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QUESTION 1
a) Degrees of freedom, in a mechanics context, are specific, defined modes in which a mechanical device or system can move. The number of degrees of freedom is equal to the total number of independent displacements or aspects of motion.The term is widely used to define the motion capabilities of robots.
b) The part program is a sequence of instructions, which describe the work, which has to be done on a part, in the form required by a computer under the control of computer numerical control software. It is the task of preparing a program sheet from a drawing sheet.
c) G-codes, also called preparatory codes, are any word in a CNC program that begins with the letter G. Generally it is a code telling the machine tool what type of action to perform, such as: Rapid movement (transport the tool as quickly as possible in between cuts) Controlled feed in a straight line or arc.
d) Cellular manufacturing is a process of manufacturing which is a subsection of just-in-time manufacturing and lean manufacturing encompassing group technology. The goal of cellular manufacturing is to move as quickly as possible, make a wide variety of similar products, while making as little waste as possible.
e) Capacity planning is the process of determining the production capacity needed by an organization to meet changing demands for its products. In the context of capacity planning, design capacity is the maximum amount of work that an organization is capable of completing in a given period.

QUESTION 2

a) First Law :A robot may not injure a human being or, through inaction, allow a human being to come to harm. 
Second Law :A robot must obey the orders given it by human beings except where such orders would conflict with the First Law. 
Third Law :A robot must protect its own existence as long as such protection does not conflict with the First or Second Laws
There are four types of robotic grippers: 
Vacuum Grippers
The vacuum gripper has been the standard EOAT in manufacturing because of its high level of flexibility. This type of robot gripper uses a rubber or polyurethane suction cup to pick up items. Some vacuum grippers use a closed-cell foam rubber layer, rather than suction cups, to complete the application.
Pneumatic Grippers 
The pneumatic gripper is popular due to its compact size and light weight. It can easily be incorporated into tight spaces, which can be helpful in the manufacturing industry. Pneumatic robot grippers can either be opened or closed, earning them the nickname “bang bang” actuators, because of the noise created when the metal-on-metal gripper operates.
Hydraulic Grippers	
The hydraulic gripper provides the most strength and is often used for applications that require significant amounts of force. These robotic grippers generate their strength from pumps that can provide up to 2000psi. Although they are strong, hydraulic grippers are messier than other grippers due to the oil used in the pumps. They also may need more maintenance due the gripper being damaged because of the force used during the application.
Servo-Electric Grippers
The servo-electric gripper appears more and more in industrial settings, due to the fact that it is easy to control. Electronic motors control the movement of the gripper jaws. These grippers are highly flexible and allow for different material tolerances when handling parts. Servo-electric grippers are also cost effective because they are clean and have no air lines.
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c) Concurrent engineering, also known as simultaneous engineering, is a method of designing and developing products, in which the different stages run simultaneously, rather than consecutively. It decreases product development time and also the time to market, leading to improved productivity and reduced costs.

A comparison of the concurrent engineering model and the traditional model of product realization is shown in Figure 5. As it can be seen, there are huge time savings when concurrent engineering is implemented in the design-to-manufacturing cycle of the product realization. Also the concurrent engineering method does not lead into problems of implementing the design in manufacturing such as costly engineering changes. This will result in reducing the overall product cost.
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In the traditional model, once the design is made, all of the departments that are invilved in the product realization are expected to follow it although they have very little input in the design of the product. A frequently asked question is, how good the design can be without involvment of domain experts? Very often, the design team in the traditional model, do not have the knowledge and the skills to make a product that will be functional, of high quality and manufacturable.
After the design team completes its task, the production processes are designed based on the design of the product. Therefore, if the product is poorly designed, the ensuing processes will be poorly designed, too. For example, if the manufacturing department has a part, that is difficult to manufacture due to the poor design, considerable time will be expended in order to manufacture the part. To accomplish this, sometimes, the manufacturing department introduces changes to the original design such as either updating the part tolerances or changing the number of parts in the design. At the same time, the changes in the product design may not be either communicated to others in the product realization process or too late to prevent decisions that are based on the original product design. At any rate the traditional model is vulnerable to a costly and error prone product realization.
Figure 5 shows that while the CE design method begins with a cost target for the product, the traditional method has no such benchmark. Following the design stage, the CE team compares the derived cost of the product design to the targeted cost. Only if the estimated cost is lower or equal to the targeted cost, the production of the product can begin. Such design discipline is essential to ensure that the price of the product is competitive in the market.
It is obvious that by following the CE model all the disadvantages of the traditional model can be avoided. The difference in the two approaches will be more evident upon study of the overall production cost in the product's life cycle.
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QUESTION 4

a) Advanced manufacturing planning involves working with sates, marketing, and design engineering to forecast the new products that will be introduced and to determine what production resources will be needed to make those future products. Future products may require manufacturing technologies and facilities not currently available within the firm. In advanced manufacturing planning, the current equipment and facilities are compared with the processing needs created by future planned products to determine what new facilities should be installed. The general planning cycle is portrayed in Activities in advanced manufacturing planning include: (1) new technology evaluation, (2) investment project management, (3) facilities planning. And (4) manufacturing  research.
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New Technology Evaluation. Certainly one of the reasons why a company may consider installing new technologies is because future product lines require processing methods not currently used by the company. To introduce the new products. the company must either implement new processing technologies in-house or purchase the components made by the new technologies from vendors. For strategic reasons, it may be in the company's interest to install a new technology internally and develop staff expertise in that technology as a distinctive competitive advantage for the company. These issues must be analyzed, and the processing technology itself must be evaluated to assess its merits and demerits.
A good example of the need for technology evaluation has occurred in the microelectronics industry, whose history spans only the past several decades. The technology of microelectronics has progressed very rapidly, driven by the need to include ever-greater numbers of devices into smaller and smaller packages. As each new generation has evolved, alternative technologies have been developed both in the products themselves and the required processes to fabricate them. It has been necessary for the companies in this industry. as wel! as companies that use their products, to evaluate the alternative technologies and decide which should be adopted
 
There an: other reasons why a company may need to introduce new technologies:  (1) quality improvement. (2) productivity improvement, (3) cost reduction, (4) lead time reduction, and (5) modernization and replacement of worm-out facilities with new equipment. A good example of the introduction of a new technology is the CAD/CAM systems that were installed by many companies during the t 980s. Initially, CAD/CAM was introduced to modernize and increase productivity in the drafting function in product design. As CADlCAM technology itself evolved and its capabilities expanded to include three dimensional geometric modeling, design engineers began developing their product designs on these more powerful systems. Engineering analysis programs were written to perform finite-element calculations for complex heat transfer and stress problems. The usc of CAD had the effect of increasing design productivity, improving the quality of the design, improving communications, and creating a data base for manufacturing. In addition, CAM software was introduced to implement process planning functions such as numerical control part programming (Section 6.5) and CAPP, thus reducing transition time from design to production
 
Investment Project Management. Investments in new technologies or new equipment are generally made one project at a time. The duration of each project may be several months to several years. The management of the project requires a collaboration between the finance department that oversees the disbursements, manufacturing engineering that provides technical expertise in the production technology, and other functional areas that may be related to the project. For each project, the following sequence of steps must usually be accomplished: (1) Proposal to justify the investment is prepared.
(2) Management approvals are granted for the investment. (3) Vendor quotations are solicited. (4) Order is placed to the winning vendor. (5) Vendor progress in building the equipment is monitored. (6) Any special tooling and supplies are ordered. (7) The equipment is installed and debugged. (8) Training of operators. (9) Responsibility for running the equipment is turned over to the operating department.
 
Facilities Planning. When new equipment is installed in an existing plant, an alteration of the facility is required. Fluor space must be allocated to the equipment, other equipment may need to be relocated or removed, utilities (power, heat, light, air, etc.] must be connected, safety systems must be installed if needed, and various other activities must be accomplished to complete the installation. In extreme cases, an entire new plant may need to be designed to produce a new product line or expand production of an existing line. The planning work required to renovate an existing facility or design a new one is carried out by the plant engineering department (or similar title) and is called facilities planning. In the design or redesign of a production facility. manufacturing engineering and plant engineering must work closely to achieve a successful installation.
Facilities planning is concerned with the planning and design of the fixed assets (e.g land. buildings, and equipment) of an organization. Facilities planning can be divided into two types of problems: (1) facilities location and (2) facilities design. Facilities location deals with the problem of determining the optimum geographical location for a new facility. Factors that must be considered in selecting the best location include: location relative to customers and suppliers. Labor availability  skills of labor pool, transportation,  cost of living. quality of life. energy costs, construction (;OSIS. and tax and other incentives that may be offered  by the 10l:alor state government. The choices i:l facilities location include international a~ well as national alternatives. Once the general location of the facility has been decided (i.e.,state and region within the state). the local site must be selected.
 
Facilities design consists of the design of the plant, which includes plant layout, material handling. building, and related issues. The plant layout is the physical arrangement of equipment and space in the building. Objectives in designing a plant layout include  logical work flow. minimum material movement. convenience of those using the facility. safety, expandability, and flexibility in case rearrangement is necessary. Material handling is concerned with the efficient. movement 01 work in the factory. This is usually accomplished by means of equipment such as powered forklift trucks. conveyors of various types. automatic guided vehicles. cranes, and hoists . Material handling and plant layout arc closely related design issues. Building design deals with the architectural and structural design of the plant and includes not only brick, and mortar but also utilities and communications lines
Manufacturing Research and Development. To develop the required manufacturing technologies, the company may find it necessary to undertake a program of manufacturing research and development (R&D). Some of this research is done internally, whereas in other cases projects are contracted to university and commercial research laboratories specializing in the associated technologies. Manufacturing research can take various forms. including:
   Development of new processing technologies - This R&D activity involves the development of new processes that have never been used before. Some of the processing technologies developed for integrated circuits fabrication represent this category Other recent examples include rapid prototyping techniques.
 
   Adaptation of existing processing technologies A manufacturing process may exist that has never been used on the type of products made by the company yet it is perceived that there is a potential for application. In this case, the company must engage in applied research to customize the process to its needs.
 
   Process fine. tuning This involves research on processes used by the company. The objectives of a given study can be any of the following; (J) improve operating efficiency, (2) improve product quality, (3) develop a process model, (41 learn how to better control the process. (5) determine optimum operating conditions, and so forth.
 
   Software systems development - These are projects involving development of customized manufacturing related software for the company. Possible software development projects might include: cost estimating software, parts classification and coding systems. CAPP, customized CAD/CAM application software, production planning and control systems, work-in-process tracking systems. and similar projects. Successful development of a good software package may give the company a competitive advantage
 
   Automation systems development - These projects are similar to the preceding except they deal with hardware or hardware/software combinations. Studies related to
applications of industrial robots in the company are examples of this kind of research .
   Operations research and simulation Operations research involves the development of mathematical models to analyze operational problems. The techniques include linear programming, inventory models, queuing theory, and stochastic processes. In many problems, the mathematical models are sufficiently complex that they cannot be solved in closed form. In these cases, discrete event simulation can be used to study the operations. A number of commercial simulation packages are available for this purpose.
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QUESTION 5
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b) 
Manufacturing Resource Planning (MRP II) is an integrated information system used by businesses. Manufacturing Resource Planning (MRP II) evolved from early Materials Requirement Planning (MRP) systems by including the integration of additional data, such as employee and financial needs. The system is designed to centralize, integrate and process information for effective decision making in scheduling, design engineering, inventory management and cost control in manufacturing.
Both MRP and MRP II are seen as predecessors to Enterprise resource planning (ERP), which is a process whereby a company, often a manufacturer, manages and integrates the important parts of its business. An ERP management information system integrates areas such as planning, purchasing, inventory, sales, marketing, finance and human resources. ERP is most frequently used in the context of software, with many large applications having been developed to help companies implement ERP.
The Basics of Manufacturing Resource Planning (MRP II)
MRP II is a computer-based system that can create detail production schedules using real-time data to coordinate the arrival of component materials with machine and labor availability. MRP II is used widely by itself, but it's also used as a module of more extensive enterprise resource planning (ERP) systems.
MRP II is an extension of the original materials requirements planning (MRP I) system. Materials requirements planning (MRP) is one of the first software-based integrated information systems designed to improve productivity for businesses. A materials requirements planning information system is a sales forecast-based system used to schedule raw material deliveries and quantities, given assumptions of machine and labor units required to fulfill a sales forecast.
By the 1980s, manufacturers realized they needed software that could also tie into their accounting systems and forecast inventory requirements. MRP II was provided as a solution, which included this functionality in addition to all the capabilities offered by MRP I.
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Automation can be defined as the technology used for the application of integrated
mechanical, electronic and computer based systems in the operation and control of
production systems

Automation of production system means

(i) Automation of manufacturing facilities, or

(ii)  Automation of manufacturing support systems, or

(iii)  Automation of both the facilities and the manufacturing support systems.
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Fig. 3.3 : Types of Automation

Fixed (Hard) Automation

cd (hard) automation is an automation system in which the sequence of
processing operations is fixed by the production cquipment  (machines)
P omfiguration. Each processing operation in a sequence is simple.

- “The fixed automation can not be changed once it is established and hence, it is
inflexible in accommodating the product varicty.

- he fixed automation is economical when there is continuous high demands for
the product at the high volume. 2

- The initial cost of the automated equipment can be spi over a very large

e bor of units, thus making the unit cost attractiv® compared with the
equipment without automation

- e fixed automation is suitable for continuous flow type production systems and
mass production systems.
- Features of fixed (hard) automation

G s initial investment for custom-engincered equipment;
Gi)  high production ratgs:,
Gid)  highly inflexible in feCommodating product varicty;

Gv»  suitable for continuous flow type production systems and mass production

systems:
) no tool set up time, as tooling is fixed
- Eamples of fixed automation : borling plants, packaging plants, transfor

lines, etc

Programmable Automation :

€ Programinable’ sutomation is an automation system in which tho production
et (machines) are designed with a capability to change the scquence of
ohorations so as to accommodate the different product configurations

2, The operation sequence is controlled by a program. which is a set of coded
intructions that can be read by the equipment.
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New programs can be prepared and entered into the equipment to produce the
new products.

To produce a batch of new product, a new program must be prepared and entereq
into the cquipment (machines). The physical sctup of the machine (i.e. tooling,
fixtures, machine settings. ctc.) must also be changed. This changeover procedure
takes time and is called as setup time.

Programmable automation is suitable for batch production systems.

Features of programmable automation :

high initial investment in general purpose equipment;

(i)  Lower production rates than fixed automation;

Gii)  flexible in accommodating product varicty:

Gv) most suitable for batch production system:
() tool setup time varies from batch to batch,
Examples of programmable automation : NC machine tools. industrial robots,
programmable logic controllers, cte

Flexible (Soft) Automation :

Flexible (soft) automation, which is an extension of programmable automation,
is an automation system capable of producing products of design variations,
continuously with virtually little or no time loss for changeovers from one product
to the other.

“There is virtually no production time loss whilc reprogramming the system for
nevw  configuration of product. Therefore., the system can produce various
combinations of products continuously instcad of requiring that they be made in
batches.

However, it is important to note that the variety of products that can be produced
by flexiblic automation system is less than that can be produced by programmable
automation system.

Features of flexible (soft) automation

()  high initial investment for custom-engineered cquipment;

Gid  medium production rates:

Gii»  flexible in accommodating product design variations;

Gv)  suitable for continuous production of variable products;

>  minimal tool setup time.
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4.13.3 Hybrid CAPP System :

The hybrid CAPP system is an advanced appli AP s
advanced application of variant system wit
T tional foaturcs of generative CAPP Systems. of varint CAPP sysem with

The hybrid CAPP system can be implemented in following three ways :

(> The gencrative CAPP approach is used to create the process plan to the possible
extent and then the variant approach is used to fill in the remaining details.

Gi)  The variant CAPP approach in used to retrieve the standard base process plan and
then the generative CAPP approach in used to modify it

(i) _For simple and moderate part features. the variant CAPP approach
for complicated part features. the generative CAPP approach i used.

used; while

4.14 ADVANTAGES OF COMPUTER AIDED PROCESS

The advantages of implementing and using CAPP syst

PLANNING

em are as follows

It reduces the process planning time
It reduces the cost of process planning.
It creates consistent, accurate and optimum process plans.
It reduces the manufacturing cost
1t facilitates the saving of material

In increases the productivity of pi
wes to the process planning database.
f the time-consumin;

rocess due to error free, optimum process plan and
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NC MACHINE TOOLS

- NC (numerically controlled) machine tools arc the machine tools. of which
various functions are controlled by - letters, numbers and symbols.

- The NC machine tool runs on a program fed to it: without human operator. The
prosram consists of a set of instructions or statements for controlling the motion of
drives of the machine tool as well as the motion of the cutting tool

- In NC machine tools. onc or more of the following functions may be automatic
@ Starting and stopping of th.
Gi)  Controlling the spi
@i Positioning the ool at the desired locations and guiding it along the desired

by automatic control of the motion of slides.

machine tool spindle:
ndle speed:

Gv)  Controlling the feed rate: and
Y Changing tha tools:
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Fig. 1.3 : Classification of NC Machine Tool Systems
121 According to Control Loop Feedback Systems :

According to control loop feedback systems, the NC machine tool systems are classified

1. Open-Loop Type NC Machines

2. Closed-Loop Type NC Machines

Open-loop Type NC Machines :

« The open-loop control systems do not have a feedback mechanism. The open-loop
e tool cantrols have only motion control but do not have any ProVISTOTfor
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Fig. 1.4 : Open-Loop Type NC Machine
- The open-loop type L NC_machine tool is schematically shown in Fig. 1.4
FATTing machine is one of the common examples of such machine

Closed-Loop Type NG Machines

& The closed-loop control_systems have a feedback mechanism. The closed-le
EEchine iool controls have the motion control with a provision of fecd
Fhich can be used for accurately controlling the drive system by comparing.
With the input information until the required or desired position is achicved.

Fig. 1.5 : Closed-Loop Type NC Machine

- In most of the cases. the feedback is measured by the monitoring devices &
detcrmine the drive displacement. The closed-loop type of machine tool i
Schematically shown in Fiz 1.5

2.2 According to Type of Tool Motion Control :

According to the type of tool motion control modes, the NC mach
Classificd as (Fis. 1.6)

ne systems

[ ite Positioning Control NC Machines
2.  Continuous Path Control NC Machines
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Fig. 1.6 : Types of NC Machines According to Tool Motion Control
1. Finite Positioning Control NC Machines :

The finite positioning control NC machine systems are further subdivided into two
types
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ions pass through the desired contoured path of the
uct

Following are the four types of continuous/contouring path control systems.
@ Two axes contouring

Two and half axes contouring
Three axes contouring
Multi-axes contouring

@  Two axes contouring :

z

M Raitiing "
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is-controlled simultancousiy-in-only-two axes i X-and ¥s

e
——In"this control-mode, tool
as shown in Fig. 1.7,
Two and half axes contouring
In two and half axes contouring control mode. the is i
g control mode. the_planc of machining is_inclined
o the planc of motion of tool (i.c. X-Y planc), as shown in Fig. 1.8.

=

Controt Piane or
Nradrining Piane

Note  Tool axis 1= paraliel to Z-axis

Fig. 1.8 : Two and Half Axes Contouring Pox
Three axes contouring :
touring control mode, tool is controlled simultancously in three
1o This system is mormally used in turning and machining
mtres  This control mode can also be applicable in flame cutting, welding.
Shark-crosion or sawing machines. In this control mode, different types of
interpolation techniques are used for getting correct tool movement along

contoured paths.

In three axes
own in Fig.

=
Three Axes Conteur
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Gv)  Multi-axes contouring

= In_multiaxes contouring control mode (Fig. 1.10). unlike other modes. d
(SOT Sricntation can be changed with the tool motion
= For exmmple. B six-axcs amachine tool is capable of moving the

Simultancously along cach Primary axis and also can rotate about
Primarny asis at the same Gme.

According to Programming Methods :

While preparins a programme for machining cortain components. it is noccssary
D I it Tt tonl maserment. Therofore, & eometric data of a compo
e L ST Unatiiititic promramme.

e eoaeie data san be expressed by prosramming in two ways : absolute an
e 1. Hence, the tool movement path can also be specified using these twe

—mothods
herefore, according to the methods of programming of tool movement path. the N
s mymterns are classified inte (wo types

In_cartesian_coordinate_geometry svstem using absolute measurcment, cach point.

always specified Using same -
Fim 111

& extablished for o miven coordinate syatom. as shown @
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£. 1.11 : Absolute Programming System

2. Incremental Programming NC Machine Systems :
each point i

In cartesian coordinate geometry system using incremental measurement,
suct

2 the path differential from the preceding point position. So in

specif
programming. controller must store and process additional path measurement, as showr
in Fig 112
incremental
x
Coordinate

10

1.

26

Fig. 1.12 : Incremental Programming System
1.24  According to Type of Controllers :

o Aecording to the type of controller used, the machine tool systems are classified in
wo types

1. NC Based Controller Systems
2.  CNC Based Controller Systems
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NC Based Controlier Systems :

- The NC controllers were developed keeping in mind the comerol
available during 1960°s.
- The NC_conurallers cmploy valtage pulse to control various metions o

controllor. These pulses can actuate stepper or serve motors. The number of
“to the cach axis is cquivalent to the required incremental motion in that resy
motor These are pure command based control and fecdback systems. as o
Fig 113 — = = =

CSenmar”
man Souning)

Fiz 1.14 : ONC Controller Systcm

Ihe ©NC controllers were developed durins 1970°s and cmploy a computer
Sontrol varicus motions of machine tool actuators/motors through digia conteel
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©NC MmACHINE TOOLS
In CNC (Compute:

Numerical Control) machines. a dedicated computer is used to
_perform the most of basic NC machine functions.

CNC (Computer Numerical Control) machine
dedicated computer as the machine control unit

is a NC machine which uses a
In CNC machines, the entire program is entered and stored in computer memory. The
machining cyvele for cach component is controlled by the program contained in computer
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tools.

ADVANTAGES OF CNC MACHINE TOOLS

pplicable to the CNC
re advantages of NC machine tools are also applicable to o
ol s g 1 advantages of CNC machines

Following are some of the additiona

Ease of program input : wk
i computer memory using alphanu

Part program can be ecasily entered into comp g

e (et storase devices like : CD or floppy dise. Now-a-days cven

modeling data can be dircctly converted into the part program with the help

translators

Multiple program storage :

The large computer memory allows the storage of multiple programs. These prog

can be recalled for the production as per the requirement. This is highly convenient]

against the program tapes of NC machines.
Online part programming and editing

In NC machines, the part program is stored on the tape which is difficult to cdit
modify. In CNC machines, as the part program is stored in computer memory, it can
casily edited or modified. Even the online editing of part program is possible.

Use of short programs :
Writing of additional repetitive programs can be minimized because of the use
subroutines or micros. The subroutines can be called into the existing program listi
whenever required, which saves lot of time and also makes the program short
compact

Greater flexibil
One of the major advantage of CNC over conventional NC is its flexibility. The né
systems and controls can be added with relative ease and at low cost.

y of system :
:

Use of advanced interpolations :

The NC system uses only straight and circular interpolations. The CNC system softwa
allows the use of advanced interpolations for helical. cubic and parabolic curves

Automatic tool compensation :

- n :
In NC system. the actual tool dimensions have to be adjusted in setting. There!
no provision for automatic tool wear compensation. ]

- In CNC system. the tool wear is measured by the built-in sensor. The control

s 2 automatically applics the tool compensation. Thus, the dimensi
aceuracy © component is maintained automatically irrespective of the t
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Auto-generation of part program for existing components :

In CNC system. the shape of the existing part can be traced by using the probe
which can be contact type or non-contact type. The traced shape is stored in the
computer memory and is used to auto-generate a part program.

This feature can be used for reverse cngineering, wherein existing part can be
used for auto-generation of part program

Change in system of units :

The CNC system can casily convert the programs written in one system of units
(for example : MKS) to another system of units (for example : SD.

LIMITATIONS OF CNC MACHINE TOOLS

Some of the limitations of CNC machine tools are as follows
Higher investment cost :
In CNC n

machines, a more specialised technology is used which dictates additional and
higher cost as compared to the conventional machines.

Higher maintenance cost :

As CNC machines are used for continuous production. there is higher maintenance cost
involved for smooth functioning of CNC machines

Requirement of special
As CNC machines require part program for manufacturing of different parts. there is
necessity of highly skilled and specialised operators.
Planned support facility :

oa operators

For continuous production on

cne
needed

machines. proper production planning facility is
APPLICATIONS OF CNC MACHINE TOOLS

NC machine tools cover following applications

CNC Turning Centre

CNC Machining Centre

CNC Welding and Cutting Machine

CNC Laser Cutting Machine

CNC Wire-Cut EDM [Electrical Discharge Machining] Centre
CNC Die-Casting Machine

CNC Disc Grinder

©NC Gear Shaper
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AVTOMATED GUIDED VvEMHICLES (acv)

19

An automated muided vehicle 15 o 5 et

@ Basery operated, programmable and aomaric
ettt oo e hole hous the resd of Ry e sl St surcmaris
material from the Stores o the shopassenmon o ol o Hon

per programming without the help of

a driver or an operator.

The main parts of AGV arc

@  Structurc G Drive system

Gii)  Steering mechanism Gv)  Power source-battery. and
) Onboard computer for control

19.1 Types of Automated Guided Vehicles :

The automated guided vehicles are divided into six types

AGYV Light Load Vehicles
AGYV Assembly Line Vehicles

Unmanneda AGV Trains :
~ AGV Train

Bumper

Fig 3.36 : Unmanned AGV Train
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- Unmanned AGV train consists of a towing vehicle which pulls onc or
irairrs vo Torm A brain, o shown in Fig. 3.36. more
Kin ned for moving large payioads over large distances in warchouses s,

IS 2}

AGV Paliet Trucks :
- AGV pallet truck, shown in Fig. 3.37. is used
o move the pallctized loads from floor level

alons predetermined route.

Wiz 3.37 : AGV Palict Trua,
The AGV paller truck is backed into loaded pallet by a human worker. The
Iverker drives the pallet truck to the guide path and programs its destination pows
The vehicle then automatically proceeds to the destination point for unloading,

- The capacity of AGV pallet truck ranges up to several tons.

a. AGV Fork Lir Trucks -

AGV Fork Life Truck
in Fig. 338, is cquipped with forks which can move

AGYV fork 1ift truck. shown
to reach palletised loads on racke and stands

n vertical dircction
ability to load and unload the palletised loads both at floor
at any height so that conveyors or

Wi 338 :

- This vehicle has an
level as well as stands._ It can position its forks

load stands of varying height can be accosscd casily

AGV Unit Loaa venicles :
3.39. is used to move unit loads from

- The AGV unit load vehicle. shown in Fig
one workstation to ancthor.

- The vehicle is cquipped for automatic loading and unloading of pallets by means
of powered rollers or lifting platforme.
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Fig. 3.39 : AGV Unit Load Venicie

AGV Light Load Vehicies :

AGV light load vehicle, shown in Fig. 3.40, is a small capacity vehicle with a capacity

of order of 200 kg. It is uscd to transport small loads (single parts. small baskets. otc.)
through plants of limited size engaged in light manu facturing

Kig. 3.40 : AGV Light Load Vehicle

AGV Assembly Line Vehicie

AGV assembly line vehicle, shown in o

Fig. 3.41. is a modification of AGV
Light load vehicle used for serial
assembly operations

Fiz. 3.41 : AGV Assembly Line Vehicle

AGYV assembly line vehicle is designed to carry subassemblics

equcnce of asscmbly workstations where parts arc assembled to bus
assembly

AGV assembly line vehicle with subassemblics and parts on board reach the
eembly - workstations i serics. as shown in Fim. 342 At cach assembly
o mtationn. the asecrmbler takes the parts on board and completes his task of
astembly

At imtermediate stages. there are part storing arcas where some more parts
Feauired at next assembly workstations are placed on board on vehicle

through a
' fimished

T Basiahad Tanl sssumbly i naloaded at fiaal stags.
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AGY Assambly

Fig. 3.42 : Typical Application Path of AGV Assembly Line

3.19.2 Advantages of Automated Guided Vehicles :
The advantages of using automated guided vehicles in manufacturing system are as

follows
1 The usc of AGV ensures the timely material Therefore, the halt in
Pproduction due to delay in material movement is avoided.

AGYV ensures the increased control over the material flow and movement

movement.

2

3 As the material movement is automated, the possibility of product damage is minimum

4. AGYV ensures high locational and positional accuracy

s With use of AGV. material movement in factory can be monitored and controllec
centrally.

s AGVs are of great help in hazardous working environment.

3.19.3 Limitations of Automated Guided Vehicles :

Some of the limitations of using automated guided vehicles are as follows

1 The system requires high initial investment

2.  AGYV system is not suitable for small units,




