Scanned with CamScanner



UNIT 1: PLANT ENGINEERING

SELECTION OF SITE OF INDUSTRY OF PLANT LOCATION

First we have to define industry before selecting its location of site.

An industry of plant is an organization which produces row-materials,
goods of services using men, materials, money and machinery.

At the time of setting up of an industry suitable site has to be selected.
Selection of site involves two major activities.
1. To select a proper geographic region.

2. Selection of a specific site within the region.

Factors affecting plant location:-

C

C

Nearness to raw material :-

It will reduce the cost of transporting raw material from the vendor’s
end to the plant, this factor is essential for selection of site for sugar,
cement, jute and cotton textile industries.

Transport facilities :—

A lot of money is spent both in transporting the raw material and the
finished goods speedy transport facilities ensure timely supply of raw
materials to the company and finished goods to the customers, There
are five basic modes of physical transportation air, road, rail, water and
pipe line.

Nearness to market:-

It reduces the cost of transportation as well as the chances of the
finished products getting damaged and spoiled in the way.
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Availability of labour:-

 Suitable labour force, of right kind, of adequate size (humber), and at
reasonable rates

 With its proper attitude towards work are a few factors which govern
plant location to major extent.

 The purpose of the management s to face less boycotts, strikes or lockout
and achieve lower labour cost per unit of production.

Availability of fuel and power: -

e Steel industries are located near source of fuel (coal) to cut down fuel
transportation costs.

 Electric power should remain available continuously in proper quantity
and at reasonable rates.

Availability of water: -

Depending on the nature of the plant, water should be available in

adequate quantity and should be of proper quality water is essential for
paper and chemical industries.

Climatic condition:—

Climate greatly influence human efficiency and behavior. For example textile

mills require humidity. Moreover certain industry require a specific climatic
condition ventilating and air conditioning, climate of the region doesn’t

present much problem of Course control of climate needs money and
increases the cost of the product.

Financial and other aids:—

* Certain states give aids as loans, feed money, machinery, built up sheds
etc. to attract industrialist.

Land: - Topography, area, the shape of the site, cost, drainage and other
facilities, the probability of floods, earthquakes etc.

* Influence the selection of plant location.
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Community attitude

« Community attitude towards their work and towards the prospective
iIndustries cab make or mar the industry.

e Success of an industry depends on the attitude of the local People
whether they want to work or not.

Supporting industries

* All industries will not make all the components and parts by itself and it
subcontracts the work to vendors

Social Infrastructures:—
Availability of community facilities like

1. Housing facilities

2. Recreational facilities

3. Educational facilities

4. Medical facilities are to be considered.
Law and taxation

The policies of the state govt and local bodies concerning labour laws, building
codes, safety etc. are the factors that demand attention.

PLANT LAYOUT

L Plant layout means the disposition of the various facilities (equipments,
material, manpower etc) and services of the plant within the area of the
site selected previously.

L It begins with the design of the factory building and goes up to the
location and movement of a work table. All the facilities like equipments,
raw materials, machinery, tools, fixtures, workers etc are given a proper
place.

L Plant layout is a plan of an optimum arrangement of facilities including
personnel, operating equipment, storage space, material handling
equipment and all other supporting services along with the design of best
structure to contain all these facilities.

OBJECTIVE OF PLANT LAYOUT:-

1 Material handling and transportation is minimized and efficiently
controlled.
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Bottle necks and points of congestions are eliminated so that the raw
material and semi finished goods move fast from one work station to
another.

Workstations are designed suitably and properly.

Suitable places are allocated to production centers and service centers.
Movements made by the workers are minimized.

Waiting time of semi finished products is minimized.

Working conditions are safer, better and improved.

Increased flexibility of changes in product design and for future
expansion.

Utilization of cubic space (length, width and height).
These are improved work methods and reduced production cycle times.
Plant maintenance is simpler.

Increased productivity and better product quality with reduced capital
cost.

A good layout permits materials to move through the plant at the
desired speed with the lowest cost.
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PRINCIPLES OF PLANT LAYOUT:-

[ Principle of integration:

A good layout is one that integrates men, materials, machines and
supporting services and other in order to get the optimum utilization of
resources and maximum effectiveness.

_  Principle of minimum movements and material handling:

The facilities should be arranged such that the total distances travelled by the
men and materials should be minimum and as far as possible straight line

movement is preferred. It is better to transport materials in bulk rather than in
small amounts.

U Principle of smooth and continuous flow :

A good layout makes the materials to move in forward direction towards the
completion stage. Bottle necks, congestion points and back tracking should be
removed by proper line balancing techniques.

| Principle of cubic space utilization :

The good layout utilizes both horizontal and vertical space. Besides using the
floor space of a room the ceiling height is also utilized. Boxes and bags
containing raw material or goods can be stacked one above the other to store
more items in the same room.

[ Principle of safety , security and satisfaction :

Working places must be safe, well ventilated and free safe work space from
dust, noise, fumes, odours, and other hazardous conditions, increases the
operating efficiency of the workers and improve their morale.

| Principle of maximum flexibility :

The good layout is one that can be altered without much cost and time. The
machinery is arranged in such a way that the changes of the production
process can be achieved at least cost or disturbance.
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1. PROCESS LAYOUT(FUNCTION LAYOUT

e The layout is recommended for batch production. All machines
performing similar type of operations are grouped at one location in the
process layout. Ex-all lathes, milling machine kept at one place.

e The arrangements of facilities are grouped together according to their

functions.

Advantages:

l. Wide flexibility exists during allotment of work to equipment and workers.
Il. Better utilization of equipments.

lll. Lower investments on account of comparatively less no. Of machine are
used.

IV. Better product quality because to attend one type of machine.

V. Varieties of jobs coming as different job order make the work more
challenging and interesting.

VI. Workers in one section are one affected by the nature of another section.
Disadvan
.  For the same amount of production, more space is required.
Il.  Automatic materials handling is difficult.
lll.  More materials in process remain in queue for further operation.
IV. Completion of same product takes more time.
V. Work-in-process inventory is large.

VI. Production planning and control is difficult.
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VIl. Raw materials have to travel larger distances for being processed to
finished goods. Thus increases cost.

VIll. It means more inspections and different co-ordination.
2. Product | t (line layout

] The various operations on raw materials are performed in a sequence
and the machines are arranged in the sequence in which the raw

materials will be operated upon.

-
m @

Advantages:

.  Less space requirements for the same volume of production.
II.  Automatic materials handling, less movements, so cost is reduced.
[Il.  Less in process inventory.
IV. Product completes in lesser time.
VI. Simplified production, planning and control.
VIl.  Smooth and continuous work flow.
VIIl.  Less skilled workers can learn and serve and serve the purpose.
Disadvantage:
l.  Lack of flexibility.
Il. Excessive idle time due to slowest machine.

lll.  More machines to be purchased and kept which require high capital
investment.

IV. One inspector has to attend a no. of machine in a production line.

V. ltis difficult to increase production beyond the capacities of the
production lines.
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2. COMBINATION LAYOUT:-

This is called the mixed type of layout usually a process layout is combined
with the product layout.
Ex-refrigerator manufacturing uses a combination layout.

Manufacturing various components ~—-, process
Layout for assembly of component :fprnduct
Layout

EX-files, hacksaw, circular metal saws, wood saws

TOOLS & TECHNIQUES USED TO IMPROVE INDUSTRIAL LAYOUT

There are 6 tools & techniques used for layout planning.

e Operation process charts
e Flow process charts

e Process flow diagram

e Machine date cards

e Templates

e Scale models

Operation process charts:

e Manufacturing process is divided into separate operation with help
of operation process chart.

e This chart represents basic activities required for producing
product.

Flow process charts:

e This chart is a graphical representation of all production activities
occurring on the shop floor.
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e |t provides complete information for the analysis & improvement
of plant operation as a whole on the basis of this analysis
operations may be combined, rearranged or eliminated.

e This chart used to verify efficiency of a new layout.

Process flow diagram:

e This diagram is used to supplement the flow process chart.

e |t is the diagram of building plan representing graphically the
relative position of productive machinery storage space, gangways
& path followed by men or materials.

e |t helpinimproving layout.

Machine date cards:

e These card give complete specification of each machine to be
installed showing its capacity, space & other requirements,
foundation method of operation, maintenance & handling devices
of machine.

Templates:

e After studying the flow process chart, process flow diagram &
machine data card a floor plan is prepared by firing aria occupied
by each item (machine, benches, racks, material handling
equipment) to be erected on the shop.

e The thick sheets of cardboard, plywood or plastic on same scale

pieces of sheet are cut to represent various item which are to be
housed in the plants & placed on floor at suitable locations.

e These templates are arranged in such a way so as to provide best
layout.

Scale models:

e |nthis tools, instead of templates, 3D scale model is utilized.
¢ These models wood, plastic or metal.

e Series of additional information about the height & of the projected
components of machine are obtained.

Principles of Material Handling Equipment.
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In an organization, a considerable amount of material handling is done

manually or through automated process.

Objectives of material Handling are:

Sy N g e

It should be able determine appropriate distance to be covered.
Facilitate reduction in material damage as to improve quality.
Reduce manufacturing time.

Improve material flow control.

Improve productivity & efficiency.

Better utilization of time & equipment.

Principles of material Handling:

1. Orientation Principle: -- Study of all available system relationships
before moving towards preliminary planning.

2. Planning principle: -- It produce a plan includes basic requirements,
desirable alternates & planning for contingency.

3. System Principle: -- It integrates handling & storage activities, which is
cost effective into integrated system design.

4. Unit load Principle: -- Handle product in a unit load as large as possible.

5. Space utilization Principle: -- effective utilization of all space.

6. Standardization Principle: -- standardization of handling methods &
equipments.

7. Ergonomic Principle: -- Recognizes human capabilities & limitation by
design effective handling equipment.

8. Energy Principle

9. Ecology Principle

10.Mechanization Principle: -- Mechanization of handling process

wherever possible to encourage efficiency.

11.Flexibility Principle: -- Method & equipment which are possible to

utilize in all types of condition.

12.Simplification Principle: -- By removing unnecessary movements.
13.Gravity principle: -- Use gravity principle in movement of goods.
14.Safety principle.

15.System flow principle: -- Integration of data flow with physical material

flow.

16.Layout principle: -- Encourages preparation of operational sequence of

all systems.

17.Cost principle: -- Cost benefit analysis.
18.Maintenance principle: -- Encourages preparation of plan for

preventive maintenance.

19. Obsolescence principle: -- Encourage preparation of equipment policy

as to enjoy appropriate economic advantage.
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Plant maintenance:

Plant maintenance consists of a set of activities by which the machinery,
buildings and services are always ready to perform their functions at optimum
return on investment.

In other words the main objective of plant maintenance is to achieve
minimum breakdown and to keep the plant in good working condition at the
lowest possible cost.

Importance of plant maintenance:

(i) The importance of plant maintenance varies with the type of
production of the plant.

(i) In a flow production factory, a single fault in a line will cease the
activities of different work station of that line as well as may stop the
activities of other production line.

This results an inevitable loss of production.
(iii)  An un-properly maintained plant will demand expensive repairs at a

particular time as all machines and other facilities including buildings
will need to be maintained to function properly.

(iv) Plant maintenance has a vital role in production management because
plant breakdown creates problems such as :
- Loss in production time

Rescheduling of production

Damage of in-process material

Temporary work shortages
Need for overtime

Need for subcontracting work

Type of Maintenance:

(a) Corrective or breakdown maintenance
(b) Scheduled maintenance
(c) Preventive maintenance

) Predictive maintenance

Corrective or Breakdown maintenance:
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In corrective or breakdown maintenance the repair of the equipment is
done only when the equipment fails to perform its normal duty, e.g. an electric
motor will not start.

Breakdown maintenance practice is economical for those equipments
whose down time and repair cost is less compared to overhead cost of
production by adopting any other type of maintenance.

Breakdown type of maintenance involves little administrative work, few
records and a comparative small staff.

There is no planned interference with production programmes.

This type of maintenance is quite suitable for small factories.

Disadvantages of Breakdown Maintenance:

(i) If breakdown occurs at the time when the equipment has to be
operated to fulfil the supply of demand then the situation leads to
hurried maintenance.

(i) Reduction of output.

(iii)  Increases chances of accidents and provides less safety workplace.
(iv) Results direct loss of profit.

(v) Breakdown maintenance practice cannot be employed for those plant
items which are regulated by statutory provisions, for example: cranes,
lifts, hoists and pressure vessels.

Scheduled Maintenance:

In scheduled maintenance the causes of equipment breakdown has been
analyzed and some maintenance work has been planned to be taken up at a
scheduled time to minimize the possibility of breakdown of the equipment.

In this type of maintenance, lubrication overhauling of machines, clearing
of water and other tanks, white-washing of buildings are conducted.

Preventive maintenance:
In preventive maintenance, inspection plays a key role.

Using suitable statistical techniques the frequency of inspection has been
determined.

With the help of periodic inspection, the conditions which lead to
production breakdown has been uncovered and the weak spots of all
equipments have been repaired before breakdown of the equipment.

Scanned with CamScanner



By this maintenance optimum productive efficiency and operational

accuracy of the plant equipment has been obtained.

The main objectives of preventive maintenance is

(i) To achieve maximum production at minimum repair cost.

(ii) To ensure safety of life and limbs of the workmen.
(iii) To maintain the quality of the product.

However, a perfect coordination between production department and

preventive maintenance personnel is highly essential for the success of the

preventive maintenance practice.
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UNIT 2: OPERATION RESEARCH

Optimization techniques:

The word optimization is from optimum which implies a point at which the
conditions are best and most favorable. An optimum point may represent a maximum
position or minimum position.

Method for optimizing:

a) Search
b) Differential calculus
c) Statistical methods
d) Linear programming
i.  Graphical method
ii. Transportation method
ii. Simplex method

e) Queuing theory
f) Dynamic programming

Application of optimization:

Load allocation problems, component selection and dynamic, load sharing
problems.

Operation research:

Operation research signifies research on operations. It is the organized

application of modern science, mathematics and computer techniques to complex
military, government, business or industrial problems arising in the direction and
management of large systems of men, materials, money and machines.
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Methodology

1. Understand the actual real situation, capture the same and define the
problem

2. Formulate a mathematical model
3. Develop a mathematical solution
4. Interpret the solution and prepare the information in such a form that it

is meaningful, and quantitative. Translate it in to a decision.

5. Implement the decision to the real situation.
6. Verify the results

Methods of operation research
Various techniques used to solve optimization problems are as follows:

1. Linear programming
a) Graphical linear programming
b) Transportation method
c) Simplex method

2. Wait line or queuing theory

3. Game theory

4. Dynamic programming
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Linear programming

Linear programming is powerful mathematical technique for finding the best

use of limited resources of a concern. Overall profit or minimum overall cost to

minimize this technique can be used to maximize of a company.

LP can be applied effectively only if

a) The objectives can be stated mathematically

b) Resources can be measured as quantities (no. weight etc)
c) There are too many alternate solutions to be evaluated conveniently
d) The variables of the problem bear a linear relationship i.e. doubling

the units of resources will double the profit.
Problem solving is based upon the system of linear equation:

Standard form of linear programming problem:

Let x1, X2, X3 Xn are the decision variables.

Optimize (maximum or minimize)

Z=C1X1+C2X2+ .cuuuunn.n.. + CnXn (Objective function)

Subject to constraints

a1+ anXz+............ +ainXn< bi
axiX1+ a2+t a2nXn < b
aml}{l + amlxz ¢ TN, » 3 an){n 5 bn
5 0 - T - Xn 2 0 (non-negative restriction)
WHErE i, €3 Ca; svvnunniss cn are cost or profit coefficients.
dijj (i — i TR e n)
(j=1,2,3,.....n)
b1, b2, ceernnnnnnn. bm are called requirement or availability.

LPP can solved by two methods.
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1. Graphical method: when two decision variables are involved. This is
simple.

2. Simplex method: useful for any no. of decision variable in the

problem and no. of constraints.

Formulation of LP problem:

1. From the given problem, identify the key decisions to be made.

2. ldentify the decision variables, whose values give the solution to the
problem.

3. Write the objective in the quantitative terms and express it as a
function oflinear variables.

4. Study the constraints and express them as a linear equation.

Graphical method:

Simple two dimensional linear programming problems can be easily

and rapidly solved by this technique. This method can be easily be applied
up to 3 variables.

Example 1: A furniture manufacturer makes two products X1 & X2 namely chair
and tables. Each chair contributes a profit of Rs 20 and each table that of Rs 40.
Chairs and tables from raw material to finished product, are processed in 3

sections S1, Sz, Ss. In section Si1 each chair (X1) requires 1 Hr and each table (X2)
requires 4 Hrs of processing. In section Sz, each chair requires 3 Hrs and each
table 1 Hr and in section Ss the times are 1 and 1 Hr respectively. The
manufacturer wants to optimize his profits if sections S1, S2, Sscan be availed
for not more than 24, 21 and 8 Hrs respectively.
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ANS:

Let no of Chair = X4
& no of Table =X>

Then the mathematical model for maximizing net profit will be
Maximum Z = 20X1 + 40X,

Maximum
Chair

S1 1 4 24

Table Total

) 3 1 21

S3 1 1 3

Subject to:

X1+4 X224
33X+ X221
X1+ X2<8
X1, X220

Problem:
Maximize Z = X + 5Y when
5X+6Y<30
3X+2Y<12
X, Y20
First step: convert the constraint inequalities temporarily, into equations i.e.

5X + 6Y = 30-------- Ci
3X $2Y's 17 C

Second step: Axes are marked on the graph paper and are labeled with variables X
and .

Third step: Draw straight lines on the graph paper using constraint equations.
We have to find two points to draw a straight line.

On X axis the Y coordinate of the point will be zero and on Y axis the X coordinate of
the point will be zero.

Using equation C; two points will be found the equation is 5X + 6Y = 30
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Here to find the point on X axis Y =0
Putting Y=0 in the equation we have

5X+0=30
——> X =6
So the point on X axis is (6, 0)
Similarly the X coordinate of the point on Y axis =0

Putting X =0
we have 0 + 6Y =30
——>Y=5

So the point on Y axis is (0, 5) joining (6, 0) & (0, 5)
We will obtain one straight line named as C1

Similarly equation C; will be solved and another two points will be obtained as
follows

3X0+2Y=12 —=="56
Point is (O, 6)

And 3X+2X0=12 ==&
Point is (4, 0)

Joining (0, 6) and (4, 0) another straight line is obtained.
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NETWORK ANALYSIS

It is a system which plans projects both large and small by analyzing the project
activities. Projects are broken down to individual tasks or activities, which are
arranged in logical sequence. A network diagram is constructed for visual
presentation of the relationship between all the activities involved in the project. It
had its early roots in World War Il but becomes a useful tool for enhancing production
maximizing profit and assuring quality of the product.

Projects:

Project is any task which has definable beginning and definable end. It is
essential to manage effectively the projects through proper planning, scheduling and
control as project requires a heavy investment, and is associated with risk and
uncertainties.

Network scheduling:

It is a technique used for planning and scheduling large projects in the field of
constructions, maintenance, fabrication and any other areas.

This technique is the method of minimizing the bottlenecks, delays and
interruptions by determining the critical factors and coordinating various activities.
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There are two basic planning and control techniques. They are Critical Path
Method (CPM) and Program Evaluation and Review Techniques (PERT).

Objective of Network Analysis:

1. A powerful coordinating tool for planning, scheduling and controlling of
projects.

2. Minimization of total project cost and time.
3. Effective utilization of resources and minimization of effective resources.

4. Minimization of delays and interruption during implementation of the
project.

Application of Network Analysis (PERT and CPM):

Research and development projects.
Equipment maintenance and overhauling.
Construction projects (building, bridges, dams)
Setting up new industries

Planning and launching of new products.
Design of plants, machines and systems

N A A =

Organization of big programs

Terms related to network planning methods:

Event (node):

An event is a specific instant of time which marks the start and the end of an
activity. Event consumes neither time nor resources. It is represented by a circle and
the event no. is written within the circle.

Ex — start the motor, loan approved.

Activity:
Every project consists of a no. of job operations or tasks which are called

activities. An activity is an element of project and it may be a process, a material
handling or material procurement cycle.

Ex — install machinery, arrange foreign exchange.

It is shown by an arrow and it begins and ends with an event. An activity is
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normally given a name like A, B, C etci.e. marked below the arrow and the estimated
time to accomplish the activity is marked above the arrow.

Activities are classified as:

1. Critical activities:

In a network diagram, critical activities are those which if consume more
than their estimated time the project will be delayed. An activity is called critical
if its earliest start time plus the time taken by it is equal to the latest finishing
time. A critical activity is marked either by a thick arrow or (//).

2. Non critical activities:

Such activities have provision (slack or float) so that even if they consume
a specified time over and above the estimated time, the project will not be
delayed.

3. Dummy activities:

When two activities start at the same instant of time, the head events are
joined by a dotted arrow and this is known as dummy activity. It does not

consume time. It may be non-critical or critical. It becomes a critical activity
when its EST = LFT.
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