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FUNDAMENTALSOFROBOTICS

[bookmark: INTRODUCTION:]INTRODUCTION:

· Anindustrialrobotisageneralpurposeprogrammablemachine,processingcreation anthropomorphic characteristics.
· Some of the quality that make industrial robot commercially and technologically important are listed:
1. Robotscanbesubstitutedforhuman inhazardousoruncomfortableworkenvironments.
2. A performed its work cycle with a consistency and reputability that can’t be attained by humans.
3. Robotscanbereprogrammed,whentheproductionrunofthecurrenttaskiscomplicated.
4. Robotsarecontrolledbycomputersandcanthereforconnectedtoothercomputer system to achieve CIM.
· “A Robot is a programmable, multi-functional manipulator designed to move material, parts, tools,orspecialdevicesthroughvariable programmedmotionsfortheperformed of a variety of tasks.”
[bookmark: OBJECTS_USING_INDUSTRAIL_ROBOT:]OBJECTSUSINGINDUSTRAILROBOT:

· Toincreasedproductivity.
· To raisethequalitylevelofproducts.
· Tomaintainthelaborrequirements.
· Toreduceproductiontime.
· Toimproveexistingmanufacturingprocess.
· Toenhancethelifeproductionmachines.
· Toincrease the safetylevelofthelabor.
· Thustominimizethelossofman hoursonaccountofaccidentand diseases.

[bookmark: ROBOT_CHARACTERISTICS]ROBOTCHARACTERISTICS

· Sensing

First of all your robot would have to be able to sense its surroundings. It would do this in ways that are not similar to the way that you sense your surroundings.Giving your robot sensors like light sensors (eyes), touch and pressure sensors (hands), chemical sensors, hearing sensors, and taste sensors will give your robot awareness of its environment.

· Movement

A robot needs to be able to move around its environment. Whether rolling on wheels, walking on legsor propelling bythrustersa robot needsto be able to move. To count asa robot either the whole robot moves, like the Sojourner or just partsof the robot moves, like the Canada Arm.

· Energy

A robot needs to be able to power itself. A robot might be solar powered, electrically powered, battery powered. The way your robot gets its energy will depend on what your robot needs to do.

· Intelligence

A robot needs some kind of "smarts." This is where programming enters the pictures. Aprogrammer isthepersonwho givestherobotits'smarts.'Therobot will have to have some wayto receive the programso that it knows what it is to do.

[bookmark: LAWS_OF_ROBOTICS]LAWS OF ROBOTICS
A. [bookmark: A._First_Law]FirstLaw
· [bookmark: _A_robot_must_not_harm_a_human_being_or]A robot must not harma human being orthroughinaction, allow one to come to harm.
B. [bookmark: B._Second_Law]SecondLaw
· [bookmark: _A_robot_must_always_obey_human_beings_]Arobotmustalwaysobeyhumanbeingsunless itis inconflictof1stlaw.
C. [bookmark: C._Third_Law]Third Law
· [bookmark: _A_robot_must_protect_itself_from_harm_]A robot mustprotect itself from harm unless that is in conflictwith the 1st / 2ndLaw.
[bookmark: APPLICATION_OF_ROBOT]APPLICATIONOFROBOT

· [bookmark: _Material_handling,_Material_transfer.]Materialhandling,Materialtransfer.
· [bookmark: _Machine_loading_and/or_unloading.]Machine loadingand/or unloading.
· [bookmark: _Spot_welding,_Continuous_arc_welding,_]Spotwelding,Continuousarc welding, Spraycoating.
· [bookmark: _Assembly,_Inspection.]Assembly,Inspection.
· [bookmark: _Robots_in_Space]RobotsinSpace
· [bookmark: _Robots_in_Hazardous_Environments]RobotsinHazardous Environments
· [bookmark: _Medical_sector]Medicalsector
· [bookmark: _Robots_at_Home_(for_entertained,_cooki]RobotsatHome(forentertained,cookingandotherhouseholdwork)
· [bookmark: _In_military_service.]Inmilitaryservice.

[bookmark: ADVANTAGES_OF_ROBOT]ADVANTAGESOFROBOT

· [bookmark: _Robots_increase_productivity,_safety,_]Robotsincreaseproductivity,safety,efficiency,quality,andconsistencyofproducts.
· [bookmark: _Robots_can_work_in_hazardous_environme]Robotscanworkinhazardousenvironmentswithoutthe need.
· [bookmark: _Robots_need_no_environmental_comfort.]Robotsneednoenvironmentalcomfort.
· [bookmark: _Robots_work_continuously_without_exper]Robotsworkcontinuouslywithoutexperiencingfatigueofproblem.
· [bookmark: _Robots_have_repeatable_precision_at_al]Robotshaverepeatableprecisionatalltimes.
· [bookmark: _Robots_can_be_much_more_accurate_than_]Robotscanbemuchmore accuratethanhuman.
· [bookmark: _Robots_can_process_multiple_stimuli_or]Robotscanprocessmultiplestimuliortaskssimultaneously.
[bookmark: DISADVANTAGES_OF_ROBOT]DISADVANTAGESOF ROBOT

· [bookmark: _High_initial_cost.]Highinitialcost.
· [bookmark: _Need_extra_space_and_new_technologies.]Needextraspaceandnew technologies.
· [bookmark: _They_need_constant_power.]Theyneedconstantpower.
· [bookmark: _They_lead_humans_to_lose_their_jobs.]Theyleadhumanstolosetheirjobs.
· [bookmark: __Perform_relatively_few_tasks.]Performrelativelyfewtasks.
· [bookmark: _Need_high_skilled_engineers,_programme]Needhighskilledengineers, programmers.
· [bookmark: _They_impacts_human_interaction]Theyimpactshumaninteraction
· [bookmark: _Only_programmer_understands_its_functi]Onlyprogrammer understandsitsfunction.

[bookmark: BASIC_COMPONENTS_OF_A_ROBOT:]BASICCOMPONENTSOFAROBOT:



















· A Robot carries a large number of components of which the main components arethe following:

I. Base:
This may be moveable or fixed. Base is the component where the whole assemble of robot will stand.
II. Manipulatorarm:
A manipulatorarmisatype ofmechanicalarm, usuallyprogrammable, withsimilar functions to a humanarm; the arm may be the sum total of the mechanism or may be part of a more complex robot.
III. Gripperandendeffectors:
It is used for holding a piece of tool, depending upon the application of robot. The gripperorend effectors arethe portionbywhichrobot canable to hold a jobrigidly and replace it one place to another.
IV. Drives:
Also knows as actuators, they move the manipulator arm and end effectors to the required position in space.
V. Controller:
It delivers commands to the actuators with the help of hardware and software supports.
VI. Sensors:
Theyperformeddualfunctions
1) To act as feedback devices to direct further actions of the manipulator arm and the end effectors (gripper).
2) Tointeractwiththerobotsworkingenvironment.

[bookmark: ROBOT_ANATOMY:]ROBOTANATOMY:

· A joint of an industrial robot is similar to a joint in the human body. It provides relative motion between two parts of the body. Each joint and axis as it is sometimes called provides the robot with so called degree of freedom of motion.
· Normallyall industrialrobots have mechanical joints that can be classified into one of the five types. Two types that provide translational motion and three types that provides rotating motions.
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[bookmark: Linear_joint_(type_of_L_joint):]Linearjoint(typeofL joint):
· Therelativemovementbetweentheinputlinkandtheoutputlinkisa translational sliding motion, with the axes of the two links parallel.
[bookmark: Orthogonal_joint_(type_O_joint):]Orthogonaljoint(typeOjoint):
· Thisisalsoatranslationalslidingmotionbuttheinputandoutputlinksare perpendicular to each other during the move.
[bookmark: Rotational_joint_(type_R_joint):]Rotationaljoint(typeR joint):
· Thistypeprovidesrotationalrelativemotion,withtheaxisofrotation perpendicular to the axes of the input and output links.



[bookmark: Twisting_joint_(type_T_joint):]Twistingjoint (typeTjoint):
· This joint is also involves rotary motions, but the axis ofrotation is parallel to the axes of the two links.
[bookmark: Revolving_joint_(type_V_joint):]Revolvingjoint (typeV joint):
· In this joint type the axis of the inputlink is parallel to the axis of rotation of the joint and the axis of the output link is perpendicular to the axis of rotations.
[bookmark: THE_BASIC_MOTIONS_OR_DEGREE-_OF_FREEDOM_]THEBASICMOTIONSORDEGREE-OF FREEDOMOFAROBOT:


Verticalmotions:
· The entire manipulator armcan be moved up and down verticallyeither by means of the shoulder swivel i.e. turning it about a horizontal axis or by sliding it in a vertical sliding.
Radialmotion:
· Radialmovement i.e.Inand out movement ofthemanipulatorarmisproviding by elbow extension by extending it and drawing back.
Rotationalmotion:
· Clockwise and anticlockwise rotation about the vertical axis to the manipulator arm is provided through arm sweep.
Pitchmotion:
· It enablesup and downofthe wrist and involvesrotationalmovement aswell. it is also called wrist bend. .
Rollmotion:
· Alsocalledwrist swivel,it enablerotationsofwrist..
Yaw:
· Also called wrist yaw, it facilities rightward and leftward swiveling movement of the wrist.
[bookmark: BASIC_COORDINATE_SYSTEM_OF_ROBOT_CONFIGU]BASICCOORDINATESYSTEMOFROBOTCONFIGURATIONS:

· Industrial robot are designed and built in many different shapes and sizes. They carry different motion system and capable of providing a verity of manipulations arm. But most of the industrial robots are basically designed to carry one of the following coordinate system or configuration.
· Cartesiancoordinatesystem
· Polarcoordinatesystem.
· Cylindricalcoordinate system.
· Revolutecoordinate system.
[bookmark: Cartesian_coordinate_system:]Cartesiancoordinatesystem:
· Cartesian coordinate robot is an industrialwhose three axes ofcontrolare linear and are at right angles to each other. I.e. x, y, z.The axes can move in straight lines only.
· Thesliding movement alongthex-axisenablesaright andleft motionandthat alongthe y-axis a forward and backward motion and the one along the z-axis an up and down motion.

· Thistypeof configurationgivescubicworkspace,thatistherobotcanreachincubic volume workspace in a three dimensional space.
· Thisconfigurationisusedwhenalargeworkspacemustbecoveredandthistypeof robot configuration is most accurate.
[bookmark: Polar_coordinate_system:_(Spherical_robo]Polarcoordinatesystem:(Sphericalrobotconfiguration)
· It is also called as Sphericalcoordinate system. A robot designed and built around this configuration carries two angular (rotary) motions and one radial (radial) motion.
· The rotationalofthis base about averticalaxis provides one regular motionand the 2nd regular motion is provided by the rotation of the arm, about an axis that intersects the vertical axis of the base.
· Thelinearmotionisprovidedbytheinandoutmotionofthetelescopicarm.


[bookmark: Cylindrical_coordinate_system:]Cylindricalcoordinate system:

· [bookmark: _This_cylindrical_coordinate_configurat]This cylindrical coordinate configuration has the three degree of freedom which includes two linear motions and one rotational motion.
· [bookmark: _The_body_of_robot_is_a_vertical_column]The body of robot is a vertical column which can rotate about a vertical column whichcanrotateabout averticalaxisto providetherotarymotion. Also thearmcan slide and out to provide the second motion.
· [bookmark: _The_manipulator_can_reach_any_point_in]The manipulator canreachanypoint ina cylinder volume ofworkspace. This robot is well suited to round workspace, but cannot provide full cylinder.


[bookmark: Revolute_coordinate_system:_(Joint_Arm_R]Revolutecoordinatesystem:(Joint ArmRobotconfiguration)
· Inthisconfigurationtherobotthe robotusesthree rotations.
· It appearance it very much resembles a human arm, just like the human arm, the robot arm in this configuration comprise a number of straight parts, which are connected together by means of different joints in the same way as the differentparts of human arms which carry joints at shoulder, elbows and wrists.
· Thewholearmmountedonthebasewhichcan be rotatedabout verticalz-axis. Also arm can be rotated about horizontal axis provided by elbow joints. This enables the arm to extend and retract. The last link of the arm (wrist) can rotate about a horizontal axis provided by the wrist joint.




[bookmark: SCARA_(Selective_Compliance_Arm_for_Robo]SCARA(SelectiveComplianceArmforRoboticAssembly)
· This type of configuration has three degrees of freedom. This robot configuration is similar to jointed arm robot configuration but in this case the shoulder and elbow axisare vertical. This configuration is very strong in vertical direction.
· Thisrobotconfigurationisbasicallyusedforinsertionassemblyoperation.


[bookmark: ROBOT_WORK_VOLUME]ROBOTWORKVOLUME
A spaceon which arobotcanmoveandoperate its wristend iscalledasaworkvolume.Itis also referred as the work envelope and work space.
For developing a better work volume, some of the physical characteristics of a robot should be considered such as:
· Theanatomyofvarious robots
· Themaximumvalueformovingarobotjoint
· Thesizeoftherobotcomponents likewrist, arm, andbody

1. [bookmark: 1._Cartesian_co-ordinate_configuration]Cartesianco-ordinateconfiguration
· The Cartesian co-ordinate configuration robot arm will move in up & down directions on the horizontal axis, and in & out motions in the vertical axis. The collective movement of traverse and horizontal stroke results in the rectangularwork volume.
· Itis inflexible, andbestsuitableforpickandplaceprocesses.
2. Cylindricalconfiguration:
· A cylindrical configuration robot has an arm that has got the ability to reach horizontal and verticaldirections. Moreover, it can make a rotary motion by placing the armat the centre ofthe robot. As a result, this robot requires a cylindrical type of work volume for performing an operation.
· Itismostlyusedinthematerialhandlingprocess.

3. [bookmark: 3._Polar_configuration:]Polarconfiguration:
· The arm of a polar configuration robot does not move in up and down position on the vertical axis as done in the cylindrical configuration. It just makes the robot to rotate during the horizontal stroke by expanding the inner and outer circles. It results in the formation of an arc movement. As soon as this process finishes, the robot arm swings and gets spherical work volume.
· This type of robot is incorporated in the Flexible Manufacturing System (FMS) for picking up the tools from the floor.
4. [bookmark: 4._Revolute_configuration:]Revoluteconfiguration:
· A cylindrical configuration robot has an arm that has got the ability to reach horizontal and verticaldirections. Moreover, it can make a rotary motion by placing the armat the centre ofthe robot. As a result, this robot requires a cylindrical type of work volume for performing an operation.
· Itismostlyusedinthematerialhandlingprocess.
[bookmark: End_Effectors:]End Effectors:
· In our discussion of robot configuration we motioned that can end effectors is usually attached to the robot’s wrist. The end effectors enable the robot to accomplisha specific task because there is wide variety of tasks performed by industrial robots.
· Therearetwotypes ofendeffectors are
1. Tools
2. Grippers.
[bookmark: Grippers:]Grippers:

· Gripper are the end effectors used tograsp and manipulate objects during the workcycle, machine loading and unloading application fall into this application.
· Accordingtovarietyofparts,shapes,sizesandweightsmostgrippersmustbecustom designed.
Therearemanydifferenttypesofgripperusedinindustrialfordifferentused.
· [bookmark: _Mechanical_gripper:]Mechanicalgripper:
It consists of two or more fingers that can be actuated by the robot controller to open and close to hold the work part.
· [bookmark: _Vacuum_gripper:]Vacuumgripper:
Inthesetypesofgripper suctioncupsareusedtohold theflat objects.
· [bookmark: _Magnetized_devices:]Magnetized devices:
Itisusedforholdingferrousparts.
· [bookmark: _Adhesive_devices:]Adhesive devices:
Thisisuseanadhesivesubstancetoholdaflexiblematerialsuchasa fabric.
· [bookmark: _Simple_mechanical_devices:]Simplemechanicaldevices:
Usedashooksand scoops.
· [bookmark: _Dual_gripper:]Dual gripper:
1. It consists of two gripper devices in one end effectors for machine loading and unloading. Witha single gripperthe robot must reach intothe production machine twice. But in dual gripper the robots picks up the next work part, while the machine is stilling processing the preceding part.
2. When the machine cycle is finished the robot reaches into the machine only once to remove the finished parts and load the next part. Thus reduce the cycle time per part.
[bookmark: Interchangeable_fingers:]Interchangeablefingers:

· That can be used on one finger mechanism. To accommodate different partsdifferent fingers are attached to the gripper.
Sensory feedback:
· Sensory feedback in the finger that provides the gripper with capabilities such as:




[bookmark: Tool:]Tool:
1. 
Sensing the presence ofthe workpart.
2. Applyingaspecifiedlimitforcetotheworkpartduringgripping.


· Therobotisusestooltoperformprocessingoperationonthe workpart.

· Exampleofthe toolused as end effectors byrobot to performprocessing like spot welding, arc welding, drilling, routing, grinding, spray painting gun, assembly.
· In some application, the robot may use multiple tools during work cycle. Ex. -severalsizesofroutingordrilling bit must beappliedtotheworkpart.
[bookmark: Sensor_in_Robot:-]SensorinRobot:-

1. Tactilesensor:
· Theseareusedtodeterminewhethercontactismadebetweenthesensorsand object.
· Tactilesensor canbedividedintotwotypesinrobotapplication:
I. Touchsensors.
II. Forcesensors.
2. Touchsensor:
Itindicatessimplythatcontacthasbeenmadewiththe object.
3. Forcesensor:
It indicates the magnitude of the force with the object. This might be useful in a gripper to measure and control the force being applied to hold a delicate object.
4. Proximitysensor:
These indicate when an object is closer to the sensor, when this type of sensor is used to indicate the actual distance of the object. It is also called range sensor.
5. Temperature Sensor:
Temperaturesensorsareusedtodetectthe surrounding temperature change. It isbased on the principle of voltage difference change for a temperature change
6. PositioningSensors:
Positioning sensors are used to approximate the position of a robot. The usual positioning sensor is a GPS (Global Positioning System).
7. LightSensor:
A light sensor detectslight and createsadifference involtage. Arobot’svisionsystem has a computer-controlled camera that allows the robot to see and adjust itsmovements accordingly.
8. SoundSensor:
Sound sensors are generally a microphone used to detect the equivalent voltage of sound and return. The sound it receives can be navigated bya simple robot.
9. Opticalsensor:

Photocellsandotherphotometricdevicescanbeutilizedtodetectthepresenceand absence of objects and are often used for proximity detection.
DEGREEOF FREEDOM:
· It canbe defined as the number ofthe variables required to define the motionofa robot in the three dimensional space.
· Themaximumnumber ofDOF is‘6’.
· EachjointoftherobotgivesadegreeoffreedomandeachDOFcangiveslidingand rotary motion.
· Anyrobottypicallyhasmaximumsixdegree of freedom.

PREDICTEDQUESTIONS:
2MarksQuestions
1. WhatisRobot?
2. Define workvolume?
3. Whatistactilesensor?
4. Statethe benefitsofindustrialrobots?
5. Definetherepeatabilityoftherobot?
6. State workspace?
7. Whatisworkvolume?
8. Staterobotanatomy?
9. Listouttheimportantspecificationofanindustrialrobot?

05 /10MarksQuestions
10. Classifythetypesofrobotsusedinhumanday-to-day life?
11. Classifythebasicrobotconfigurationaccordingtothecoordinatessystem.
12. Explainthetechnicalspecificationsofrobots?
13. Explainthe typesofgripperusedintherobotapplication?
14. Witha neatsketchexplainthe variouspartsoftherobot?
15. Explainthetypesofjointsusedinrobots?


AUTOMATION&INDUSTRIALAPPLICATIONS

INTRODUCTION

· To increase productivity, to improve quality of the finished products and enhance the production efficiency industries or plants have led to an ever ground tendency to transfer more and more activities into power operated or mechanism operated activities.
· This has led to the use of two particular words mechanization and automation both in industries and workplace.
MECHANIZATION
· Mechanization means a particular process operation or activity will be carried out with the use ofpower such as mechanical, electrical, hydraulic etc. Instead ofbeing performed by a human being.
· Themainobjectsofreplacinghumaninvolvementbyusing power are
· Toreducethelaborcost.
· Toreduceoverallprocess time
· Tominimizehuman fatigue.
· Toimprove qualityofproducts.
· Toincreaseproductionrate.
· Mechanizationmaybeadoptedforseveraloperatelikeloading,unloading,material handling, tool feeding etc.
· Mechanization is the preliminarylevelofautomationwhich is generallyapplicable to semi- automatic machine and equipment.
AUTOMATION

· “Theword automation meansa systemin which manyor alloftheprocess in theproduction, movement and inspection of parts or materials are automatically performed or controlled by self-operating devices”.
· Automation represents a higher degree of mechanization through which most of all of the operations or activities involved in manufacturing of a product or product are performed through automatic means i.e. without direct participation of a human being, except some aspect like rotating of machine, readjusting for correction.
· The degree of automation may vary from process to process and M/C to M/C. i.e. it may carry only partial automation or full automation.
· Partial automation means replacement of human activities or involvement by automatic means only partially.
· In full automation the human involvement is totallyeliminated and the process is carried out and controlled through automatic means along with proper feedback system.

· Fullautomationwillincludeallaspectsofmanufacturingsuchasloading,unloading, handling, services etc.
TYPESOFAUTOMATION
1. FIXEDAUTOMATION.

2. PROGRAMABLEAUTOMATION.

3. FLEXIBLEAUTOMATION.


FIXEDAUTOMATION
· Fixed automation is a system in which the sequences of processing operation are fixedand equipment or machines are designed according to a particular sequence.
· The arrangementsofequipment and machinesare simple but expensive due to more noof machine required, however production rate is high but flexibility is less i.e. it cannot be used for other products.
· Ex-mechanizedassembleliner,machiningtransferlines.




PROGRAMMABLEAUTOMATION
· In programmable automation products and equipment are designed with capability to the change the sequence of operation to produced different products.
· The operation sequence is controlled by a program which is a set of instruction coded so that the system can read and interpret them.

· Newprogram canbepreparedfornewproducts andenteredintotheequipmentsothat flexibility is more than fixed automation.
· But high investment ingenerallypurpose ofmachine and low productionrate.However it is basically used for batch production.
· Ex- N.Cmachinetool, IndustrialRobot.

FLEXIABLEAUTOMATION

· Flexible automation is an extension of programmable automation which is capable of producing a varietyofproducts with no time loss for change over fromone product to the next.
· It is basicallyused for continuous productionofvarious mixture ofproducts i.e. veryhigh flexibility with medium production rate but very expensive.
· It has the capabilityto change part programwith no lost productiontime and very low set up time i.e. down time is very low. Now it is more advanced stage due to invention of computer system.
· Ex-FMS.

NEEDOF AUTOMATION
· To increase productivity i.e. output per unit hour or to increase labor productivity this isarchived with automation.
· To reduce the cost of labor becausemachine can be produce athigher rate of outputi.e. automation results in a lower cost of unit of product.
· Toovercomedifficultoflaborshortageinadvance countryautomationis fullyutilized.
· Lesstime required.
· High finished productsareproduced.
ELEMENTSOFAUTOMATION
Any automated system has three basic elements for successful implementation. These basic elements are
1. PowerSource
2. Programming(machineprogramming)
3. FeedbackControl
1. PowerSource
Basically the electricity is used to running automation technology. The electric power is easily available these days and is being generated in coal thermal power plants, hydraulic power plant, solar power plant etc. this electricity can be easily converted to any form of energy i.e. mechanical energy, hydraulic energy.

2. Programming
The programming or machine programming is the set of instruction which determine which action is to be done by the system to complete a task.
3. FeedbackControls
Feedback controls are backbone of any automation system.Basically any feedback systemconsist of the following basic elements
1. Sensors
2. Analyzers
3. Actuators
4. Drives
ADVANTAGESANDDISADVANTAGESOF AUTOMATION
Advantages:
1. Higherproductionvolume.
2. Increaseinproductivity.
3. Increaseinproductquality.
4. Improvementinworkersafety.
5. Better inventorycontrol.
6. Reductionininspectioncosts.
7. Reductioninscarp.
8. Reductioninoverallmanufacturing timeofaproduct.
9. Standardizationofproducts.
10. Efficientuseofmaterials.
Disadvantages:
1. Displacementofworkers.
2. Increaseunemployment.
3. Highinitialcostrequired.
4. Highcostof maintenance.
5. Higherwagesofskilledmanpower.

DIFFRENCEBETWEENFIXEDAUTOMATIONANDFLEXIBLEAUTOMATION

	FixedAutomation
	FlexibleAutomation

	· Fixedautomationreferstotheuseof special purpose equipment to automate a fixed sequence of processing or assembly operations
	· A flexible automation system is capable of producing a variety of parts with virtually no time loss for changeovers from one part style to the
next.

	· It	is	relatively	difficult	to
	· Thereisnolostproductiontimewhile




	accommodate	changes	in	the
productdesign.
	reprogrammingthesystemandaltering
thephysicalsetup.

	· Productionrateis high.
	· Productionrateislowascomparedto
fixedautomation.

	· Flexibilityisless.
	· Flexibilityishigh.

	· Lowunitcost.
	· Highunitcostascomparedtofiexed
automation.

	· EX.-Mechanized	assemble	liner,
machiningtransferlines.
	· EX-FMS.



ROBOTAPPLICATIONINMANUFACTURING
Characteristicsofsituationswhererobotsmaysubstituteforhumans

· HazardousworkenvironmentforhumansInsituations
Where the work environment is unsafe, unhealthy, uncomfortable, or otherwise unpleasant for humans, robot application may be considered.
· Repetitivework cycle
If the sequence of elements in the work cycle is the same, and the elements consist of relatively simple motions, robots usuallyperformthe work with greater consistency and repeatability than humans.
· Difficulthandlingforhumans
If the task requires the use of heavy or difficult-to- handle parts or tools for humans, robots may be able to perform the operation more efficiently.
· Multi-shiftoperation
Arobot canreplacetwoorthreeworkersat atime insecondorthirdshifts, thustheycan provide a faster financial payback.
· Infrequent changeovers
Robots’useis justified forlongproductionrunswherethereareinfrequent changeovers, as opposed to batch or job shop production where changeovers are more frequent.
· Partpositionandorientationareestablishedintheworkcell
Robots generally don’t have vision capabilities, which means parts must be precisely placed and oriented for
INDUSTRIALAPPLICATIONOF ROBOT
1. WeldingApplication
· Arcwelding
· MIGwelding
· Spotwelding

· TIGwelding
· Roboticlaserwelding
· Resistancewelding
· Plasmaarcwelding
· Electronbeamwelding
2. MaterialhandlingApplications
· PickandPlaceoperations
· Palletizingoperations
· Dispensingoperation
· Presstendingoperations
· Partstransferoperations
· Machineloadingandunloading
· Machinetendingoperations
· Orderpickingoperations
· Packagingoperations
3. OtherMiscellaneousApplication
· Grindingoperation
· Spraypainting operation
· Drillingoperation.
· Coatingofmetals
· Flamessprayapplication.
· Inspectionandqualitycontrolapplication.
· Materialremovalapplication
· Assemblyoperation.




	Application
	Description

	Materialtransfer
	· Main purpose is to pick up parts at one location and place them at a new location. Part re- orientation may be accomplished during the transfer. The most basic application is a pick-and- place procedure, by a low-technology robot (often pneumatic), using only up to 4 joints.
· Morecomplexispalletizing,whererobots




	
	retrieve objects from one location, and deposit them on a pallet in a specific area of the pallet,thus the deposit location is slightly different for each object transferred. The robot must be able to compute the correct deposit location via powered lead- through method, or by dimensional analysis.
· Otherapplicationsofmaterialtransferinclude
de-palletizing,stacking,andinsertionoperations.

	Machine loadingand/orunloading
	· Primary aim is to transfer parts into or out-of aproduction machine.
· Therearethreeclassestoconsider:
· machineloading—wheretherobotloadsthe machine
omachineunloading—wheretherobotunloads the machine
· machineloadingandunloading—wherethe robot performs both actions
· Usedindiecasting,plasticmolding,metal
machiningoperations,forging,press-


ProcessingOperations
In processing operations, the robot performs some processing activities such as grinding, milling, etc.ontheworkpart.Theendeffector isequippedwiththespecializedtoolrequired for the respective process. The toolis moved relative to the surface ofthe workpart. Table outlines the examples of various processing operations that deploy robots.


	Process
	Description

	SpotWelding
	Metal joining process in which two sheet metal parts are fused together at localized points of contact by the deployment of two electrodes that squeeze the metal together and apply an electric current. The electrodes constitute the spot welding gun,whichistheendeffectorstoolofthewelding
robot.




	ArcWelding
	Metal joining process that utilizes a continuous rather than contact welding point process, in the same way as above. Again, the end effector is the electrodes used to achieve the welding arc. The robot must use continuous path control, and a jointedarmrobotconsistingofsixjointsis
frequentlyused.

	SprayCoating
	Spraycoating directsaspraygunat theobject to be coated. Paint or some other fluid flows through the nozzle of the spray gun, which is the end effector and is dispersed and applied over the surface ofthe object. Again, the robot must use continuous path control, and is typicallyprogrammed using manual lead-through.Jointedarmrobotsseemtobethe
mostcommonanatomyforthisapplication.

	Otherapplications
	Otherapplicationsinclude:drilling,routing,and other	machining	processes;	grinding,	wire
brushing,andsimilaroperations;waterjetcutting.


ProbableQuestions
2 MarksQuestions
1) Defineautomation?
2) Whatarethedifferent typesofautomation
3) Explainthevarioustypesofautomation
4) StatethebenefitofIndustrialAutomation
5) Writetheadvantagesand disadvantagesofRobot
6) Statetheneedofautomation?
7) Statehowautomationgivesan impactonhuman life.
SENSORS
INTRODUCTION
· A sensor is a device thatdetects and responds to some type of inputfrom the physicalenvironment.
· The specific input could be light, heat, motion, moisture, pressure,or anyone ofa great numberofotherenvironmentalphenomena.Theoutputisgenerallyasignalthatis

converted to human-readable display at the sensor location or transmitted electronically over a network for reading or further processing.
· Sensorsaregenerallyclassifiedintotwogroups:
1. Internalsensors
2. Externalsensors.
· Internal sensors such as it obtain the information about the robot itself. Ex- position sensor, velocity sensor, acceleration sensors, motor torque sensor, etc,
· External sensors gather the information in the surrounding environment.Such as cameras,rangesensors(IRsensor,laserrangefinder,andultrasonicsensor)contact and proximity sensors (photodiode, IR detector, RFID, touch, etc.) and force sensors.
REQUIREMENTOFSENSOR
· Thesensorisanelectronicdevicethat measuresphysicalattributessuchastemperature, pressure, distance, speed, torque, acceleration, etc., from equipment, appliances, machines and any other systems.
· The sensor produces an electrical signal/optical signal using multiple technologies proportionaltothe inputs. These Signals are either interpreted into a readable format or passed on to the next stage for further processing.
· Sensors are broadly grouped into analog and digital sensors. Analog sensors measure the exact value of physical variables, whereas digital sensors measure the status. Applications classify sensors, Property sensed, Technology used and Systems where they are deployed.
TYPESOFSENSORS

[bookmark: LIGHT_SENSOR]LIGHTSENSOR
A light sensor detects light and creates a difference in voltage. A robot’s vision system has a computer-controlled camera that allows the robot to see and adjust its movements accordingly.
The two primary light sensors in robots are Photo resistor and Photovoltaic cells. Other light sensors like phototubes, phototransistors; CCDs, etc. are rarely used.
a) A photo resistoris a type of resistor whose resistance varies with light intensity changes; more light leads to less resistance, and less light leads to more resistance. They can be easily implemented in light-dependent robots.
b)  (
Robotics&
Automation
26
TusharKanta
Mahapatra
)Photovoltaic cellsconvert solar radiation into electricity. This is especially helpful whenplanningasolarrobot.Whilethephotovoltaiccellisconsideredasanenergy
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source, a smart implementationcombined withtransistors and capacitors canconvert this into a sensor.


[bookmark: SOUND_SENSOR]SOUND SENSOR
· Sound sensorsaregenerallya microphone usedtodetectthe equivalent voltageofsound and return. The sound it receives can be navigated by a simple robot.
· Imagine a robot turning right to a pulpit, turning left for two palpitations. Complex robots may use the same microphone for voice recognition.
· Sound sensorsare not aseasyas light sensorsbecause sound sensorsgenerate a minimal voltage difference which should be amplified to produce a measurable change involtage. Voice systems also use robots with voice commands.

[bookmark: PROXIMITY_SENSOR]PROXIMITY SENSOR

This is a type of sensor which can detect the presence of a nearby object within a given distance, without any physical contact. The working principle of a Proximity sensor is simple. A transmitter transmits an electromagnetic radiation or creates an electrostatic field and a receiver receives and analyzes the return signal for interruptions. There are different types of Proximity sensors and we will discuss only a few of them which are generally used in robots.
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1. Infrared (IR) Transceivers: An IR LED transmits a beamofIR light and if it finds an obstacle, the light is simply reflected back which is captured by an IR receiver. Few IR transceivers can also be used for distance measurement.
2. Ultrasonic Sensor: These sensors generate high frequency sound waves; the received echo suggests an object interruption. Ultrasonic Sensors can also be used for distance measurement.
3. Photo resistor: Photo resistor is a light sensor; but, it can still be used as a proximity sensor. When an object comes in close proximity to the sensor, the amount of light changes which in turn changes the resistance of the Photo resistor. This change can be detected and processed.

There are many different kinds of proximity sensors and only a few of them aregenerally preferred for robots. For example, Capacitive Proximity sensors are available which detects change in capacitance around it. Inductive proximity sensor detectsobjects and distance through the use of induced magnetic field.

DISTANCESENSOR

Mostproximitysensorscanalsobeusedasdistancesensors,orcommonlyknown asRange Sensors; IR transceivers and Ultrasonic Sensors are best suited for distance measurement.
1. Ultrasonic Distance Sensors: The sensor emits anultrasonic pulse and is captured bya receiver. Since the speed of sound is almost constant in air, which is 344m/s, the time between send and receive is calculated to give the distance between your robot and the obstacle. Ultrasonic distance sensors are especially useful for underwater robots.
2. Infrared Distance sensor: IR circuits are designed on triangulation principle for distance measurement. Atransmitter sendsa pulse ofIR signalswhich isdetectedbythe receiver if there is an obstacle and based on the angle the signal is received, distance is calculated. SHARP has a family of IR transceivers which are very useful for distance measurement.Asimpletransmit andreceiveusing acoupleoftransmittersandreceivers willstilldo the jobofdistance measurement, but ifyou require precision,thenpreferthe triangulation method
3. Laser range Sensor: Laser light is transmitted and the reflected light is captured and analyzed. Distance is measured by calculating the speed of light and time taken for the light to reflect back to the receiver. These sensors are veryuseful for longer distances.

4. Encoders: These sensors (not actually sensors, but a combination of different components) convert angular position of a shaft or wheel into an analog or digitalcode. The most popular encoder is an optical encoder which includes a rotational disk, light source and a light detector (generally an IR transmitter and IR receiver). The rotational disk has transparent and opaque pattern (or just black and white pattern) painted or printed over it. When the disk rotates along with the wheel the emitted light is interruptedgeneratinga signaloutput.The number oftimesthe interruptionhappensand the diameter of the wheel can together give the distance travelled by the robot.
5. Stereo Camera: Two cameras placed adjacent to each other can provide depth information using its stereo vision. Processing the data received from a camera is difficultfor a robot with minimal processing power and memory.If opted for, they make a valuable addition to your robot.
PRESSURE SENSOR
Pressure sensor measures pressure. Tactile pressure sensors are useful in robotics as they are sensitive to touch, force and pressure. If you design a robot hand and need to measure the amount of grip and pressure required to hold an object, then this is what you would want to use.
TACTILESENSOR

Tactile Sensor is a device specifying an object’s contact. Often used in everyday objects such as elevator buttons and lamps, which dim or brighten by touching the base, a tactile sensor allows the robot to touch and feel. These sensors are used to measure applications and gentlyinteract withthe environment. It canbe sortedinto two principaltypes: Touch Sensor and Force Sensor.

a) Touch Sensor or Contact Sensor: TouchSensor is capable ofsensing and detecting sensorandobject touch.Someofthecommonlyusedsimpledevicesare micro-switches, limit switches, etc. These sensors are mostly used for robots to avoid obstacles. When these sensors hit an obstacle, it triggers a task for the robot, which can be reversed, turned, switched on, stopped, etc.

b) Force Sensor:Force sensor is included in calculating the forcesofseveral functions, such as machine loading & unloading, material handling, and so on, performed by a robot. This sensor will also be a better assembly process to check problems.

TEMPERATURESENSORS

Temperature sensors are used to detect the surrounding temperature change. It is based on the principle of voltage difference change for a temperature change; this voltage change will provide the surrounding temperature equivalent. Temperature sensing applications include air temperature, surface temperature, and immersion temperature.
















ROBOTICDRIVESYSTEMANDCONTROLLER


INTRODUCTION

· The actions of the individual joints must be controlled in order for the manipulator to perform a desired motion. The robot’s capacity to move its body, arm, and wrist is provided by the drive system used to power the robot. The joints are moved by actuators powered by a particular form of drive system.
· Commondrivesystemsused inroboticsareelectricdrive,hydraulicdrive,andpneumatic drive.
Mechanicaldrivesystem

· The drive system determines the speed of the arm movement, the strength of the robot, dynamic performance, and, to some extent, the kinds of application.
· A robot will require a drive system for moving their arm, wrist, and body. A drivesystem is usually used to determine the capacity of a robot. For actuating the robotjoints, there are three different types of drive systems available such as:
1. Electricdrivesystem,
2. Hydraulicdrivesystem,and
3. Pneumaticdrivesystem.
· The mostimportantlyusedtwotypesofdrivesystemsareelectricandhydraulic.
Electricdrivesystem:
· Theelectricdrivesystemsarecapableofmoving robotswithhigh powerorspeed.
· The actuation of this type of robot can be done by either DC servo motors or DC stepping motors. It canbe well – suited for rotational joints and as wellas linear joints.
· Electric drive systems do not generally provide as much speed or power as hydraulic systems. However, the accuracy and repeatability of electric drive robots are usually better. Consequently, electric robots tend to be smaller. Require less floor space, and their applications tend toward more precise work such as assembly.
· In this System, power is developed byan electric current. It required little maintenance and the operation is noise less. The one disadvantage ofthis system is that it is slightly costlier. An example for this type of drive system is Maker 110 robot.
HydraulicDriveSystem
· Hydraulic drive is generally associated with larger robots, such as the Unimate 2000 series.
· This type of systemcan also be called as non-air powered cylinders. In this system, oil is used as a working fluid instead of compressed air. Hydraulic system need pump to generate the required pressure and flow rate. These systems are quite complex, costly and require maintenance.
· The usual advantages of the hydraulic drive system are that it provides the robot with greater speed and strength.
· The disadvantages of the hydraulic drive system are that it typically adds to the floor spacerequired bytherobot, andthat ahydraulic systemis inclinedtoleakonwhichisa nuisance.
PneumaticDriveSystem
· The pneumatic drive systems are especially used for the small type robots, which have less than five degrees of freedom. It has the ability to offer fine accuracy and speed.

· In this system, air is used as a working fluid; hence it is also called air-powered cylinders. Air is compressed in the cylinder with the aid ofpump the compressed air is used to generate the power with required amount of pressure and flow rates.
· This drive systemcan produce rotary movements by actuating the rotary actuators. The translational movements of sliding joints can also be provided by operating the piston. The price of this system is less when compared to the hydraulic drive.
· The drawback of this system is that it will not be a perfect selection for the faster operations.
ServoMotor
· Servo motorsare also called Control motors. They are used in feedback control systems as output actuators and does not use for continuous energy conversion. The principleoftheServomotorissimilartothatofthe otherelectromagnetic motor, butthe construction and the operation are different.
· Theyareclassifiedastwotypes
1. ACServoMotor
2. DCServo Motor
DCMotors
Figure illustrates the construction of a DC servomotor, consisting of a stator, a rotor, and a commutation mechanism. The stator consists of permanent magnets, creating a magnetic field in the air gap between the rotor and the stator. The rotor has several windings arranged symmetrically around the motor shaft. An electric current applied to the motor is delivered to individualwindingsthroughthe brush-commutation mechanism, asshown inthe figure. Asthe rotor rotates the polarity of the current flowing to the individual windings is altered. This allows the rotor to rotate continually.
ROBOTCONTROLSYSTEMSFOR PATH CONTROL

· The actuations of theindividual jointsmustbe controlledin a coordinated fashion for the manipulator to perform a desired motion cycle.

· Robotcontrollerscanbeclassified into four categories:
a. Limitedsequencecontrol.
b. Point-to-pointcontrol.
c. Continuouspath control.
d. Intelligentcontrol.

· Limited sequence control uses mechanical stops to provide the extreme ranges of motion and when motioncommand is used, the joint is drivenuntilthe mechanicalstopis reached. This technique is no longer used.
· Point-to-point involves the specification of the starting point and end point (and often intermediate points) of the robot motion requiring a control system which renders some feedbackat thosepoints.Thistechnique isused forspotwelding,pick-and-placeoperations and so on.
· Continuous Path Control requires the robot end effector to follow a stated path from the starting point to the end point.This technique is required in manyapplications that require the actual tracing of a contour, for instance, in arc welding or spray painting. The continuous path robots usually follow a series of closely spaced points on a path and these points are defined bythe controlunit rather than the programmer. In manycases, the paths between points are straight lines
· Intelligent Control An intelligent robot is one that exhibits behavior that makes it seem intelligent. Some of the characteristics that make a robot appear intelligent include the capacity to :
[image: ]Interactwithitsenvironment.
[image: ][image: ]Makedecisionswhenthingsgowrongduringtheworkcycle. Make computations during the motion cycle.
[image: ]Respondtoadvancedsensorinputssuchasmachinevision
ROBOT CONTROLLER
· The behavior of the system can be determined with the help of a differential equation is known as the control system. So it controls different devices as well as systems with the help of control loops.
· Controlsystemsareclassifiedintotwotypes
1. Openloop controlsystem
2. Closed loopcontrolsystem
Openloopcontrolsystem

· The working of the open loop control system which depends on time is also called the open-loop control system. It doesn’t have any feedback.
· 	It is very simple, needs low maintenance, quick operation, and cost-effective. Theaccuracy of this system is low and less dependable.
· The main advantages of the open-loop control system are easy, needs less protection; operation of this system is fast & inexpensive and the disadvantages are, it is reliable and has less accuracy.
· Example - The clothes dryeris one of the examples of the open-loop control system. In this, the controlactioncan be done physicallythroughthe operator. Based onthe clothing’s wetness, the operator will fix the timer to 30 minutes. So after that, the timer will discontinueevenafterthemachineclothesarewet.The dryer in the machine will stop functioning even if the preferred output is not attained. This displays that the control system doesn’t feedback. In this system, the controller of the system is the timer.


Closedloopcontrolsystem
· The closed-loop control system can be defined as the output of the system that depends on the input of the system. This control system has one or more feedback loops among its input & output.
· This system provides the required output by evaluating its input. This kind ofsystemproduces the error signaland it is the main disparity betweenthe output and input of the system.
· 	The main advantages of the closed-loop control system are accurate, expensive, reliable, and requires high maintenance.
· Example:-The best example of the closed-loop control system is AC or air conditioner. The AC controls the temperature by evaluating it with the nearby temperature. The evaluation of temperature can be done through the thermostat. Once the air conditioner gives the error signal is the main difference between the room and the surrounding temperature.

· Sothethermostatwillcontrolthecompressor.Thesesystemsareaccurate, expensive, reliable, and requires high maintenance.



















IntroductiontoMachineVision

· Robot vision is the process ofextracting, characterizing, and interpreting information from images of a three-dimensional world.
· Robot vision is an important sensor Technology with potential application in many industrial operations.
· The robot vision is primarily targeted at the manipulation and interpretation of images and the use ofthis information in Robot operationcontrol. Robot visionrequires two aspectsto be addressed
1. Provisionforvisualinput
2. Processing required to productively utilize the visual information in a Computer-Based system
Functionsoftherobotvisionsystem
1. Sensinganddigitizing

Thisprocessyieldsavisualimageofsignificantcontrastthatistypicallydigitizingand stored in the Computer memory
2. Imageprocessingandanalysis
The digitizing image is subjected to image processing and analysis for data reduction and interpretation of the image. This function may be further subdivided as follows
· Preprocessing-itdealswithtechniqueslikenoisereductionandenhancementdetails
· Segmentation- itpartitionsanimageintoobjectsofinterest.
· Description-itcomputesvariousfeatureslike(sites,shape,etc.)suitablefor differentiating one object from another.
· Recognition-itidentifiestheobject
· Interpretation- itassignedmeaningtoanensembleofobjectsinthesense
3. Application
Thecurrentapplicationofrobotvision includesthefollowing
· Inspection
· Partidentification
· Locationand orientation



Advantagesofmachine vision
1. Flexibility- a wide variety of measurements can be made by the vision systems. When the application changes, the software can be easily modified or upgraded to accommodate the new requirements.
2. Cost-effectiveness- the machine vision system is becoming increasingly cost-effective, with the price of computer processing dropping rapidly.
3. Precision- it is possible to measure dimensions to one part in a thousand or better by a well-designed vision system. Since the measurements do not require contact, thereforethere are no wear or danger two delicate components.
4. Consistency-eliminationofoperationalvariability(sincevisionsystemsarenot proneto the fatigue suffered by human operators). Multiple systems can be configured to produce identical results.
Applicationofmachinevision
1. Industrialmanufactureonalargescale.
2. Manufactureofshort-rununique objective.
3. Retailautomation.

4. Qualitycontroland refinement offood products.
5. MonitoringofAgriculturalproduction.
6. Medicalremoteexaminationand procedures.
7. Medicalimagingprocesses.
8. Safetysystemin industrialenvironments.
9. Automatedmonitoringofsitesforsecurityand safety.
10. Consumerequipmentcontrol.
11. InspectionofPre-manufacturedobjective.
12. Controlofautomated guidedvehicles.


VidiconscameraTube
The Vidicons camera tube is based on the photoconductive properties of semiconductors. When light falls on it, the number of free electrons created at any point is directly proportional to the intensity of light falling on that point. A photo-conductive property of semiconductors means a decrease in resistance with the amount of incident light. Brighter the light, greater is the number of free electrons. These electrons are removed from the material by using a positive voltage and hence that becomes positively charged.The value of charge on the target at any point is proportional to the intensity of light at the corresponding point in the original scene. So, the charge image of the picture is formed on the surface of the target.
[bookmark: Construction_of_Vidicons_Camera_Tube]ConstructionofVidiconsCameraTube
The Vidicons consists of a glass envelope with an optically flat face plate (Fig). A photosensitive, target plate is available on the inner side of the face plate. The target plate has two layers. To the front, facing the face plate is a thin layer of tin oxide. This is transparent to light but electrically conductive. The other side of the target plate is coated with a semiconductor, photosensitive antimonytrisulphide. The tin oxide layer is connected toapower supplyof50V. Grid-1 istheelectrongun, it consistsacathodeandacontrolgrid. The emitted electrons are accelerated by Grid-2. The accelerated electrons are focused onthe photo conductive layer by Grid-3. Vertical and Horizontal deflecting coils, placedaround the tube are used to deflect the electron beam for scanning the target.



Working
When the scanning beam passes over the photo-conductive material of the signal plate, it deposits electrons so that the potentials of this side of the plate are reduced to that of the cathode. But the other side of the film (plate) is still at its original potential consequently a potential difference across a given point on the photo-conductive material is created. It is approximately40 V. Before the next scanning (which may be done after an intervalof 1/50 or 1/25 sec.), the charge leaks through photoconductive material at a rate determined by the conductivityofthe materialwhich in turn, dependsupontheamount ofincident light. White portions ofthe object will, in turn, depend uponthe filmand make it more conductive. This change leakedtothephotoconductivesideofthe filmwillvaryaccordingtothe illumination ofthe object. As a result potentialat everypoint onthe photoconductive side ofthe film but this time the charge deposited by the beam in order to reduce its potential towards zero (cathode potential) will vary with time. Therefore current through load resistance (RL) will follow the changes in the potential difference between two surfaces of the film and hence follow the variation of light intensity of successive points in the optical image.
ApplicationofRobotVisionSystem
The effective use of robotic systems makes assembly, quality control parts handling, and classification task more robust. By using a single camera, it is possible to track multiple objects in a visually cultured environment.
1. Presence
Several sensors such as proximity or torque sensor can be used to find the presence or absence ofa part at a specific location. However, the visual detection ofpresence combined with other applications gives much more accurate and versatile information.
2. Objectivelocation

Fortracking the motionofthe manipulator, end effector, andobjects, accurateco-ordinate is used. For this purpose sometime special identification markings are made on the part.
3. Object identification
The object identification which may be a part ofstarting process involves the determination of location and pick and place to affect the physical movement of parts.
4. Pickandplace
It is possible to guide the man you later to pick a part from a specific location after its presence has been detected or form any image location in the work cell and place it at the desired location.
5. Visualinspection
The visual inspection is based on extracting specific quantitative measurements of desired parameters from an image. The robot employed in visual inspection
· cando sortingofgoodand bad parts
· cancontrolthemanufacturing processbased onthemeasuredvalueoftheparameter.
6. Visualguidance
The image of the sensor can be used for accurate specification of relative position off the menu later and the part in the sense as well as their relative movement
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