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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: 

 Understand the concept of automation in manufacturing industries. 
 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 
automation in industry 

PO1 

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

CO3 
Demonstrate the basic concepts associated with industrial robots and 
driving system used in robots 

PO1 

CO4 Compare the kinematics and Dynamics of robots PO1, PO2 

CO5 Explain about sensors used in robots, Robot programming and 
applications 

PO1 
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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 
 
 

 
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: 

(I) Input parameter, 
(2) Process, 

(3) Output variable, 

(4) Feedback sensor, 
(5) Controller, 
(6) Actuator. 

 
 

(I) 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 
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(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, 
so no comparison is made between the actual value of the output and 

desired value of input. 
 

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 

 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 

 In this equipment is to be designed 

 Different types of programmes loaded in equipment in 

order to change sequence of operations and produce 

products with new configurations 

 It is 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 

 It is used for mid volume production 

 It includes FMS and CIM 

 It consists of series of fluctuations which are connected by material 

handling and storage system. 

 Central computer is used to control the various activities 

programme at the different stations 

 In FMS the different products is made at same time on same 

manufacturing system. 
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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 

2. Maintenance and repair diagnostics 
3. Error detection and recovery 

1. Safety monitoring: 

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 

1. Sensors 

2. Actuators 

3. Analog-to-Digital Conversion 

4. Digital-to-Analog Conversion 

 

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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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 

Electric motors (linear or rotational) 

 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. 

 

 AC motors 

Mostly used in industry. 

Advantages: Higher power supply 

Ease of maintenance 

Two types: Induction motor 

Synchronous motor 

 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 
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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 

 Filtering to remove random noise 

 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. 

 

Objectives 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 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 

Material-Handling System 

 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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 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. 

 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. 

Principles of Material Handling 

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. 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 

 

 

 

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 lbs 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. 

 An automated guided vehicle system is a battery-powered driver-less 

vehicle with programming capabilities for destination, path selection, and 

positioning. 

 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. 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

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: 

 Automatic couple and uncouple 

 Powered roller, belt, and chain 

 Powered lift and lower device 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 Powered push or pull device 

 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 
 
 

 
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

 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. 

 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. 

 Other types of labels include magnetic stripes and radio frequency tags 

that are broadly capable of encoding more data than bar codes. 

Automatic Identification 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 
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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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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 

a. It Increased accuracy of data input (error free) 

b. It Improves efficiency of the staff and quality of services; 

c. Rapid access to total production costs 

d. It Increased user satisfaction and hence improves the image of the library; 

e. 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 
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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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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. 
 

 

L-shaped configuration 
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U-shaped configuration 
 

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 
 

 

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 
 
 

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. 
 
 

 

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. 
 
 
 

 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 

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. 
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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. 
 

 

 
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 
 

 

 

 

 
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, 90O of complete rotation 

of drive is used for rotation of drive is used for indexing the table and other 

270O is dwell. 
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The angle of rotation of work station during indexing the dial is given as 
𝟑𝟔𝟎 
𝑵𝒔 

Where 𝑁𝑠 is number of slots in Geneva 
 

Flow line 

 A route followed through successive stages of manufacturing a product. 

 It is a combination of machine tools sequentially arranged and integrated with a 

transfer line 

 

𝜽 = 
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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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(vii) Line Efficiency 
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UNIT – 3: INDUSTRIAL ROBOTICS AND DRIVE SYSTEM 
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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. 
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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. 
 

 

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. 
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c) 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. 
 

 

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. 
 

 

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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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 

ii. Cylindrical Configuration, 

iii. 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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(ii) 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. 
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(iii) 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. 
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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. 
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work envelope: 
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Classification of robots: 
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Need for robots 

 

Robot parts and functions 
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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 
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3. Hydraulic drives 
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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 

1. A.C. Servo Motors, 

2. D.C. Servo Motors, 

3. Stepper Motor. 

1. A.C. Servo Motors 

 

Mostly preferred for low power applications. 
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2. D.C. Servo Motors 
 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 

 

 
 

 
 

 
 

3. Stepper Motor. 
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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. 
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f) Ball and Roller Screws 
 

 

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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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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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. 
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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 
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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. 

 

 

 

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

 
1. Part weight and size to be lifted 
2. Part material 
3. Clearance issues around the part that could interfere with the gripping part 
4. The environment the gripper will be used in (corrosive, food or beverage, etc.) 
5. The motion path of the robot or linear device that is moving the gripper 
6. The power supply that will be available and the pressure ratings available 
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Vacuum Gripper 
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Magnetic Gripper 
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Mechanical Gripper 
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selection and design considerations in robot grippers 
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UNIT – 4: KINEMATICS AND DYNAMICS OF ROBOTS 
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Joints J1 and J2 are linear joints with links of variable lengths L1 and L2. Let joint 
 

 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 
 

 
 

 
 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 

 

 

 

 
 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 
 

 
 
 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 
 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 
 

 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 
 

 
 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 
 

 
 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT of MECHANICAL ENGINEERING 

AUTOMATION AND ROBOTICS 

(16MEC325A) 

 

 

 
 

 
 

Point represented in O’uvw 
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Similarly, the 3 x 3 rotation matrices for rotation about the OY axis with ø angle 
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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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Proximity sensors 
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Inductive Proximity sensors 
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Hall effect sensor 
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Touch Sensors 
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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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	(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.


	1. To increase labour productivity
	2. To reduce labour cost
	3. To improve worker safety
	4. To reduce manufacturing lead time
	5. To reduce or eliminate routine manual and clerical tasks
	6. To improve product quality
	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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	 AC motors
	 Stepper motors
	 Sensor and transducer
	 Signal conditioning
	 Multiplexer
	 Amplifier
	 ADC (Analog to Digital Converter)
	Storage Space
	Storage Racks
	Bay
	Row
	Aisle
	Aisle Unit
	Storage Structure
	Storage/Retrieval Machine
	 Material Transport Equipment
	 Unitizing equipment, and

	 Material Transport Equipment
	Fort lift truck
	Advantages:
	Pallet truck
	The type of AGVSs

	 Storage systems
	 Unitizing equipment
	 Identification and tracking systems
	Automatic Identification Technology
	INTRODUCTION:
	WHAT IS BARCODE
	Barcode Technology
	USE OF BARCODE SCANNERS
	WORKING OF BARCODE SYSTEM
	ADVANTAGES OF USING BARODE TECHNOLOGY
	Computerised circulation system and application of barcode
	Identification of membership at the gate
	Use of barcode system for monitoring Attendance
	Issue of No Dues Certificate


	Types of automated flow line:-
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	L-shaped configuration
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	1) Continuous transfer
	2) Intermittent transfer
	3) Asynchronous transfer

	a) Walking Beam Transfer Mechanism
	b) Chain Drive Conveyor System
	c) Powered Roller Conveyor System
	(vii) Line Efficiency
	Nearly all industrial robots have mechanical joints that can be classified into following five types
	a) Linear joint (type L joint)
	b) Orthogonal joint (type U joint)
	c) Rotational joint (type R joint)
	d) Twisting joint (type T joint)
	e) Revolving joint (type V-joint, V from the “v” in revolving)
	(i) Polar configuration
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	(iv) Jointed-arm robot
	(v) SCARA
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