, which is attached to the robot’s wrist, to enable completion of
tasks like gripping cutting etc.,

It is also called as gripper

End effectors may consist of a gripper or a tool. The gripper can be of two fingers, three fingers
or even five fingers.
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Z

Coordinate System Origin (Center of Base)

Pneumatic Gripper

Pneumatic grippers, as the name proposes, works with compressed air. The
gripper is connected to a compressed air supply network. When air pressure is
applied on the pistons, the gripper closes. When the pressure is released the
gripper opens. The only way to manage the force in the gripper is to manage the
air pressure in the air intake (or valve).
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LA P

FParallel Gripper Parallel Gripper
{closead) {opemn)

To further elaborate on this concept, imagine that the gripper is two pneumatic actuators
placed in opposite directions. Referring to the figure below. When the robot program asks
the gripper to close against the part, first the valve (coloured in green) is moving right to
let the air pressure enter into the left portion of the pneumatic actuator (coloured in pink).
As the pressure builds up in this section, the piston moves in the "x" direction. The piston
will then apply a force according to the pressure on the piston (Force = Pressure *
Surface). To keep a constant force on the part, the valve can be closed or remains open
and must keep a constant air pressure on the piston.

LI

Pa pb

AT
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When the program requests the release of the part, the valve then moves left and
the air pressure goes into the right section of the cylinder (coloured in blue), at the
same time the air in the left section is released. This operation brings the piston
back to its initial position. This way, the part is also released.

As both actuators are attached to each individual finger in direct opposition to
each other, the piston controlling the fingers will close against each other in perfect
synchronization. This example is a simple representation of how it works, however,
a lot of different design exist. The disadvantage of using this kind of gripper is that
there are very few settings that can be controlled on the fly. In fact, the stroke is
fixed for a given gripper and the force has to be adjusted with the pressure that
flows into the valve. It takes a couple of tests to figure out the amount of air
pressure that will work well for each particular application

v Gripping force = (Pa—pP)A
where P. = Atmospheric pressure
p = Vacuum pressure (absolute)
A = Area of cup producing vacuuin
Advantages:

1) Compact size.

2) Itischeapest form of all grippers.
3) Its light weight design.

4) Pick up time is very fast.

Disadvantages:
1) It has a slightly lower power to weight ratio than hydraulics.

2) It is not as controllable or easy to feed as electricity. In most situations
however these are not important.

3) Some time is required to build the pressure.
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Hydraulic Gripper

In general, hydraulic and pneumatic grippers have the same basic actuation
principle. They include direct acting piston designs as well as piston wedge designs

The direct acting piston design is used when a hydraulic force acts directly on a
piston that is directly connected to the jaw or finger that is touching or gripping the
part.

ADVANTAGES:

a. The robot used can have many industrial uses.
b. When used in a locomotive format can be of great use in the production and packaging
tield.

¢. The simplicity and easy to repair design makes it really cheap.
DISADVANTAGES:

a. The imput here 1s mechanical.
b. Use of electrical circuits can make 1t much simpler to operate and have a better control

over 1t which is difficult in purely mechanical design.

When selecting a hydraulic gripper, it is important to consider the following:

Part weight and size to be lifted

Part material

Clearance issues around the part that could interfere with the gripping part
The environment the gripper will be used in (corrosive, food or beverage, etc.)
The motion path of the robot or linear device that is moving the gripper

The power supply that will be available and the pressure ratings available

ogrwNE




SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES

(Autonomous)

=

7
%
—-

-
o™

T
S X
S i
CEZE o )
P s
N -

DEPARTMENT of MECHANICAL ENGINEERING
AUTOMATION AND ROBOTICS

e
L7

%

(16MEC325A)

Vacuum Gripper

The vacuum gripper has two components:
-(a) The vacuum gripper cups

(b) The vacuum system

/ The vacuum cups consist of a flexible-rubber cup and a hard-rubber cup.

v Cups are made of elastic material and round in shape.

ooy and the
v The cup creates negative pressure, which in turn, create the vacuum

necessary lifting power.

v The vacuum is created between cup and the object.

1 er
/ The vacuum can be generated by a vacuum pump or a venturi system. Aft

lifting and placing the part at the desired place the vacuum is released.

v Number Of grippers (cups) determines the size and weight of object to be

grasped.

v Vacuum gripper is used for haﬂdling of fragile parts.

v Positioning of parts not as critical as with other grippers.

v In some applications where the objects are too thin to be handled, they can be

held by vacuum grippers.
v Fig.3.10 illustrates Vacuum gripper.

v The lifting capacity of suction pump depends upon the effective area of the cup
and negative air pressure (vacuum) between the cup and the object.
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(@) Ventury device for flat surface gripping  (b) Gripper for contoured surface
Fig. 3.10. The vacuum gripper

Uses of Vacuum Grippers
v" It is used for picking of metal parts and large light weight boxes.

Lift Capacity of Suction Pump
Lift capacity of suction pump depends upon:

1. Effective area of the cup.

2. Negative air pressure between cup and object.
=K-p-Ag = K-Aypy-p,

Force (F) =
F = Lift capacity (Newton)

K = Coefficient

where,

Ay = Effective area

p::
Pa =

Presg =

Negative pressure
Atmospheric pressure
Residual pressure in vacuum cup
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Advantages
1. The Gripper is lighter in weight.
2. Distribute the pressure entirely in some area.

Disadvantages
1. It is not suitable for components having curved surface and holes.

2. More time is required to build the vacuum in the cup.

Magnetic Gripper

Grippers in which a magnetic substance performs the grasping action for handling

ferrous material are called magnetic grippers.

The types of magnetic grippers are:
(1) Electromagnetic grippers
(77) Permanent magnet grippers

3.5.1. Permanent Magnet Type Grippers
v" The magnetic gripper employs the effect of a magnetic field coming intg

contact with a ferrous metal.
v’ The magnetic field is developed by passing constant current through an

electromagnet.
v’ The Fig.3.12 illustrates permanent magnet type magnetic gripper.

Air line Raobot arm

| o]

{ Air cylinder | X

-
[

la———— Push off pin

Steel — == 'L — ’ﬂ:

plate
[ Permanent magnet

Fig. 3.12. Magnetic gripper — Permanent magnet type
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v’ This field causes the molecules of the ferrous metal to align and develop
smaller magnetic fields in the part.

v' These smaller magnetic fields have a polarity that is opposite to the polarity of
the electromagnetic field. The two poles of opposite polarity attract each other,
allowing the gripper to lift the part.

v The electric current is turned off after the part has been lifted and placed at the

desired place.

Advantage:

v’ Variety of part size can be handled.

v" Pickup times are very fast.

v’ Variations in part size can be tolerated.

v The grippers do not have to be designed for one particular work part,
v' They have the ability to handle metal parts with holes.

p,:;gdvantage:
v Residual magnetigyy, .
; ; f¥Maining jn the workpiece mg
v Side slippage. ay cause problems,

v More than one sheet Will be lifteq by the magnet from a sta k
a stack.

v Lack of contro] during some duration of the cvel
cycle.

TS e L TSGR
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3.6. ELECTROMAGNETIC GRIPPERS
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Fig. 3.13. Electromagnetic grippers

v Electromagnetic grippers can be employed for holding magnetic materials
Fig.3.13.

v' When the objects to be handled are too large and ferromagnetic in nature
pneumatic grippers may be employed.

v' This is more suitable for flat materials and holding force in such case will be

high.

v Whenever magnetic grippers are used, it is to be ensured that power to gripper
is always available. Otherwise the job may fall against power failure.

Attractive Force of an Electromagnet

The attractive force P of an electromagnet can be found by using Maxwell’s
equation
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T ———
_ I x NI?
P = 55 x< A x (S5, Sm)
where [ = Current (A) '
N = Number of turns of cqll .
S; = Reluctance of magnetic paths through air
s, = Reluctance of magnetic paths through the metal
e -
Advantage .
/ Electromagnet grippers are easier 0 control, but they require 2 source of
electric power.

to hold a flexible material such as a
pper design.

ve substance is used
bstance can be used for grasping action in gr1
be gripped on

3.7. ADHESIVE GRIPPER

v In a device an adhesi
fabric. An adhesive su

ment on the items 10 led are that they must

/ The require be hand
one side only.

 The reliability of this gripping device is dimi
operation cycle as the adhesive substance loses its

v To overcome this limitation, t
nuous ribbon into 2 feeding me

yed to handle fabric and light wei

nished with each successive
tackiness on repeated use.
| can be loaded in the form of

he adhesive materia
d to the robot wrist.

a conti chanism attache
v Emplo ght material.
Limitations of adhesive gripp

v Adhesive substances loss
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es his tackiness on repeated usage.

th successive operations.
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Mechanical Gripper

v A mechanical gripper is an end effector that uses mechanical finger actuated by
mechanism to grasp an object.

v Mechanical grippers are used to transfer parts from one location to another or to
assemble parts.

¥ These grippers are of many types.

¥ Most common, can be angular or parallel.

Fig. 3.2. Mechanical gripper with interchangeable finger

v They are used to perform some special tasks.

¥ Mechanical grippers. actuated by pneumatic / hydraulic / solenoid / motor are
dmgncdbasedonstmmhconsndaanonandlsmadeashghtaspossble

Otherwise it will have heavy loading on other drive equipments.
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/Gﬁppingbymechanicalt}peﬁngerisl&ssversaﬁleandlessdcxuoseﬂam
hoiding by universal fingers as the grippers with mechanical fingers have fewer

numbers of joints and less flexibility.
v The grippers can be sub grouped according to finger classification, for example,
the number of figures typically two. three. and five-finger types.

v The two finger gripper is the most popular.

3.2.3. Finger Grippers _
v These will generally have two opposing fingers or three fingers like a lathe

chuck. .

v The fingers are driven together such that once gripped any part is oemredu;‘the
gripper. This gives some flexibility to the location of components at the pick-up
point.

-

0 g S s b IR split into parallel motion or angular motion
fingers.
i effectors can be classified on the basis of the mode of gripping as
external and internal grippin g

324, ASingle Gripper
v The robot must reach into the production machine twice, once to unload the
finished part from the machine, and the second time to load the next part into

the machine.

3.2.5. Dual Gripper
v The robot picks up the next work part. while the machine is still processing the
preceding part.

v When the machine finishes, the robot reaches into the machine once to remove
the finished part and load the next part. This reduces the cycle time per part.
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Switches

Part

3.2.6. Mechanical Grippers with Two Fingers
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(1) Pivoting
¥ This is the most popular mechanical gripper for industrial robots, It can be
designed for limited shapes of an object, especially cylindrical workplace.

Y If actuators that produce linear movement are used, like pneumatic piston-
cylinders, the device contains a pair of slider-crank mechanisms.

S—
qlis pushed by

3.8 / isto
j 4 when the pis 5 and 3, rotate

in Fig.3.
shown in FiE s in the cranks

" hanism
v In the slider crank mec . element , ; fulerum F,
- .. pressure to the right. the - and clockwise with the
pneumatic pre=s with the fulerum Fi a
counter clockwise |
respectively. when 8 < 180°. e extended end of the crank
. < ‘make the grasping action &t
v’ These rotation
clements 2 and > - 1o the piston 10 the left. An angle
leasing action can b€ obtained by mOV";g
n
v’ The re 'eaSlf g 160° to 170° is commonly used. |
& ranging from -,
— b

F2

I

L 1.2, (@ LE

. y . o
Fig. 3.4. Schematic diagram of a gripper using slider-crank mechants
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(2) Swinging Gripper Mechanisms

v Figure 3.5 is another example of swinging gripper that uses the pisto
This is the swing-block mechanism.

n-cylinder.

v The sliding rod 1, actuated by the pneumatic piston transmits motion by way of
the two symmetrically arranged swing-block linkages 1-2-3-4 and l-2--3 -4 to
grasp or release the object by means of the subsequent swinging motions of
links 4 and 4' at their pivots F) and F.

=S e R e i b ——————

v m——— e s
1 Sl 18 e e e B e e

Fig. 3.3 Schematic diagram of a gripper using swing block mechanism
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3.2.7. Mechanical Grippers with Three Fingers

Figure 3.6 Grnipper using three point chuck mechanism.

v 3-Finger grippers cousists of simulate action of thumb. index finger and third
finger.

¥ The increase of the number of fingers and degrees of freedom will greatly aid .-
the versatility of grippers.

¥ The main reason for using the three-finger gripper is its capability of grasping
the object in three spots. enabling both a tighter grip and the holding of
spherical objects of different size keeping the centre of the object at a specified
position.

[ e e

Fig. 3.6. Gripper using three point chuck mechanism
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Fig. 3.7. Multiple fingered grippers
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3.2.11. Internal Gripper
v In these grippers, the finger pads are mounted on the outside of the fingers.

v This mounting allows the pads to fit into the inside diameter of thg part that it
must lift. The pads are pressed against the inside walls of the part.

v The frictional force developed allows the fingers to hold the part securely when
the gripper lifts the part.
v The contact may be either two-point contact or captivation or flexible, grip with

polyurethane pads.
‘_r_"— ‘ Fingefy e pads

3.2.12. External Gripper inst the outs;j
v This type of gripper is designed so that the finger pads press agal Side

of the component.
v~ Grips the exterior surface of the objects with closed finger.

v The pads develop the frictional force required to lift the part. T

of polyurethane bonded to steel.
v" These grippers are generally of four-point contact V-block typec.

he pads are made

v External grippers are shown in Fig.3.9.
[ Finger pads

Object

Fig. 3.9. External gripper
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selection and design considerations in robot grippers

3.1. Selection of Gripper

31 2 i
when selecting a gripper there are a number of factors that may need

wnsideration.
Gripping force: When considering the gripping force required a number of factors

st be considered.
7 The coefficient of friction between the gripper and the object may also be an

important factor.
7 Not only must the mass of the object to be gripped be taken into account, but

also the accelerations imposed on it by the robot.
v This can often be increased by using one of the special rubber based materials

that have been developed.
v The use of these materials can create maintenance issues however as they have

a finite life.

(a) Weight
¥ Industrial robots have fixed lifting capabilities and the combined weight of e
gripper and gripped component may be important.
¥ Even where this weight is within the capability of the robot it may cause .,
unacceptable increase in the cycle time of the operation.
v" The distance between the robot flange and the centre of mass may also g,
important and this should be kept to a minimum.
(b) Supply of services
¥v" With robot end effectors loose cable or hoses are something to be avoided.
¥ They increase the size of the tool (making it harder to reach into confines
spaces) and cause many failures due to rubbing or smagging on other pars o7
the mechanism.
v It is therefore preferable to route all services or signal connections through the
robot arm and then internally through the tool.
(c) Environmental capabilities
v End effectors are often required to work in hostile environments. High
temperatures, dust or the presence of chemicals will require special materials or
designs to be used.
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(d) Sensor capabilities
¥ For certain applications some degree of sensory feedback from the gripper is
necessary.

v" This may be measurement of insertion or gripping forces or may simply be 2
proximity sensor to say if anything is between the jaws of the gripper.
v' Some standard grippers are provided with feedback to show the separation of
the jaws but most grippers have no feedback.
(e) Others

v' Other factors to be considered include the speed of the gripper jaws and the
range of sizes of component they can grip.

v" The amount of maintenance required is also important though most moder
mechanisms require little or no maintenance. For some situations the behaviour
of the gripper on power failure may be critical.

v' Some but not all use either springs to apply the gripping force or non return
valves to ensure that pressure is maintained.
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UNIT - 4: KINEMATICS AND DYNAMICS OF ROBOTS

51.1. Kinematics

Y Kinematics means the analytical study of the geometry of motion of g
mechanism.

¥ With respect to a fixed reference coordinate system.
¥ Without regard to the forces (or) moments that cause the motion.

"It refers to the study of geometric and time based quantities like position,
velocity and acceleration of every part of the robot.

M4, Kinematics Vs. Differential Kinematics
" Kinematics describes the analytical relationship between joint positions and the
*0d effector position and orientations.

’ Differential kinematics describe the analytical relationship between the joint
Motion and end effector motion in terms of velocities.
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Forw‘"d Kinematics/Direct Kinematics

i. + joint .
6 ¢ piven the joint angles, we have 1o determine the position and orientation

|
/ l‘flhl— Lnd L,“L.Lt()l
(

l)wmld = x,2)
/ for example for a revolute robot having, three degrees of freedom, if the joint
angles 015 02, Oy are specified. We can calculate the position and orientation of
the end- -cffector,
P\mrld =N 2)
/ The outcome of the forward kinematics problem is always unique There are no
multiple solutions.

516 inverse Kinematics/Reverse Kinematics
/ If we given the position and the orientation of the end-effector, we have to
determine the numerical vuluu for the joint angles.

_|mm (OI! 02’ 03)
/ This problem is not quite straight forward like the forward kinematics problem.
v In general it is not possible to obtain closed form solutions duc to the non-linear

simulations equations.
/ Further. the non-linear nature of the problem leads to multiple solutions in

certain cases.
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61.6.1. Difference Between Forward Kinematics and Inverse Kinematics

(@) Forward Kinematics: .
v If we given joint angles, compute the transformation between world and gripper

coordinates.

[ ——

|

Input
Links

Forward
Kinematics

Link
Farameters

Y Relatively straight forward.

l) 'Fl\'f ' Ve » A b "'ary
rse A m Cmal'uj . - 1

Y If we piv . sformation betw
given the transto ) B 4 .
frame, compute the joint angles that would line gripper coordinates up with that

frame,
IRisiit o Joint B
- (31Y] S Posltion angle for
Link Links lentation Inverse %
[ Parameters - (::fﬁnnd- sy Kinematics manipulator OUtDut
' effector
- . m—

ig. 6.3. Reverse kinematics
¥" Fora kinematic mechanism, the inverse kinematic problems difficult to solve

¥ The robot controller must solve a set of non-linear simultaneocus algebraic,

6.1.6.2. Two Frames Kinematic Relationship
J B - by . . - s i
There is a kinematic relationship between two frames, basically a transiayg
and rotation. -
v Z 3 A
This relationship is represented by 4 x 4 homogeneous transformation.
6.1.7. Transformations
v" Transtformations of frames intr
objects easier.
¥~ An object is described with respect
frame is relocated with a transformati

- e -

oduced to make modeling the relocation of

to a frame located in the object, and this
on.
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which are recorded with a transformation equation.

6.1.8. Homogeneous Transformation
1. Homogeneous Transformation Matrix

Rotati_on Position
matrix matrix

o Foes o
B =
0 Scaling

2. Composite Homogeneous Transformatlon»l\latrix
Rules:

v" Transformation (rotation/translation) with tespec. 1 RAME
using pre-maltiplication. ©XY.2) ©OLD F ”

¥ Transformation (rotation/tranglation) with
using post-multiplication. Tespect to U.V,W) NEW FRAME).

_ i . - 7 6.5
.51-9' composite Rotatigp, Matrix\\g__i:j_

5 sequence of finite Iotationg Matrix gy
y N tiplicat;
/ If rotating coordinate O-U.v.w is Plications do not commute rules:
frame. then Pre-multipl folating ahoyy principal axis of OXYZ

Yy the Previ
- - 10 < s .
appropriate basic rotation matrix U5 (resultant) rotation matrix with an

/ If rotating coordinate O-U-v.y ; ' o
post-multiply the previoys (resulta : : ’
rotation matrix.

64.10. Homogeneous RepreSentation

A frame in space (Geometric Interpretation)

F o= | Roxa PM}
L 0 1
—n.\' SX ax px
n, s, a, p,
== Y y ¥ ¥
F = n, S, a. P,
S TR Rl e |

Principal axis n# with respect to the reference coordinate system
n
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61.11. Manipulator Kinematics
b 7
- . |
Forward 6, 1 Jacobian 2 ¥
03 Y Matix ; -
0 z 93 Z
3 5
Kinematic 6, é <::> iy y
—— 95 4 Gs 0
verse (G = 46 o)
Task Space
Joint Space space v elocity with task space velocity

3 ioint
Jacobiam Marix: Relationship beoveetJo!

b 3nd-effector be Tepresentey
oo of

_ Jacobian i
6.1.12. J& locity and the ang by
Let the linear vel o rep
in the vectorial form by s o “olute
Let the joint angular V€ o "
do 0,
'j{ = S
0 . . known as the Jacobian, i,
X
be connected by @ matri
The vector V and d6/dt can 20
VvV = J dt .
acobian.

J = J@)is the

Whel‘e, 49
Further ke dt
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6.2. ROBOT MOTION ANALYSISd m— The robot arm with respect >
> s we study the along the prescribe
fIn robot m?jzzztﬂil:;lm while the end-effector movesblemsg‘ d pat,
reference coo! :volves two different kinds of pro f 5 '
s in £ the end_cffector or end © arm for a given g

This kinematic analysi
1. Determining th
of joints coordinates. —
Determining the joints coordinates for a g1
end of arm. . . _
The position. V. of the end-effector can be defined 1n the cartesian coordinat
system. )
Generally, for robots the location of the end-effector can pe defined in two systems:
(a) Joint space
(b) World space (a

e coordinates ©
Jocation of the end-effector o

2.

1so known as global space)
(a) Joint Space ‘ ' .
In Joint space, the joint parameters such as rotating Or variable link length and

joint angles are used to represent the position of the end-effector.
for RR robot (Rotating)

twisting
V; = (0, a)
v, = (L,, Ly forLL robot (Variable link length)
V., = (o, L) forTL robot (Twisting joint angles)

J
Where V, refers to the position of the end-effector in joint space.

(b) World space :
rectilinear coordinates with reference to the basic cartesian systc?

In world space,
are used to define the position of the end-effector.

Usually the origin of the cartesian axes is located in the robot's base.
VW = (x,5)
where VW refers to the position of the end-effector in world space.
__ The transformation of coordinates from joint space to world space i
Direct (or) Forward kinematic transformation.
__ Similarly, the transformation of coordinates . is
known as backward (or) reverse kinematic ;n.;z::::i‘l:space to joint space

s known &
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8% FREEDOM T
ation of coordinates of the end-effector point from the J(Hnl ‘U”“C

ransiOT d ki
fhe " 1d space is known as forward kinematics transformation.
«'6
637 consider @ Cartesian LL robot.
” tF jgure 6-4 illustrates the scheme of forward and reverse kinematics LI Robot.
v
' J1(X1, ¥1) "
’ E— 2
: - : Jz (%2, ¥2)
i s
| +]
. y)
l L1
| e
| - X
L
Fig. 6.4. LL Robot
'- Y A End effector
I
x

Fig. 6.5. Two manipulator with two degrees of freedor
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Joints J1 and J2 are linear joints with links of variable lengths L1 and L2. Let joint

mmemwm WL weA W RREAwwmA o

J; be denoted by (x,.),) and joint J2 (x9, V2)
From geometry. we can easily get the following:
x, = 5+l - (6.1
-+ (6.2)

¥ = 2 p
; . ix form:
These relations can be represented in homogeneous matrix

X, 1 0 L, %
[)’2 :’ [ 01 O:, . ,j}ﬁ J
1 00 1 |
or X = T Xy
x5 1 0 L, X1
Where, X, = l:yZJ; T, = [0 1 OJ; X1=[J’I]
1 0 0 1 1
If the end-effector point is denoted by (x, ), then:

X = x .. (6.3)
Yy =»n-Ls .. (6.4)
therefore,
X 10 O X
1 (0 S0 B | 1
or X =T X; .. (6.5)
Substitute X, value in equation (6.5), we get
X =T(NiX)=TuX [« T, T,=Tul
Where, T = TaT ... (6.6)
10 L
And T =] 0 1 =l ... (6.6.1)
0 0 1

6.3.2. RR Robot
Let 0 and o be the rotations at joints J; and J, respectively. Let J; and J, have the

coordinates of (x, ;) and (x,, y,) respectively.
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Fig. 6.6. RR Robot
om the gcomen.y:

One can write the following fr

*2 = X +L, cos ()
_ : e (6.7)
Y2 = ¥ + L, sin ()
Equation (6.7) and (6.8) can be written in matrix form e
*2 1 0 L,cos(0) X,
V3 = 0 1 L,sin(0) - |
1 0 o 1 1
X =x,+ s y=
or X, = T, X, s S dmemn p x1+y.-;z,]
On the other end: x = x5 + L3 cos (a.—0) o ,,E 122
or Xa = T; X, 53 x=x'+y‘+zl;y=xl+y1‘gzl]
Onthe otherend: x = x,+L;cos (o —0) h (6( 13;
- Y = y,—Li3sin(ax—0) :::(6.11)
Equation (6.9) and (6.10) can be written in matrix form,
X =TaX - (6.12)
58 1 0 Ljcos(a—0) Xo
y | = 0 1 —Ljsin(a—0) . yz]
Subers 1 0 o 1 1
C“ stitute X, value in equation (6.12), we get
Ombining the two equation gives,
X = T2 (T X)) = Trr X)) [T, T, = Tgrl
1 0 L,cos(8)+L;cos(a—86)
Trr = |:0 1 L,sin(0)—L;sin (o —6) ... (6.12.1)
0o 0 !
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be the variable link length at B

6.3.3. TL Robot L and L2
Let o be the rotation at twisting joint 11
joint Ja.
One can write that: v (6,13)
x = x2 + L2coS () --- (6.19)
in ()
y = ya2+lasin(®) ix form
2 trix
Equation (6.13) and (6.14) can be written ;n )rna )
= 1 0 L,cos x
5 ... (6.14.1
I:yJ=[0 1 L, sin (o) E Y2 )
1
1 00 1 N
x T X [+ x =Xz F Y2+ Z3Y =X T ¥tz
or — TL <2 R
z
Y
Ja(x2. ¥2) /,‘  —
- — |+ Y
Lo —
/"l Ji(x1. ¥1)
——Tx
-~ x

B

6.4. BACKWARD KINEMATIC TRANSFORMATION - 2 DEGREES OF FREEDOM

6.4.1. LL Robot

In backward kinematic transformation, the objective is to drive the variable link
lengths from the known position of the end-effector in world space.

x = x;+Ly(a) ... (6.19)
y =Y -1 (616)
h=n ...(6'17)
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7 = . - —_
pining equations (6.15
gy €O Lo o _‘3‘:& (6.16), we can get
Ly = —3 3
4.2 RR Robot
644" =
; - XI:LZC'()S(O)"'L:;COS((X—O) oo (GSTBY
Yy + L, sin ®) —L; sin (o — ©) (0) 250 (61D

combine the equations (6.18) & (6.19) easily, we can get the angles

cos (o) =
21,1, ce. (6.19.1)
o — L, + :
and tan (0) = (x —il; ELz + 3008 (@) + (x =g) Ly $in (00 6.19.2
1 2 L-_,cos(a))—(y—y‘)[_,a sin (a) s S
6.4.3. TL Robot
X = x3;+ L cos () (0) ... (6.20)
Y = ¥+ L sin (x) (0) ... (6.21)
One can easily get the equations for length and angle:
L = A/G—-x)2+0 —»)2 ... (6.22)

Substitute equations (6.20), (6.21) values in equation (6.22), we get

sin () = z 1)’2

6.6. DETERMINE THE FORWARD AND REVERSE KINEMATICS SOLUTION oF

A SPHERICAL ROBOT CONFIGURATION (RRL) (THREE DOF 2D
MANIPULATOR)

Jd2 l

| 2
¥ (x, y)

7

Ly

Fig. 6.14. Forward amd rical
reverse kinematics erical
Robot RRL Configuration with three DOF with g;?;-w
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+forward Kinematics, i ,

In “M [ S we are piven the tol .

- ot ' " . ‘t' ‘)'I" | 1 \ 10 ) ll
the position of the end effector, Jolntungles, we have (o find ol

A manipulator with three deprecy

. 8 o freedom, (wo rotation und one linear
motion.

__rhe arm and body (RR) provides Position of the

‘ ) ' end ol the arm and wrist *1,°
provide the orientation,
_ The robot is still Timited (o the Xy plane

porward Kinematics:
/ For the forward kinematics, we can compute the x, p and z coordinates.
¥ cos O (L cos ) + Ly cos
Y= sin 0 (L cos ¢y L, + Ly + Ly cos ¢
puckward (or) Reverse Kinematics:

/ In the backward kinematics, we have given world coordinates . Yy ¢ and we
want to calculate the joint angles 0 1 05 and 0.

v This is accomplished by first determining the coordinates of joint 3. Le., x5, Va.
Xy = x=1l5c08¢ see (O2T)
Yy = y~Ljcos¢ .0 (0.28)

Substituting the *x* values and ‘p’ values in the equation (6.27) and (6.28)
respectively.

Xy = cos 0 (l.cos )+ Lycosd—1L;cosé
| X3 = cos 0 (L cos m [+ Lycosd—L,cos ¢=0] ... (6.28.1)
V3= y-Lycos¢d

Y3 = sin0O(Lcos¢)+ L, +Ly+Lycos¢~Lycos [ Lycosd~L,cosd=0]

@0 (Lcos¢)+ L, +L;
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@() (Lcos¢)+ L, +Ls
tean be written as
... (6.28.2)

L)'_x— L,-L; = sinO(Lcoscb)J
Adding the equations (6.28.1) and (6.28.2) on both sides, we get

Xy+[p;—L, —Ly] = cos6 (L cos¢)+sin0(Lcosd) -0 (6.29)
s . we get
Squaring the equation (6.29) on both SILd:Zosz ) + sin? © (L? cos? &)
== 2 s
()2 + [s — (L +1L3)]2 = ©O= 81 nz ©) [~ sin? © + cos2 g -, 1

{7 coa? ¢ (cos? O+ 8

x3 +Drz— (L + L3)]* = & --- (6.30)
2 4 fya—(L, +L3)IZ2 = L2 cos®
x3 [»s L, 3 x§ + s — Ly F L3)]2
1.2 = cos? ¢
172
x3 + [(vs—Ta et il

cos ¢
»3—[Ly +Lsl
tan 6 = x3
ya—[L, +Ls]
sin ¢ = L

6.11.1. Representation of Transformation
¥ Transformation is defined as making a movement in space.

v When a frame moves in space relative to fixed reference frame, we can
represent this motion in a form similar to a frame representation.

v’ This is because a transformation itself is a change in the state of a frame
(representing the change in its location and orientation) and thus it can be

represented as a frame.

v’ A transformation may be in one of the following forms:
1. Pure translation
2. Pure rotation about an axis.

3. A combination of translation and rotation.

Pure Translation
v If a frame moves in space without any change in its orientation, the
transformation is a pure translation.
¥' The directional unit vectors remain in the same direction and thus do not
change.
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v" The new location of the frame relative to the fixed reference frame can be found

by adding the vector representing the translation to the v

8 : ector representing th
original location of the origin of the frame. P

v’ It matrix form, new frame representation may be fo

und b ultiplying
frame with a matrix representing the transformation, y premultiplyl

Vel /

P < hd
/ Since the directional Vectors dq

. T not .
ﬁansfol’mauonTWl“ Simply e, Change in a pure translation, the
100 gy
T=[010 g4
001 4
009 1

will be translation, The new location of the frame
1 0 0 gy n. 0, a, p
010 *
Fm:w T3 0 dy % n, 0, a, p,
01 dz MW, .. (6.43)
L0 00 1 g 0 0 1
P~ nx Ox ax px+dx
e ny Oy ay py + dy
n, Oz a, I, + dz (644)
Ll i e A

This equation is written as,

Frew = Trans(dx, dy, dz) x F
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812, COORDINATE SYSTEM

%421, Robotics Control
|
I Y A3x3 rotation matrix is used to describe the rotational operations of

the body-
attached frame with respect to the reference frame.

Y The homogeneous coordinates are then used to represent position vectors in a
three-dimensional space and the rotation matrices will be expanded to 4x4
hOmOgeneous transformations matrices to include the translational operations of
the body-attached coordinate frames.

12.1. Rotation Matrices

~

ation matrix whic
v' A 3x3 rotation matrix can be defined as z%transfomfd PR dh OPeraty,
on a position vector in a thrce—dimenswnal elucida P N mapg i

. - tem OUVW (bod
coordinates expressed in a rotated coordinate syste (body attac}led
frame) to a reference coordinate system OXYZ.

v In Fig.6.19, we are given two right-hand rectangular COOI'dU'.late System
namely, the OXYZ coordinate system with OX, OY and OZ as its COOrding,
axes and the OUVW coordinate system with OU, OV and OW as its coordipg,
axes. Both coordinate systems have their origins coincident at point O,

v The OXYZ coordinate system is fixed in the three-dimensional space and j
considered to be the reference frame.

v The OUVW coordinate frame is rotation with respect to the reference frame
OXYZ. Physically, one can consider the OUVW coordinate system to be
body —attached coordinate frame.

»ordinate Transformation

1. Reference coordinate frame OXYZ

2. Body-attached frame O’uvw:
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z
P
7 ¥
dar
gl
{u} -
Fig. 6.19.
2pinr represernited in OXYZ:
PXJ’Z = [px,pyspz]-r
Pyo: = P. b o, s e
Point represented in O’uvw
N
_) =
vy T [ -} :
Two frames coincide = z“ i" i Pk,

1)"' ; Py = I))' 5 Py =P,
prope rties of Dot Product:

Letx and y be arbitrary vectors in R and 0 be the angle from x to y, then
X=Y=|x||y|cos®
P,.operties of ortho normal Coordinate frame:
Mutually perpendicular Unit vestors

i-J=0 171=1
Pk B0 1T = 1
¥-j=0 %] =1
Coordinate Transformation
Rotation only: P,. =p.i,+p, i, +p.k
ﬁqu 5 pu iu +pv jv -’.pw kw
ny: - R Puvw

The coordinates rotation in these two frames are:
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The coordinates rotation in these two frames are:

p.,p, and p, represent the projections of P onto 0X, OY, OZ axes, respectively.
x££y z

P = p, i, t Pvivt Pk

Since .
¥ = le e 'x'iupu+ lx'jvpv+zx'kwpw
x -
D =jy.P = jy'iupu +jy'jvpv +Jy'kwpw
y -
p. = k. -P = kz'iupu + kz'.]vpv'i_kz'kwpw
z z
Expressed in matrix form :
p ix’i" ix ]v Iy Moy Pu
x i o
= g, ot Jydv Iy k, Py
p} ¥ k -kw Py
P- k. -i, k:'Jv z

Fig. 6.20. Rotating coordinate systerrn
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Rotation about x axis with 0:

Py 1 0 0 Pu

2y | =10 cos® —sin® Py

P 0 sin 6 cos O Pw

pxzpu

Roration about x-axis with O :

Pl 0] 0
Rot(x,8) = L O cos® —sin® ]
0 sin©O cos 6

Rotation about y-axis with 6:

[~ cos© 0 sin ©
Rot(y, 0) = 0 1 0

L. —sin O 0 cos O

Rotation abour z-axis with 6:

P, = RP

xyz uvw
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cos® -—sin® 0
Rot(z,8) = | sin@ cos® 0
0 0 1

Basic Rotation Matrix:

o Ly dy ik,

R = j,v'iu j_v'jv Jyk\r 5 Px}-: = R
ki, kedo kok

3 . Dot pr N
Minate of Pryz Productg any
from

Obtain the coordinate of Puvw
commutative. ‘ & =
- - 3 .] “ '
't 2, |
p X . X A 'k y
pu = jv Iy jv.-’)‘ Jv kx P,
pv kv.ix kw'j)' kw- %
Puvw = Qnyz
1= RT
Q = R | '
TpoplR=h < 3% 3 identify matrix
o - gonal transformation and since

, is called ortho

are all unit vectors, it is also called ay

v The transformation Py, = QP
the vectors in the dot products
rthonormal transformation. . o

; . developing the above transformation matr find
et f the OUVW coordinate system

ion O
i i at represent rotation /
e tho it . pIe axes of the reference coordinate system.

about each of the three princip ="
v If the OUVW coordinate system is rotated, an angle o ab(:lut F:a e
:ve at a new location in the space, then the po.mt P ] aving e
Z:l 1 p,, )T with respect to the OUVW system will have different coO
w> p v?
Prs Py P ;T with respect to the reference system OXYZ.
xr iy Fz

i i i t the
v The necessary transformation matrix R, is called the rotation matrix abou

v The primary inte

OX axis with o angle.

v R._. can be derived from the above transformation matrix concept, that 1s
pged
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Py: = Rea Puww
iy = Iy
r— i-d, dedy ek
Ryo = Jylu JyJv Iy ke
| ki, kJ, kK
1 0 0
=10 cos0 —sina
L0 sinae cosa

Similarly, the 3 x 3 rotation matrices for rotation about the OY axis with @ angle

R Lhtd
gim

pout the OZ. axis with O angle are respectively.
al

[ cosd O sing T
R = 0 1 0

L —sin¢ O cos¢
[ cos©® —sin® 0 ]
R, = sin® cosB 0
L o 0o 1.
The matrix R,o- R,, and R_4 are called basic rotation matrices. Other finite
matrices can be obtained from these matrices.

rotation
Hints: Inverse transformation (Rotation matrix)

X:R.A
A = RI-X

i -1 =RT
Rotation ARA Matnx R L R —
1 0 0 2 1 0 (4]
R O cos® —sin® 0 cos® sin®
O sin® cos© LO _sin® cos® 4 |
— cos©® O sin© —cos® 0 —sin®©
B o 1@ o 1 O
| _sin® 0 cos o | sin® O cos©6 _
- AR — cos © —sin© 0] — cos©® sin® O]
Bl = 0 cos® O —sin® cos©® O
Slz o 1 ) o 1.
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6.17. COMPOSITE HOMOGENEOUS TRANSFORMATION MATRIX

v The homogeneous rotation and translation matrices can be multiplied together
to obtain a composite homogeneous transformation matrix (T matrix).

v Since matrix multiplication is not commutative, careful attention must be paid
to the order in which these matrices are multiplied.

v The following rules are useful for finding a composite homogenco®
transformation matrix.

1. Initially both coordinate system are coincident, hence the homogen®?
transformation matrix is a 4 x 4 identity matrix, I,.

2. If the rotating coordinate system OUVW is rotatmg/nanslatmg about ot
principle axes of the OXYZ frame, then premultiply the .P™
homogeneous transformation matrix with an appropriate basic homog®”
rotation/translation matrix.

sz A

,des-

Transformation (rot
/ 1 ation/trap anslation) y;
using premultiplication "h respect 10 (X, Y, Z) (OLD FRAME)

/ Transformation (rotation/gy

i A ans|ati
using postmultiplicatjqy, s

With respect 1o (U, V, W) (NEW FRAME)
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r Angles Representations

ation of a rigid body simplifies many
y describe the orientation of

6.17.3. Rotation Matrix wi_th Eule
ot

/ The matrix representation for r
ts to completel

operations, but it needs nine elemen
a rotating rigid body.

v Tt does not lead directly to a complete set of generalized coordinates. Such a set
of generalized coordinates can describe the orientation of a rotating rigid body

with respect to a reference coordinate frame.

angles called Euler angles, ¢, 6 and . Although
tation of a rigid body with respect to a fixed
f Euler angle representations.

v They can be provided by three

Euler angles describe the orien
reference frame, there are many different types o

v Robot arm kinematics deals with the analytic study of the motion of a robot arm

with respect to a fixed reference coordinate system as a function of time.

+ The mechanical manipulator can be modeled as an open loop articulated chain
with several rigid links connected in series by either ‘revolute’ or ‘prismatiC’
joints driven by the actuators.

v For a manipulator, if the position and orientation of the end-effector are derived
from the given joint angles and link parameters, the scheme is called the
forward kinematics problem. I . .

ol d—— :n =y f, Ofl the other hand, the joint angles and the

ope e manipulator are derived from the position &%

orientation of the end-effector, the scheme is called . ics
the reverse kinemat

problem.
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/ Rotation matrix representatioy,

. needs
orientation of a rotating rigiq b, ? elements to

dy.
/ Euler angles representatiop (9,0, V)

/ Many different types
/ Description of Eulep angle representationg

Euler angle |
about OZ axis

f
Sequence 0 6 about QU axis

rotation

W about OW axis

Euler angle 11 Roll-Pitch Yaw
about OZ axis y about OX axis

8 About OV axis 0 about OY axis
about OW axis ¢ about OZ axis

1. Euler Angle |, Animated
v Euler Angle I:

cosd —sing 0
R,y = | sing cos¢ 0); Ryig =
0 0 1

cosd -—sing 0)

Rus

sing cos¢p O
0 0 1

0 0
cos 0 —sin 6)

sin® cos@
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Fig. 6.23.~
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SR e _ '
ltant Eulerian rotation w - - o miwprkling
Rest = Ry Ry, . 'n¢—5m e
a s —C0° 3 ¢cost/)0050 cos¢@sing
< 4 sin ¢ COE ' "
cos¢cos¢—sm¢5m4” s —sin¢sm(/’+c(_ cosd
singcos@* cospsin 90 cos@sin
singsin®
d i
2 Euler Angle Il, Animatec
—

Note the opposite (clockwise) sense of the third rotation, ¢.

Orientation Representation
Matrix with Euler Angle II: |
singsin g +cosgsinpcosd  —singcosg —singcospcosd cos¢sind
cosgsing +singcospcosd . cosgcos @p-singcospcosd sin psind
~cosgsind singsiné cosd
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6.18.1. Denavit-Hartenberg Convention

v Number the joints from 1 to n starting with the base and ending with the end-
effector.

v Establish the base coordinate system. Establish a right-handed orthonormal
coordinate system (Xo, Yo. Zo) at the supporting base with Zo axis lying along
the axis of motion of joint 1.

v Establish joint axis. Align the Z; with the axis of motion (rotary or sliding) of
jointi+1.

v Establish the origin of the it" coordinate system. Locate the origin of the i
coordinate at the intersection of the Z, & Z, | or at the intersection of commoP
normal between the Z, & 7, axes and the Z, axis.

v Establish X, axis. Establish X, = + (Z,-y x Z,) / || Zy_s x Z; || or along **
common normal between the Z;., & Z,; axes when they are parallel.

. . . h‘-
v Establish Y, axis. Assign Y, =+ (Z, x X;) /|| Z, x Z; || to complete the 118
handed coordinate system.

¢ Find the link and joint parameters
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Joint 1

Flig. 6.25. Revolute Joints

PRSP G — -
e ————————— —

—
LNK COORDINATE FRAMES

e —

D —

(1) Assign Link Coordinate Frames

v To describe the geometry of robot motion, we assign a Cartesian coordinate
frame (O,, X,, Y/, Z;) to each link, as follows:

Y Establish a right-handed orthonormal coordinate frame O, at the supporting
base with Zy lying along joint 1 motion axis.

¥ The Z, axis is directed along the axis of motion of joint (i+1), that is, (i+1)
rotates about or translates along Z;.
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Fig. 6.27.

ersection of the Z, and Z,_ or

jth coordinate at the int
and Z,-1 axes and the Z,

f the
al between the Zi

Locate the origin O
f common norm

at the intersection O

axis.

The X, axis lies along
X, =x(Zi1 % Z) /N Zi-r % Zi
arbitrarily, subject only to X; being perpendicu

Assign Yi =+ @i x X 1 1 Zi

system.

the common normal from the Z-
I, Gf Zi-1 is parallel to Zi,

% X || to complete the right-hand

, axis to the Z, axis
then X, is speciﬁed

lar to Z,)-
ed coordinate

mter_of the end-effector
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nd-effector

system. f the e
ed by the geometry O y from the

; ; o
d coordinate frame 15 Spect . of
N Thlehanestablish 7,, along the direction of Z,-| aXIs and pointing a\:aSi
l (l:)l? EZt’ablish X such that it is normal to both Z,-; and Z, axes. AS
robot. n

complete the right-handed coordinate system.

gn Yo ©
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Joinlt tQ .
. -/

y-".'-/; )”4

)

a,

Fig. a.28.

3 Link and Joint Parameters

< Joint angle O the angle of rotation from the X

ac b, . < Nooaxis to the X, axis about the
Z.» axis. It is the joint variable if joint 4 is rotary '

Fig. 6.29.

v hixn distances d,: The distance from the origin of the (i-1) coordinate system to
Q.F Intersection of the Z, , axis and the X, axis along the Z, ; axis. It is the
Mt variable if joint 1 is prismatic.
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o T TaE I JOI 1 1S prnsmauc.
L"f‘ length a,: the distance from the intersection of the Z, | axis and the X
QS to the origin of the '* coordinate system along the X, axis. '

w
l&kuwig.nek ay: the angle of rotation from the Z, ;| axis 1o the Z, axis about

(0]

(0]

1

(o]
r cos 0, — sin 6, (o} O
. sin O, cos O, o o

= 0o

o 1 d,

To = £33 €139 12>
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Q) Write a short note on forward and backward iteration?
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Also explain steps involved in trajectory planning refer question 36
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UNIT — 5: ROBOT PROGRAMMING AND APPLICATION

Transducers: It is a device which converts one form of physical variable (pressure or force
or temperature) / energy into another form (usually electrical signal).

Sensor is a device which measure the physical quantity or variable and convert it into an
electrical signal.

Actuator: it is a device which converts the electrical signal into a physical variable or
(quantity.

Sensors used in robotics:

o Tactile sensors: Used to determine whether contact is made between the sensor and
another object. Tactile sensors can be divided into two types in robot applications: (1)
touch sensors and (2) force sensors, Touch sensors are those that indicate simply that
confact has been made with the object. Force sensors are used to indicate the
magnitude of the force with the object. This might be useful in a gripper to measure
and control the force being applied to grasp an object.

o Proximity sensors. Indicate when an object is close to the sensor, When this type of
sensor is used to indicate the actual distance of the object, it is called a range sensor.

o Optical sensors: Photocells and other photometric devices can be utilized to detect the
presence or absence of objects and are often used for proximity detection.

o Machine vision. Used in robotics for inspection, parts identification, guidance, and
other uses.

o Other sensors. This miscellaneous category includes other types of sensors that might
be used in robotics, including devices for measuring temperature, fluid pressure, fluid
flow, electrical voltage, current, and various other physical properties.
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Introduction to sensors

44.4. Robotic Systems: Sensors

S
gensors are the sensory system of a robot much like the five senses th:t ;l:?si:e
have: ) Touch, (2) Sight, (3) Sound, (4) Smell and .(5) Tast'e an oo
\.ironmental data like touch, distance, light, sound, strain, rt?tanon, m iata o
= ¢ll, temperature, inclination, pressure, or altitude. Sensors provide thﬁ’j raw o
msmust pe processed to provide information to allow the robot to appropna;;‘yl::vzoan
to its environment. Robots are equipped with sensors SO the.y :heir e
unde,standing of their surrounding environment and make changes 1}
pased On the information they have gathered.

Lt mmenmoant A fﬂbOt
Sensor

}uv!}va. J* | | on
A sensor is an electronic device that transfers a physical phenomen

(temperature, pressure; humidity, etc.) into an electrical signal, al
Sensors in robotics are used for both internal feedback control and extern

interaction with the outside environment.
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Range sensors
Range sensor which senses the range of the object.
A range sensor measures the distance from a reference point (usually on the sen,
itself) to objects in the field of operation of the sensor.
reo visual processin

v Humans estimate distance by means of ste g. as dlsf!JSsed =1
utilize the "time of flight” concep,

previously while other animals. such as bats, .
in which distance estimates are based on the tmc elapsed between g,

transmission and return of a sonic pulse.

v Range sensors are used for robot navigation and obstacle avoidance wher,
interest lies in estimating the distance to the closest objects. to more detaileq
applications in which the location and general shape characteristics of objects in
this section we discuss scveral range

the work space of a robot are desired. In
sensing techniques that address these problems.

Range Sensing Techniques
1. Triangular techniquc
2. Structured lighting approach
3. Time of flight range finder

Range Sensing Techniques
1. Triangular technique

2. Structured lighting approach
3. Time of flight range finder

(i) Triangulation principle

( _gad i

Fig. 4.11. Range sensing by triangulation
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7 One of the simplest met

techniques. hods for measuring range is through triangulation

v This approach can be easily explained with the aid of Fig.4.11
v An object is illuminateq by rivy
surface. The SWeeping motig
to the detector ang the line
focused on a sma|) portion o
spot, its distance D ¢ the il
from the geometry of Fig4,
and the distance B between ¢

a narrow beam of light which is swept over the
N 1s in the plane defined by the line from the object
Itrom the detector to the source. If the detector is
f'the surface then, when the detector sees the light
luminated portion of the surface can be calculated
I1 since the angle of the source with the baseline
he source and detector are known.

! gg:ng::;it jlsp pmr(;izz iilel(fi‘s a point measurement. If the source-detector
perpendicular to the py = plan.e ( up and down and sideways on 2 plane
5s8ible 16 obtain Paper ?nd containing the baseline in Fig.4.11), then it is

P amn a set of points whose distances from the detector are known.

% ThesF: distances are easily transformed to three-dimensional coordinates by
keeping track of the location and orientation of the detector as the objects are
scanned. An example is shown in Fig4.12(a) and Fig.4.12(h) shows an
arrangement of objects scanned in the manner just explained.

v Figure 4.12(b) shows the results in terms of an image whose intensity (darker is

closer) is proportional to the range measured from the plane of motion of the
source-detector pair.

Fig. 4.12. (a) An arrangement of objects scanned by a triangulation ranging device.
(b) Corresponding image with intensities proportional to range.

(ii) Structured Lighting Approach

v This approach consists of projecting a light pattern onto a set of objects and
using the distortion of the pattern to calculate the range. One of the most
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popular light patterns in use today is a sheet of light generated through

cylindrical lens or a narrow slit

¥ As illustrated in Fig.4.13. the intersection of the sheet with objects in the woyy
space yields a light stmipe which is viewed through a television camer,
displaced a distance B from the light source. The stripe patiern is easj),
analvzed by a computer to obtain range informanon.

v For example. an inflection indicates a change of surface, and a break

corresponds to a gap between surfaces.

™

Sheet of Sght

o 2

Laght sOwrce TV camera

Fig. 4.13. Range measurement by structured lighting approach

LB, FdJ. MBRET irrcwsme vrrmes vy woe —=— == oo xx

v Speciﬁcmngcvalmsarecompmcdbyﬁrstmlibtmingtbesystcm.Omofdx
simplest arrangements is shown in Fig.4.14, which represents a top view of
Fig.4.13. lnthisan'angemcm,tbCIightsourccandcamcraarcplaoedatthc
samcbeightmdtheshcetofﬁglﬂispapcndiculartodlelhxjoinmgﬂzoﬁgin
ofd)cligblstxetmdd)cccmerofdxwmcralcns.

v Wemllmeverﬁmlplancconminingmisﬁncdxrefmcplu.cmy,thc
rcfcrcnceplaneispcrpmdiculartomcsbeetoflighLandanyvmicdﬂm
stuﬁocd!mimﬂsedsthesbetwiupmdweavcnimimipcofﬁgh(m
Fig.4.13) in which every point will have the same perpendicular distance to the

reference plane.
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The objective of the arrangement shown in Fig.4.14 is to position the. In this
ry such vertical stri seal 3 image plan¢. :
that every 1pe also appears vertical in the 1mag e the

way. €very point along the same column in the image will be known
¢ distance (o the reference plane.
gure

. - . ch. Fi
/ Figure 4.13 shows range measurement by structured lighting approa ifies

4.14 Top view of part (a) showing a specific arrangement which simpl
calibration.

v Most systems based on the sheet-of-light approach use digital images- Suppose
that the image seen by the camera is digitized into an N x M array and let ),
0u 152y <oeeee » M—1 be the column index of this array.

v/ AS explained below, the calibration procedure consists of measuring the
distance B between the light source and lens center, and then determining the
angles o and 0. Once these quantities are known, it follows from elementary
geometry that d in figure is given by

d = Atan0 oo (1)
where A is the focal length of the lens and

0 = ac—ap .. (42)

Top view
of light
sheet

——

13

Fig. (b)

Fig. 4.14. (a) showing a specific arrangement which simplifies calibration.
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between columns

) : : ent di
For an M-column digital image. the distance increm

iven b
L % d__ 2kd <. (4.3)
di = k \f/2 M

0 would correspond 10 the

monitor, £ =
angle ax made by tha

For 0 < k < M/2. (in an image viewed on a .
leftmost column and k& = M/2 to the center column). c
pe is easily obtained by noting that

projection of an arbitrary stri !
Oy = ac—eA = (4‘4)
’ et e (45
where, tan@, = — - )
2 d (M 2k a
or, using equation 0, = tan"[ J ... (4.6)

where 0 < k£ < M/2. For the remaining values of k (Le.. on the other side of the

optical axis), we have
&y = ac"'e: .47
d(2k—M)
where, 0F = tan—'[——MT— ... (4.8)

for M2 <k<(M-—1).

By comparing Equations (4.6) and (4.8) we note that 0] = — 0, . So Equations
(4.4) and (4.7) are identical for the entire range 0 < k= M — 1. It then follows from
Fig.4.14 shows that the perpendicular distance D, between an arbitrary light stripe

and the reference plane is given by

D, = Btan9, .. (4.9

For 0 < k=M — 1, where o is given eithe; by equations (4.4) & (4.7).

v’ It is important to note that once B, ay, a., M, and A are known, the column
number in the digital image completely determines the distance between the

reference plane and all points in the stripe imaged on that column.

v Since M and X are fixed parameters, the calibration procedure consists simply
of measuring B and determining o, and o, as indicated above.

v’ To determine a.. we place a flat vertical surface so that its intersection with the
sheet of light is imaged on the center of the image plane (i.e., at y = M/2).

v We then physically measure the perpendicular distance D, between the surface
and the reference plane. From the geometry of Fig.4.14, it follows that

D
®, = lan .( “"J .. (4,10)

In order to determine w, we move the surface closer 1o the reference plane until its
light stripe is imaged at y = 0 on the image plane. We then measure Dy and, from

Fig.4.10.
,('_’.2
y = lan ”)




v’ This completes the calibration procedure,

v’ The principal advantage of the arrangement just discussed is that it results in a
relatively simple range measuring technique.

v Once calibration is completed, the distance associated with every column in the
image is computed using Equation (4.9) with k = 0, 1, 2, ..., M = 1 and the
results are stored in memory.

v Then, during normal operation, the distance of any imaged point is obtained
simply by determining its column number in the image and addressing the
corresponding location in memory.

v We point out that it is possible to use the concepts discussed in previously to

solve a more general problem in which the light source and camera are placed
arbitrarily with respect to each other.

v' The resulting expressions, however, would be considerably more complicated
and difficult to handle from a computational point of view.

Tt e pmawy mw oy waas

4.12. LASER RANGE FINDER

v This sensors uses a laser beam in order to determine the distance to a reflective
object.

v The most common form of laser rangefinder operates on the time of flight
principle by sending a laser pulse in a narrow beam towards the object and
measuring the time taken by the pulse to be reflected off the target and returned
to the sender.

v Due to the high speed of light, this technique is not appropriate for high
precision sub-millimeter measurements, where triangulation and other
techniques are often used.

Operation:

Pulse:

v The pulse may be coded in order to reduce the chance that the rangefinder can
be jammed. It is possible to use Doppler effect techniques to judge whether the
object is moving towards or away from the rangefinder, and if so how fast.

v The accuracy of the instrument is determined by the brevity of the laser pulse
and the speed of the receiver. One that uses very short, sharp laser pulses and

has a very fast detector 8an range an object to within a few centimeters.

Range: ’ "

v Despite the beam being narrow, it eventually spreads over long distances due to
the divergence of the laser beam, as well as to scintillation and beam wander
effects, caused by the presence of air bubbles in the air acting as lenses ranging

in size from microscopic to roughly half the height of the laser beam's path
above the earth.
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and with transverse winds that u:;’;r to i
lat i to make it difficu :
diszl‘:: :;a :n c:;;:::esay, beneath some trees Of bebﬂ:, mqum ;e:a‘:’”’ vty
long distances of more than 1 km in open and un obscured G vyl

v Some of the laser light might reflect off leaves 7 brm" ;m 2 !{;”M’W
than the object, giving an early return and a reading i ‘ffn
Alternatively, over distances longer than 1200 ff (365 ar:zw : aarrpe:nr A
proximity to the earth, may simply vanish into a mirage. ¥ he ,IZW Vgt 7‘/
gradicnts in the air in proximity to the heated desert bending iy
these effects have to be taken into account.

Discrimination: .
v Some instruments are able 1o determine multiple' returns, as above. Thezs
instruments use waveform-resolving detectors. which means they detect G

amount of light returned over a certain time, usually very short. |
sedmhitsatrocandummchmm ot

v 1
The waveform from a laser pu e i R

have two peaks. The first peak would be the distance t0
would be the distance to the ground.

v" The ability for aircraft-mounted instrumemnts 10 scc ~through™ dense canom
and other semi-reflective surface such as the ocean provide many applications
for airborne instruments such as:

v Creating "bare earth” topographic maps - removing all trees

v’ Creating vegectation thickness maps

L

/Bmhymeuy(meamningwpographymﬂcrdwwean)
v Forest fire hazard
v Over wash threat in barrier islands

4.12.1. Applications

Military:

lnordermmakelaserm:geﬁndenandlascr-guidedmlcumdd"'
milhwymmimnmilﬂmymmayhavedcvebpedlsa-abmbﬁnﬂh
Mrvehkb.kcwdlau,mobjmdon%reﬂeﬂlaaliﬂlv«ywdlnd-h‘l
laser rangefinder on them is difficult.
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v Proximity sensor is a sensor,

without having physical contact between the objects.
v

with object grasping (or) avoidance.

which senses the presence or absence of the object

Proximi . - . -
roximity sensors are used in robotics for the near field work in connection

Counting the number
of tea bags

NeN: 3B A oy .':
’

a factory
Target reached
Counter e

I
4.13.1. The Classifications of a Proximity Sensor
The Classifications of a Proximity Sensor o
v Inductive Sensor

/ Capacitive Sensor
v Ultrasonic Sensor

v’ Magnetic Sensor
4.13.2. Proximity Sensing

v The range sensors discussed in the previous section
distance between a sensor and a reflecting object.

yield an estimate of the

v Proximity sensors, on the other hand, generally have a binary output which
indicates the presence of an object within a specified distance interval.

v Proximity sensors are used in robotics for near-field

work in connection with

object grasping or avoidance. In this section we consider several fundamental

approaches to proximity sensing and discuss
characteristics of these sensors.

the basic operational
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Inductive Proximity sensors
v Sensors based on a change of inductance due to the presence of a metallic
object are among the most widely used industrial proximity sensors.

v The principle of operation of these sensors can be explained with the aid of
Figs.4.17 and 4.18. Figure 4.17 shows a schematic diagram of an inductive
sensor which basically consists of a wound coil located next to a permanent
magnet packaged in a simple, rugged housing.

v The effect of bringing the sensor in close proximity to a ferromagnetic material
causes a change in the position of the flux lines of the permanent magnet, as
shown in Fig.4.17(5) and (c).

(& nnlnln«i

Magnu!

1«'\\ N

|
}
_ _'Tnﬂ"' !
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o G Conneotor ‘
|
Staal or Iron body l
-~ ,"/ /““»\ ]
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-
Magnetic flux _—"
) lines (c)

Fig 4.17. (a) An inductive sensor
(6) Shape of flux lines in the absence of a ferromagnetic body
(c) Skape of flux lines when a ferromagnetic body is brought close to the sensoy

¥ Under static conditions there is no movement of the flux lines and, therefore, ng
current is induced in the coil. However, as a ferromagnetic object enters o
leaves the field of the magnet, the resulting change in the flux lines induces 4
current pulse whose amplitude and shape are proportional to the rate of change in

the flux.




Hall effect sensor
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TS rTmes ErreECT SENSORS
Hall efrect sensors. when a beam of charged ps
ficld forces act on the particles and the beam is deflected
current flowing in a conductor is like a beam of moving
defined by magnetic field.

Description:

The Hall effecr refers to the potential difference (Hall vo]tag.e) 5 l_he "Prxmb
sides of an electrical conductor through which an clectric current is flowing, Crcak,‘;
by a magnetic field applied perpendicular to the current.

v Edwin Hall discovered this cffect in 1879.

~" The ratio of the voltage created to the power of the :
current and the magnetic field (I = B), divided by the element tthknessy

product of the amoun, -
known as the Hali coefficient.

Hall coefficient is
The transverse potential difference is given by

K,BI
Vo =
Where , K, = Hall co efficient
B = Magnetic flux density at right angles to the plate
I = Current

T = Plare thickness
v It is a characteristic of the material from which the conductor is made, as j
value depends on the type, number and properties of the charge carriers tha

constitute the current.
v In drawing "A", the Hall element takes on a negative charge at the top edge

(symbolised by the blue color) and positive at the lower edge (red color). In "B"
and "C", either the electric current or the magnetic field is reversed, causing the

polarization to reverse. Reversing both current and magnetic field (drawing
"D") causes the Hall element to again assume a negative charge at the upper

edge.

- EasyEnmineering net

Dovmnloaded Froxrx

Hall effect diagram, showing clectron flow.
v Electrons (not conventional current!)

v~ Hlall element, or IIall sensor

v Magnets

v Magnctic field

v~ Power source
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ELECTRONES

Principle:
v The Hall effect comes about due to the nature of the current flow in a
conductor,
v Current consists of the movement of many small charge-carrying "particles”
(typically, but not necessarily, electrons). Moving charges experience a force,
called the Lorentz Force, when a magnetic field is present that is not parallel to

their motion.

v When such a magnetic field is absent, the charges follow an approximately
straight, ‘line of sight” path. However, when a perpendicular magnetic field is
applied, their path is curved so that moving charges accumulate on one face of
the material.
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TR s T (e other face, Where
v “This leaves equal and opposite charges exposed on the,,
1% 8 scarcity of mobile charges. \nsity across h
¥ The result is an asymmetric distribution of ch;!rg_c d-L mj”-] and il;c ’t‘ 4

clement that is perpendicular to both the ‘line of sight’ P o ley
magnetic field. ) e bl et
v The separation of charge establishes an electric field t‘hi“ opp (;_b:‘ba:h;'om'gra“"n
of further charge, so a steady electrical potential builds up F0F = 208 & the
current is flowing,.

l
|

r

|

d B ,fi
P (;
i

|

|

Fig. 4.20.
v For a simple metal where there is only one type of charge carrier (electrons) the

Hall voltage Vy is given by
-1B/d

VH: ne
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v’ The Hall coefficient is defined as
E _Vu _ L
Ry =78 ~IB/d ne

where I is the current across the plate length, B is the magnetic flux density: d
is the depth of the plate, e is the electron charge, and n is the charge carmef

density of the carrier electrons.

o ——— e

/"‘ ——— e e e e e —— ——— i i

a results the Hall effect s v

3 o N > carrier
/A8 ery useful as a means to measure both the carrie

density and the magnetic field,

J g very llmpm tant feature of the Hal) effect is that it differentiates between
oyt » haroeg - . 3 . .

positive CIATEES MOVINg in one direction and negative charges moving in the

opposite I'he Hall effect offereq the fi

. rst real proof that electric currents In
metals are carried by

) Moving electrons, not by protons. The Hall effect also
showed that in some substances (especially semiconductors), it is more

gppropriate to think of the current as positive "holes” moving rather than
negative electrons.

uses
v Hall probcs' are often used to measure magnetic fields, or inspect materials
(such as tubing or pipelines) using the principles of Magnetic flux leakage.
v Hall effect sensors can detect stray magnetic fields easily, including that of
earth, so they work well as electronic compasses

Advantages

v Hall effect devices when appropriately packaged are immune to dust, dirt, mud,
and water. These characteristics make Iall effect devices better for position
sensing than alternative means such as optical and clectromechanical sensing.

v Hall effect current sensor with internal integrated circuit amplifier.

v/ Non-zero current response is proportional to the voltage supplied and is linear
to 60 amperes for this particular (25 A) device.

No additional resistance (a shunt, required for the most common current sensing
method) need be inserted in the primary circuit.

Also, the voltage present on the line to be sensed is not transmitted to the
sensor, which enhances the safety of measuring equipment.
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Touch Sensors

4.18. 1UULIM DENOwWIN )
Touch sensor is sensor, which senses the presence Or absence of the object by
having physical contact between the objects.
v Works like a light switch in our house. When the button is
s closed inside the sensor. This lets electricity flow.

v When the button is released, the circuit is broken and no electricity flows.

v The RCX can sense this flow of electricity, so [i
it knows if the touch sensor if pressed or )
Switches

pressed, an electrical

circuit i

released.
v Touch sensors send a signal when physical
contact is made.

v Micro switch is the simplest touch sensor

which either turns on or off as contact is made. Part

v A force sensor used as a touch sensor may not
only send touch information but also report the
magnitude of touching forces.

Fig. 4.25. Touch sensors

~ Touch sensors are used in robotics to obtain information associ
contact between a manipulator hand and objects in the workspace.
~ Touch information can be used, for example, for object location and
recognition. as well as to control the force exerted by a manipulator on & given

ated with tnc

object.
~ Touch sensors can be subdivided into two principal categories:
(1) Binary sensors
(2) Amnalog sensors
+ Binary sensors are basically switches which respond to the presence or absence

of an object.
~ Analog sensors, on the other hand, output a signal proportional to a local force.

4.19. BINARY SENSORS

v Binary touch sensors are contact devices, such as micro-switches.
e of each

v In the simplest arrangement. a switch is placed on the inner surfac
finger of a manipulator hand, as illustrated in Fig.4.26.
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v This type of sensing is useful for determining if a part is present between the

fingers.
v By moving the hand over an object and ‘

sequentially making contact with its {ﬂ
\ Finger

Microswitch

surface. it is also possible to center the
hand over the object for grasping and
manipulation. |
« Multiple binary touch sensors can be used | ( ]
! Finger control

on the inside surface of each finger to i

provide further tactile information.

v In addition, they are often mounted on the | | Vvrist I t

external surfaces of a manipulator hand to ———
provide control signals useful for guiding

the hand throughout the work space. Fig. 4.26. Binary Sensors — A
v This latter use of touch sensing is analo- simple robot had equipped with
gous to what humans do in feeling their binary tosusch sensors

way in a totally dark room.

4.20. ANALOG SENSORS
v An analog touch sensor is a compli

local force.
v The simplest of these devices consists of a spring-loaded rod (Fig.4.27) which

is mechanically linked to a rotating shaft in such a way that the displacement of
the rod due to a lateral force results in a proportional rotation of the shaft.

v The rotation is then measured continuously using a potentiometer or digitally
using a code wheel. Knowledge of the spring constant yields the force
corresponding to a given displacement.

v During the past few years, considerable effort has been devoted to the
development of tactile sensing arrays capable of yielding touch information
over a wider area than that afforded by a single sensor.

¢ The use of these devices is illustrated in Fig.4.28, which shows a robot hand in
which the inner surface of each finger has been covered with a tactile sensing
array.

v The external sensing plates are typically binary devices and have the function
described at the end of Sec.

ant device whose output is proportional to 5
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e

sensing plates

= 1
ctile

Fig. 4.28. A basic analog touch sensor robot hand equipped with ta
sensing arrays

iple individual se.nsors,

consists of utilizing an

~/ Although sensing arrays can be formed by using mult
m :
liant conductive material

one of the most promising approaches to this proble
odes in electrical contact with a comp -
ce varies as a function of

bject pressing against the

array of electr
(e-g- graphite-based substances) whose resistan
d as continuous resistance

compression.
v In these devices, often called artificial skins, an O

surface causes local deformations which are measure
- - e litnAs i€

variations.
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ons. ) ;
R amplitude 18

: ical signals whose
into electric gn g G The

easily transformed )
v The latter are¢ y lied at any given point on the s

proportional to the force being app

material. 3
the name window)

‘ i f a rectangular area (and hence

Y Bl ol ¢ Current flows from the common ground to the

: fines one touch poin : e material.
wglictldi:xl electrodes as a function of compression of the conductive ’
indiv1

4.20.1. Force and Torque Sensing

d primarily for measuring the reaction forees

v Force and torque sensors are use i
developed at the interface between mechanical assem ‘ -
and wrist sensing. A joint

inci aches f i is are joint
v sinal approaches for doing this : .
ot and torque acting on a robo

sensor measures the cartesian components of force
joint and adds them vectorially.

v For a joint driven by a de motor, sensing 15 done ) A
the principal topic of discussion in this section,

simply by measuring the

armature current. Wrist sensors, i
are mounted between the tip of a robot arm and the end-effector.

v/ They consist of strain gauges that measure the deflection of the mechanical

structure due to external forces.

Industrial robot Applications:

The general characteristics of industrial work situations that tend to promote the
substitution of robots for human labor are the following:

1. Hazardous work environment for humans.

When the work environment is unsafe, unhealthful, hazardous, uncomfortable, or
otherwise unpleasant for humans, there is reason to consider an industrial robot for the
work. In addition to die casting, there are many other work situations that are hazardous
or unpleasant for humans, including forging, spray painting, continuous arc welding, and
spot welding. Industrial robots are utilized in all of these processes.
2. Repetitive work cycle.

A second characteristic that tends to promote the use of robotics is a repetitive work
cycle. If the sequence of elements in the cycle is the same, and the elements consist of

relatively simple motions. a robot is usually capable of performing the work cycle with
greater
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consistency and repeatability than a human worker Greater consistency and repeatability are usually
manifested as higher product quality than can he achieved 1n a manual operation.

3. Difficult handing for humans.

If the task involves the handling of parts or tools that are heavy or otherwise difficult to manipulate, 1t
13 likely that an industrial robot 13 available that can perform the operation. Parts or tools that are too
heavy for humans to handle conveniently arc well within the load carrying capacity of a large robot
4. Multi-shift operation.

In manual operations requiring second and third shifts, substitution of a robot will provide a much
faster financial payback than a single shift operation. Instead of replacing one worker, the robot
replaces two or three workers.

5. Infrequent changeovers:

Most batch or job shop operations require a changeover of the physical workplace between one job
and the next. The time required to make the changeover 1s non-productive time since parts are not
bemng made. In an industrial robot application, not only must the physical setup be changed, but the
robot must also be reprogrammed, thus adding to the downtime. Consequently, robots have
traditionally been easier to justify for relatively long production runs where changeovers are
infrequent. As procedures for off-line robot programming improve, it will be possible to reduce the
time required to perform the reprogramming procedure. This will permit shorter production runs to
become more economical.

6. Part position and orientation art' established in the work cell.

Most robots in today's industrial applications are without vision capabulity. Their capacity to pick up
an object during each work cycle relies on the fact that the part 13 in a known position and orientation.
A means of presenting the part to the robot at the same location each cycle must be engineered.
Applications of robots in Manufacturing:

Most of the current applications of industrial robots are in manufacturing. The applications can
usually be classified into one of the following categories: (1) material handling, (2) processing
operations, and (3) assembly and mspection.

Material handling applications:

Material handling applications are those in which the robot moves materials or parts from one place to
another. To accomplish the transfer, the robot 1s equipped with a gripper type end effector. The
gripper must be designed to handle the specific part or parts that are to be moved in the application.
Material transfer:

The primary purpose of the robot 1s to pick up parts at one location and place them at a new location.
In many cases, re-orientation of the part must be accomplished during the relocation. The basic
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A more-complex example of material transfer 1s palletizing, in which the robot must retrieve
parts, cartons, or other objects from one location and deposit them onto a pallet or other container
with multiple positions. Although the pickup point is the same for every cycle, the deposit
location on the pallet is different for each carton. This adds to the degree of difficulty of the task.
Other applications that are similar to palletizing include de-palletizing (removing parts from an
ordered arrangement in a pallet and placing them at one location.

Machine loading / unloading:

In machine loading and/or unloading applications, the robot transfers parts into and/or from a
production machine. The three possible cases are:

O Machine loading. This is the case in which the robot loads parts into the production machine.
but the parts are unloaded from the machine by some other means

0 Machine unloading. In this case. the raw materials are fed into the machine without using the
robot. and the robot unloads the finished parts.

O Machine loading and unloading: This case involves both loading of the raw work part and
unloading of the finished part by the robot.

Industrial robot applications of machine loading and/or unloading include the following
processes:
* Die casting.

The robot unloads parts from the die casting machine. Peripheral operations sometimes
performed by the robot include dipping the parts into a water bath for cooling.
* Plastic moulding.

Plastic moulding 1s a robot application similar to die casting. The robot is used to unload moulded
parts from the injection moulding machine.
* Metal machining operations

The robot is used to load raw blanks into the machine tool and unload finished parts from the
machine. The change in shape and size of the part before and after machining often presents a
problem in end effector design and dual grippers are often used to deal with this issue.

P 1 SOVSLOTR
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Processing operations:

Processing applications are those in which the robot performs a processing operation on a work
part. A distinguishing feature of this category is that the robot is equipped with some type of tool
as its end effector. To perform the process, the robot must manipulate the tool relative to the part
during the work cycle. In some processing applications, more than one tool must be used during
the work cycle.

Industrial robot applications in the processing category are as follows:

O Spot welding.

0 Continuous arc welding,

O Spray painting, and

0 Various machining and other rotating spindle processes.

Spot welding:

Spot welding 1s a metal joining process in which two sheet metal parts are fused together at
localized points of contact. Two copper-based electrodes are used to squeeze the metal parts
together and then apply a large electrical current across the contact point to cause fusion to occur.
The electrodes, together with the mechanism that actuates them, constitute the welding gun in
spot welding.

The welding gun used for automobile spot welding is typically heavy. Prior to the use of robots
in this application, human workers performed this operation, and the heavy welding tools were
difficult for humans to manipulate accurately. As a consequence, there were many nstances of
missed welds, poorly located welds, and other defects, resulting in overall low quality of the
finished product. The use of industrial robots in this application has dramatically improved the
consistency of the welds. Five or six axes are generally required to achieve the required
positioning and orientation of the welding gun.

Continuous Arc Welding:

Continuous arc welding is used to provide continuous welds rather than individual welds at
spectfic contact points as in spot welding. The resulting arc welded joint 1s substantially stronger
than 1n spot welding.

The working conditions of humans who perform arc welding are not good.

0 The welder must wear a face helmet for eye protection against the ultraviolet radiation emitted
by the arc welding process. The helmet window must be dark enough to mask the ultraviolet.
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Assembly and Inspection:

Assembly and nspection are hybrids of the material handling and processing. Assembly and
mspection applications can involve either the handling of materials or the manipulation of a tool.
For example. assembly operations typically involve the addition of components to build a
product. This requires the movement of components from a supply location in the workplace to
the product being assembled, which is material handling. In some cases, the fastening of the
components requires a tool to be used by the robot (example, welding. driving a screw).Similarly
some robot inspection operations require that parts be manipulated, while other applications
require .that an inspection tool be manipulated.

Assembly and spection are traditionally labour-intensive activities. They are also highly
repetitive and usually boring. For these reasons, they are logical candidates for robotic
applications.

The most appealing application of industrial robots for assembly is where a mixture of similar
products or models are produced in the same work cell or assembly line.

Inspection: There is often a need in automated production and assembly systems to inspect the
work that is supposed to be done. These inspections accomplish the following functions: (1)
making sure that a given process has been completed. (2) Ensuring that parts have been added in
assembly as specified and (3) identifying flaws in raw materials and finished parts.

Inspection tasks performed by robots can be divided into the following two cases:
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Online —methods:

Lead through Programming; In lead through programming, the task 1s taught to the robot by
moving the manipulator through the required motion cyele, simultaneously entering the program
mto the controller memory for subsequent playback.

Teach pendant Programming:

The Teach Pendant 1s a hand-held robot control terminal that provides a convenient means to
move the robot, teach locations, and run robot programs. It features a four-line 20-character LCD
display, a 45-key keypad, a live-man switch, and an emergency stop (e-stop) button. The teach
pendant 1s a useful tool, allowing you to move away from the host computer terminal and control
the robot locally. Typically, a robot application 1s programmed with teachable vartables using the
RAPL programming language. Once the application 1s setup, it is convenient to use the teach

pendant to teach the locations for the application.
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Oft-line Method:
VAL Programming for PUMA
Task: Pick and place operation
VAL program
APPRO PART, 100
MOVES PART
CLOSEI

DEPARTS 200
APPROS BIN, 300
MOVE BIN

OPENI

DEPART 100

Other VAL commands
SPEED 40
EXECUTE

ABORT

EDIT filename
LISTF

STORE

DELETE

LOAD filename

**ALL THE BEST*







	(AUTOMATION AND ROBOTICS) LECTURE NOTES
	Automation and robotics are 2 closely related technologies. Automation as a technology that is concerned with use of mechanical, electronic and computer-based systems in the operation and control of production
	Automation is defined as “The creation & application of technology to monitor & control the production and delivery of products and services.”
	power is required to drive the process as well as the controls. The principal source of power in automated systems is electricity.
	• Electrical power can be readily converted to alternative energy forms: mechanical, thermal, light, acoustic, hydraulic, and pneumatic.
	• Electrical energy can be stored in long-life batteries for use in locations where an external source of electrical power is not conveniently available.
	3. Control system
	A closed loop control system consists of six basic elements:
	(2) Process,
	(4) Feedback sensor,
	(6) Actuator.
	Open loop system
	The open loop control system operates without feedback loop. In this system the controller operates without measuring the output variable, so no comparison is made between the actual value of the output and desired value of input.
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	2. To reduce labour cost
	3. To improve worker safety
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	5. To reduce or eliminate routine manual and clerical tasks
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	7. To accomplish process that can’t be done manually
	There are 3 broad classes of industrial automation.
	2. Programmable automation
	Characteristics of fixed automation

	2. Programmable automation (1)
	It is used when the volume production is relatively low and there are variety of products to be made
	The adaptability feature is accomplished by operating equipment under control of a programme of instructions which has been prepared for given product.
	 In this equipment is to be designed
	 It is used for small batches of production
	3. Flexible automation

	1. Safety monitoring
	3. Error detection and recovery
	2. Maintenance and repair diagnostics:
	3. Error detection and recovery (1)
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