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  INDUSTRIAL ROBOTICSINDUSTRIAL ROBOTICS    

  
Workspace 

Collection of points that robots 
can reach   

 



Cartesian/Rectangular ManipulatorCartesian/Rectangular Manipulator  

 straight, or linear motion along three axes: 
◦ in and out,  (x) 

◦ back and forth (y) 

◦ up and down (z) 



Cylindrical Manipulator 

 Rotation about the base or shoulder. (θ)  

 up and down (z) 

 in and out  (R) 

 



Polar or Spherical ManipulatorPolar or Spherical Manipulator  
◦ rotation about the base  

◦ Rotation about an axis in the vertical plane 

to raise and lower it.  

◦ reaches in and out. 

 



SCARA RobotSCARA Robot  
 Selective Compliance Assembly Robot Arm 
◦ the same work area as a cylindrical-coordinates robot. 

◦ the reach axis includes a rotational joint in a plane 

parallel to the floor. 

 



Control SystemsControl Systems  



  ComponentsComponents  

Manipulat  

or linkage 

Base 

Controller 

Sensors Actuators 

User interface 

Power conversion  

unit 



OpenOpen--Loop Control SystemsLoop Control Systems  

 Open-Loop Control Systems utilize a 

controller or control actuator to obtain 

the desired response. 



ClosedClosed--Loop Control SystemsLoop Control Systems  

 Closed-Loop Control Systems 

utilizes feedback to compare the actual 

output to the desired output response 

 



Degrees of freedomDegrees of freedom  

 Degree of Freedom is the number of 
independent relative motion in the form 
of translation and rotation 

 The body in space has got the maximum 
of 6 degrees of motion(3 translatory &  3 
rotary motions) 

 Each Translatory has 1 DOF and each 
Rotary has 1 DOF  

 



    SENSING  SENSING    

  



Sensor Sensor   

 Sensor is a basic component of transducer. 

   The purpose of a sensor is to respond to 

some kind of an input physical property 

and to convert it into an electrical signal. 

  The sensor output signal may be in the 

form of voltage, current, or charge . 

 



What can be sensed?What can be sensed?  
 Light  

 Presence, color, intensity, content (mod), 
direction 

 Sound  

 Presence, frequency, intensity, content (mod), 
direction 

Heat 

 Temperature, wavelength, magnitude, direction 

Chemicals 

 Presence, concentration, identity, etc. 

Object Proximity 

 Presence/absence, distance, bearing, color, etc. 

 Physical orientation/attitude/position 

 Magnitude, pitch, roll, yaw, coordinates, etc. 
 



Proximity sensorProximity sensor  

Proximity sensors are devices that indicate when 
one object is close to another object.  

The distances can be several millimeters and feet. 

Widely used in general industrial automation 

– Machine tools (safety interlock, sequencing) 

 



Force SensorForce Sensor  

The fundamental operating principles of 

force, acceleration, and torque 

instrumentation are closely allied to the 

piezoelectric and strain gage devices used 

to measure static and dynamic pressures. 

Piezoelectric sensor produces a voltage 

when it is "squeezed" by a force that is 

proportional to the force applied. 





Torque SensorsTorque Sensors  

Torque is measured by either 

sensing the actual shaft deflection 

caused by a twisting force, or by 

detecting the effects of this 

deflection. 

 





Tactile SensorTactile Sensor  

Tactile sensor are devices 
which measures the parameters 
of a contact between the sensor 
and an object. 



  

  Design of a Force SensorDesign of a Force Sensor  
Consider a simple sensor that is to be developed to 

measure a reaction force at the base of a spring, as 

shown below. 

 



  

  
 In the force sensor design given, no specific 

sensing mechanism was implied. The constraint 

placed on the stiffness exists for any type of force 

sensor. 

 It is clear, however, that the force sensor will have 

to respond to a force and provide an output 

voltage. This can be done in different ways. 

 

Sensor Mechanisms for Force 



StrainStrain--gage Force Sensor Designgage Force Sensor Design  

  

Let’s consider now the force sensor, and 

consider a design that will use one strain 

gage on an axially loaded material. 

 



Strain Strain guagesguages  

Many types of force\torque sensors are based on 

strain gage measurements. 

The measurements can be directly related to 

stress and force and may be used to measure 

other types of variables including displacement 

and acceleration 



Strain gauge Strain gauge   

They operate on the principle that as the foil is 

subjected to stress, the resistance of the foil 

changes in a defined way. 



Torque Sensor Torque Sensor   

 Torque is a measure of the forces that causes an object 

to rotate. 

 

Reaction torque sensors measure static and dynamic 

torque with a stationary or non-rotating transducer. 

 

Rotary torque sensors use rotary transducers to 

measure torque. 

 

 



Figures showing Torque sensorsFigures showing Torque sensors  



Applications of force/torque sensorsApplications of force/torque sensors  

 In robotic tactile and manufacturing applications 

 In control systems when motion feedback is 
employed. 

 In process testing, monitoring and diagnostics 
applications. 

 In measurement of power transmitted through a 
rotating device. 

 In controlling complex non-linear mechanical 
systems. 



Industrial Applications ofIndustrial Applications of  RobotsRobots  

Material Handling Manipulator 

Assembly Manipulator 

•Material handling 

•Material transfer 

•Machine loading or  

unloading 
•Spot welding 

•Continuous arc welding 

•Spray coating 

•Assembly 

•Inspection 



ROBOT APPLICATIONSROBOT APPLICATIONS  

 Work environment hazardous for human 
beings  

 Repetitive tasks  

 Boring and unpleasant tasks  

 Multi shift operations  

 Infrequent changeovers  

 Performing at a steady pace  

 Operating for long hours without rest  

 Responding in automated operations  

 Minimizing variation 



Industrial Robot ApplicationsIndustrial Robot Applications  

Material-handling applications:  

•  It includes part placement, palletizing and/or de-
palletizing, machine loading and unloading.  

Processing Operations:   

•  Requires the robot to manipulate a special 
process  tool as the end effectors.  

•   spot welding, arc welding, riveting, spray painting, 
machining, metal cutting, de-burring, polishing.  

Assembly Applications:  

•  Involve part-handling manipulations of a special 
tools and other automatic tasks and operations.  

 Inspection Operations:   

•  Require the robot to position a work part to an 
inspection device.  

 



Material Handling ApplicationsMaterial Handling Applications  

 This category includes the following:  

•  Part Placement  

•  Palletizing and/or depalletizing 

•  Machine loading and/or unloading  

•  Stacking and insertion operations 



Machine loading and/or unloadingMachine loading and/or unloading  

Robot transfers parts into and/or from 

a production machine.  

� 

� 



Stacking and insertion operationStacking and insertion operation  

In the stacking process the 

robot places flat parts on top 

of each other, where the 

vertical location of the drop-

off position is continuously 

changing with cycle time.  



Processing operationsProcessing operations  

Industrial robot applications in the processing 
operations include:  

�  Spot welding  

�  Continuous arc welding  

�  Spray painting  

�  Metal cutting  and deburring operations  

�  Various machining operations like drilling, 
grinding, laser and water jet cutting, and 
riveting.  

�  Rotating and spindle operations  

�  Adhesives and sealant dispensing 



Assembly operationsAssembly operations  

The applications involve both material-

handling and the manipulation of a tool.  

They typically include components to 

build the product and to perform material 

handling operations.  

Are traditionally labor-intensive activities 

in industry and are highly repetitive and 

boring.  



Inspection operationInspection operation  

Some inspection operation requires 

parts to be manipulated, and other 

applications  require that an inspection 

tool be manipulated.  

Inspection work requires high precision 

and patience, and human judgment is 

often needed to determine whether a 

product is within quality specifications or 

not.  



the general considerations in robot the general considerations in robot 

material handlingmaterial handling  

 Part positioning orientation 

 Gripper design 

 Minimum distance moved 

 Robot work volume 

 Robot weight capacity 

 Accuracy and repeatability 

 Robot configuration, Degree of Freedom 
and Control 

 Machine utilization problems  



Accuracy and PrecisionAccuracy and Precision  

Accuracy Precision 

Definition: The degree of closeness to 
true value. 

The degree to which an 
instrument or process will 
repeat the same value. 

Measurements: Single factor or measurement Multiple measurements or 
factors are needed 

About: A term used in measuring a 
process or device. 

A term used in measuring a 
process or device. 

Uses: Physics, chemistry, 
engineering, statistics and so 
on. 

Physics, chemistry, engineering, 
statistics and so on. 



Advantages of RobotsAdvantages of Robots  

 Robotics and automation can, in many situation, 
increase productivity, safety, efficiency, quality, and 
consistency of Products  

 Robots can work in hazardous environments  

 Robots need no environmental comfort  

 Robots work continuously without any humanity needs 
and illnesses  

 Robots have repeatable precision at all times  

 Robots can be much more accurate than humans, they 
may have milli or micro inch accuracy.  

 Robots and their sensors can have capabilities beyond 
that of humans.  

 Robots can process multiple stimuli or tasks 
simultaneously, humans can only one.  

 Robots replace human workers who can create 
economic problems. 



Disadvantages of RobotsDisadvantages of Robots  
 Robots lack capability to respond in emergencies, this can cause: 

�  Inappropriate and wrong responses  

�  A lack of decision-making power  

�  A loss of power  

�  Damage to the robot and other devices  

�  Human injuries  

 Robots may have limited capabilities in  

�  Degrees of Freedom  

�  Dexterity  

�  Sensors  

�  Vision systems  

�  Real-time Response  

 Robots are costly, due to  

�  Initial cost of equipment  

�  Installation Costs  

�  Need for peripherals  

�  Need for training  

�  Need for Programming 



Summary of Robot ApplicationsSummary of Robot Applications  

 1.  Hazardous work environment for humans  

 2.  Repetitive work cycle  

 3.  Difficult handling task for humans  

 4.  Multi shift operations  

 5.  Infrequent changeovers  

 6.  Part position and orientation are 

established in the work cell 


