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SYLLABUS
PAPER 9: OPERATION MANAGEMENT AND INFORMATION SYSTEMS
(ONE PAPER: 3 HOURS: 100 MARKS)

Section A: Operation Management (50 marks)
1. Overview of Production Process
¢ Fabrication process
* Metal working process — Forming, Heat Treatment, Welding, Surface treatment etc.
* Machining process
¢ C(lass of machine — Lathes, Drilling, Grinding, Milling, Plaining, Shaping, Slotting etc.
* Special purpose machine — Special Grinding, Hobbing, Honing, Cutting Tools, Jigs and Fixtures etc.
* Pump, Motor, Transformer, Electrical drives,
¢ (lassification of industries based on production process
* Technological aspects of different production process like power, pollution control, recovery process,
¢ Plant layout , Material handling system etc
2. Production Planning & Productivity Management
e Time Study, Work Study, Method Study, Job Evaluation.
¢ Production Planning and Control-Introduction.
¢ Forecasting
¢ Capacity Planning and Utilization.
* Process Planning,
* Project Planning.
* Progressing and Follow-Up.
¢ Dispatching.
* Scheduling Technique & Line Balancing Problem
¢ Economic Batch Production
¢ Human Resource Planning
* Material Requirement Planning
* Productivity Measurement Techniques of Factors of Production
® Quality Control
3. Maintenance Management
* Obsolesce, Replacement of Machinery
¢ Breakdown Maintenance, Preventive Maintenance & Routine Maintenance
* Maintenance Techniques
¢ Maintenance Organization
* Maintenance Problems etc

4. Resource Management

¢ Input-Output Ratio

¢ Linear Programming

e Transportation

* Replacement of Machine

¢ Change of Technology and its implication
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Overview of Production Process

1.0 Fabrication Process

Fabrication is the process of forming, casting, machining and welding of metals.

A fabricating process modifies the physical characteristics of materials with the help of certain labour or
machine operations. It is generally applied in metal working industries. The fabricating process involves
changing the shape of materials and connecting the parts. Fabrication work involves several operations
like forging, gas welding, flame-cutting, etc.

Classification of Fabrication processes:

(A) Fabrication process concerning Iron Smelting: Metals are widely used for fabrication purposes in
most of the modern industries. Various metals like iron have-to be smelted to get them in virgin form.
Iron is obtained in free state as oxide and it is smelted in a Blast Furnace with the help of coke and
limestone.

(B) Fabrication Process concerning Making of Steel: Steel making involves re-melting the pig iron and
processing the molten iron to reduce the carbon content. Several other metals are then added to give
physical characteristics to the iron. This process is used in manufacturing high grade alloy steel because
of the improved control.

(C) Fabrication Process concerning Rolling of Steel: In this process, liquid steel is cast into ingots. These
rectangular pyramids are then rolled into blooms which square section lengths of steel. Blooms are
further heated and rolled into billets of smaller cross-section, which are then converted into various
fabricated lengths like beams, angles, rods, flats, sheets, plates, etc.

(D) Fabrication of Steel: The fabrication requirements are designed based and depends upon the
complexity of the process. It is done when steel materials are to be shaped in different forms.

Metal Working Processes:

Metal working processes involve operations on metals like cast iron, steel, brass, bronze, aluminium, etc,
with the help of machine tools like lathe, shaper, miller, grinder, planner, etc.

The following are the metal working processes:

¢  Finishing, plating, honing, galvanizing, anodising.

* Forming, casting, forging, hot-rolling, extruding.

*  Heat treatment, hardening, tempering, annealing, normalising.
* Joining, welding, soldering, brazing, riveting.

*  Machining, milling, plaining, shaping, grinding.

Metal working processes can be described as under:

Casting: A casting may be defined as a molten material that has been poured into a prepared cavity and
allowed to solidify. Casting may be classified as:

Sand Casting: It is used mainly for steel and iron and it can also be used for brass, aluminium, bronze,
copper etc. and relatively large amount of metal is to be removed.
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Features of Sand Casting;:

* (Clay and water act as a bond.

e  Compressed moist sand is used.

®  Less costly.

*  More machining of finished goods is required.
*  More weight.

There are two methods of sand casting:

Green Sand Moulding and Dry Sand Moulding.

Green sand Moulding utilises a mould made of compressed moist sand. This method is not suitable for
large and heavy castings. In case of Dry sand Casting, the mould surfaces are given refractory coating and
are dried before the mould is closed for pouring. This method is useful for large and heavy castings.

Centrifugal Casting: The molten metal is poured into a hollow cylindrical mould, which is spinning and
the centrifugal force causes the liquid metal to flow to the outside of the mould and to remain there. Then
it is allowed to cool.

Die Casting: The dies are expensive but the advantage is that no finish machining is required in many
cases. This is limited to low melting point alloys.

Investment Casting: Machining the part made out of an alloy is very difficult and in such cases, the
investment casting is used.

Permanent Mould Casting: This is developed to avoid the above disadvantage. The advantages are smoother
finish, higher mechanical properties, good dimensional uniformity and ease of adaptability to automatic
high production. But this is having high initial cost of tooling and the size of casting is also limited by the
mould making equipment.

Plaster Mould Casting: Only one casting is made and then mould is destroyed. The advantages of plaster
are the superior surface finish, improved metal characteristics and good dimensional accuracy. But the
disadvantage is that the mould is destroyed each time.

Forming: Forming processes are those which accomplish the rough sizing or shaping of manufactured
articles. Any cutting tool which produces a desired contour on the work piece comes under forming process.

Heat Treatment: It is a process of heating and cooling metals in order to obtain certain desired properties.
Then the right combination of hardness and toughness is achieved for enabling the cutting tools to be able
to successfully machine other metals. In addition to hardness and toughness, this process will improve
heat and corrosion resistance and relieve stresses. The various types of heat treatment processes are briefly
discussed below:

*  Amnnealing: It refers to the heating and cooling operations which are usually applied to induce softening.
Annealing softens overly hard, overly brittle part, through heating, short of critical point, followed by
gradual cooling. Thus it relieves further the brittleness introduced by “hardening” and reduces metal
electricity slightly.

*  Case Hardening: This process involves two operations. The first is a carburizing process where carbon
is added to the outer surface by heating low carbon steel. The second operation is heat treatment of
the carburized parts so that the outer surface becomes hard.
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Hardening Steel: Hardening is the process of heating a metal to the decalescence point, soaking it for
a considerable time to allow thorough penetration of the heat in the metal structure and then suddenly
quenching it in cold liquid.

Normalising: Normalising is the process, in which parts are allowed to cool in still air at room
temperature.

Quenching: Quenching is the process of rapidly cooling the metal from a high temperature. Rapid
cooling is required for obtaining high strength and hardness and the purpose is to harden steel so that
it can withstand wear and tear.

Tempering: Heat treatment should relieve stress as stated above. But after quenching, the metal is
hard and brittle. It requires reheating. Tempering is the process of reheating which will reduce the
brittleness and soften the steel.

Welding Process:

Welding is a process of joining similar metals by the application of heat, with or without application of
pressure and addition of filler material.

“Welding consists of fusing metals together while they are in the plastic or molten state.” Gas and Electric
arc are used for the purpose of heat. Electrodes are used for filling in and reinforcement. There are 8
welding processes as mentioned below:

Arc welding
Brazing

Flow welding
Forge welding

Gas welding
Induction welding
Resistance welding

Thermit welding

Surface Treatment:

Surface-treating processes are chemical or mechanical in nature and alter the surface characteristics of the
metal.

Eleven Types of surface treatment are briefly described below:

Anodizing: It is an electro-chemical process which gives a slight anticorrosion protection and improves
the appearance of the product. Unlike other types of surface treatment, this does not increase the
dimensions of the object. This gives a better finish. It is used in case of utensils, household appliances
etc.

Enamelling: 1t is a process that bakes on a white, brittle protection finish.

Galvanising: 1t is a hot-dip process which provides an anti-rust zinc coating. Zinc is used for this
purpose. This makes the surface of the metal anti-corrosive and gives a better finish.
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Honing: It is an abrading operation for hole finishing done by a tool fitted with a bonded abrasive
stone.

Lapping: It is a surface smoothing operation by hand or machine.
Painting: It will yield protective coating and better appearance.
Plastic coating: This process is more durable than painting.

Plating: It is an electrolytic process. This can be done with the help of silver, chromium, cadmium,
nickel and copper. Plating provides anticorrosive finish.

Shot Blasting: Small shots usually in the form of iron balls are made to blast on the metal required for
making it resistance to wear and tear, remove the stresses and hardness.

Shot penning: It is air blasting the small shots against the metal surface in order to increase the hardness
of surface.

Tumbling: Castings are tumbled in a tumbling barrel together with an abrasive substance. The friction
created in this way will clean the surface.

Other surface treating processes may be such as:

Buffing etc.
Polishing,
Power brushing,
Sandblasting,
Washing,
Waxing

1.1 Machining Process

Machinability is described as the case with which metal can be removed. The various machining processes
are briefly described below:

Blanking: In this process also “punch and die” is used for making domestic utensils or machine
components. It produces necessary depressions and cut-outs.

Boring: In this case, the work piece is held by a fixture and a rotary cutter is used for boring a hole in
a cylindrical shape. The existing hole may be enlarged. The boring may be straight or tapered.

Broaching: The broach is made up of a bar of suitable length with a series of cutting edges on its
surface. These cutting edges are arranged progressively higher from the starting to the end and hence
each successive tooth removes an additional amount of material. This is done with the help of a cutter
known as “broacher”. This process also produces slots and gear teeth.

Die Cutting: It is of two types ‘punching’ and ‘Blanking’ type. In the punching die, the metal removed
by the die is a scrap, leaving a hole in the work piece. The blanking die shears through the work piece
and the metal removed by the die is the finished work piece.
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Drilling: The work piece is clamped on the work table and drill is fed into for generating a hole and
enlarging an existing hole. It is the operation of making a uniform hole through the work piece with
the help of a cutter known as “drill bit". The hole can be made by rotating the job also.

Facing: Facing is an operation of producing a smooth flat surface on the face of the job.

Flame cutting or gas cutting: It employs an oxyacetylene torch, which may be directed either by hand
or pantograph and cuts up to 40inch.thickness. Flame cutting is an inexpensive method. Gas cutting
is the process of heating the metal to red hot temperature and then oxidising it by an oxygen jet. The
metal oxide is removed by the pressure of the oxygen jet. Oxyacetylene flame is used for heating. A jet
of high pressure oxygen is used to effect the cutting.

Grinding: It is a process of removing the metal form and finishing the surface of a metal object by a
grinder with the help of abrasive wheel rotating at high speed. It produces smooth and accurate
surface finely finished at a quicker rate. It is suitable for repetitive jobs and for mass production.
Grinding may be done on the job of any size or shape and on internal as well as external surfaces. It
ensures high dimensional accuracy and surface finish. Normally the grinding follows some other
machining like turning and milling etc.

Milling: Milling is a method of removing metal with a milling cutter in order to produce specific
shape. The function of milling is to dress a flat or other surface to a fine finish, surface forming of gear
teeth, keyways etc.

Parting: In this process, a parting tool or hack-saw is used for cutting off a part from the job.

Plaining and Shaping: In shaping, the tool is reciprocated while the work piece moves straight forward
at each stroke. In Plaining, the work piece reciprocates while the tool is moved for each new stroke.
The shaper takes small work pieces and the planer takes larger work pieces.

Punching: It produces cut-outs or perforations on plate surface e.g. holes in washer and slots in channels
with the help of combination tool known as “punch and die”.

Reaming: The main purpose of reaming is to smooth the hole. In this process, a multiple point cutting
tool called ‘Reamer” is used.

Sawing: Sawing is a cutting operation done by saw. Common types are Hacksaw, Circular saw and
Band saw.

Screw cutting: It is a process of cutting screw threads on the outside surface of a job with the help of
a multiple point cutting tool known as ‘Die’.

Slotting: This process is used to produce the slots on the job.
Taper Turning: After turning, it produces conical shape instead of cylindrical shape.

Tapping: In this process, a multiple cutting tool called “Tap” is used for making threads on the inside
surface of a hole.

Turning: The work piece mounted on the lathe rotates at high speed above its axis. The path of the
tool is parallel to the axis and the cutter is applied to the work piece as it turns thus chipping away the
metal. Then a cylindrical external surface is formed. It is the operation of cutting and removing material
from the surface of the job.
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1.2 Class of Machines

Machine Tool: It is a power driven mechanical appliance or device used for removing metal from surfaces
of jobs to give them the proper shape, size and other characteristics.

Classes of Machine Tools:

Machine Tools are now so numerous in type that they do not admit of any fixed classification. One possible
classification is under two groups, namely

(1) General purpose or Standard Machine Tools, (2) Special Purpose Machine Tools.

The General Purpose or Standard Machine Tools form the most essential part of the equipment of a
workshop. They are called Standard Machine Tools in the sense that they are very common and essential
and a list of most important Machine Tools used in a workshop will invariably include these machines.

Many of them are suitable for many different types of operations. A lathe, which is the most important
machine belonging to this group, can be employed for the general purposes of turning (producing cylindrical
surfaces on a job), drilling (making a hole), screw cutting, producing flat surfaces, cutting teeth on a gear,
cutting cylindrical holes in job, etc.

A special purpose Machine Tool performs only a limited number of specialised operations with great
speed and precision. It does the same job as can be done by some General Purpose Machine, but it supersedes
the latter on account of its high speed and accuracy. As for example, boring operation can be done on a
lathe but the same operation can be done with greater speed and efficiency on a Boring Machine which has
been developed for doing mainly the operation of boring.

The General Purpose Machine has great adaptability, but on account of the present day need for high-
speed production of parts of great accuracy, Special Purpose Machines have been developed by sacrificing
adaptability to specialisation.

Multi-purpose and Single-purpose Machine Tools:
Machine Tools are sometimes classified under Multi-purpose and Single-purpose machines.

A Multi-purpose Machine Tool is capable of doing a number of different types of operation. A Centre
Lathe, a Milling Machine, a Grinding Machine, etc. are examples, of Multi-purpose Machines.

A Single-purpose Machine is one that is capable of doing only one particular kind of operation, but is not
restricted to one particular job. As for example, a Shell Turning Lathe is designed specially for shell turning
and is not adopted for general Lathe work. A Hobbing Machine, a Honing Machine, etc. are other examples
of Single-purpose Machines.

Although a Single-purpose Machine has restricted field of use, it can do the particular operation for which
it is employed at great speed and with a high degree of accuracy. When a large number of interchangeable
parts are to be quickly produced, Special-purpose Machines are of great importance.

General Purpose or Standard Machine Tools:
The following are some General Purpose Machine Tools employed to do various operations:

*  Drilling Machines- These Machines are used for drilling holes of different diameters in vertical or
inclined directions.
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*  Grinding Machines - Grinding Machines are used for machining parts having cylindrical and tapered
surfaces, for grinding internal surfaces and flat surfaces and for grinding slender bars and delicate
parts.

*  Lathes (Centre or Engine Lathe) - The operations performed on Lathes normally are Turning, Boring
and Screw-cutting. Over and above these normal operations a Lathe can be adapted for the operations
of Milling, Drilling, Slotting, Grinding, Gear and Rack Cutting, Lapping, Facing, Reaming, Polishing,
Knurling, Tapping and Parting off.

*  Milling Machines - These Machines are employed for producing plain and irregular surfaces, cutting
slots by using special tools, cutting threads on dies, worms and screws and for gear-cutting.

*  Plaining Machines - These Machines are used for machining flat surfaces and cutting Key-ways on
larger jobs.

*  Shaping Machines - The operations performed on Shaping Machines are machining of flat surfaces,
cutting of Key-ways and T-slots on jobs not exceeding 12 inches in length.

1.3 Special Purpose Machines

Honing Machine: Honing, lapping and super-finishing equipment are used to improve surface finish or
geometry to tight tolerances. Honing machines use small, bonded abrasive stones or super abrasive sticks
mounted in a fixture that rotates and reciprocates when applied to the surface or bore being finished.
Honing is used to correct the geometry and alignment of holes and to produce the surface required for the
application. Honing is final finishing operation conducted on a surface, typically of an inside cylinder
(bore), for example automobile engine cylinder. Abrasive stones are used to remove minute amounts of
material in order to tighten the tolerance on cylindricity.

Honing is a surface finish operation, not a gross geometry-modifying operation. Honing Holders apply a
slight, uniform, pressure using a number of abrasive sticks (Honing Sticks) that wipe over the entire surface
to be honed thus removing material from the surface. Honing is the final process used in the machining
cylinder bores, either during manufacture or in re-sizing (re-boring). Honing is used as a process to both
remove the final amount of metal to get a cylinder bore to within the required size limits, and to put a
surface on the cylinder bore which will give good life span, and aid lubrication and oil consumption
characteristics in use.

Honing is not only carried out on cylinder bores for internal combustion engines but on
compressors, hydraulics components and probably dozens of other applications.

Other Special Purpose Machine Tools:
The following list includes some of the most important Special Purpose Machines Tools:

*  Boring Machines - These machines are used mainly for boring operations. By using Special Tools they
may be adapted to facing the end of work and cutting internal thread.

*  Broaching Machines - These machines are used for altering the size of finish of holes in metallic parts.
*  Gear-Cutting Machines - These machines are used for cutting gears.

*  Honing Machines - (already described above under separate head) : These machines are used for
eliminating local irregularities of surface and giving good finishing.
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*  Lapping Machines - These machines are used for finishing cuts.

*  Turret and Capstan Lathes - The operations performed on these machines by using appropriate tools
are Turning, Forming, Parting off, Boring and Screw-cutting, the operations can be automatically
performed in any sequence.

Machine Tools used in a Workshop:

A workshop should, in the first place, contain all the General Purpose Machines and some Special Purpose
Machines according to need. A special Purpose Machine should be installed if it can be engaged for a
reasonable percentage of its useful life. Otherwise General Purpose Machines should be employed, so that
idle capacities of the machines may be reduced to the minimum.

The following machines are most usually found in an up-to-date machine shop manufacturing light
machines and their interchangeable parts:

(1) Lathes — (a) Centre or Engine Lathe, (b) Capstan Lathe, and (c) Turret-Lathe.

Lathes are used mainly for Turning, Boring and Screw-cutting and can be adapted for the operations of
Milling, Drilling, Slotting, Grinding, Gear and Rack cutting, Lapping, Facing, Reaming, Polishing, and
Knurling, Tapping and Parting off.

The Lathe:

The following are the different kinds of Lathes : (1) Centre or Engine Lathe, (2) Capstan Lathe, (3) Turret
Lathe and (4) Automatic Lathe.

Of these the Centre or Engine Lathe has been classified as a General Purpose Machine and the others as
Special Purpose Machines. The Centre Lathes are extremely versatile and with proper equipment can do
an endless variety of work. Capstan, Turret and Automatic Lathes have limited scope of work but can do
specialized jobs with great speed and accuracy. With the modern tendency towards specialisation, Centre
Lathe has been to a large extent superseded by Capstan, Turret and Automatic Lathes and Grinders.

By the term “Engine Lathe” is meant the Ordinary Centre Lathe with at least one automatic feed, either for
the “traverse”, or for the “surfacing”.

When both the traverse and the surfacing motions are power operating the Lathe is called a “Self-acting,
Sliding and Surfacing Lathe”.

When a Self-acting, Sliding and Surfacing Lathe is provided with a Lead Screw for Screw-cutting, it is
called a “Self-acting, Sliding, Surfacing and Screw-cutting Lathe”.

The Principle of Operation of the Lathe:

In a Lathe a great deal of work is in the form of cylindrical bars. To product cylindrical surfaces the job is
supported on two parts known as the Headstock and the Tailstock and is uniformly rotated by means of a
mechanical device. It is clear that if a cutting tool is applied on the rotating job, cylindrical surfaces of
specific diameter can be produced. The cutting tool can be operated on the entire surface of the job by
moving the former parallel to the axis of rotation of the job. The rotation of the job and the motion of the
cutting tool are produced by power.

Principal Parts of a Lathe:

(1) The Bed, (2) The Headstock, (3) The Tailstock, which is also called the Loose Headstock,
(4) The Carriag, (5) The Gearbox, (6) The Feed Shaft and the Lead Screw.
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Figure of Lathe
Lathe Attachment :

Lathe Attachments are employed for increasing the adaptability of the Lathe for handling special kinds of
jobs. The attachments are either devices for holding jobs or are Miscellaneous Tools suitable for different
operations.

The following devices are meant to hold jobs:
(1) Special Centres and Shaft Supports.

*  When the usual Headstock and Tailstock Centres are unsuitable for special
kind of work, Special Centres are used.

*  When a long slender shaft is turned between centres if is supportedby a de-
vice called Travelling Stay or Steady Rest attached to the Lathe Spindle.

(2) Mandrel,
(3) Chuck,
(4) Faceplate.

Miscellaneous Tools : For Drilling and Boring, Special Tools are attached to the Tailstock, so that when the
job rotates, a hole is made into the job. Suitable Tools are used for other purposes.

Operations done on a Centre Lathe:
The following are the operations usually done on a Center Lathe: -

*  Boring : Boring does the operation of enlarging the diameter of a hole already exist in a job. Small
Boring operations are often done in the Lathe either as a single operation or preparatory to Threading,
Reamering or other operations.

®  Screw Cutting: this is the operation of cutting screw threads on the external surface of a cylindrical
job.

*  Turning: Turning means producing cylindrical surface on a job. In this operation material from the
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surface of the job is removed by rotating the job against a Tool point, so as to produce a cylindrical
surface. The diameter of the work may be ascertained by Callipers, Micrometers or fixed gauges.

In additional to these normal uses, a Centre Lathe can readily be adapted for the following operations: —

Milling: Milling is the process of giving a specific shape or form to a job by cutting it by means of a
revolving multiple point tool.

Drilling: Drilling is the operation of making a hole in a job. The Drill is inserted into the Tailstock
Spindle and the Tailstock is clamped to the job in the necessary position. The feed is affected by the
Tailstock hand wheel.

Slotting: This is the operation of making a long narrow aperture for something to be inserted or
worked in.

Grinding: The Grinding operation consists in applying a wheel of abrasive character rotating at high
speed to a metallic surface for causing it to wear.

Gear and Rack cutting: A Gear is a toothed wheel which, having the teeth meshed with those of
another Gear, can cause one shaft to drive another. A gear having the teeth in a straight line, instead
of on a circle, is called a Rack.

Polishing: Polishing processes on job surfaces may be undertaken on a Centre Lathe.

Lapping: Lapping is the process of polishing a work by-means of abrasive materials, to give fine
finish. Lapping operation may be undertaken after grinding to give fine adjustments.

Facing: this is an operation of producing a flat surface and removing material from the surface. The
operation consists in rotating the job on an axis of rotation perpendicular to the flat surface.

Reaming: The Reaming operation consists in (1) enlarging existing drilled holes; (2) making, a parallel
hole into a tapered hole and bringing existing holes actually to size.

Knurling: Knurling is the process of producing a series of; right-hand and left-hand fine grooves on
the surface of a job to facilitate handing or to secure a better hold. Knurling operation may be
accomplished by the use of either a single or double wheel Knurling Tool. The work must be mounted
rigidly; either well up against Chuck Jaws or, in case of a long, slender work, a suitable Steady must
be employed.

Tapping: Tapping is the operation of forming threads on the interior surface of a job. For tapping
threads a Tap should be used and the job should be very slowly rotated by engaging the Back Gear
system.

Parting Off: when work is machined from bar, the completed job can be parted off from the bar on the
Centre Lathe.

Special purpose Lapping Machines are also used for this purpose.

Capstan and Turret Lathes:

The Centre Lathe is a versatile machine and can be used for many different kinds of operations. It however
requires for its operation a skilled operator whose hands produce intricate and precise work. With the
demand for speed and accuracy accompanied with low cost the need arose for more rapid results from less
skilled personnel. As a result, Capstan and Turret Lathes were developed.
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Capstan Lathe

The Capstan Lathe has the following principal parts
(1) A Bed.

(2) An all-geared Head-stock.

(3) A Saddle, in which the Cross-slide carries a revolving square Turret that can hold four Tools at once.
The Turret is unlocked by means of a lever, and by turning it manually, any of the Tools in the Turret
can be brought into the working position.

(4) The main Turret which replaces the Tailstock of the Centre Lathe.

Operations performed on a Capstan Lathe:

The following are the important operations performed on the Capstan Lathe:—

1. Turning, that is producing cylindrical surfaces.

2. Forming, that is turning intricate shapes by one traverse of a Tool, instead of several movements.
3. Parting-off, that is cutting away of a completed job from a bar.

4. Boring, that is enlarging the diameter of a hole already existing in a job.

5 Screw cutting, which is cutting screw threads on the external surface of a cylindrical job.

Turret Lathes

Turret Lathe is almost similar in construction to Capstan Lathe. Its principal parts are the following:—
(1) A bed.

(2) An alt-geared Headstock.

(3) A Saddle in which a revolving square Turret is carried by the Cross-Slide.

(4) The main hexagonal Turret which carries six different Tools in special holders that are bolted up to
the faces.

Operations performed on a Turret Lathe:

The operations performed on a Turret Lathe and on a Capstan Lathe are the same. Generally, however,
Turret Lathes are suitable for machining bigger part than Capstan Lathes.

The following are the important operations performed on a Turret Lathe:
(1) Turning,

(2) Forming,

(3) Parting-off,

(4) Boring,

(5) Screw-cutting.

Plaining Machines: are used for machining flat surfaces and cutting key-ways on large jobs. The function
of this machine is same as the shaping machine but here the tool is held fixed and gives the required feed
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whereas the work piece is rigidly fitted on the work table with a reciprocating motion. The length of the
workpiece is more than 1 metre and are normally massive.

Cross-slide

I B Pillar

Tool head

49| | |o
Work piece i

— !
Work-table —I_—J\k —

]
= 1

Bed— — _?5 _
7§

Figure of Plaining Machines

The main parts of the machine are bed, work table, cross slide pillars and tool holders as shown in figure.
Tool holders, (for at least two tools) are mounted on cross beam and have provision to slide up or down
along two vertical pillars fixed on two sides of the bed. After first setting, this cross beam is firmly clamped
and then during operation the clapper box containing tool holders slide to give the feed.

Slotting Machines: are used for machining vertical or inclined flat surfaces, making holes with sharp corners
and tapered holes and for cutting T-slots and V-ways.

For mass production, Single-purpose Machines may be used in addition to the machines mentioned above.

This is another type of a machine to produce machined fiat surface like shaper and planer. The difference
with shaper or planer is that slotter makes vertical surface machining whereas the others produce horizontal
machining. As such it is sometime called as “vertical shaper”, since the ram holding the tool moves up and
down. Base and pillar is a composite L-shaped cast structure, the pillar having a vertical machined way for
the reciprocating movement of the ram. The work piece is held firm on a round table with saddle which is
fitted on a horizontal bed. The round table is suitable for adjustment for the movements at right angles in
horizontal plane and can also rotate about the vertical axis. The movement of the job gives the desired feed
whereas movement of ram produces cutting.

The slotting machine is suitable for making keyways on inside surface of the bore of a pulley or gear or on
the outside surface of a round. A typical shaping machine is shown in figure.
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Figure of Slotting Machine
Shaping Machine:

Shaping, like Plaining, is the machining of flat metallic surfaces by single-point cutting tools. Shaping is
carried out on small areas of metal not usually exceeding one foot in length. It consists of a massive body
supporting the Ram which slides along ways provided on the upper surface.

There is a Saddle which supports the Work Table. The Saddle can slide up or down the face of the body
and adjusts the height of the Work Table to accommodate jobs of different heights. When shaping
commences, the Saddle is locked, so as to keep the job at a constant height.

Downfeed Stroke positioning
hand wheel level

Binding lever

Clapper
box R
Tool am
Work
piece
Table ] Column
Elevating
screw I Base

Figure of Shaping Machine
Uses of a Shaping Machine:
A Shaping Machine has the following uses:

1. Machining flat surfaces: The areas to be machined are how ever small, such as small Bed Plates of
Machines.
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2. Cutting Key-ways: For this purpose an aperture in the body of the machine enables shafts to be run
parallel to the Ram for the provision of the Keyways.

3.  Cutting T-slats: T-steps are cut in three operations. Firstly, a plain slot is cut to the required depth.
Then each side is undercut by means of suitable undercutting tool to cut the side slots so that finally
a slot is produced resembling the letter “T".

Drilling Machines:

Drilling Machines may be broadly grouped into the following four classes, such as
1. Sensitive Drilling Machines,

2. Pillar Drilling Machines,

3. Radial Drilling Machines,

4. Multiple Spindle Drilling Machines.

Sensitive Drilling Machines: Sensitive Drilling Machines are designed to take Drills up to about 8/16 inch in
diameter. They are provided with hand feed for driving the Drill forward.

The Sensitive Drills are used for making small holes only. The hand feed is provided by hand by moving
the drill spindle by means of a rack and pinion arrangement. In operating these drills, pressure applied on
the drill bit can be felt by the operator by his senses. These Drills are therefore called Sensitive Drills.

Pillar Drilling Machine:

A Pillar Drilling Machine is an upright Drilling Machine as distinct from a Radial Drilling Machine It
consists of a Work Table on which the job to be drilled is placed.

The Work Table can be adjusted sideways and vertically to accommodate jobs of different heights.

Spindle Overhead Cone pulley

shaft

Bevel gear
drive

Figure of Pillar Drilling Machine
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The arm carries the Spindle in a Saddle which accommodates the Spindle driving motor and the Gearboxes
for providing different Spindle speeds and feeds.

Radial Drilling Machine:

Radial Drilling Machine which has a horizontal arm which is attached to a sleeve capable of moving up
and down a vertical pillar and can be clamped at any position. The sleeve can freely rotate about the pillar
which is fixed to the base.

Reducing
Motor gear Motor
Elevating Il Rack Drill head
screw i
Arm n Q0 i{
>,
ik r—Drill spindle
Column——+¢
Split Table
yoke
[ 1
Base —/ N\
—" | -

Figure of Radial Drilling Machine

The arm carries the spindle in a saddle which accommodates the spindle driving motor and the gearboxes
for providing different spindle speeds and feeds.

Milling Machine:
Milling is the operation of removing metal by means of a rotating cutter against which the work is fed. The

milling cutters are generally discs of cylindrical Tools-usually made of high-speed steel and have serrations
or teeth about their edges.

The face of the tooth is given a definite cutting rake or angle appropriate for the material of the job to be
machined.

A Milling Machine is a very important machine tool in a modern workshop. The general purpose Milling
Machine may be broadly classified under (a) the horizontal milling machine and (b) the vertical milling machine.

Cutter

0 —

Eb%égzqﬂ/j}]

Longitudinal motion:

+—Bod
Crosswise oy

motion
Vertical motion l

Screw jack

Figure of Milling Machine
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In a Vertical Milling Machine the working spindle is vertical, whereas in a Horizontal Milling Machine it is
horizontal.

A vertical Milling Machine is used in milling inside a recess or cavity and in performing operations which
cannot be done on a Horizontal Milling Machine. There are many operations which can foe performed on
the horizontal as well as on the Vertical Milling Machines.

Universal Milling Machine:

In a Universal Milling Machine the work-table can be swivelled about a vertical axis, so that its direction of
travel may be at right angles or at any other angles to the spindle axis. This enables helical grooves to be cut
on the outside of a cylindrical work, for instance cutting of helical teeth on gear blanks, milling of helical
groove on a twist drill, etc. These operations cannot be performed on a plain milling machine in which the
travel of the work-table is set permanently at right angles to the spindle axis.

Uses of a Milling Machine:

The following are the uses of a Milling Machine:—
1.  Forming plain and irregular surfaces.

2. Cutting slots by using suitable Tools.

3.  Cutting threads on dies, worms, screw, etc. internally or externally. Cutting threads on the Milling
Machine is known as Thread Milling.

4. Gear cutting by the uses of Special Gear Cutters.

Grinding Machines are used for machining cylindrical and tapered surfaces, for grinding internal and flat
surfaces and slender bars and delicate parts.

The Special Grinding;:

The Grinding Process consists in machining jobs by means of abrasive wheels. In an abrasive wheel a large
number of abrasive particles are held together at the periphery by means of a, bonding material. The
abrasive particles act like minute cutters. When the abrasive wheel is rotated against a job, fine surface is
produced by the wearing away of the materials on the job. The chips produced are usually so minute that
they cannot be seen with the naked eye. The abrasive particles may be Aluminium Oxide, Silicon Carbide
or Diamonds in the form of “dust”.

Main Types of Grinders and their Uses:

There are four main types of Grinding Machines in common use:

1. The Cylindrical Grinders,

2. The Internal Grinding Machines,

3. The Flat Surface Grinding Machines,

4.  The Centreless Grinding Machines.

The Cylindrical Grinding Machines are subdivided into. (1) Plan Grinders, (2) Universal Grinders.

The Cylindrical Grinders are used for machining parts like shafts, spindles, rollers, etc., having cylindrical
surfaces and also for machining tapered parts, cams, eccentrics, soulders of shafts, etc. The Internal Grinding
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Machines grind the internal surfaces of cylinders and other parts. Flat Surface Grinders are designed to
machine every type of flat surface. A Centreless Grinder produces more accurately a cylindrical surface.

Of the Cylindrical Grinders the Plain Grinder is used for machine parts either cylindrical or tapered in
from The Universal Grinder has a wider range of application and can be used for grinding work at any
desired angle. It can be adapted to Internal Grinding and is useful in the production of part used in small

machines and special tools.
Workplece
Grinding Yy
whee / Reguloting
/ / wheel

Support

\\\Q»\‘

Figure of Grinding Machine
The Hobbing Machine:

The Hobbing Machine is a Single Purpose Machine Tool designed for cutting gears. Hobbing operation is
the most accurate way of cutting Gears.

The cutting tool used in the Hobbing Machine is called the Hob which is in the form of a worm. A Hob is
nothing more than a screw provided with “gashes” or “flutes” forming cutting edges. The cutting action is
provided by the rotation of the hob, in conjunction with the gashing that provides the cutting edges.

The Hobbing Machine may be used to generate Spur Gears or Helical Gears. The Spur Gears have their
teeth parallel to the axis of rotation of the Gear, while in Helical Gears the teeth are not parallel to the axis.

I .

Figure of Hobbing Machine
Problem 1 :
A shaft 1,000 mm. in length is being machined on a lathe. If the spindle executes 500 r.p.m. and the feed is
0.20 mm. per revolution, how long will it take the cutter to pass down the entire length of the shaft?

Solution:
Since the feed is 0.20 mm. per revolution, the number of revolutions in passing

1,000

1,000 m.m.= 020 mm. =5,000. Since the spindle executes 500 r.p.m.,

5,000

500 . =10 min.

the Time required =
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Problem: 2

Find the machining cost of a M. S. bar on a lathe from the following data: R. P. M. of the Job = 500. Feed of
tool per revolution of job = 0.5 mm. Depth of cut = 2 mm. Diameter of raw material = 60 mm. Diameter of

finished job = 40 mm. Length of Job = 1000 mm. Machining cost = Rs. 3 per hour.
Solution :

1,000 mm. B 10,000
05mm. 5

Number of revolutions in one traverse of 1000 mm.= =2000

Total depth of cut = %2 (60-40) mm. = 10mm. Cross-feed = 2 mm.
The number of transverse traverse over the job from end to end = 10/2 times = 5 times.

Thus the total number of revolutions of the job = 2,000 x 5 = 10,000 R. P. M. of the job = 500

10,000
500
Cost of machining = Rs. 3><1/3 =Re.l.

Machine time = min. = 20 min. = 1/3hr.
Problem: 3

A shaft 500 mm. in diameter and 1 metre long is to be turned at a speed of 280 r.p.m. If the feed is 0.25 mm.
per revolution, calculate the time taken for one pass of the cutter.

Solution:
Length of the shaft = 1 metre = 1,000 mm.

1,000 mm. B 1,00,000 4,000
025mm. 25 7

4,000 100

Time required for one pass of the cutter = %mm. = min. = 14.29 min.

Number of revolutions =

Jigs and Fixtures:

A Jig is an appliance to which a work to be machined can be, fastened and which contains a device for
guiding the tool, so that the tool and the work are accurately located with respect to each other. A Fixture
is an appliance which holds the work when it is machined.

Uses of Jigs and Fixtures:

(1) Jigs quickly and accurately guide the tools. They render difficult operations easier, speedier and yet
more accurate.

(2) Jigs are suitable is mass production for producing accurately machined interchangeable parts.

(8) Fixtures are essential almost all machine work, because the work must be firmly held when the tools
work.

(4) Fixtures used in conjunction with jigs increase speed and accuracy of work.
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1.4 Pumps, Motors, Transformers, Electrical Drivers

Pumps

A pump is a device used to move liquids. A pump moves liquids from lower pressure to higher pressure,
and overcomes this difference in pressure by adding energy to the system (such as a water system). A gas
pump is generally called a compressor, except in very low pressure-rise applications, such as in heating,
ventilating, and air-conditioning, where the operative equipment consists of fans or blowers.

Pumps work by using mechanical forces to push the material, either by physically lifting, or by the force of
compression.

Pumps fall into two major groups: Rotodynamic pumps and positive displacement pumps. Their names
describe the method for moving a fluid. Rotodynamic pumps are based on bladed impellers which rotate
within the fluid to impart a tangential acceleration to the fluid and a consequent increase in the energy of
the fluid. The purpose of the pump is to convert this energy into pressure energy of the fluid to be used in
the associated piping system. A positive displacement pump causes a liquid or gas to move by trapping a
fixed amount of fluid or gas and then forcing (displacing) that trapped volume into the discharge pipe.
Positive displacement pumps can be further classified as either rotary-type (for example the rotary vane)
or lobe pumps similar to oil pumps used in car engines. Another common type is the helical twisted Roots
pump. The low pulsation rate and gentle performance of this Roots-type positive displacement pump is
achieved due to a combination of its two 90° helical twisted rotors, and a triangular shaped sealing line
configuration, both at the point of suction and at the point of discharge. This design produces a continuous
and non-verticals flow with equal volume. High capacity industrial “air compressors” have been designed
to employ this principle as well as most “superchargers” used on internal combustion engines.

Reciprocating-type pumps use a piston and cylinder arrangement with suction and discharge valves
integrated into the pump. Pumps in this category range from having “simplex” one cylinder; to in some
cases “quad” four cylinders or more. Most reciprocating-type pumps are “duplex” (two) or “triplex” (three)
cylinder. Furthermore, they are either “single acting” independent suction and discharge strokes or “double
acting” suction and discharge in both directions. The pumps can be powered by air, steam or through a
belt drive from an engine or motor. This type of pump was used extensively in the early days of steam
propulsion (19th century) as boiler feed water pumps. Though still used today, reciprocating pumps are
typically used for pumping highly viscous fluids including concrete and heavy oils.

Another modern application of positive displacement pumps are compressed air-powered double-
diaphragm pumps, commonly called Sandpiper or Wilden Pumps after their major manufacturers. They
are relatively inexpensive, and are used extensively for pumping water out of bunds, or pumping low
volumes of reactants out of storage drums.

Centrifugal pumps are Rotodynamic pumps which convert Mechanical energy into Hydraulic energy by
centripetal force on the liquid. Typically, a rotating impeller increases the velocity of the fluid. The casing,
or volute, of the pump then acts to convert this increased velocity into an increase in pressure. So if the
mechanical energy is converted into a pressure head by centripetal force, the pump is classified as centrifugal.
Such pumps are found in virtually every industry, and in domestic service in developed countries for
washing machines, dishwashers, swimming pools, and water supply.

After motors, centrifugal pumps are arguably the most common machine, and they are a significant user
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of energy. Given design margins, it is not unusual for a pump to be found to be over-sized, having been
selected poorly for its intended duty. Running a constant speed pump throttled causes energy waste. A
condition monitoring test can detect this condition and help size a smaller impeller, either new, or by
machining the initial one, to achieve great energy reduction.

Pumps also wear internally, at a rate varying with the liquid pumped, materials of construction and operating
regime. Again, condition monitoring can be applied to detect and quantify the extent and rate of wear and
also help decide when overhaul is justified on an energy-saving basis.

Kinetic Pumps: The features are:-

¢  Continuous energy addition

¢ Conversion of added energy to increase in kinetic energy (increase in velocity)
¢  Conversion increased velocity to increase in pressure

¢  Conversion of Kinetic head to Pressure Head

e Meet all heads like Kinetic, Potential, and Pressure

Motors:

An electric motor uses electrical energy to produce mechanical energy. The reverse process that of using
mechanical energy to produce electrical energy is accomplished by a generator or dynamo. Traction motors
used on locomotives often perform both tasks if the locomotive is equipped with dynamic brakes. Electric
motors are found in household appliances such as fans, refrigerators, washing machines, pool pumps,
floor vacuums, and fan-forced ovens. Most electric motors work by electromagnetism.

The classic division of electric motors has been that of DC types and AC types.
Transformers:

A transformer is a device that transfers electrical energy from one circuit to another through inductively
coupled wires. A changing current in the first circuit (the primary) creates a changing magnetic field; in
turn, this magnetic field induces a changing voltage in the second circuit (the secondary). By adding a load
to the secondary circuit, one can make current flow in the transformer, thus transferring energy from one
circuit to the other.

A key application of transformers is to reduce the current before transmitting electrical energy over long
distances through wires. Most wires have resistance and so dissipate electrical energy at a rate proportional
to the square of the current through the wire. By transforming electrical power to a high-voltage, and
therefore low-current form for transmission and back again afterwards, transformers enable the economic
transmission of power over long distances. Consequently, transformers have shaped the electricity supply
industry, permitting generation to be located remotely from points of demand. Transformers are some of
the most efficient electrical ‘machines’, with some large units able to transfer 99.75% of their input power
to their output.
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Figure of Transformer

It is defined as a stationary induction apparatus for transforming electrical energy in AC system from one
circuit to another by changing voltage but without changing frequency. In its simplest form it consists of
two insulated coils wound over a common magnetic core of soft iron lamination as shown in figure. The
winding which receives power from the source is called “primary winding” and the winding which delivers
electric power to the load is known as “secondary winding”. The main purpose of transformer is to change
voltage between the two windings.

The operating principle is very simple. When an AC is fed to primary winding, current flows in the winding
which produces a magnetic flux within the core known as “mutual flux” which is proportional to the
number of winding and the frequency of AC supply. This flux links up the secondary winding to produce
an induced emf proportional to the number of turns of secondary winding. Thus if

E, = voltage of primary winding
N, = number of turns in primary coil
E, = voltage of secondary winding

N, = number of turns in secondary coil.

E,

E, N,
Then, E, = N,

If E, is greater than E, it is called a “step up” transformer as it increases the voltage and if E is less than E,,
itis known as “step down” transformer. Since the ampere turns of primary and secondary winding remains

the same and if I, and I, be the primary and secondary currents, then,

BN L
N L=N,, "EZ _Nz _[1
N, |
or, = _—% or, EI=E],
N2 : Il

Auto Transformer: For a very small variation in output and input voltage “double wound” transformer as
explained becomes expensive and “Auto wound transformer” becomes cheaper. Auto transformer has a
single winding and the secondary voltage is tapped from that winding as shown in figure.
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Electrical Drivers:

A Driver is an electronic component used to control another electronic component, such as a high power
transistor. A transistor is a semiconductor device, commonly used as an amplifier or an electrically controlled
switch. The transistor is the fundamental building block of the circuitry in computers, cellular phones, and
all other modern electronic devices.

Because of its fast response and accuracy, the transistor is used in a wide variety of digital and analog
functions, including amplification, switching, regulation, signal modulation, and oscillators.

1.5 Classification of Industries Based on Production Process

Type of Industry : The type of industry and the method of the manufacturing process exercise a significant
influence on plant layout.

Industries in this context may be broadly classified into four types:
(a) Synthetic,

(b) Analytical,

(c) Conditioning; and

(d) Extractive.

Extractive industries involving the separation of one element from another, as in the case of metal form the
ore. Air conditioning industry involves a change in the physical properties. Metal working industries,
foundries and leather tanning concerns condition their raw materials to have the end products. An oil
refinery, for example, yields naphtha, gasoline, paraffin, tar and kerosene. Similarly, a sugar mill gives,
besides sugar, bagasse and molasses. A synthetic industry, also called the assembling industry, involves
the production of a product by the use of various elements. In other words, various elements go into the
manufacture of an end-product. The chemical industry and the paper industry are synthetic industries.
Light and heavy engineering and watch-making industries, in which several components are assembled to
get the final products, also fall under synthetic industries.

Each of the above types of industries may be further classified into two types, namely:
(a) Intermittent industries; and

(b) Continuous industries.
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This classification is based on the method of manufacture. The former type of industries manufactures
different components on different machines and assembles them to get the end products. Continuous
industries uninterruptedly produce one or two products of a standardise nature. It is needless to emphasise
that the layout designer should keep in mind the type of industry and the method of the manufacturing
process while Plaining a layout.

Intermittent production system situations are those where the facilities must be flexible enough to handle
a wide variety of products and sizes or where the basic nature of activity imposes change of important
characteristics the input (change in product design). Under this system no single sequence of operations is
appropriate and therefore standardized materials or machines cannot be used. Under this type of
manufacturing, production is done in lots rather that on a continuous flow basis. It is done more often on
the basis of customer orders.

The chief characteristics of intermittent industries are that components are made for inventory but they are
combined differently for different customers. The finished product is heterogeneous but within a range of
standardized options assembled, by the producers. Since production is partly for stock and partly for
customer demand, there are problems to be met in scheduling, forecasting, control and coordination.
Examples of such industries are automobile industry, electrical goods manufacturing plants, printing presses
etc.

Intermittent system of production may further be divided into two types, namely (a) job and (b) batch
production.

(a) Job Production - In this system, goods are produced according to the orders of the customers.
Continuous demand of such items is hot assured and therefore production is done only when the
orders for the manufacturing of items are produced from the customers.

(b) Batch Production - Under this system, the manufacturing is done in batches or groups or lots either
on the basis of customer’s order or with a hope of a continuous demand of the product. Under this
system, medium scale production is warranted.

In batch production, machines and equipment are made available for the next batch as soon as the production
of first batch is completed.

Continuous production situations are those where facilities are standardized as to routing and flow since
the raw material or inputs are standardized. Therefore, a standard set of processes and sequences of processes
are adopted. Such processes are adopted by concerns which produce goods or services continuously by
putting them through a series of successive connected operations in anticipation of customer demand
rather than in response to customer orders. Examples of industries using such technology are petroleum,
chemicals, steel and sugar industry.

We can again classify the continuous industries into
(1) Mass production system and (2) Process production system.

(@) Mass Production - This system of production is used by concerns where manufacturing is carried on
continuously in anticipation of demand, though demand of the product may not be uniform throughout
the year. Standardization is the keynote of mass production. Standardized raw materials and machines
are used to produce standardized products through standardized process of production.

(b) Process Production - This system is an extended form of mass production where production is carried
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on continuously through, a uniform predetermined sequence of operations. Generally under this
system finished product of one process is used in the next process as a raw material till the last process.
Process production calls for the setting up of automatic machines and equipment as far as possible.
Large industries like petroleum refining, heavy chemical industries generally use this system of
production.

1.6 Technological Aspects of Different Production Process Like Power, Pollution control
& Recovery Process

Power: This is an important factor in the industry and can provide the competitive edge. From the days of
a hefty power consumption of 140 units per tonne of cement, the consumption is about 90-100 units.
Availability of power is another problem and almost all companies have gone in for massive power
generating sets to improve their working.

Recovery Process - Waste Management:

There are various ways in which one could categorise waste. However, the generally accepted classification
is given below:

(i) Classification on the basis of Resources, i.e., how much of a particular resource has been wasted.

(if) Classification on the basis of property i.e. whether the materials that have been wasted are
hazardous to life and environment or whether they fall in the category of non-hazardous.

(iif) Classification on the basis of the recoverability of resources.

(iv) Classification on the basis of origin of waste, i.e., whether it is commercial waste or industrial
waste, residential waste or office waste and construction waste or agricultural waste.

The chief objectives of waste management are as follows:
*  Minimisation of overall waste in any operating system under scrutiny.

e  Maximisation of previous resources, so that these are not frittered away and the opportunity cost is
bare minimum.

¢ To cut down on all the unnecessary activities which do not add value to the system.
¢ To increase the profitability of the operation followed by different organisations.

¢ To inculcate a sense of cost-effectiveness which could trigger off the prudent practices of Total Cost
Management (TCM).

¢ To follow the ethics and the principles of Total Quality Management (TQM).

¢  Toaspire for international recognition, vital to face the competition prevailing in the current global as
well as the domestic market.

Attributes of effective waste collection system:

An efficient waste collection system serves the organisation in more ways than one. It may be extremely
costly to install and operate, but once handled properly, provides substantial savings to the organsiation
by providing the operating costs and other overheads. The structure of an effective waste collection system
depends on the following key factors.
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Identify the waste.

Waste-separation at source.

Decide about the quantity to be stored in a particular container.

Decide about the physical dimensions other important attributes of the container.
Collect the waste in these containers.

Make projections of the rate of waste generation.

Depending on the above, ensure that the waste collection is timely and proper without any delays or
bottlenecks.

Induce some kind of benefits—whether monetary inducements or otherwise to the employees collecting
the waste at source.

Motivational and other techniques can be effectively used to achieve the above defined result.

Make provisions to transport the waste so collected to the salvage industry or the localised unit, as the
case may be.

Collect the available organic wastes.

Ensure that the inorganic wastes are not left behind.

Clearly differentiate between the different types of waste.

Handling each container on the basis of the waste-type stored in these.

Keep an emergency or contingency plan ready.

Recycling of wastes

Often the waste generated across the industries can be recycled and used again and again. However, it is
not as simple as it appears to be. Certain appropriate recycling projects have to be created to achieve such
results.

Features of waste disposal system:

The salient features of an effective waste proposal system are as follows:

Y ® N Ok W N

Easy to install and operate.

Economical from the cash outflow point of view.

Convenient and not highly complex.

Within the budgetary constraints.

Approved by the legislation and other statutory authorities in force.
Flexibility and not rigidity in operations.

Economies of scale.

Does not require highly skilled labour force for its operation.

Adaptability in the context of the needs and objectives of the organsiation.
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Pollution Control:
Pollution can be of four types, on the basis of the forms:

(i) Solid — type , (ii) Liquid - type, (iii) Gaseous pollutants, (iv) Hybrid-type, having features and
characteristics of one or more of the above three.

Definition and meaning of noise-pollution - Noise may be defined as an unwelcome, unpleasant, unwanted
and unavoidable sound. For example it can be classified as under:

Unpleasant Noise - Sources of such noise are, predominantly:
(i) Industrial outlets.
(ii) Increased automation.
(iii) Lack of work culture.
(iv) Lack of awareness.
(v) No concern for the environmental and other allied issues.

Unavoidable Noise: Unavoidable noise is a part and parcel of our daily life. We simply cannot escape from
it. It is one of the prices one has to pay foil modern living. These are from:

(i) Regular sources.

(i) Work-places/stations.

(iii) Use of machines.

(iv) Limited and restricted choices.

Other types could be vibration. People exposed to it for longer periods are likely to suffer from fatigue and
exhaustion — which may prove to be quite costly in the long run.

Objectives of pollution control

Although the main aims of pollution control are simple enough, i.e. “to make the world a better place to
live in”, the sub-objectives and the strategies adopted for this purpose are given below:

Environmental preservance.
Ecological balance.
Dignity of life for all and sundry.

Protection from physical diseases.

1
2
3
4
5. Protection and prevention from mental impairment.
6. To maintain the right balance between the nature’s bountiful resources and to protect them.
7. To increase the life expectancy.

8. To enjoy a stress-free high quality existence.

9. To increase the employees productivity.

10. To boost up the organisational growth at the micro level.
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11. To felicitate nations to be more competitive at a macro level.
12. To integrate and synthesise the world as one at the global level.

Control of pollution : Pollution cannot effectively be controlled by the use of a single technique. Since the
causes and the effects of different types of pollution are diverse and distinct from each other, there cannot
be any thumb- rule or golden rule which could be applied in the present context. However, in general, a
prudent use of the techniques given below, in conjunction with other appropriate measures, is bound to
bring in the desired results. These are:

1.  Controlling at source.
Controlling during processes, operations and other activities.

Control by suitable enclosures.

2

3

4. Control by protection.

5. Control by preventions.

6. Control by absorption.

7. Adhering to regulations laid down by the following authorities:
(@) Respective state governments.
(b) Central Government.

(c) Guidelines issued by the global bodies representing individual pollution control measures.

(d) Ensuring compliance with any other law for the time being in force.

1.7 PLANT LAYOUT

Plant Layout, also known as layout of facility refers to the configuration of departments, work-centres and
equipment and machinery with focus on the flow of materials or work through the production system.

Plant layout or facility layout means planning for location of all machines, equipments, utilities, work
stations, customer service areas, material storage areas, tool servicing areas, tool cribs, aisles, rest rooms,
lunch rooms, coffee/tea bays, offices, and computer rooms and also planning for the patterns of flow of
materials and people around, into and within the buildings. Layout planning involves decisions about the
physical arrangement of economic activity centres within a facility. An economic activity centre can be
anything that consumes space, a person or group of people, a machine, a work station, a department, an
aisle, a store room and so on. The goal or layout planning is to allow workers and equipments to operate
more effectively.

The questions to be addressed in layout planning are:

e How much space and capacity does each centre need?
*  How should each center’s space be configured?

¢ What centres should the layout include?

° Where should each centre be located?
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The location of a centre has two dimensions:

Absolute location or the particular space that the centre occupies within the facility.

Relative location i.e., the placement of a centre relative to other centers.

The importance of layout decisions:

The need for layout planning arises both in the process of designing new plants and the redesigning existing
plants or facilities.

Most common reasons for design of new layouts are:

(i)
(ii)

(iii)

(iv)

Layout is one of the key decisions that determine the long-run efficiency in operations.

Layout has many strategic implications because it establishes an organisation’s competitive priorities
in regard to capacity, processes, flexibility and cost as well as quality of work life, customer contact
and image (in case of service organisations).

An effective layout can help an organisation to achieve a strategic advantage that supports
differentiation, low cost, fast response or flexibility.

A well designed layout provides an economic layout that will meet the firm’s competitive requirements.

Need for redesign of layout arises because of the following reasons:

Accidents, health hazards and low safety,

Changes in environmental or legal requirements,
Changes in processes, methods or equipments,
Changes in product design/service design,

Changes in volume of output or product-mix changes,
Inefficient operations (high cost, bottleneck operations),
Introduction of new products/services,

Low employee morale.

Good Plant layout- Objectives:

Efficient utilisation of labour reduced idle time of labour and equipments,
Higher flexibility (to change the layout easily),

Higher utilisation of space, equipment and people (employees),
Improved employee morale and safe working conditions,

Improved flow of materials, information and people (employees),
Improved production capacity,

Reduced congestion or reduced bottleneck centers,

Reduced health hazards and accidents,

Reduced material handling costs,
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e  To allow ease of maintenance,

e  To facilitate better coordination and face-to-face communication where needed,
¢ To improve productivity,

¢ To provide ease of supervision,

e To provide product flexibility and volume flexibility,

e To utilise available space efficiently and effectively.

Choices of Layout:

Layout choices can help greatly in communicating an organisation’s product plans and competitive priorities.
Layout has many practical and strategic implications. Altering a layout can affect an organisation and how
well it meets its competitive priorities by:

*  Facilitating the flow of materials and information,

¢ Improving communication,

¢  Improving employee morale,

° Increasing customer convenience and sales (in service organisations such as retail stores),
* Increasing the efficient utilisation of labour and equipment,

*  Reducing hazards to employees.

The type of operations carried out in a firm determines the layout requirements.
Some of the fundamental layout choices available to managers are:

*  Whether to plan the layout for the current or future needs?

*  Whether to select a single-story or multistory building design?

¢ What type of layout to choose?

e What performance criteria to emphasise?

Factors influencing layout choices:

Primarily the layout of a plant is influenced by the relationship among materials, machinery and men.
Other factors influencing layout are type of product, type of workers, the type of industry, management
policies etc.

Some of these factors are discussed in detailed below:

*  Location: The size and type of the site selected for the plant, influences the type of buildings (single
story or multi story) which in turn influences the layout design. Also, the location of the plant
determines the mode of transportation from and into the plant (such as by goods trains, truck, or
ships) and the layout should provide facilities for mode of transport used. Also, the layout should
provide for storage of fuel, raw materials, future expansion needs, power generation requirements
etc.

*  Machinery and Equipments: The type of product, the volume of production, type of processes and
management policy on technology, determines the type of machines and equipments to be installed
which in turn influence the plant layout.
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Managerial Policies: regarding volume of production, provision for future expansion, extent of
automation, make-or-buy decisions, speed of delivery of goods to customers, purchasing and inventory
policies and personnel policies influence the plant layout design.

Materials: Plant layout includes provision for storage and handling of raw materials, supplies and
components used in production. The type of storage areas, racks, handling equipments such as cranes,
trolleys, conveyors or pipelines etc., used - all depend on the type of materials used - such as solid,
liquid, light, heavy, bulky, big, small etc.

Product: The type of product i.e., whether the product is light or heavy, big or small, liquid or solid
etc., it influences the type of layout. For example, Ship building, Aircraft assembly, Locomotive
assembly etc., requires a layout type different from that needed to produce refrigerators, cars, scooters,
television sets, soaps, detergents, soft drinks etc. The manufacturing process equipments and machines
used and the processing steps largely depend on the nature of the product and hence the layout
design depends, very much on the product.

Type of Industry:

Industry

Synthetic Analytical Conditioning Extractive

Figure : Type of Industry Process

I is intermittent type of industry

C is continuous type of industry

Whether the industry is classified under (a) Synthetic, (b) Analytical, (c) Conditioning and (d) Extraction
industries and again whether the industry has intermittent production or continuous production has a
relevance to the type of layout employed.

Workers : The gender of employees (men or women), the position of employees while working (i.e.,
standing or sitting), employee facilities needed such as locker rooms, rest rooms, toilets, canteens,
coffee/tea bays etc., are to be considered while designing the plant layouts.

Plant Layout- Principles:

The layout selected in conformity with layout principles should be an ideal one. These principles are:-

Principle of Minimum Travel: Men and materials should travel the shortest distance between operations
so as to avoid waste of labour and time and minimise the cost of materials handling.

Principle of Sequence: Machinery and operations should be arranged in a sequential order. This principle
is best achieved in product layout, and efforts should be made to have it adopted in the process
layout.

Principle of Usage: Every unit of available space should be effectively utilised. This principle should
receive top consideration in towns and cities where, land is costly.
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®  Principle of Compactness: There should be a harmonious fusion of all the relevant factors so that the
final layout looks well integrated and compact.

*  Principle of Safety and Satisfaction: The layout should contain built in provisions for safety for the
workmen. It should also be planned on the basis of the comfort and convenience of the workmen so
that they feel satisfied.

*  Principle of Flexibility: The layout should permit revisions with the least difficulty and at minimum
cost.

*  Principle of Minimum Investment: The layout should result in savings in fixed capital investment,
not by avoiding installation of the necessary facilities but by an intensive, use of available facilities.

Types of Layout:

A layout essentially refers to the arranging and grouping of machines which are meant to produce goods.
Grouping is done on different lines. The choice of a particular line depends on several factors. The methods
of grouping or the types of layout are:

(i) Process layout or functional layout or job shop layout; (ii) Product layout or line processing layout or
flow-line layout; (iii) Fixed position layout or static layout; (iv) Cellular manufacturing (CM) layout or
Group Technology layout and (v) Combination layout or Hybrid layout.

Process Layout:

Also called the functional layout, layout for job lot manufacture or batch production layout, the process
layout involves a grouping together of similar machines in one department. For example, machines
performing drilling operations are installed in the drilling department; machines performing turning
operations are grouped in the turning department; and so on. In this way, there would be an electro-
plating department, a painting department, a machining departments and the like, where similar machines
or equipments are installed in the plants which follow the process layout. The process arrangement is
signified by the grouping together of like machines based upon their operational characteristics. For example,
centre lathes will be arranged in one department, turret lathes in a second department, and milling machines
in a third departments.

Receiving

Milling Machines
(5Nos)

Drilling (9 Nos)
Machines

Grinding (5 Nos)
Machines

Cutting
(3 Nos)

Turning
(9 Nos)

] [

Gear cutting
(1 No)

Plating
(2 Nos)

A quantity of raw material is issued to a machine which performs the first operation. This machine may be
situated anywhere in the factory. For the next operation, a different machine may be required, which may

Figure of Prosses Layout
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be situated in another part of the factory. The material should be transported to the other machine for the
operation. Thus, material would move long distances and along crisscrossing paths. At one stage, the
material may be taken to a separate building, say, for heat treatment, and then brought back for grinding.
If machines in one department are engaged, the partly finished product awaiting operations may be taken
to the store and later reissued for production. Partly finished goods would be waiting for processing in
every department, like commuters waiting for buses in a city.

Machines in each department attend to any product that is taken to them. These machines are, therefore,
called general purpose machines. Work has to be allotted to each department in such a way that no machine
in any department is idle. In a batch production layout, machines are chosen to do as many different jobs
as possible, i.e., the emphasis is on general purpose machines. The work which needs to be done is allocated
to the machines according to loading schedules, with the objective of ensuring that each machine is fully
loaded. The process layout carries out the functional idea of Taylor and from the historical point of view,
process layout precedes product layout. This type of layout is best suited for intermittent type of production.

While grouping machines according to the process type, certain principles must be kept in mind. These
are:

¢  Convenience for inspection.

¢ Convenience for supervision. Process layout may be advantageously used in light and heavy
engineering industries, made-to-order furniture industries and the like.

*  The distance between departments needs to be as short as possible with a view to avoiding long-
distance movement of materials.

¢  Though similar machines are grouped in one department, the departments themselves should be
located in accordance with the principle of sequence of operations. For example, in a steel plant, the
operations are smelting, casting; rolling etc. These different departments may be arranged in that
order to avoid crossovers and backtracking of materials.

Product Layout:

Also called the straight-line layout or layout for serialised manufacture, the product layout involves the
arrangement of machines in one line depending upon the sequence of operations. Material is fed into the
first machine and finished products come out of the last machine. In between, partly finished goods move
from machine to machine, the output of one machine becoming the input for the next. In a sugar mill,
sugar cane, fed at one end of the mill comes out as sugar at the other end. Similarly, in paper mill, bamboos
are fed into the machine at one end and paper comes out at the other end.

In product layout, if there are more than one, line of production, there are as many, lines of machines. The
emphasis here, therefore, is on special purpose machines in contrast to general purpose machines, which
are installed in the process layout. Consequently, the investment on machines in a straight line layout is
higher than the investment on machines in a functional layout.
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The grouping of machines should be done, on product line, keeping in mind the following principles:

e All the machine tools or other types of equipment must be placed at the point demanded by the
sequence of operations.

Figure of Product Layout

*  All the operations, including assembly, testing and packing should be, included in the line.

*  Materials may be fed where they are required for assembly but not necessarily all at one point; and

° There should be no points where one line crosses another line;

The product layout may be advantageously followed in plants manufacturing standardised products on a

mass scale such as chemical, paper, sugar, rubber, refineries and cement industries.

Layout in the form of Fixed Position:

As the term itself implies, the fixed position layout involves the movement of men and machines to the
product which remains stationary. In this type of layout, the material or major component remains in a
fixed location, and tools, machinery and men as well as other pieces of material are brought to this location.
The movement of men and machines to the product is advisable because the cost of moving them would

be less than the cost of moving the product which is very bulky.

Also called static layout, this type is followed in the manufacture, if bulky and heavy products, such as

locomotives, ships, boilers, air crafts and generators.

Product (Ship) —»

Ship
Assembly

Material

<—Machine
< Men
< Tools
To be moved towards
the material

Mixed Layout or Combined Layout:
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The application of the principles of product layout, process layout or fixed location layout in their strict
meanings is difficult to come across. A combination of the product and process layouts, with an emphasis
on either, is noticed in most industrial establishments. Plants are never laid out in either pure form. It is
possible to have both types of layout in an efficiently combined form if the products manufactured are
somewhat similar and not complex.

Lathes Drilling Grin(%ing
(Raw Machins Machines ..
materials Finished
EARE: iy products
for t _)) > S
components A
IN ouT
Finished
Components products
-> ___ > > >
£ ]
Lathes Milling Grinding Gear Grinding Plating
cutting

Fig. Component flow in combined layout

Layout of Service Facility:

The fundamental difference between service facility and manufacturing facility layouts is that many service
facilities exist to bring together customers and services. Service facility layouts should provide for easy
entrance to these facilities from freeways and busy thoroughfares. Large, well organized and amply lighted
parking areas and well designed walkways to and from parking areas are some of the requirements of
service facility layouts.

Because of different degree of customer contact, two types of service facility layouts emerge, viz., those
that are almost totally designed around the customer receiving and servicing function (such as banks) and
those that are designed around the technologies, processing of physical materials and production efficiency
(such as hospitals).

Other facilities with reference to Plant Layout:

A plant layout involves, besides the grouping of machinery, an arrangement for other facilities as well.
Such facilities include receiving and shipping points, inspection facilities, employee facilities and storage.
Not all the facilities are required in every plant. The requirements depend on the nature of the product
which is manufactured in a particular plant.

Importance of layout:
The importance of a layout can be described as under:

*  Awvoidance of Bottlenecks: Bottlenecks refer to any, place in a production process where materials
tend to pile up or produced at rates of speed less rapid than the previous or subsequent operations.
Bottlenecks are caused by inadequate machine capacity, inadequate storage space or low speed on
the part of the operators. The results of bottlenecks are delays in production schedules, congestion,
accidents and wastage of floor area. All these may be overcome with an efficient layout.
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Avoidance of Unnecessary and Costly Changes: A planned layout avoids frequent changes which are
difficult and costly. The incorporation of flexibility elements in the layout would help in the avoidance
of revisions.

Better Production Control: Production control is concerned with the production of a product of the
right type at the right time and at reasonable cost. A good plant layout is a requisite of good production
control and provides the plant control officers with a systematic basis upon which to build organisation
and procedures.

Better Supervision: A good plant layout ensures better supervision in two ways: (a) Determining the
number of workers to be handled by a supervisor and (b) Enabling the supervisor to get a full view of
the entire plant at one glance. A good plant layout is, therefore, the first step in good supervision.

Economies in Handling: Nearly 30 per cent to 40 per cent of the manufacturing costs are accounted for
by materials handling. Every effort should, therefore, be made to cut down en this cost. Long distance
movements should be avoided and specific handling operations must he eliminated.

Effective Use of Available Area: Every unit of the plant area is valuable, especially in urban areas.
Efforts should be therefore, be made to make use of the available area by planning the layout properly.

Improved Employee Morale: Employee morale is achieved when workers are cheerful and confident.
This state of mental condition is vital to the success of any organisation. Morale depends on better
working conditions; better employee facilities; reduced number of accidents; and increased earnings.

Improved Quality Control: Timely execution of orders will be meaningful when the quality of the
output is not below expectations. To ensure quality, inspection should be conducted at different stages
of manufacture. An ideal layout provides for inspection to ensure better quality control.

Improved Utilisation of Labour: A good plant layout is one of the factors in effective utilisation of
labour. It makes possible individual operations, the process and flow of materials handling in such a
way that the time of each worker is effectively spent on productive operations.

Minimisation of Production Delays: Repeat order and new customers will be the result of prompt
execution of orders. Every management should try to keep to the delivery schedules.

Minimum Equipment Investment: Investment on equipment can be minimised by planned machine
balance and location, minimum handling distances, by the installation of general purpose machines
and by planned machine loading. A good plant layout provides all these advantages.

Good Layout - Characteristics:

Effective coordination and integration among men, materials and machinery to maximise utilisation
and output.

Facilitates supervision and control.

Flexibility for change of layout, expansion, changes in product design and process.

Good working conditions - lighting, ventilation, temperature, humidity etc., are as per requirements.
Maximum utilisation of available space.

Proper location of storage areas.
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*  Provision of safety and reduction of accidents.

Smooth flow of production (i.e., raw materials and workers).

Smooth movement of men, materials and machinery from place to place.
Layout planning and design:

The layout process starts with an analysis of the product to be manufactured and the expected volume of
its production. An analysis of the product includes a study of the parts to be manufactured and/or bought
and the stages at which they should be assembled to obtain the end product (i.e., finished product). The
volume of production is estimated based on the demand and the installed capacity.

For a given product, at a desired volume of production the most appropriate process is determined. The
process which is selected, in turn determines the type of equipments or machinery that would be required
to manufacture the product at ‘given volume. The type of machines or equipments could be of general
purpose or special purpose depending on the number of products produced (i.e., a standard product or a
product-line or product-mix) and the volume of production (i.e., batch production, mass production or
continuous production). The type of production determines the type of layout which is most suitable to
the type of production and the process selected. The capacity planning determines the number of machines
of each type required to produce a given volume of the product or products. The modern trend is to go for
advanced manufacturing technology and automation with a trend to use capital intensive production
facilities rather than labour-intensive. This results in increased production, better quality products, higher
productivity, shorter manufacturing cycles and reduced interruptions in production due to labour problems
etc.

Once the process and equipments needed to carryout the process are determined, the number of direct
operators and indirect labour for activities such as planning, material handling, quality control , maintenance,
industrial engineering, tool room, tool servicing etc., are determined. The facility planning and design
must take into consideration the space requirements for all the direct and indirect facilities including,
equipments, machinery, labour, inspection areas, storage areas, utilities and services and so on. Once all
these requirements are planned, the Civil Engineers, Architects, Plant Engineering personnel all work
together to prepare the Blue prints for the layout design of manufacturing shops and the entire plant.

Problems & Solutions
Problem: 1

A company is planning to undertake the production of medical testing equipments has to decide on the
location of the plant. Three locations are being considered, namely, A, B and C. The fixed costs of three
locations are estimated to be Rs. 300 Lakhs, 500 Lakhs and 250 Lakhs respectively. The variable costs are
Rs. 3000, Rs. 2000 and Rs. 3500 per unit respectively. The average sales price of the equipment is Rs. 7000
per unit. Find

(i) The range of annual production/sales volume for which each location is most suitable.

(ii) Select the best location, if the sales volume is of 18,000 units.
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Solution:
Determination of total costs of three locations.
Total cost = Fixed cost + [volume or quantity produced] x [variable cost]

= F + x.v where ‘X’ is the quantity to be produced.

a. Totalcostat A = 3,00,00,000 + 3,000X ..cceeereeeeiireeereeereeereeereeereeenee e 1)
b. Total costat B = 5,00,00,000 + 2,000X ...ccevvreereeerreeeieeeeereeereeereeereeereeeenens )
c. Total costat C = 2,00,00,000 4 3,500X ...ccveerrreveieereeereeereeereeereeeeeeeeeeeeeenes 3)

For the various volumes of production, i.e., 5,000, 10,000, 15,000, 20,000 and 25,000 units, the total costs are
computed at the three locations and they are plotted as shown in figure.

Table: Total costs at different volumes for three locations

(Rs. in Lakhs)
Volume (Nos) 5,000 10,000 15,000 20,000 25,000
A 450 600 750 900 1,050
B 600 700 800 900 1,000
C 425 600 775 950 1,125
1000 —
900 -
= 700 —
o
@)
E 500 —
°
= 300 —
100 —
0 T T 1 T T
5000 10000 15000 20000 25000

Decision Rules

For quantities upto 20,000 units, C is the most economical location. For quantities above 22,000, A is the

preferred location.

Quantity ——»
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Problem: 2

The present layout is shown in the figure. The manager of the department is intending to interchange the
departments C and F in the present layout. The handling frequencies between the departments is given.
All the departments are of the same size and configuration. The material handling cost per unit length
travel between departments is same. What will be the effect of interchange of departments C and F in the

layout?
C E
B D

From / To A B C D E F
A - 0 90 160 50 0
B - - 70 0 100 130
C - - _ 20 0 0
D - - - _ 180 10
E - - - - 40
F _ _ _ _ _ _

From / To A B C D E F
A 1 1 2 2 3
B 2 1 3 2
C 1 1 2
D 2 1
E 1
F _

(i) Computation of total cost matrix (combining the inter departmental material handling frequencies

and distance matrix.

From / To A C D E F Total
A 90 320 100 0 510
B 140 0 300 260 700
C 20 1 0 20
D 360 10 370
E 40 40
F _
Total 1,640

If the departments are interchanged, the layout will be represented as shown below.

A

C

E

B

D

F
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The distance matrix and the cost matrix are represented as shown.

From/To A B C D E F
A 1 3 2 2 1
B 2 1 3 2
C 1 1 2
D 2 1
E 1
F
Total cost matrix for the modified layout.
From/To A C D E F Total
A - 270 320 100 0 690
B 140 0 300 260 700
C 20 1 0 20
D 360 10 370
E 40 40
F _
Total 1,820

The interchange of departments C and F increases the total material handling cost. Thus, it is not a

desirable modification.

Problem: 3

A defence contractor is evaluating its machine shops current process layout. The figure below shows
the current layout and the table shows the trip matrix for the facility. Health and safety regulations
require departments E and F to remain at their current positions.

E B F
C D
Current Layout

From / To A B C D E F
A 8 3 9 5

B - 3
C - 8 9
D - 3
E - 3
F -

Can layout be improved? Also evaluate using load distance (Id) score.
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Solution:

Keep the departments E and F at the current locations. Because C must be as close as possible to both
E and F, put C between them. Place A directly south of E, and B next to A. All of the heavy traffic
concerns have been accommodated. Department D is located in the remaining place. The proposed
layout is shown in figure below. The load distance (1d) scores for the existing and proposed layout are
shown below. As Id score for proposed layout is less, the proposed layout indicates improvement

over existing.

E F
B D
Proposed Layout
Dept. Pair No. of Existing plan Proposed plan
Trips Distance Load x Distance | Distance|Load x Distance
©) 2 (1x2) 3 (1x3)
A-B 8 2 16 1 8
A-C 3 1 3 2 6
A-E 9 1 9 1 9
A—F 5 3 15 3 15
B-D 3 2 6 1 3
C-E 8 2 16 1 8
C-F 9 2 18 1 9
D+ 3 1 3 1 3
E—F 3 2 6 2 6
Total 92 67
Problem: 4

Location A would result in annual fixed cost of Rs. 3,00,000 variable costs of Rs. 63 per unit and
revenue Rs. 68 per unit. Annual fixed cost at Location B are Rs. 8,00,000 variable costs are Rs. 32 per
unit and revenues are Rs. 68 per unit. Sales volume is estimated to be 25000 units/year, which location

is attractive?

Solution:

Location A: BEP (units) =60,000 and Location B: BEP (units) =22,222.

At the expected demand of 25000 units, profits (loss) for the alternatives are:
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Alternatives
A B

Revenue 1,700,000 1,700,000
Costs:
Variables 1,575,000 800,000
Fixed 300,000 800,000

1,875,000 1,600,000
Profit/(Loss) (175,000) 100,000

Location B is most attractive, even though annual fixed costs are much higher than A.

Problem: 5

A manufacturer is considering four locations for a new plant. It has attempted to study all costs at the
various locations and find that the costs of the following items vary from one location to another. The

firm will finance the new plant from deposits bearing 10 percent interest.

A B C D
Labour (Rs. per unit) 0.75 1.10 0.80 0.90
Plant (Rs. crores) 0.46 0.39 0.40 0.48
Materials & equipment * (Rs. per unit) 0.43 0.60 0.40 0.55
Electricity (per year) (Rs.) 30.00 26.00 30.00 28.00
Water (per year) (Rs.) 7.00 6.00 7.00 7.00
Transportation (per unit) (Rs.) 0.02 0.10 0.10 0.05
Taxes (per year) (Rs.) 33.00 28.00 63.00 35.00

* This cost includes a projected depreciation, but no interest.

Determine the most suitable location (economically) for output volumes in the range of 50,000 to

1,30,000 units per year.
Costs A B C D
Fixed Cost (per year) :
10% of investment 4,60,000 3,90,000 4,00,000 4,80,000
Electricity 30,000 26,000 30,000 28,000
Water 7,000 6,000 7,000 7,000
Taxes 33,000 28,000 63,000 35,000
Total Fixed Cost 5,30,000 4,50,000 5,00,000 5,50,000
Variable Cost :
Labour 0.75 1.10 0.80 0.90
Material & equipment 0.43 0.60 0.40 0.55
Transportation 0.02 0.10 0.10 0.05
Total Variable Cost (per unit) 1.20 1.80 1.30 1.50
Total Cost: 5,30,000 4,50,000 5,00,000 5,50,000
+ 1.2/unit + 1.8 /unit + 1.3/unit 1.5/unit
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The point for a plant plans location break-even analysis chart are as follows:
At zero unit of output, use fixed cost values. At 100000 units of output:
A =6,50,000; B = 6,30,000; C = 6,30,000; D = 7,000,000.

Plot the graph of these linear functions.

Solution:

750
700 D
650 B
600 Y
550 C
500
450 '{

50 100 150

Units(000s)

From the graph it is clear that, for minimum cost, use site B for a volume of 50,000 to 1,00,000 units,
use site C for a volume of 1,00,000 to 1,30,000 units.

Problem: 6

Mr. X, the factory Manager of S.K.Industries, is considering an interchange of departments 3 and 6 in the
present layout. The present layout and the interdepartmental materials handling frequencies are furnished
below [All the departments are of the same size and configuration in the following matrix, respectively.]

1 3 5
2 4 6

Present Layout
Weekly frequencies of interdepartmental Material handling

From / To 1 2 3 4 5 6
1 - 90 160 50 6
2 - 70 0 100 130
3 - _ 20 0 0
4 - - _ 180 10
5 — — — 40

The per unit length inter departmental cost of materials of materials handling are equal. What is the effect
of the interchange of the departments 3 and 6 in the layout?

Solution:

The distance matrix for the present layout can be given as follows (Considering only the departments
that share a border as adjacent departments).
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Distance matrix (for initial layout)

From / To 1 2 3 4 5 6
1 1 1 2 2 3
2 - 2 1 3 2
3 - - 1 1 2
4 - - - 2 1
5 - - - 1
6 _ _ _ _ _

The total cost matrix can be easily calculated combining the inter-departmental materials handling
frequencies and the distance matrices.

Total cost matrix (for the initial layout)

From/To 1 2 3 4 5 6
1 0 90 320 100 0 510
2 140 0 300 260 700
3 20 0 0 20
4 360 10 370
5 40 40
6
Total 1,640
If the department 3 and 6 are interchanged, the layout would be as follows:
1 6 5
2 4
From/To 1 2 3 4 5 6
1 - 1 3 2 2 1
2 - - 2 1 3 2
3 - - _ 1 1 2
4 — — - _ 2 1
5 - - - - 1
From / To 1 2 3 4 5 6 Total
A 0 270 320 100 0 690
B 140 0 300 260 700
C 20 1 0 20
D 360 10 370
E 40 40
F —
Total 1,820
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By interchanging the departments 3 and 6 the total cost has been increased. So it is not advisable.

Problem: 6

A company planning, to manufacture a household cooking range, has to decide on the
location of the plant. Three locations are being considered viz., Patna, Ranchi, and Dhanbad. The fixed
costs of the three locations are estimated to be Rs. 30 lakh, 50 lakh, and 25 lakh per annum respectively. The
variable costs are Rs.300, Rs.200 and Rs.350 per unit respectively.

The expected sales price of the cooking range is Rs.700 per unit find out

(@) the range of annual production/sales volume for which each location is the most suitable and

(b) Which one of the three locations is the best location at a production/sales volume of 18,000 units?

Solution:

The total cost of the three locations are:

At Total cost = Fixed cost + Variable cost for a volume “X”

Patna
Ranchi
Dhanbad

=> Total cost = 30,00,000 + 300 x X
=> Total cost = 50,00,000 + 200 x X
=> Total cost = 25,00,000 +350 xX

We can compute and plot the total costs per annum at the three different locations for the various
cases of production volume of 5000, 10000, 15000, 20000, 25000 units.

a) Patna
Volume (Units) 5,000 10,000 15,000 20,000 25,000
Total =30,00,000+ 30,00,000+ 30,00,000+ 30,00,000+ 30,00,000+
Cost (Rs.) 300(5,000) | 300(10,000) | 300(15,000) | 300(20,000)| 300(25,000)
=Rs.45 lakhs |=Rs.60 lakhs |=Rs.75 lakhs |=Rs.90 lakhs [=Rs.105lakhs
b) Ranchi
Volume (Units) 5,000 10,000 15,000 20,000 25,000
Total = 50,00,000+| 50,00,000+ 50,00,000+ 50,00,000+ 50,00,000+
Cost (Rs.) 200(5,000)| 200(10,000)| 200(15,000)| 200(20,000) 200(25,000)
=Rs.60 =Rs.70 =Rs.80 =Rs.90 =Rs. 100
lakhs lakhs lakhs lakhs lakhs
¢) Dhanbad
Volume (Units) 5000 10000 15000 20000 25000
Total = 25,00,000+ 25,00,000+| 25,00,000+ 25,00,000+ 25,00,000+
Cost (Rs.) 350(5,000) | 350(10,000)] 350(15,000) | 350(20,000)| 350(25,000)
=Rs.42.5 =Rs.60 =Rs.77.5 =Rs.95 =Rs.112.5
lakhs lakhs lakhs lakhs lakhs
If the volume distribution be as follows:
up to 10,000 between 10,000 units above 20,000 units
unit to 20,000 units
Favour'able Dhanbad Patna Ranchi
Location
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For a volume 18000 units favourable location is Patna which can be substantiated by the followings:

30,00,000 +300 x 18000 = Rs. 84 lakhs
50,00,000+200 x 18000 = Rs. 86 lakhs
25,00,000 +350 x 18000 = Rs. 88 lakhs

Patna
Ranchi

Dhanbad

Problem: 7

Find an improved layout for the initial layout given in figure by using CRAFT pair wise exchange
technique. The interdepartmental flows are also furnished along with the interdepartmental cost matrix.

=>
=>
=>

«— 11— «—1—> <« 1

A

B

C

Initial Layout

1
Cost Matrix
From A B C
A 1 1
B 1 1
C 1 1 \
Flow Matrix Distance Matrix
To A B To A B
From From
A ~1_ A 1
B 1 B 1
C 3 3 C 2 1
Solution:

For the initial layout let us find the total cost matrix (which is the product of the cost flow and distance

matrices given).

Total Cost Matrix (Initial)

From™— To B C Total
A 1 5
B 4
C 3 9
Total Cost 18

CRAFT considers exchanges between a pair of departments which have

i) either a common border, or ii) the same area.

Since in the given problem, all the three departments A, B and C have the same area they can be
interchanged with each other in pairs. The interchanges that are possible are between, (i) A and B, (ii)
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A and C, and (iii) B and C.
Let us interchange A and B (Figure).

« 1 5 « 1 5 «—-1

A B C

s —

Initial Layout

The total cost is now more than that for the initial layout and so this exchange is not desirable. We
may next try the exchange between A and C. However, this exchange results in only a mirror image
of the initial layout. As such, that is not giving to change the total cost, and layout. Therefore we try
the next possible exchange, viz., between B and C (Figure).

Distance Matrix

To
From A B C
A 1 1
B 1
C 1 2
Therefore, the total cost matrix will be
Cost Matrix
To
From A B C Total
A 1 2 3
B 1 6 7
C 3 6 9
Total Cost = 19
A C B
New Layout
New Distance Matrix
The total cost matrix is given below
Total Cost Matrix
To
From A B C Total
A 2 2 4
B 2 3 5
C 3 3 6
Total 5 5 5 15

This matrix is an improvement over that for the initial layout and is thus accepted. The improved
layout flow is shown in figure.
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A C B

Final Layout
Material Handling System:

Material handling is an integral part of manufacturing process. In order to manufacture any product, it is
essential to move the material from one place to that of another. Materials must be turned, moved, and
positioned on the respective machines to produce the required output. Materials must also be inevitably
moved from one machine to another. Though operators can be employed to move the materials, the common
practice is to move the materials from one processing area to another and from one department to another.
To start with, material must-be moved, prior to the production process, from the storage room to the first
processing operation. There may also be inter-departmental transfer of materials or finned goods from the
final conversion operation performed to final inspection. Finally, they go to the finished goods room and
then shipped to customers.

In a general sense, materials handling includes all movement of materials in a manufacturing situation.
Materials handling is defined as the art and science involving the moving, packing, and storing of substances
in any form.

The primary objective of materials handling is to improve production performance by speeding up material
flow. Lower unit cost of production less work in progress, reduced labour costs of handling materials,
better utilization of shop floor and warehouse, fewer breakages, reduced fatigue of operatives and other
shop floor personnel, better facilities and reduced accidents, improved product quality, better customer
service, and general safety are the other objectives of the materials handling system. The twin objectives
therefore can be:

¢ Improvement of production performance and reduction of costs.
¢ Improvement of conditions for shop floor personnel.
These are discussed as under:

*  Better control of the flow of goods: Effective materials handling system results in better control of the
flow of goods.

*  Higherproductivity at lower manufacturing cost: The material handling system in any manufacturing
organization should be primarily designed to improve productivity and avoid inordinate delays in
furnishing the required materials at the manufacturing place. The fastest most efficient and economical
movement of materials result in higher productivity at lower manufacturing cost.

*  Improved working conditions and greater safety in the movement of materials: The manufacturing
organizations are required to follow the safe handling practices. Safe handling of materials limits the
cases of industrial accidents and employees feel safe and secure to work in manufacturing units.

*  Increased storage capacity: Scientific movement and storage of materials result in the effective
utilization of available storage space.

*  Lower the unit materials handling costs: It is quite obvious that the overall materials handling costs
will be reduced if the unit costs are reduced.
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Provide for fewer rejects: Careful handling of the product will contribute to a better quality level of
the goods, produced. Ineffective handling of materials results in breakage, and damage, to the goods
produced. Production of defective pieces acts as a major cost to manufactures.

Reduce the manufacture cycle time: Through effective handling of materials, the total time required to
make a product move from the receipt of raw materials to the finished goods. Movement of materials
canbe speeded up or may be handled over shorter distances. Substantial reduction of the manufacturing
cycle time will eventually reduce the inventory costs and the other production costs incident thereto.

Principles of Material Handling

Materials handling is a service function; it is not an end in itself. The principles of materials handling can
be grouped under three broad headings:

Principles relating to the elimination of wasteful methods,
Principles relating to the laying out the plant,

Principles relating to the selection and application of materials handling equipment.

Wasteful methods can be eliminated by following the undermentioned principles.

Avoiding the unnecessary transfer of materials from floor to workplace or from container to container,
Eliminating unnecessary mixing and subsequent storing,

Increasing the speed of handling the materials,

Utilizing gravity as a moving force, wherever practicable,

Introduction of automaticity into the materials handling system,

Reducing to a minimum the number of handlings of materials,

Using mechanical aids to eliminate the use of hand labour in the movement of materials.

Principles of Material Handling

| |

Related to Related to Related to

Planning Equipment Operation
Planning Principle * Mechanisation/ * Control Principle
Systems Principle Automation Principle * Capecity Principle
Material Flow Principles ¢ Equipment Selection ¢ Performance Principle

Simplification Principle Principle

Gravity Principle e Flexibility Principle
Space Utilisation Principle < Dead Weight Principle
Safety Principle * Motion Principle

Idle Time Principle
Maintenance Principle
Obsolesence Principle

Fig. Principlesof Material Handling
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Selection of Materials handling equipment

The following principles should be borne in mind; while, selecting and applying various materials handling
equipment:

As far as possible, management should avoid; using the complicated mechanisms and controls; it is
better, to use the simplest possible equipment to handle the materials.

Before considering the purchase of new equipment; the activities must be planned and the equipment
needs must be analysed.

Before purchasing the equipment, comparative costs of various equipments must be determined and
analysed.

Different equipment must be used for different jobs.

Equipment selected for handling materials must be flexible in its application.

It is necessary that equipment must be managed and maintained properly.

It is necessary to ensure that obsolete methods and equipment are replaced periodically.
Management should ensure that the new handling equipment must be put to effective use.
Management should try to standardize equipment, if possible.

Selection of equipment should be based on the principle that the equipment should minimize the
ratio of mobile equipment dead weights to payloads.

The building must big enough to keep the materials handling equipment.

Various types of materials handling equipment used in manufacturing organisations:

Materials handling requires some equipment especially designed to meet the requirements of handling
different materials. The general types of materials handling equipment include the conveyors, cranes,
elevator and hoists; positioning; weighing and control equipment; industrial vehicles motor vehicles; railroad
cars; marine carriers; aircraft; containers and supports. The main types of equipment can be conveniently
classified under the following heads;

Aerial ropeways and cable-ways
Conveyors: These include

(1) Chutes

(ii) Roller Conveyors

(iii)  Belt conveyors

(iv)  Drag lines

(v) Bar or slot

(vi) Tow

(vii) Screw

(viii) Pneumatic.

(ix)  Bracket or tray elevators

(x) Car and chair conveyors
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(xi)

Monorails

The conveyors are expensive to install, but cheap to run. Further, they are reliable in operation. Most of the
conveyors are inflexible and restrict plant layout changes. They have one positive advantage - they require
little maintenance.

Hoists and lifts

Cranes: Actually, it is very difficult to precisely define cranes as they shade in one direction into hoists
and in the other direction into conveyors. Several possibilities could be:

()

(i)
(i)
(iv)

Portable or mobile

Fixed track travelling

Fixed

Other sub-types including the job, gantry, bridge, and derrick.

Trucks and tractors: These include

)

(i)
(iii)
(iv)

Straddle
Pedestrian controlled
Hand operated

Industrial tractors

Pallet handling trucks and pallets: A pallet is a portable platform on which goods are placed to form a
‘unit’ load for handling and stacking. A variety of trucks has been designed for handling pallets,
including the following;:

@
(i)
(iii)

(iv)
\

Forklift trucks: A generic term covering all types of trucks capable of using forks to lift pallets.
Reach trucks: These are used where the forks are telescopic to facilitate stacking.

Stackers: These are designed in such a way that they can be operated from batteries or mains
in a fixed position.

Hand pallet trucks

Stillage trucks: A stillage is a simple form of pallet, usually disposable and therefore cheaply
constructed. Stillage trucks are usually hand-operated trucks.

The devices that can be used with forklift trucks include:

)

(i)
(i)
(iv)

Side shifter attachments for correct lateral positioning,
Special loading and off-loading attachments,
Clamping arms and grabs,

Tilting, rocking and rollover devices.

Earth moving equipment: These are of little concern in material handling.

Various miscellaneous equipment: These include:

(i)

Lorry floor conveyors,
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i) Vanloader,

iii)  Lorry loader,

(

(

(iv)  Lifting tail gates,
(v) Vibrating screens,
(vi)  Hydraulic bridges.

Automatic transfer equipment: The quest for automation has resulted in rapid development of
automatic transfer equipment in the recent past.

Factors affecting the selection of materials handling equipment:

The primary objective of employing the materials handling equipment is to arrive at the lowest cost per
unit of material handled. This entails attaining a happy balance between the production problem, the
capabilities of the equipment available, and the people involved in using the equipment. The factors
concerning the production problem include the volume of production, the types and classes of materials
needed, the layout of the plant and building premises. The factors to be taken into account while employing
the equipment for handling 