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INTRODUCTION

# The American Institute of Industrial Engingers (AIIE) has defined the Industrial Engineering as
“Concerned with design, improvement and installation of integrated systems of people, materials,
equipment and energy.”

# Industrial Engineening 15 going to play a pivotal role in increasing the productivity, It 18 the
engineering approach to the detailed analysis of the use and cost of the resources of an
organization. The main resources are men, money, materials, equipment and machinery.

# The Industnal Engineer carries out such analysis in order to achieve the objectives (to inerease
productivity or profits etc.) and policies of the organization,

Productivity

#  Production is transformation of inputs into the output of commodity in a specific period of time
with the given technology.

# Production implies the creation of form, place and time utilities of different usable commodities
and serviee,

#  Productivity measures the efficiency of the production system. Or productivity may be defined as

ratio between output and input.

# Output means the amount produced or the number of items produced.

# Input are the various sources employed like land. Building, equipment, machinery, matenial, labor,
ele.

Main function of an Industrial Engineer

# Design of a system and management of that system
# Productivity Improvement

Productivity Improvement means:

# More efficient use of resources
# Less waste per unit of input supplied
#  Higher levels of output for fixed levels of input supphied

The mputs are;

Human eflorts
Energy
Matenals
Invested capital
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Present state of Industrial Engineering;

Value engineering

Operation research

CPM and PERT

Human Engincering ( Ergonomics)

system analvsis

Advances in Information Technology and Computer packages
Mathematical and statistical tools
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Activities of Industrial Engineering:

# Selection of processes and assembling methods

# Selection and design of tools and equipment

# Design of facilities including plam location layout of buildings, machines and equipments matenial
handling system, raw materials and finished goods storage facilities.

Design and improvement of planning and control system for production, inventory, quality and
plant maintenance and distribution systems.

Developing a cost control system such as budgetary control, cost analysis and standard costing.
Development of ime standard, costing and performance standards

Development and installation of job evaluation system

Installation of wage incentives schemes

Design and installation of value engineering and analysis system

Operation research including mathematical techniques and stanistical analysis

Performance evaluation

Organization and methods

Project feasibility studies

Supplier selection and evaluation

¥
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Objective of Industrial Engincering:

# To establish methods for improving the operations and controlling the production costs
# To develop programs Tor reducing those costs

Technigue of Industrial Engineering:

Method study

Time study

Motion study

Financial and non-financial incentives
Value analysis

Production, planning and control
Inventory control

Job evaluation

Matenal handling analysis
Ergonomics (Human engineering)
System analysis

Operation rescarch techniques
Other techniques
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Applications of Industrial Engineering:

7 In health services

# In government organizations

# [n banking

# (Others such as marketing, finance, purchasing, industrial relations ete.
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Chapter 1
PLANT LOCATION AND LAYOUT

LL1 PLANT LOUCATION

To start 4 new husingss, location 15 very important factor. Business [ncation plays major role in growth of
the busingss, Since every business wants to maximize the profit and minimize the cost, 17 the wrong site
selection is done then it may lead to failure of the business.

Mant location refers to the choice of region and the seleetion of a particular site for setting up a business
or factory.

LLINATURE OF LOCATION DECISION

Mant location depends on the nature of business and size of business.

Following vanous factors are to be considered for the location decision:

-
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Economic consideration

Suppliers market avalability

Customer's reachability

Manpower availability

Giovernment policies regarding the business
support of lecal communitics

L1L3 IMPORTANCE OF PLANT LOCATION

The selection of plant location site 1s important because of following reasons:

F

~

['he location of plant should be nearer to the customers as well as to the supplicrs in order to
reduce the transportalion cost,

Physical factor such as electric power, transporiation fagility, wvailability of Tabour, availability of
water etc. must be considered.

Climate conditions such as temperature, humdity, ranfall, probability of flood clc. are to be
considered for site selection,

Political influence and community factor may also affect the plant location

LLA DYNAMIT NATURE OF PLANT LOCATION

It is difficult to say that the selected location is permanent for the industry. The plant location may change

[ILLi,.' Lex MEINY Feasons

Expansion of the company

Shift of market away from location

Shifting of supphers and interrelated industries to any other arcas

Change in existing transportation facilitics

Increase in transportation cost,

Unavailable of labour force.

Froblems in availing basic facilities such as electricity, water and communication facility,
Change in government regulations

Withdrawn of government facilities such as relaxation in taxes,




115 CHOICE OF S51TE FOR SELECTION

Land location and its cost

I'he prime factor in deciding the site for the plant is availability of the land and its cost. If the land
15 available in the urban area, the cost will be high and available land will be less. On the other
hand, in rural area, the sufTicient land al comparatively cheaper rate will be available but the

distance will increase the transportation cost,

Nearness to market

Nearness (o market, i.e. to customer is very important for any business. It reduces transporiation
cost as well as the chances of damaging of finished products. Additionally, when plant is near to
the market, organization can give quick service to the customers. Moreover, ideas and needs of
customers can be understood very casily and quickly.

Transportation facility

Transporation can be reduced by neamess to the markets and nearness to the customers. So,
appropriate transportation facility should be available from the plant location. The location of
plant should be selected such that the transportation cost should be minimum as possible in order
to reduce overall cost.

Availability of labour

Labour is the power of any industry to transform raw material in (o finished products using
machines and other facilities. There is always a need of skilled and stable labour foree in adequate
number who works at reasonable rate.

Availability of power, water and fuel

Power and steam requirements are high in most industrial plants and fuel is ordinarily required to
supply these utilities. Power, fuel and steam are required for running the various equipments like
generators, motors, furbines, plant lightings and general use and thus be considered as onc major
[actor 15 choice of plant site. Water 15 used for processing in the indusiry, used for drinking
purpose, sanitary purpose and for many more purposes,

Availability of communication facility

Since in today's world, imernet, telephone, faxes and mobile is communication means of business,
S0, the location of plant should be such that all these facilities are easily accessible

Availability of banking Tacility

Ranking facility is backbone for the industries. Without banking facilities all monetary functions
will be stopped. Also, the facility of ATM is highly appreciable near the plant facility.
Government benefits

Giovernment is providing incentives such as subsidy, lower interest rates for loan, cheaper
electrical supply, exemplion in service (ax etc. in certain specified localities.

Community attitude

Success of an indusiry depends very much on the attitude of the local people and their support. So,
attilude nearby community plays an important role in the growth of business.

Hospital and school facility

If the industry is providing the residential facilities to the employee, they should select site which
15 having hospital as well as school facility.

Future expansion

Thi selected location should have future expansion availability




1.1.6 COMPARISION OF LOCATION

Urban Area Rural Area
Cood transportation facility 1s o DufTicult 1o get good transportation
available, facility.
Provide good customer market 1, Customer markel 15 away from site.
Right labour foree is available i,  Difficulty in getting skilled workers
Sufficient power and water is casily iv.  Less amount of power and water
available. avallable.
Good hospitals, schools, banking and /. Banking and other hospitalities arc
commercial facility are available. away from the site location.
Good educational and training facilitics | vi.  Not to have wraining and facility aids.
available.
securily are available. M. Mo osecurily 15 available.,
Less amount of land is available, . Huge amount of land is available.
Cost of land 15 high 3 Land 15 cheap
Linion problems are more, . Liss union problems,

L2 PLANT LAYOUT

Plant Layout is defined as a technique of locating machines, processes and plant services within the
factory so as to achieve the nght quantity and quality of output at the lowest possible cost of
manufacturing.

Plant layout refers to the arrangement of physical facilities such as machinery, equipment, furnilure elc.
within the factory building in such a manner 50 as o have quickest Mow of material at the lowest cost and
with the least amount of handling in processing the product from the receipt of material to the shipment of

the finished product
LADRIECTIVES OF GOOD PLANT LAYOUT

Proper and efficient utilization of available Moor space
I'o ensure that work proceeds from one point to another point without any delay
Provide enough production capacity.

Reduce material handling costs

Reduce hazards to personnel

Utilise labour efficiently

Increase employee morale

Reduce accidents

Provide for volume and product flexibility

Provide ease of supervision and control

Provide for employee safety and health

Allow ease of maintenange

Allow high machine or equipment utilization

Improve productivity

PRINCIPLE OF GOOD PLANT LAYOUT
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Principle of integration: A good layout 15 one that integrates men, materals, machines and
supparting services and others in order (o get the oplimum ulilisation of resources and maximum
effectiveness.

Principle of minimum distance travelling: This principle 15 concerned with the minimum travel
{or movement) of man and matenals. The facilitics should be amanged such that, the total distance
travilled by the men and materials should be minimum and as far as possible straight-ling
maovement should be preferred.

Principle of cubic space utilisation: The good layout is one that utilise both horzzonial and
vertical space, It is not only enough if only the loor space 15 utilised optimally but the third
dimension, 1.¢., the height 15 also to be utilised cffectively.

Principle of minimum waiting time: The waiting time of men al the machines for the raw
materials should be minimum,

Principle of maximum Nexibility: The good lavoul 15 one that can be altered without much cost
and tme, 1.¢., future requirements should be taken into account while designing the present layout.
Principle of safety, security and satisfaction: A good lavout is one that gives due consideration
to workers safety and satisfaction and safeguards the plant and machinery against fire, thefl, ele
Principle of minimum handling: A good layout is one that reduces the material handling to the
TR

1.4 TYPES OF PLANT LAYOUT
Following are different types of plant lavout:

Product Layout

. Process Lavout
Combined Layout

. Fixed position Lavout

(1) Product Lavout (Lint Layout)

Rk R okl sy Rt o
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Fig 1.1 Produet layout

# This kind of layout is designed according the operations required in manufacturing the product.
The machines are arranged sequentially according (o the process 1o be carmed out on raw
materials,

7 This type of layoul is used when the large amount of same product is to be manufactured

# The materials move from one workstation to another sequentially without any backtracking or
deviation. Under this, machines are grouped in one sequence




Advantages:

Low cost of material handling, due to straight and short route and absence of backiracking
Continuous flow of work.

Optimum use of Noor space,

Shorter processing time or quicker output

Minimum material handling cost.

Simplified production, planning and control systems are possible

Unskilled workers can leamn and manage the production

Ihe flow of product will be smooth and logical in flow lines

Limitations:

Breakdown of one maching will hamper the whaole production process

A change in product design may require major alterations in the layout
Comparatively high mvestment in equipments 1s required.

FLack of fexibiline. A change in product may require the facility modification,

(2) Process Lavout (Functional Layout)

Milling
machine Assembly

|

Shipmg
&

Recerving

Weldmg Inspection

Fig. 1.2 Process Lavout

#  Process layout is recommended for batch production, All machines performing similar type of
operations are grouped at one location in the process layout e.g., all lathes, milling machines, etc
are grouped in the shop will be clustered in like groups.

# Thus, in process layout the arrangement of facilities is grouped together according 1o their
functions

Advantages:

The vwerhead costs are relatively low

Flexability of equipment and personnel is possible in process layou
Breakdown of one machine does not result in complete work stoppage.
Supervision can be more effective and specialized

There is a greater fexibility of scope for expansion

lL.imitations:

#  Material handling costs are high due to backtracking,
# More skilled labour is required resulting in higher cost
7 Time gap or lag in production is higher




F  Lowered preductivity due to number of set-ups.
» Work in progress inventory is high needing preater storage space.

(3) Combined Layout

l—, Product Lavout

F H HT
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F = Forzing Hamumnier H - Hobbang Machune
HT - Heat Treatment Furnace GF = Gear Finushing Machime
Fig 1.3 Combination layout

A combination of process and produet layouts combines the advantages of both types of layouts.
A combination lavoul is possible where an item 15 being made in different types and sizes. Here

machinery is arranged in a process layout but the process grouping is then armanged in a sequence
to manufacture vanous types and sizes of products
#  Figure shows a combination type of lavout for manufactuning different sized gears,

(4} Fixed Position Lavout

Ship Building Yaed

Fig 1.4 Fixed position layout

# This is also called the project type of lavout. In this type of layout, the material, or major

components remaim in a fixed location and tools, machinery, men and other materials are brought
tor this location.




# This type of lavout 15 surtable when one or a few meces of identical heavy products are to be
manufactured and when the assembly consists of large number of heavy parts, the cost of
transportation of these parts is very high

Advantages:

# Layout capital investment 15 lower,

#  Greater flexibility with this type of layout.

# This involves minimum movements of materials, So, material handling cost is least

s

It 15 possible to assign one or more skilled workers to a project start to finish in have continuity of
wirk.

Limitations:

# This kind of layout requires skilled labour,
#  Movement of equipments and men take more time, so the time for completion of this project is
MO,

LS TECHNIQUES TO IMPROVE LAYOUT
Some of the important techniques of plant layout ane:

(a) Process chart: It is a graph containing details regarding various activities and operations taking place
in the organisation from start 1o the last stage of the work,

(b) Process flow diagram: This is an aid to process chart. This relates to details regarding position of
machines, area covered by each machine, internal transportation and other operations pertaiming to
production. This model diagram is prepared on the paper.

(c) Templates: The area covered by o machine 15 cut to scale from a thick paper to form a template. Not
only machines but space covered by furmiture, equipment and other components can also form a template,
These can be well aranged representing the actual plan of layout to be undernaken.

(d) Models: Three dimensional wooden models of machinery, equipment and other devices and
components can be prepared. By seeing these models even, a layman can form an idea about the layout of
the plant, But this technigqué is very costly and only big concern can afford to install such a measure

(e) Drawings: Layout drawings can be got prepared by drafis men showing walls, stairways, machines
and equipment eic.

(f) Machine data card: These cards are tied with different machines operating in the plant. These obtain
valuable information regarding various salient features or characteristics of machines viz., efficiency,
capacily space area covered by the machine and technique of operating the machine eic.

1.6 PRINCIPLES OF MATERIAL HANDLING EQUIPMENT

Material handling principles are as follows:

|. Planning principle: All handling activities should be planned

2. Systems principle: Plan a system integrating as many handling activities as possible and co-ordinating
the full scope of operations {recerving, storage, production, inspection, packing, warehousing, supply and
transportation)




3. Space utilization principle: Make optimum use of cubic space.
4. Unit load principle: Increase quantity, size, weight of load handled.
5. Gravity principle: Utilise gravity to move a matenal wherever practicable

6. Material Mow principle: Plan an operation sequence and equipment amangement (o oplimise matenal
flow,

7. Simplification principle: Reduce combine or eliminate unnecessary movement and/or equipment,

8. Safety principle: Provide for safe handling methods and equipment.

9. Mechanisation principle: Use mechanical or automated material handling equipment.

|0, Standardisation principle: Standandise method, types, size of matenial handling equipment

|1, Flexibility principle: Use methods and equipment that can perform a vanety of task and applications,
12. Equipment selection principle: Consider all aspect of material, move and method to be utilised

|3, Dead weight principle: Reduce the ratio of dead weight 1o pay load in maobile equipment,

14. Maotion principle: Equipment designed to transport matenal should be kept in motion.

15, Ldle time principle: Reduce idle time/unproductive time of both MH equipment and man power,

|6, Maintenance principle: Plan for preventive maintenance or scheduled repair of all handling
equipment.

|7, Obsolescence principle: Replace obsolete handling methods/equipment when more efficient
method equipment will improve operation,

18, Capacity principle: Use handling equipment to help achieve ns full capacity,

19, Control principle: Use material handling equipment to improve production control, inventary control
and other handling

20, Performance principle: Determine efficiency of handling performance in terms of cost per umit
handled which is the primary criterion.

1.7 PLANT MAINTENANCE

Maintenance is the process of keeping the machine and equipment in good working condition so that the
efficiency of maching i retained and its Life 1s increased

O
“Plant maintenance is a combination of actions carried out by an organization to replace, repair, service

the machineries, components or their groups in a manufacturing plant, so that it will continue to operate
satisfactonly™

Maintenance 15 a result of design and it includes servicing, removal and replacement, inspection,
calibration, over haul and condition verification.




L.7.1 IMPORTANCE OF PLANT MAINTENANCE:

l'o maintain a high level of equipment reliability and mamtainability as contributes to
production/operation.
To maximize economy in equipment management for its entire life.
To cultivate equipment related expertise and skills amongst mainienance personnel.
T'o create vigorous and enthusiastic work environment,
o maximize overall equipment effectiveness through total employee involvement
o mimimize the total production or operating costs directly atiributed to equipment service and
Tepair,
# Tominimize the frequency of mterruptions to production by reducing breakdowns.
# Toenhance the safety of manpower.

TYPES OF MAINTENANCE
Maintenance may be classified imo following categories:

a) Cormrective or breakdown maintenance,
b} Scheduled mantenance,
¢) Preventive maintenance, and

1.7.2 CORRECTIVE OR BREAKDOWN MAINTENANCE

Carrective or breakdown maintenance implies that repairs are made after the equipment is out
of order and it cannot perform its normal function any longer, e.z. an electric motor will not
start, a belt 18 broken, cte

Under such conditions, production department calls on the maintenance department to rectity
the defect, The maintenance department checks into the difficulty and makes the necessary
repairs

After removing the fault, maintenance engineers do not attend the equipment again until
another failure or breakdown occurs,

Breakdown maintenance practice is ecomomical for those (non-critical) equipments whose
down-time and repair costs are less this way than with any other type of mainienance.
Breakdown type of maintenance involves little admimistrative work, few records and a
comparativie small stafT.

Advantages

I, Involves low cost investment for maintenance
2. Less staff is required

Disadvantages

1. Increased cost due to unplanned downtime of equipment.

 Increased labour cost, especially if overtime is needed

-

3. Cost invelved with repair or replacement ol equipment.




4, Possible secondary equipment or process damage from equipment failure,

5. Inefficient use of stafl resources
LTI PREVENTIVE MAINTENANCE

# Itis a method of maintenance aimed at avoiding or preventing breakdowns. The principle of
preventive maintenance is *Prevention 15 better than cure’

# Here some components are identified as weak spots in all machineries and equipments. These
parts are inspected regularly. Minor repairs are carmied out immediately 25 soon as there is
necessity. This reduces the unanticipated breakdowns.

Advantages
1. Cost effective in many capital-inlensive processes.
. Flexibility allows for the adjustment of maintenance periodicity.
3. Increased component life cycle.
. Energy savings,
3. Reduced equipment or process failure,
6. Estimated 12% to 18% cost savings over reactive mainienance program
Disadvantages
1. Catastrophic failures sl hkely to oceur
2, Labour intensive,
3. Includes performance of unneeded maintenance,

4. Potential for incidental damage to components in conducting unneeded maintenance

L.74A SCHEDULED MAINTENANCE

Scheduled maintenance 15 a stich=in=time procedure aimed at avoiding breakdowns.
Breakdowns can be dangerous to life and as far as possible should be minimized.

Scheduled maintenance practice incorporates (in it), inspection, lubrication, repair and overhaul
of certain equipments which if neglected can result in breakdown.

Inspection, lubrication, servicing, elc., of these equipments are included in the predetermined
schedule,

Scheduled maintenance practice is generally followed for overhauling of machines, cleaning of
waler and other tanks, white-washing of buildings, elc.
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CHAPTER 2

OPERATIONS RESEARCH

L1 INTRODUCTION

Operation Research is a relatively new discipling. The contents and the boundaries of the OR are not vet
fixed. Therefore, to give a formal definition of the term Operations Research is a difficult task, The OR
starts when mathematical and quantitative techniques are used to substantiate the decision being taken.
The main activity of a manager 1% the decision making. In our daily life we make the decisions even
without noticing them, The decisions are taken simply by common sense, judgment and expertise without
using any mathematical or any other model in simple situations. But the decision we are concerned here
with are complex and heavily responsible, Examples are public transportation network planning in a city
having its own layout of factories, residential blocks or finding the appropriate product mix when there
exists a large number of products with different profit contributions and production requirement etc.

Operations Research tools are not from any one discipline. Operations Research takes tools from different
discipline such as mathemnatics, statistics, economics, psychology, engineering etc. and combines these
tools to make a new set of knowledge for decision making. Today, O.R. became a professional discipling
which deals with the application of scientific methods for making decision, and especially to the
allocation of scarce resources. The main purpose of OLE. 15 1o provide a rational basis for decisions
making in the absence of complete information, because the systems composed of human, machine, and
procedures may do not have complete information

Operations Research can also be treated as science in the sense it describing, understanding and
predicting thee systems behaviour, especially man-maching system, Thus O.R. specialists are mvolved in
three classical aspect of science; they are as follows:

i.  Determining the systems behaviour
i Analyzing the systems behaviour by developing appropriate models
i, Predict the future behaviour using these models

The emphasis on analysis of operations as a whole distinguishes the O.R. from other research and
engineering. (LR is an interdisciplinary discipline which provided solutions to problems of military
operations during World War 11, and also successful in other operations. Today business applications are
primarily concerned with O,R. analysis for the possible alternative actions. The business and industry
befitted from O.R. in the areas of inventory, reorder policies, optimum location and size of warehouses,
advertising policies, elc.

As stated earlier defining O.R. 15 a difTicult task. The delinitions stressed by varnious experts and Societies
on the subject together enable us to know what O.R, is, and what it does, They are as follows

1. According to the Operational Research Society of Great Britamn (OPERATIONAL RESEARCH
QUARTERLY, 13(3):282, 1962), Operational Research 15 the attack of modern science on complex
problems ansing in the direction and management of large systems of men, machings, materials and
money in industry, business, government and defense. lts distinetive approach is to develop a scientific
model of the system, incorporating measurements of factors such as change and nisk, with which to
predict and compare the outcomes of allernative decisions, strategies or controls, The purpose is to help
management determing its policy and actions scientifically




2. Randy Robinson stresses that Operations Research is the application of scientific methods to improve
the effectiveness of operations, decisions and management. By means such as analvzing data, creating
mathematical models and proposing innovative approaches, Operations Research professionals develop
scicntifically based information that gives insight and guides decision making, They also develop related
soflware, systems, services and products.

3. Morse and Kimball have stressed QLR 15 a quantitative approach and descnbed it as “a scientific
methad of providing executive depariments with a quantitative basis for decisions regarding the
operations under their contral™,

2.1.2 Stages of Development of Operations Research

The stages of development of O.R. are also known as phases and process of O.R, which has six important
sleps. These six sleps are arranged in the following order:

Step I Observe the problem environment

Step 11 Analvae and define the problem

Step 1T: Develop a model

Step IV: Select appropriate data input

Step V: Provide a solution and test its reasonablencss
Step VI: Implement the solution

113 0.R. Tools and Technigques

Operations Research uses any suitable tools or techniques available. The common frequently used
tools'techniques are mathematical procedures, cost analysis, electronic computation. However, operations
researchers given special importance (o the development and the use of techniques like linear
programming, game theory, decision theory, queuing theory, inventory models and simulation, In
addition to the above techniques, some other common tools are non-lincar programming, integer
programming, dynamic programming, sequencing theory, Markov process, network scheduling
(PERT/CPM), symbolic Maodel, information theory, and value theory, There is many ather Operations
Rescarch toolstechniques also exists. The brief explanations of some of the above techniquesiools are as
follows:

Lincar Programming:

This 15 a constrained optimization techmigue, which optimize some criterion within some constraimts. n
Linear programming the objective function (profil, loss or return on investment ) and constraints ane
linear, There are different methods avanlable o solve lingar programming

Game Theory:

This 15 used for making decisions under conflicting situations where there are one or more
plaversiopponents, In this the mative of the players are dichotomized. The success of one player tends to
be at the cost of other players and hence they are in conflict

Decision Theory:




Deciston theory 15 concerned with making decisions under conditions of complete certamnty about the
[uture outeomes and under conditions such that we can make some probability about what will happen in
fusture,

Queuing Theory:

This is used in situations where the queve is formed (Tor example customers waiting {or service, aircrafls
waiting for landing, jobs waiting for processing in the computer system, etc). The objective here is
minimizing the cost of waiting without increasing the cost of servicing

Inventory Models:

Invemory model make a decision that minimize (otal inventory cost. This model successfully reduces the
total cost of purchasing, carrving, and out of stock inventory

Simulation:

Simulation 18 a procedure that studies a problem by creating a model of the process myvolved in the
problem and then through a serics of organized trials and error solutions attempt to determing the best
solution. Somctimes this is a difficultiime consuming procedure. Simulation is used when actual
experimentation 15 not feasible or solution of model s nol possible,

Non-linear Programming:

This 15 used when the ohjective function and the constraints are not lincar in nawre. Lincar relationships
may be applied to approximate non-lincar constraints but hmited 1o some range, because approximation
becomes poorer as the range is extended. Thus, the non-linear programming 15 used to determine the
approximation in which a solution hes and then the solution 15 obtaimed using linear methods.

Dvnamic Programming:

Dynamic programming i5 2 method of analy2ing multistage decision processes. In this each ¢lementary
decision depends on those preceding decisions and as well as external factors,

Integer Programming:

[ one or more vanables of the problem take integral values only then dynamic programming method is
used. For example, number or motor in an organization, number of passengers in an aircraft, number of

BCRCCAtors In & power generating plant, etc,

Markov Process:

Markov process permits to predict changes over tme information about the behavior of a system 15
known, This is used in decision making in situations where the vanious states are defined. The probability
from one state to another state is known and depends on the current state and 15 independent of how we
have arrived at thal panticular siate.

Network Scheduling:

This techmique 15 used extensively to plan, schedule, and monitor large projects (for example computer
system installation, R & D design, construction, maintenance, ete.). The aim of this technigue is
minimized trouble spots (such as delays, mierruphion, production botilencecks, ete.) by identifying the
eritical factors. The different activitics and their relationships of the entire project are represented




diagrammatically with the help of networks and arrows, which is used for identifving entical activities
and path. There are two main types of technique in network scheduling, they are:

Program Evaluation and Review Technique (PERT) — is used when activities time is not known
accurately’ only probabilistic estimate of time 1s available.

Critical Path Method (CPM) - 15 used when activities time 15 known accurately.

Information Theory:

This analytical process is transferred from the elecineal communication field 1o OUR. field. The objective
of this theory 15 (o evaluate the effectiveness of flow of information with a given system. This is used

mainly in communication networks but also has indireet influence in simulating the examination of
busingss organizational structure with a view of enhancing flow of information

2.1.4 Applications of Operations Research

Today, almost all fields of business and government utilizing the benefits of Operations Rescarch, There
are voluminous of applications of Operations Research. Although it 1s not feasible to cover all
applications of OLR. in brief. The following are the abbreviated set of typical operations research
applications to show how widely these technigues are used today:

Accounting:

Assigning audit teams effectively
Credit policy analysis

Cash flow planning

Developing standard costs

Establishing costs for byproducts
Planning of delingquent account strategy

Construction:

# Project scheduling, monitoring and control
#  Determination of proper work foree
#  Deplovment of work foree

#  Allocation of resources o projects

Facilities Planning;

Factory location and size decision
Estimation of number of facilities required
Huospital planning

International logistic svstem design
['ransportation loading and unloading
Warehouse location decision

Finance:
#  Building cash management models
#  Allocating capital among various alternatives
-
-

Building financial planning models
Investment analysis




#  Portfolio analysis
7 Dividend policy making

Manufacturing:

Inventory control

Marketing balance projection
Production scheduling
Production smoothing

Marketing:

Advertising budget allocation

Product introduction timing

Selection of Froduet mix

Deciding maost elTective packaging alternative

Organizational Behavior / Human Resources:

Personnel planning

Recruitment of employees

Skill halancing

I'raining program scheduling

Designing organizational structure more effectively

Purchasing:

# Optimal buying
# Optimal reordering
# Materials transfer

Research and Development:

# R & D Projects control
F R & D Budget allocation
# Planming of Product introduction

2.2INTRODUCTION TO LINEAR PROGRAMMING

Linear programming is powerful mathematical technigue for finding the best use of limited resources of a
concern, It may be defined as a technique which allocates scarce available resources under conditions of
certainty in an optimum manner to achieve the company objectives which may be maximum overall profit
or minimum overall cost.

Thus, a Linear Programming Problem is one that is concerned with finding the optimal valee (maximum
or minimum valug) of a linear function (called objective function) of several variables (say x and y),
subject to the conditions that the variables are non-negative and satisfy a set of lincar inequalities (called
lingar constraints). The term linear implics that all the mathematical relations used in the problem are
lingar relations while the term programming refers to the method of determining a particular programme
or plan of action.

LP can be applied effectively only if




I'he objectives can be stated mathematically

Rezsources can be measured as quantities {no. weight elc.)

There are oo many alternate solutions o be evaluated conveniently

I'he variables of the problem bear a linear relationship 1.¢. Doubling the units of resources will
double the profi.

Problem solving is based upon the svstem of linear equation:

Standard form of lincar programming prohlem:

Let X)5%5,X; X, are the decision variables.
Optimize (maximum of minimize)

L=ex 40X, 4 X, (Objective function)

Subject to constraints
il'I1;|"';'il-"l-i:ll.‘;:";'.f-lh +'."II|'|HI'|£I."’I
A%, +8,X, +o 2y X, =b,

El'l||||';w‘| +ﬂl||:x: + ...............+-H.“|“.H|“

L0 T4 R - 0 {non-negative restriction)

where €,,C,C, c, 200 are cost or profit coefTicients.

(=123, andj=123,...0)

b,. are called requarement or availabilaty.
Objective function linear function Z=ax-+by, where a, b are constants, which has to be maximized or
minimized is called a linear objective function.

The linear inequalities or equations or restrictions on the variables of the lingar programming problem are
called constraints,
LPF can solved by two methods

I. Graphical method: when two decision variables are involved. This is simple

2. Simplex method: useful for any no. of decision vaniable in the problem and no. of constraints.
Formulation of LF problem:

I. From the given problem, identify the key decisions (o be made.

2. Identify 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 of lincar variables
4. Stwdy the constraints and express them as a linear equation.

LIGRAPHICAL METHOD

simple two-dimensional linear programming problems can be casily and rapidly solved by this technique.
This method can be easily be applied up o 3 variables,

Procedure:

Sct up the objective function
Set up the constraint equations
Set up the non-negative restrictions

i ! ! . . X,
Convert the constraint COUAtIons mto miercept form —- + T = ]
a ]

Plot the constraint equations on the graphical solution space

Identify the feasible region

Find the corner points of the feasible region

Substitute comer poinis in the objective function to get a maximum or minimum value

Feasible region: The common region determined by all the constraints including non-negative constraints
%, v = 0 of a linear programming problem is called the feasible region (or solution region) for the
problem, The region other than feasible region is called an infeasible region,

Example 1 Solve the following lincar programming problem graphically:
Maximize £=4x + vy
subject to the constraints:
X+ y=50
g +y=90
xzl), y=0
Solution:
Formulate the LPPP
Max £ =dx+y
Subjected to x +y < 50(el)
I+ y<90(cd)
x=0, v20 (cd)
el 15 constrain no. 1 and 50 on,

2nd step

. . . . X Y
2nd steps conviert the constraint inequalities temporarily into intercept form =+ t—_' = |
i




Ml+'V—l ;gnl
50 50 i
X ¥
e T
90 g
3

I'.l
L= | egn 2

X
I o ke
i 90

1o

Jrd steps: Axis are marked on the graph paper and Tabeled with variables x & v.
dth steps;

4th step is draw straight lines on the graph paper using constraint equations and to mark feasible solution
on the graph paper.

Takimg 151 constraint ¢quation,

%+ y=50

x=0,y=350

y=, x=50

Mark the point of 30at X axis and point 30 on 'Y axis, The straight line represents ¢l equation

Similarly, €2 can be plotied

Jx+y=90

C(0,50)

3(20,30)

20 +
10 4 (50,0)

o —
N0

L

‘-r

Fig.2.1
Ix 4+ y=00)

r=ly=4%




y=0,x=30

According to constrain ¢3, X & v are greater than or equal to zero, hence the marked area between x =y =
0 and ¢l, ¢2 represents the feasible solution.

Mote: I the constraint equations contain sign of <, then mark the area toward the origin otherwise away
the origin,

Fig, 2.1 15 the feasible region determined by the system of constraints, We observe that the feasible region
OABC 15 bounded. So, we now use Corner Point Method to determing the maximum value of Z.

The coordinates of the comer points O, A, B and C are (0, 0y, (30, 09, (20, 30) and (0, 50) respectively.

For point B, we need (o solve two constraimts equations as they mterseet at B pomnt. Now we evaluate £ al
each corner point.

Cormer Point | Corresponding valus
ol Z

(0,0 0

(30,0 120 € |Maximum

{20, 30) 110
{0, 500 a0

As at pint B (30,0} we have Ze=4{30) <0=120 15 maximum so (30,0} is optimal solution and maximum
value is 120.

Example 2 Solve by graphical method
Max Z =3x, +35x,
Subject to

K, +x, 27

X, +X,26
X, +3%X, 29
x,20,x,20
Solution:
The first constraint 2x, +x, = 7, written in a form of equation
2 +x, =7
Put x, =0 thenx, =7

Put x, =0 thenx, =35




The coordinates are (0,7 and {3.5,0)

The second constraint X, +x, =6 , written in a form of equation x, +x, =6
Put x, =0 thenx, =6
Put x, =0 thenx, =6

The coordinates are (0.6) and (6.0

The third constraint x, + 3x, 29, written in a form of equation x, +3x, =9
Put x, =0 thenx, =3
Put x, =0 thenx, =%

The coordinaes are (0,3 and (9,0)

The comer points of feasible region are A, B, Cand D. 5o the coordinates for the comer points are A{0,7)

B (1,5)(Solve the two equations 2x, +x, 27 and x, + x, 2 6 1o get the coordinates)
C(4.5,1.5) (Sohve the two equationsx, + x, 26and x, +3x, 29 1o get the coordinates)
Ly 4.0y

We know that Max £ =3x, +5x,

ALA(DT), 2=30) +5(T) =35




At B(1,5), Z=3(1) +5(5) =28
At Cid.5,1.5), Z=3{(4.5) +5(1.5) =2
At D(9.0), £=3(9) +5(0) =27

The values of objective function at corner points are 33, 28, 21 and 27. But there exists infinite number of
points in the feasible region which is unbounded. The value of objective function will be more than the
value of these four cornér points i.e. the maximum value of the objective function oecurs at a point at =
Hence the given problem has unbounded solution.

Example 3

Solve graphically
Max £=3x, +2x,
Subject to

K, +x%; =1

No4x, 23

K, =0x, =0

Solution

Thee first constraint x, +x, =1 , written in a form of equation x, +x, =1

Put x, =0 thenx, =1

Put x, =0 thenx, =1

The coordinates are (0, 1y and (1,0

The first constraint X, %, 2 3, written in a form of cquationx, +%, =3
Put x, =0 thenx, =3

Put x, =0 thenx, =3

The coordinates are (0, 3y and (3,00




Fig, 2.3

There 15 no common feasible region generated by two constrints together 1.c. we cannot dentify evien a
single point satisfying the constraints. Hence there 15 no optimal solution,

24 PERT and CPM
2.4.1 Project

A project is an interrelated set of activities that has a definite starting and ending point and those results in
a unique product. That means projects are nol repetitive. Few examples of projects are:

Constructing a bridge, dam, highway or building.
Producing an airplane, missile or large machine
Introducing 2 new product
Installing a large computer system.
Redesigning the layout of plant or office.
Construction of a ship.,
Fabrication of a steam boiler,
Mantenance of major equipments/Plants.
Commissioning of a power plant/ factory.

10, Conducting National Election.

2.4.2 Basic steps in project management

Managing a project, regardless of 1ts size and complexity, requires identifving every activity o be
undertaken and planning when each activity must begin and end in order to complete the overall project
on time. Typically, all projects involve the following steps:

I. Describe the project.
2. Develop a network model.
3 Insert time eshimates,




Analyze the model.
5. Develop the project plan
. Periodically assess the progress of the project and repeat steps 2-6 as needed

2.4.3 Terminologies used in Network diagram:

Network: A network is the graphical representation of the project activities arranged in a logical
sequence and depicting all the mterrelationships among them

Activity: An activity means work/ob. It is a ime-consuming process. 10 is represented by an armow in the
netwark dingram (AOA system)

Activities are classified as;

1. Critical activitics:In a network diagram, eritical activities are those which if consume more than their
cstimated time the project will be delayed. An activity is called critical if its carliest stant time plus the
tme taken by it 15 equal to the latest fimishing ime. A entical activity 15 marked either by a thick arrow or
().

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

J.Dummy activity: An activity which depicts the dependency or relationship over the other but does not
consume time or resources, 1t s used to maimtain the logical sequence. 115 used 1o maintain the logical
sequence. 1t is indicated by a dotted line.

Event
i Activity
' L

I{f v "

\“--! \’l‘/ Event Event ;"J_,:L-j Activity
SUC - S g _
g T

B /n'\_*"_.f \4 ) —
ot \ B )
—
> ]

\ </ Activity

Activity-on-arc (AOA ) network Activity on node (AON)

Event(node): An event is a specific instant of time marks the start and end of an activity, Event consumes
neither time nor resources, It is represented by @ circle and the event no. is writlen within the cirgle,
Critical path: 11 is the sequence of activities which decides the total project duration, 1tis formed by
critical activities. A eritical path consumes maximum resources. It is the longest path and consumes
maximum time. 1t has zero float. The expected completion data cannot be met, il even one critical activity
15 delaved, A dummy activity joining two eritical activities is also a cnitical activity,

Duration (d): Duration i4 the estimated or actual time required to complete a task or an activity
Total project time: Time to complete the project. In other words, it 15 the duration of critical path

Earliest start time (EST or E): 1t is the carliest possible time at which an activity can start, 11 s
caleulated by moving from 15t to last event in the network diagram.




Latest start time (LST or Lij: It is the latest possible time by which an activity can start
L5T=LFT-duration

Earliest finish time (EFT ar Ej): It is the carlicst possible time at which activity can finish. i.c.
(EST+duration)

Latest finish time (L;): 1t is the last event time of the head event, 1t is caleolated by moving backward in
the network diagram.

FloatSlack: Slack is with reference to an event and Float is with reference to an activity.
There are three type of float.

1. Total float: It is the additional time which a non-critical activity can consume without increasing the
project duration. TF = LST — EST or LFT - EFT and it can be — ve.

2.Free float: If all the non-critical activities start as carly as possible, the time is the free float. FF = TF-
Head event slack or EST of tail event - EST of head event — activity duration

J.ndependent foat: [t can be used to advantage, I one 15 interested to reduce the effort on a non-critical
activity in order to apply the ¢ffort on a critical activity by reducing the project duration

[F = FF-Tail event slack or EST of tail event - LFT of head event - activity duration.
If IF 15 negative, then taken as 0
Head event slack=0Latest ime of head event-Earliest rme of head event

Tail event slack= Latest time of ta] event-Earhiest time of Tail event

2.4.4 Numbering of events (Fulkerson®s rule):

I. The initial event which has all outgoing arrows with no incoming arrow is numbered *1°.
2. Delete all arrows coming out from node 1. This will convert some more nodes into initial events
number these events 2, 3 ele.
Delete all the arrows going out from these numbered events 1o create more initial events, Assign
next number 1o these events.
. Contimue until the final or terminal node which has all arrows coming i, with no amow going out
15 numbered,

1.4.5 Rules for Network Construction:
The following are the primary needs for constructing Activity on Are { AOA) network diagram

. The starting event and ending event of an activity are called tml and head event respectively.
Ihie network should have a unigque starting node. (tail event)

. The network should have a unique completion node. (head event)

. o activity should be represented by more than one 15 ( — ) i the network.
Wo two activities should have the same starting node and same ending node,

. Dummy activity is an imaginary activity indicating precedence relationship only. Duration of
dummy activity is zero.
[he length of the armow bears no relationship to the activity time
I'he arrow in a network identifics the logical condition of dependence.




9. The direction of arrow indicates the direction of work{low

10 All networks are constructed logically or based on the principle of dependency.
11, Mo event can be reached in a project before the completion of precedence activity
12. Every activity in the network should be completed to reach the objective.

13. Wo set of activities should form a circular loop

2.4.6 Network scheduling

The biggest advance in project scheduling singe the development of the Ganit chart in 1917 was made

between 1956-38. During this penod, two new scheduling techmques were developed. These technigues
dare

i, Program evaluation ond review technique (PERT)
i, Critical path method (CPM)

Fxample |, Construct the network from the information,

Activity Immediate predecessor
A
B
C
]
E
P
0
H

Example 2. Construct the network from the information,

Activity No. Duration Activity No., Disration
i |

|-2

5 A

b
2=3 . 3
14 3




Critical Path Method:

In the critical path method, the activity times are known with certaimty, For each activity EST and [L5T
are computed. The path with the longest time sequence is called eritical path. The length of the cnitical
path determines the minimum time in which the entire project can be completed. The activities on the
cntical path are called cntical activities.

Ohjective:

Determuning the completion time for the project.
. Earliest time when each activity can start.
Latest time when each activity can starl without delaying the tolal project
Determining the float for each activity
Identification of the critical activities and critical path.

Example 3: A project schedule has the follewing charactensties

Achvaty | 1-2 1-4 I-7 2=3 A< 4-5 4-8 546

Durafien, 2 2 | 4 | 5 bt 4 3
day

Construct the network and locate the critical path. Calculate the vanous time estimates and floats.




Solution;

Activity | Duration(d) | EST EFT=EST+d | LF lotal Rom Independent
(TF)=LST- float (1F)

EST
I-2 5 i
1-4 1]
-7 | 1]
23| ) 6 -5
3-6 1 -1
43 : 3 7 -l
4-K 3 {1} -1
5-6 § |2 -l
h=9 K | I3 15 U]
7-8 ; s {1 10 0
8-9 | 5 1] 1] 15 13 i
As TF of activity (1-4), (4-8) and (8-9) 15 wtero so entical path is 1-4-8-9.

o | | o [ | = | o | i | =

=]

FF=TF -Head event slack

FF for activity 12 =5«(7-2} =0, here head event is 2(as arrow head towards the event 2)

IF for activity 1-2=FF-Tail event slack=0-{0-0) =0 here tail event is |

Similarly, TF, FF and 1F can be calculated and given m the above table
Programme Evaluation Review Technigue (PERT):

PERT takes into account the uncertaimty of activity times. It 15 a probabilistic model with uncenainty in
activity duration,

[ makes use of three-lime estimates.

I Optaimistic ime (1)
I Most likely time (1)




Pessimistic time (1)
Oiptimistic time (1.):

# Ttis the shortest possible time in which an activity can be completed il everything goes

perfectly without any complications

# Itis an estimate of minimum possible time to complete the activity under ideal condition,
Fessimistic time (1,); 1t 15 the longest tme in which an activity can be completed if everything
0Es WIDNE.
Most likely time(t): 1tis the time in which the activity 8 normally expected to complete under
normal contingeneies

, Hapin v
",

N,

+

i ihrmcey oF BEvATY

Fig, 2.4 Beta distnbution curve

According to the # distnibution curve

ty+4t, +t
b

Expected time [, =

The standard deviation of time required to complete each activity.,

t =1
b

Standard deviation { 7 )

, (=t
Variance @ :|
L 0

Project completion time follows normal distribution curve




99.73%

95.44%

68.26%

14.13% | 34.13%

la Mean la

Fig. 2.5 Normal distribution curve

The probability of completing of a praject is given by the formula

Where D= Desired completion time

t=Cnitical path estimate tme

o _ =Standard deviation of critical path

£ isa no. belonging to normal distribution curve.
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Fig. 2.6 Normal distribution chart

Example 4: Consider the following data of a project

Activity | predecessor Duration {weeks)
Optimistic time (to) Most likely time (im) | Pessimistic time (ip)
| 3

A

B

A
; c.D

G C.DE

H F

a} Construct the project network

b} Find the expected duration and variance of cach activity

¢} Find the critical path and the expected project completion time

d) What is the probability of completing the project on or before 20 weeks?

¢} 10 the probability of completing the project 8 008, find the expected project completion time.
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solution:

a)

(]

Activity

Duration
(weeks)

tm

Expected time
Jlatdl At
f

5

Varianee

v (L=t
T =| i

2

¢)The entical path is A-C-F-H and the comresponding project completion time is 17 weeks.

d¥The sum of the variances of all the activitics on the eritical path is
O.11+0.11+1.78+1.78 =3.78 wecks. Therefore o =+3.78 = 1945 wecks

P(D<20)=P|

f iy -
[D-t, _20-17

"~ 1.945

=P(Z£21.542) = 09382 (value obained from standard normal table)

Therefore, the probability of completing the project on or before 20 weeks is 09382

€




P(D<C)=08

i T
P|z-:‘“ ]"J_na
% 1043

From the standard normal table, the value of Z is 0,84 when the cumulative probability is 0.8, Therefore,

i -I|.'-.
f‘ l |—u.34
L 1.945

= C=084x1.945+17 =18.63 weeks = 19 weeks

Hence project will be completed in 18,63 weeks (approximately 19 weeks) if the probability of
completing the project is 0.8,

1.5 Difference between PERT and CPM

S1.No. PERT CrM

PERT is a probabilistic model with CPM is a deterministic model with well
uncertainty in activity duration, Activily known activity duration,

duration is caleulated from to, t; and t
It is an eveni-oriented approach. It is an activity-oriented approach.

PERT terminology uses word like CPM terminology employs word like arrow
network diagram, event and slack diagram, nodes and Moat,

The use of dummy activity 1s required for | No dummy activity required.

representing the proper sequencing,
PERT basically does not demarcate CPM marks the critical activitics.
between eritical and non-critical activities,
PERT is applied in projects where CPM is applied to projects where minimum
resources are always made available. overall cost is the prime importance,

PERT is suitable in Defence project and Suitable for plant maintenance, ¢ivil

B&D where activity time can’t be readily | construction projects ete. where activity
predicted duration 15 known,
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CHAPTER 3
INVENTORY CONTROL

Introduction:

In majority of the organization, cost of the material is a main part of selling price of the product.
The interval between the receiving the purchased pans and transforming them into final products
varies from industries to industries depending upon evele time of manufacture

Matenals are procured and held in the form of inventories

It acts as a bufler between supply and demand for eflicient operation of the syslem.

Stocking of anything that is tangible in order to meet the future demand is called inventory theory.

Inventory:

# Inventory is a detailed list of those movable itlems which are necessary to manufacture a product
and to maintain the equipment and machinery in good working order,
It represents those items which are either stocked for sale or they are in the process of
manufacturing of they are in the form of materials which are vet to be utilized,

# Ex—money kept in the shape of HSS bit M3 rod milling

Inventory control:

[t may be defined as the scientific method of finding out how much stock should be maintained in order 1o
meet the production demands and be able to provide right tvpe of material at right time in the right
quantities and at competitive prices

The objectives are

I. Tominimize investment in inventory
2. Tomaximize the service levels to the firm's customers and its own operating department,

3011 Types of inventories:
L.

# Raw materials and semi-finished products supplied by another firm which are raw items for
present industry.

# Raw materials are those basic unfabricated materials which have not undergone any operation
since they are received from the supplicrs. Ex — round bars, angles, channels, pipes ete,

2 Work-in-progress inventories {(WIPL:

# Semi-finished products at various storages of manufacturing cycle
#  The items or matenals in partially completed condition of manufacturing

3 Finishid imventories:

#  They are the finished goods lyving in stock rooms and waiting dispatch

4 Indirect inventones:

#  The inventories refer to those items which do not form the part or the final product but consumed
in the production process. Example - maching spares, oil, grease, spare parts, lubricants




# For proper operation, repair and maimtenance during manufacturing cycle,
3.1.2 Reasons for keeping inventories:

['o stabilize production

Totake advertise of pnce discount

To meet the demand during replenishment period
l'o prevent loss of orders

l'o keep pace with changing market conditions

3.1.3 Inventory control:

#  Keeping track of inventory
It is a planned approach of determining what to order, when to order and how much to order and
how much to stock so that costs associaled with buying and storing are oplimal without
interrupting production and sales

#  When should an order placed?

#  How much should be ordered order quaniity

3.2 Objective of inventory control:

# Purchasing matenal at cconomical price at proper ime and in sufficient quantity as not to run
slow
Providing a suitable and secure storage location
l'o maintain timely record of inventorics of all the items
A defimie mventory identification system
Adequate and responsible store room staff
Suttable requisition procedure
Tor prowide a reserve stock
3.3 and 3.4 Advantages or benefits or functions of inventory control
One does not face shortage of materials
Materials of good quality and procured in time minimized defeet in finished goods,
Delays in preduction schedules are avonded
Production forgets are achieved
Accurate delivery dates
Economy i purchasing

3.5 Cost associated with inventory

st The value of an item is its unit purchasing or production cost.

Capital cost; The amount invested in an item is an amount of capital not available for other purchases,

Urdenng cost: [t is also known as procurement cost or TI.J['I]I.!111‘.‘-|'II111.‘I'II cost or ﬂl.:l:]Ill.‘iilll.!ﬂ cost.

# Two type of costs- Fixed costs and variable costs,
# Fixed costs don’t depend on the no. of orders whereas variable costs change w. r. t the no. of
orders placed.

Oirdering costs are in the form of




Purchasing: The clenical and administrative cost associated with the purchasing, the cost of
requisition material, placing the order, follow up, receiving and evaluating quotations,
Inspection; The cost of checking material after they are received by the supplier for quantity and
quality and maintaining records of the receipts.

Accounting: The cost of checking supply agamst a given level of hand and this cost vary in drect
proportion o the amount of holding and period of holding the stock in stores, This includes
storage costs (rent, heating, lighting ete ), handling costs (associated with moving the items. Such
as labour cost, equipment for handling), depreciation, taxes and insurance, product deterioration
and obsolescence, spoilage, breakage

3.6 Inventory control terminology:

Demand: 1t is the no. of items (products) required per unit of tme. The demand may be either
determimistic or probabilistic in nature

Order cyele: The time period between two successive orders is called onder eyele,

Lead time: The length of the time between placing an order and receipt of items is called lead
limig

Safety stock: It1s also called butter stock or minimum stock. It is the stock or inventory needed to
account for delays in matenals supply and to account for sudden increase in demand due to rush
wrders.

Inventory turnover; [f the company maintains inventories ¢qual to 3 months consumplion it means

that inventory turnover is 4 times a vear 1.¢. the entire inventory is used up and replaced 4 times a
VLT

Reorder level: 11 s the point al which the replenishment action 15 initisted. When the stock level
reaches RO the order s placed for the item

Reorder quantity: This is the quantity of material to be ordered at the reorder level. This quantity
equals to the EOG,

3.7 Basic EOCQ) model

E(H) = Economic Order Quantity,

EOL) represent the size of the order (or lot size) such that the sum of carrying cost (due 1o holding ihe
inventory) and ordering cost is minimum. it is shown by figure 3.1

Annual
Cost

Total cost

Ordering costs

Re-grder quantity

Fig. 3.1

As mentioned earlier, the two most important decisions related 1o inventory control are:




#  When to place an order? &
#  How much to order?

In 1913, F.W. Harris developed a rule for determining optimum number of units of an item to purchase
hased on some fundamental assumptions, This model is called Basic Economic Order Quantity model, it
has broad applicability.

Economic order quantity with instantaneous stock replenishment (Basic Inventory Model)
Assumplions
The following assumptions are considered for the sake of simplicity of model,

Demand (D) is assumed 1o be uniform

. The purchase price per unit () is independent of quantity ordered.
['he ordering cost per order (Co) i fixed irrespective of size of lot.
The carrying costholding cost (Ce) is proportional 1o the quantity stored

. Shortages are not permitted i.e., as soon as the level of inventory reaches zero, the inventory is
replenished.
[he lead time (LT) for deliveries (1., the time of ordering till the material is delivered) is
constant and 15 known with cerlainty,

Imventory
{units)

Order
quantity
Average quantity

Fig. 3.2 Basic Inventory model
D be the annual demand (units per vear)
Co= Ordenng cost (Rs. /order)
Ce = Inventory camrying costholding cost

() = order size

()" =Economic order quantity

N= Mumber of orders placed per annum

T'e=Total cost per annum
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Therefore, the number orders'vear =N a samsnsnas] | ]

Average inventory level = o

Annual Ordening cost per year = No. of order x Ordering cost/order

Annual Inventory Carrying cost per vear =Average Inventory level X inventory carrying cost

Now,

the total inventory cost per year = TC=Annual Ordering cost per vear + Annual Inventory Carrving cost
per year

Differentiating Eq (4) w.rt Qv it becomes:

d(TC ;
HTO D (S )]

o 02
- 2
Ihe 2nd denvative = F{ - mae{ )

Since the 2nd denvative 1s =ve, we can equate the value of first denivative to zero to get the optimum
value of (). ie.,

4 a
So, optimum EOQ=(} = F

Note: If the inventory carrying cost 1s expressed as a percentage of annual average inventory investment,

¥

. [2DC, 2 _ . .
then(} = C I. Jwhere 1L 15 expressed as a percentage of annual mventory invesiment.




The optimal number of orders placed per annum, N = {}E

Minimum total yearly inventory costis givenby T, =

Substituting for Q)" from equation (7)

DC [2DC

+ -

_:m: ' C.
C
T =J2DCC,

Example 1: ABC company estimates that it will sell 12000 units of its product for the forthcoming year,
the ordering cost is Rs 100/ per order and the carrving cost per vear is 20% of the purchase price per unit.
The purchase price per unit is Rs 50/ Find

i.  Economig Order Quantity
. No. of orders/year
m, Time between suceessive order,

Solution;

Given I = 12000 units'yr,, Co = Rs 100/ycar

Ce = Rs 50=0,2 = Rs 10/- per unit/ycar

Thercfore

I0C B
i EOQ= |*2Ce =J‘“'2W”]m = 489 89 = 490 units
C 10
D 12000
490

i, Mo of orders/vear =24.49

, C 490
n.  Time between successive order = v = = {004 year = 0.48 month
D 12000

Example 2: ABC corporation has got a demand for particular part at 10000 units per vear. The cost/unit 15
Rs 2 and it costs Rs, 36 to place an order and to process the delivery. The inventory carrying cost is
estimated at 9% of average inventory investment. Find

i.  Economic Order Quantity
i, Optimum no, of orders o be placed per annum
. Mimimum total cost of mventory per annum

Solution:
Given Annual demand (D) = 10000 units/yr., Ordering cost (Co) = Rs 36/order

Cost per unit (Cp) = Rs 2 /unit, Inventory carrving cost (1) =0.09




= 2000 umts

mc, szmn{min
C, 2x0.09

i.  Economic Order Quantity EOQ=0) = J

i, Optimum no, of orders = D‘ = i =)
Q2000

ui.  Total mventory cost =T --.JJD(‘.,L“ ; JleMﬂx]ﬁxl:_ﬂxﬂ_WJ:l - Rs. 360/ annum

Example 3: A manufacturer has to supply his customers 3600 units of has product per annum. Shortage
are not permilted. Inventory carrying cost amounts Rs, 1.2unit/annum and set up cost per run is Rs, 80,
Find
i, Economic Order Quantity
i, Optimum no. of orders to be placed per annum
. Minimum total cost of inventory per anaum
v,  Optimum period of supply per oplimum order,

Solution:
Given Annual demand (DY) = 3600 units/yvr., Ordering cost (Co) = Rs 80/order

Inventory carrving cost (Cc) = Rs 1.2/ order /year

= (92 82 = 693 units

. 2D 2 b R0
Economic Crrder Quantity EOQ=(Q) = J —= = J 3600 -

L 1.2

§

Optimum no, of orders = N = D L 5.19 = 5 orders
693

Total inventory cost =T = .JE DCC = J2x 360080 1.2 = Rs. 831,38/ annum

Optimum period of supply per optimum order ll ]q 0.2 years

3.8 ABC Analysis:

[t is a fundamental tool for exercising selective control over numerous inventory ilems

# ARC means — Always Better Control

# ARC analysis divides inventories into three groupings in terms of percentage of number of items
and percentage of total value. In ABC analysis important items (high usage valued items) are
grouped in C and the remaining middle level items are considered B items,




The mventory control 15 exercised on the principle of "management by exception” 1.¢., rigorous controls
are exercised on A items and routine loose controls for C items and moderate control in ‘B ilems, The
items classitied by virtue of their uses as:

Calegory % of ilems (approx.) | % value (approx.)
A — High value items 10 L]
B - Medium value iems 20 )
C — Low value items 0 10

| 10% | 20% | 1%
Percentage of Inventory

Fig. 3.3 Graphical representation of ABC analysis

Control policies for A ilems

‘A’ items are high valued items hence should be ordered in small quantitics in order to reduce
capital blockage.
The future requirement must be planned in advanced so that required quantities arrive a litle
befiore they are required for consumptions.
Purchase and stock control of A items should be taken care by top executives in purchasing
department
Maximum efTort should be made o expedite the delivery.
The safety stock should be as less as possible (15 days or less),
'A' items are subjected to tight control wrt
= lssue
» DBalance
# Storing method
Ordering quantities, reorder point and maximum stock level should be revised more froquently




Control poligies for ‘B iems

I,
i,

Thi: policies for "B items are in general between A & C
Order for these items must be placed less frequently
safety stock should be medium (3 months or less).

'R items are subjected 1o moderate control,

Control palicies for 'C' ilems

i Clitems are low valued iems.

i, Safety stock should be liberal (3 months or more)
Annual or & monthly order should be placed to reduce paper work & ordering cost and to get the

advantage of discount.
In case of these items only routing check 15 required,
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CHAPTER 4
INSPECTION AND QUALITY CONTROL

4.1 Define Inspection and Quality control

Definition of Quality:

The meaning of “Quality™ 15 closely allied to cost and customer needs. “Quality™ may simply be defined
as fitness for purpose at lowest cost.

The component 15 said to possess good quality, i it works well in the equipment for which it 15 meant,
Cruality is thus defined as fitness for purpose,

Cuality is the “wtality of features and charactenistics” both for the products and services that can satisfy
both the explicit and implicit necds of the customers

“Quality” of any product is regarded as the degree to which it fulfills the requirements of the customer,

“Quality” means degree of perfection, Quality is not absolute but it can only be judged or realized by
comparing with standards. It can be determined by some charactenistics namely, design, size, matenal,
chemical composition, mechanical functioning, workmanship, finish and other propertics,

Meaning of Control:

Contral is a system for measuring and checking (inspecting) a phenomenon, The process through which
the standards are established and met with standards is called control. 11 suggests when to inspect, how
often to inspect and how much to inspect. In addition, it imcorporates a feedback mechanism which
explores the causes of poor quality and takes corrective action

Control differs from ‘inspection’, as it ascertains quality characteristics of an item, compares the same
with prescribed quality standards and separates defective items from non-defective ones. Inspection,
however, does not involve any mechanism (o (ake corrective aclion.

Meaning of Quality Control:

Cuuality Control is a systematic control of various factors that afTect the quality of the product. The
various factors include material, tools, machines, type of labour, working conditions, measuring
Instruments, cte.

Cuuality Control can be defined as the entire collection of activities which ensures that the operation will
produce the optimum Quality products at minimum cost,

As per AY. Feigorbaum Total Quality Control is: “An effective system for integrating the quality
development, Quality maintenance and Cuality improvement efforts of the various groups in an
organization, so as (o enahle production and services at the most economical levels which allow full
customer zatisfaction™

I the words of Alford and Beatly, “Quality Control™ may be broadly defined as that “Industnial
management technique means of which products of uniform accepted quality are manufactured.” Quality
Control is concerned with making things right rather than discovering and rejecting those made wrong,




In short, we can say that quality control is a technique of management for achieving required standards of
products.

Objectives of Quality Control:
Following are the objectives of quality control:

# Tommprove the company s income by making the production more acceplable o the
customers, i, by providing long life, greater usefulness, maintainability ¢te
To reduce companies cost through reduction of losses due to defects
To achieve mterchangeability of manufacture in large scale production.
To produce optimal quality at reduced price.
To ensure satisfaction of customers with productions or services or high-quality level, to bnld
customer goodwill, confidence and reputation of manufacturer.

# To make inspection prompl o ensure quality control.

¥ Tocheck the variation dering manufacturing

The broad areas of application of quality control are incoming matenal control, process control and
product control,

Benefits of Quality Control

Improving the quality of products and services

Increasing the productivity of manufacturing processes, commercial business, corporations.
Reducing manufacturing and corporale costs.

Determining and improving the marketability of products and services.

Feducing consumer prices of products and services.

Improving andior assuring on time deliveries and availability.

Assisting in the management of an enterprise.

INSPECTION

YVour oW oW oW W ws

Inspection is an important ol to achieve quality concept. It is necessary to assure confidence to
manufacturer and aims satisfaction to customer. Inspection 1s an indispensable tool of medem
manufacturing process, It helps to control quality, reduces manufacturing costs, eliminate scrap losses and
assignable causes of delective work.

Inspection only measures the degree of conformance to a standard in the case of variables. In the case of
attributes inspection merely separates the nonconforming from the conforming. [nspection does not show
why the nonconforming units are being produced,

Inspection is the most commaon method of attaining standardization, uniformity and quality
of workmanship. [t is the cost art of controlling the production quality after comparison with the
established standards and specifications, It is the function of quality control. I the said item does not fall
within the zone of acceplability it will be rejected and corrective measure will be applied to see that the
items in future conform to specified standards.

Objectives of Inspection:

#  Todetect and remove the faulty raw materials before it undergoes production.
# Todetect the faulty products in production whenever it is detected




# Tobring facts to the notice of managers before they become serous to enable them to discover
weaknesses and over the problem

# To prevent the substandard reaching the customer and reducing complainis.

# To promote reputation for quality and rehability of product

Purpose of Inspection

To distinguish good lots from bad lots

To distinguish good picces from bad picces.

T determine if the process is changing.

To determme if the process 15 approaching the specilication limits,
To rate quality of product,

To rate accuracy of inspectors.

To measure the precision of the measuring mstrument.

Tao secure products-design information

T measure process capablity.

4.2 PLANNING OF INSPECTION:
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It includes

|.Locating the inspection station

2. Providing facilities for inspection station
1. Locating the inspection station:

For deciding the location of inspection station flow charts are consulted. Most usual location for
Inspection station is

a) at receipt of goods from supplier, generally known as incoming inspection

by at the time of setup, a production process

¢} durning the critical or costly operation, also known as process inspection

d) prior o delivery of lot from processing depariment to another,

¢} Prior to dispatch of completed product o storage or to customer also known as finished good
Inspection.

[} Sometimes depending upon the customer inspection is performed in the shipping area of supplier
plant or al customer’s place

1. Providing facilities for inspection station

Based upon the product specification and its application, quality charactenistics are decided.
Planner prepares a list of which quality characteristic are to be checked and at which inspection station.

The planner determines the detailed work to be done for each quality charactenistics which include the
following.

a) The type of test to be done, This requires the details description of testing environment, testing
equipments, testing procedure, tolerance permissible for desired accuracy.

bl Sample size (number of units o be inspected in a lot)

¢} Methods of selecting the sample o be ested




d) The tvpe of measurement (o be made (attributes, variables)

¢} Conformance critenia or wolerance limit

) There are certain characteristics which are difficult to measure by instrument, such charactenistics
uses senses of human being and are known as sensory charactenistics examples-Taste, odour et
Planner in such cases may iry o describe the words define limiting factor for acceplability of the
product,

4.3 Types of Inspection

Types of inspection are:

1. Floor inspection 2. Centralized inspection 3. Combined inspection 4,
Funchional mspection 5. First piece inspection & Pilot prece inspection 7. Final inspection

1. FLOOR INSPECTION

In this system, the inspection 15 performed at the place of production, [t suggests the checking of matenials
in process at the machine or in the production time by patrolling inspectors. These inspectors move from
maching to maching and from ong to the other work centers, Inspectors have to be highly skilled. This
method of inspection minimizes the material handling, does not disrupt the hine layout of machinery and
quickly locate the defect and readily offers field and correction,

Advantages
1. Deetection of emors of the source reduces serap and rework
2. Correction 1s done before it affects further production, resulting in saving cost of
unnecessary work on defective parts.
3. Matenial handling time is reduced.
4. Job satisfaction to worker as he can’t be held responsible for bad work at a later date.
5. Greater number of pieces can be checked than a sample size
B, Does not delay in production,
Disadvantages
1. Delicate instruments can be employed.
2. Measuring or inspection equipment have to be recalibrated often as they are subjected
to wear or dust,
3. High cost of inspection because of numerous sets of inspections and skilled inspectors,
4. Supervision of inspectors is difficult due w vibration.
3. Pressure on inspector.
6. Possibility of biased inspection because of worker.
Suitability

1. Heavy products are produced.




2

. Different work centers are integrated in continuous line layout.

2. CENTRALISED INSPECTION

Inspection 15 carried in a central place with all westing equipment, sensitive equipment 1s housed m air-
conditioned area. Samples are brought to the inspection Noor for checking. Centralised inspection may

locate in

omg or more places in the manufacturing industry,

Advantages

3

3
4

5

. Greater degree of inspection due to sensitive equipment,
. Less number of inspectors and tools.

. Equipment needs less frequency of recalibration.

. Cost of inspection 15 reduced.

. Unbiased inspection.

B, Supervision of inspectors made possible,

-

. o distraction to the inspector.

Disadvantages

|
2
3
4

5

. Defects of job are not revealed quickly for prevention

. Greater material handling
High cost as products are subjected to production before they are prevented
Greater delay in production

Inspection of heavy work not possible

f. Production contral wark is more complicated

7

Cireater scrap,

3. COMBINED INSPFECTION

Combination of two methods whatever may be the method of inspection, whether [oor or central. The

main obj

getive is to locate and prevent defect which may not repeat itsell in subsequent operation to see

whether any corrective measure is required and finally to maintain quality economically.

4. FUNCTIONAL INSPECTION

This system only checks for the main function, the product is expected 1o perform. Thus an electrical
mator can be checked for the specified speed and load characteristics. It does not reveal the variation of
individual parts but can assure combined satisfactory performance of all parts put together. Both
manufacturers and purchasers can do this, if large number of articles are needed at regular intervals. This
is also called assembly inspection.




5 FIRST PIECE OR FIRST-OFF INSPECTIONS

First prece of the shaft or lot 15 mspected. This 15 particularly used where automatic machines are
emploved. Any discrepancy from the operator as machine tool can be checked 1o see that the product is
within in control limits, Excepting for need for precautions for tool we are check and disturhance in
machine set up, this vields good result if the operator is careful.

6. PILOT PIECE INSPECTION

This is done immediately after new design or product is developed. Manufacturer of product is done
gither on regular shop floor if production is not disturbed. If production is affected toa large extent, the
product 15 manufactured i a pilot plant. This 15 suttable for mass production and products involving large
number of components such as automobiles aero planes etc., and modification are design or
manufacturing process is done until satisfactory performance is assured or established

7. FINAL INSPECTION

This is also similar to functional or assembly inspection, This inspection is done only after completion of
work. This is widely employed in process industries where there is not possible such as, electroplating or
anodizing products. This is done in conjunction with incoming matenal inspection,

Steps in Quality Control
Following are the steps in quality control process:
1. Formulate quality policy.
2. Set the standards or specifications on the basis of customer’s preference, cost and profit.
3. Select inspection plan and set up procedure for checking.
4, Detect deviations from set standards of specifications.
5. Take corrective actions or necessary changes (o achieve standards.
6. Decide on salvage method i.e., to decide how the defective parts are disposed of, entire
SCIap of rework,
7. Coordination of quality problems.

8. Developing quality consciousness both within and outside the organization

9, Developing procedures for good vendor-vendee relations,

Objectives of Quality Control
Following are the objectives of quality control;
I. To improve the company s income by making the production more acceptable to the
customers, i.e., by providing long life, greater usefulness, maintamability ete,
2. To reduce companies cost through reduction of losses due to defects
3. Toachieve interchangeability of manufacture in large scale production,

4. To produce optumal quality at reduced price.




5. To ensure satisfaction of customers with productions or services or high-quality level,
to build customer goodwill, confidence and reputation of manufacturer,

6. To make inspection prompt to ensure quality control,
7. To check the vanation during manufacturing.

The broad areas of application of quality control are incoming matenal control, process control and
product control,

Benefits of Quality Control

Improving the quality of products and services

Increasing the productivity of manufacturing processes, commerclal business, corporations.
Reducing manulacturing and corporale costs

Determimng and improving the marketability of products and services

Reducing consumer prices of products and services.

Improving and'or assuning on time deliveries and avaalability.

Assisting in the management of an enterprise,
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4.5 Factors influencing the quality of manufacture:

The nine fundamental factors (9 M's), which are affecting the quality of products and services,
are: markets, money, management, men, motivation, materials, machines and mechanization. Modem
information methods and mounting product requirements,

1. Market: Because of technology advancement, we could see many new products to satisfy
customer wanis, At the same time, the customer wants are also changing dynamically. So, it is the role of
companies o identify needs and then meet it with existing technologies or by developing new
technologies.

2, Money: The increased global competition necessitates huge outlays for new equipments and
process. This should be rewarded by improved productivity. This is possible by minimizing quality costs
associated with the maintenance and improvements of quality level

3. Management: Because of the increased complex structure of business organization, the quality
related responsibilitics lie with persons at different levels in the organization.

4. Men: The rapid growth in technical knowledge leads to development of human resource with
different specialization. This necessitates some groups like, system engineering group o imtegrate the idea
of full specialization,

5. Motivation: If we fix the responsibility of achieving quality with each individual in the
organization with proper molivation techniques, there will not be any problem in producing the designed
quality products.

6. Materials: Selection of proper materials w meet the desired tolerance limit is also an important
consideration. Quality attributes like, surface fimsh, strength, diameter ete.,, can be obtained by proper
selection of material,

7. Machines and mechanization: In order to have quality products which will lead to higher
productivity of any organization, we need to use advanced machines and mechanize vanous operations.




8. Modern information methods: The modern information methods help in storing and
retrieving needed data for manufactuning, marketing and servicing.

9. Mounting product requirements; Product diversification to meet customers taste leads to
imricacy 1n design, manufacturing and quahity standards. Hence, compamies should plan adequate system
to tackle all these requirements.

Statistical Quality Control (5.0Q.0):

Statistics: Statistics means data, a good amount of data to obiain reliable results. The science of statistics
handles this data in order to draw certain conclusions,

5.0.C: This 15 a quality control system employing the statistical technigues to control quality by
performing inspection, testing and analysis to conclude whether the quality of the product is as per the
laid quality standards.

Using statistical techniques, 5.0.C. collects and analvses data in assessing and controlling product
guality. The technique of S.Q.C. was though developed in 1924 by Dr. WalterA. Shewartan American
scientist, it got recognition in industry only sccond world war, The technique permits a more fundamental
control.

“Statistical quality control can be simply defined as an cconomic & effective system of  maintaining &
improving the quality of outputs throughout the whole operating process of specilication, production &
inspection based on continuous testing with random samples.” -Y A LUN CHOU
“Statistical quality control should be viewed as a kit of teols which may influence decisions to the
functions of specification, production or inspection, - EUGENE L. GRANT
The fundamental basis of 5.0.C. is the theory of probability, According to the theories of probability, the
dimensions of the components made on the same maching and in one batch (if measured accurately) vary
from component to component. This may be due to inherent machine characteristics or the environmental
conditions.
The chance or condition that a sample will represent the entire batch or population 15 developed from the
theory of probahility.
Relying itsell on the probability theory, 5.0Q.C. evaluates batch quality and controls the quality of
processes and products. $.0.C. uses three scientific technigues, namely;

# Sampling inspection

# Analysis of the data, and

# Control charting
Advantages of 5000

5.0.C is one of the tools for scientific management, and has following main advantages over 100 percent
inspection:

1. Reduction in cost: Since only a fractional output is inspected, hence cost of inspection is greatly
reduced,

2. Greater efficiency: It requires lesser time and boredom as compared to the 100 percent inspection and

hence the efficiency increases.




3. Easv 1o apply: Once the 5.0.C plan is established; it 15 casy to apply even by man who does not have
extensive specialized training.

4. Accurate prediction: Specifications can casily be predicted for the future, which is not possible even
with 100 percent inspection.

5.

i In cases where destruction of product is
necessary for inspecting i, 100 percent inspection is not possible (which will spoil all the products),
sampling inspection is resorted (o,

6. Early detection of faults; The moment a sample point falls outside the control limits, it is taken as a
danger signal and necessary comrective measures are taken. Whereas in 100 percent inspection, unwanted
variations in quality may be detected after large number of defective items have already been produced.
Thus, by using the control charts, we can know from graphic picture that how the production is
proceeding and where corrective action is required and where it is nol required.

CONTROL CHARTS:

Since variations in manufacturing process are unavoidable, the control chart tells when 1o leave a progess
alone and thus prevent unnecessary frequent adjustments. Control charts are graphical representation and
are based on statistical samphing theory, according to which an adequate sized random sample 15 drawn
from cach lot,

Control charts detect variations in the processing and warmn if there is any departure from the specified
tolerance limuts. These control charts immediately tell the undesired variations and help in detecting the
cauze and 15 removal,

In control charts, where both upper and lower values are specified for a quality charactenistic, as soon as
some products show variation outside the tolerances, a review of situation 15 laken and correclive step 15
immediately taken,

I analysis of the control chart indicates that the process 15 currently under control (i.e., is stable, with
vanation only coming from sources common to the process) then data from the process can be used to
predict the future performance of the process. 1 the chart indicates that the process being monitored 15 not
in control, analysis of the chart can help determine the sources of variation, which can then be eliminated
to bring the process back into control, A control chart is a specific kind of run chart that allows significant
change to be differentiated from the natral vanability of the process.

The control chart can be seen as part of an objective and disciplined approach that enables correct
decisions regarding control of the process, including whether or not (o change process control paramelers,
Process parameters should never be adjusted for a process that 15 in control, as this will result in degraded
I'.ll.'i.l.'l.'.‘i!'i ]'.H.'!' |-I::Il'l'l'lill'l.l.'1.'.

In other words, control chart is:

# A device which specifies the state of statistical control,
# A device for altaining statistical control,
# A device to judge whether statistical control has been attained or not.

Parpose and Advantages:

1. A control charts indicates whether the process is in control or out of control,
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2. It determines process variability and detects unusual variations taking place ina
Process.

3. It ensurcs product quality level,

4. It warns in time, and if the process is rectilied at that ime, scrap o percentage rejection can be
reduced.

3. It provides information about the selection of process and setting of tolerance limits.

6. Control charts build wp the reputation of the ergamzation through customer’s satisfaction,

A control chart consists of:

»

Points representing a statistic (e.g., a mean, range, proportion) of measurements of a quality
charactenistic in samples taken from the process al different times [the data]

The mean of this statistic using all the samples is caleubated (e g., the mean of the means, mean of
the ranges, mean of the proportions)

A center line {CL) 15 drawn at the value of the mean of the statistic

The standard error of the statistic is also caleulated using all the samples

Upper and lower control limits (sometimes called "natural process limits™ or UCL and LCL) that
indicate the threshold at which the process output is considered statistically ‘unlikely” are drawn
typically at 3 standard errors from the center line

The control chart has a horizontal scale that represents the consecutive sample number and a vertical scale
representing the charactenistic quality of each sample. This 1s shown i Figure 4.1

o s—— Qui of control
Upper Control Limit (UCL)

. Acceptable
Centre Line (CL) | quality
L] L]

{under control)

Lower Control Limil (LCL)

Characteristic quality —=

s s———— (ut of control

i i i

5 6 7 8 9 10 1112 13
Sample number —»
Figure 4.1
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Types of Control Charts

Control charts can be used to measure any characteristic of a product, such as the weight of a cereal
box, the number of chocolates m a box, or the volume of bottled water. The different charactenstics
that can be measured by control chants can be divided into two groups: variables and attributes,

Control chans

Vanables or

Amributes. chan
Measurement charts Attributes charts

X(bar) p chart

np chart
R chart P

C chart

Sigma chan ]
LI chiast

LS

Figure 4.2

control chart for variables, is used to monitor charactenstics that can be measured and have a
continuum of values, such as height, weight, or volume. A soll drink bottling operation is an example
of a variable measure, since the amount of liquid in the bottles is measured and can take on a number
of different values. Other examples are the weight of a bag of sugar, the temperature of a baking
oven, or the diameter of plastic tubing.

control chart for attributes, on the other hand, 15 used w monitor characteristics that have discrete
values and can be counted, (flen, they can be evaluated with a simple ves or no decision, Examples
include color, taste, or smell. The monitoring of attributes usually takes less time than that of
vanables because a vanable need to be measured (e.g., the botile of soft drink contamns 159 liters of
liguid), An attribute requires only a single decision, such as ves or no, good or bad, acceptable or
unacceptable (e.g., the apple is good or rotten, the meat is good or stale, the shoes have a defect or do
not have a defect, the lightbulb works or it does not work) or counting the number of defects (e.g., the
number of broken cookies in the box, the number of dents in the car, the number of barnacles on the
bottom of a boat)

Commonly used charts, like

1. (X ) and R charts, for process control.

2. P chart, for analysis of fraction defectives




3, C chart, for control of number of defects per unit.
Mean ( X ) or (X bar) Charts

A mean control chart 15 often referred 1o as an x-bar chart. 11 is used to monitor changes in the mean
of a process. To construct a mean chart, we first need to construct the center line of the chart. To do
this we take multiple samples and compute their means. Usually these samples are small, with about
four or five observations. Each sample has its own mean, The center line of the chart is then
computed as the mean of all sample means, where # is the number of samples:

1. It shows changes in process average and is affected by changes in process variability.
2. 1tis a chart for the measure of central tendency,
. It shows erratic or cvelic shifts in the process,
. I detects steady progress changes, like tool wear.,
5. It 15 the most commonly used variables chart.
6. When used along with R chart:

a) It tells when to leave the process alone and when to chase and go for the causes leading to
vanation;
by It secures informatien i cstablishing or modifying processes, specificalions or inspection
procedures;
¢) It controls the quality of incoming material
T, X-Bar and R charts when wsed together form a powerful instrument for diagnosing quality
problems.
Range (K) charts
These are another type of control chart for variables. Whereas x-bar charts measure shifl in the
central tendengy of the process, range ¢harts monitor the dispersion or variability of the process, The
method for developing and using R-charts are the same as that for x-bar charts. The center line of the
control chart is the average range, and the upper and lower control limits are computed. The R chart
is used to monitor process variability when sample sizes are small (n=10), or to simplify the
calculations made by process operators, This chart is called the R chant because the statistic being
plotted is the sample range.

1. It controls general variability of the process and 15 affected by changes in process vanability.
2. 1015 a chant for measure of spread.

3. 101s generally used along with X-bar chart.

Plotting of X and R charts:

A numbcr of samples of component coming out of the process arc taken over a period of time, Each
sample must be taken al random and the size of sample 1s generally kept as 5 but 10 tol3 units can be
taken for sensitive control chanis. For each sample, the average value X of all the measurements and

the range R are calculated. The grand average X (equal to the average value of all the average X )




and R (R is equal to the average of all the ranges R) are found and from these we can calculate the
control limits for the X and R charts. Therefore,

Average of sample mean or grand average is given by

Range R= }{,m -X

Where n=no of samples
fa) Standard Deviation of the Process, @, Unknown

X -Chart; The control limits are:

where X = central line of the chart and the average of past sample mean’s, and A2 = constant to
provide three-sigma limits for the process mean

R-Chan: To calculate the range of the data, subtract the smallest from the largest measurement in the
sample.

The control limits are:

CL=R
UCL=RD,
LCL=R D,

where R average of several past R values and 1s the central line of the contrel chart, and
., D, = constants that provide three standard deviation (three-sigma) limits for a given sample size
(b) Standard Deviation of the Process, @, Known

Control charts for variables (with the standard deviation of the process, o, known) monitor the mean,

X, of the process distribution.




[he control limits are:

CL=X
UCL=X+30,

LCL=X-30,

where X = Centre line of the chart and the average of several past sample means
oy = rr,-"\l'? 14 the standard deviation of the distribution of sample means, and # 15 the sample size
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Control Charts for Attributes:
I'wo of the most commaon types of control charts for attributes are p-charts and c-charts.

P-charts are used (o measure the proportion of items 1n a sample that are defective. Examples are the
proportion of broken cookies in a batch and the proportion of cars produced with a misaligned fender,
P-charts are appropriate when both the number of defectives measured and the size of the total
sample can be counted. A proportion can then be computed and used as the statistic of measurement.
1. It can be a fraction defective chan
2. Each iem is classified as good (non-defective) or bad (defective)
3. This chart is used to control the general quality of the component parts and it checks if the
fluctuations in product quality (level) are due to chance alone

Plotting of P-charts: By calculating, first, the fraction defective and then the contral limits. The
process is said to be in control if fraction defective values fall within the control limits. In case the
process is out of control an investigation (o hunt for the cause becomes necessary

he mean proportion defective [ﬁ ) 15 given by

= Total number of Delectives
Total number Inspected

The standard deviation of p is given by

f (I-P)
o, = FT where n=sample size

The control limits are:

UCL=p+3*c.

CL=p
LCL=p-3*,

C-charts count the actual number of defects. For example, we can count the number of complaints
from customers in a month, the number of bactena on a pein dish, or the number of barnacles on the
hattom af a boal. However, we cannol compute the proportion of complaints from customers, the
proportion of bacteria on a petn dish, or the proportion of barnacles on the bottom of a boat, In such
cases we can base control limits on the assumption that the Poisson distribution is applicable.

Since the mean and vanance of a Poisson distribution are equal, the standard
deviation 15 given by

6. =\C

where C denotes the average number of defects in a sample and is given by




—  Total no. of defects in all samples

Total no, of samples mspected

Thus, the contral limis are

UCL=C+30, =C+3C
CL=C
LCL=C-30, =C-3/C

MNote: A P=chart 15 used when both the total sample size and the number of defects can be computed
whereas C-chart 15 used when we can compute only the number of defects but cannot compute the
proportion that is defective

EXAMPLE 1:

In a factory 20 samples of 5 units each were taken. The population mean was found to be 25¢m and
the sum of the ranges for 20 samples is 130 ¢m. Find the control limits. Az forn=5is (.58,

Solution

= = |3
Here, X =25 em,n=35 k=20, R % 6.5 cm, Ag= 038,

The control limits are
CL=X=125
UCL =X +A,R =25+ 58x6.5=28.77,
LCL=X-A,R =25-.58x6.5=2123
EXAMPLE 2

A company manufactures screws (o a nominal diameter 0,500 = 0.030 ¢m. Five samples were taken
randomly from the manufactured lol and 3 measurements were taken on each sample at different
lengths, The readings are shown in the able below.

Measurements per .i‘HHi'ﬂ'l'll.* fcmy x

Sample no. ; - F

{1455 {459 0.303
(1494 1.495 {1499
(.498 0.315 0.487
0492 0.509 IRYE
{1490 0.308 499




Caleulate the contral limits on x and B-charts and draw the charts,

Caleulation of mean
. - 0458+ 489 & 505
Forsample 1, X =———————— =04

- 94+ 495+ 499
For sample 2,%: = “4'“{—1—4? = {446
o

Similarly, xy =0.500,x: =0.505, x5 = 0,49

XidXidXi+Xa®Xs

X = = (1,499
& 5

Calculation of range

For sample LR, = {}:"m o7 S } =0.505-0488=0017

Sumilarly, By = 0,499 - (.49 = 0.005,
Ri=0515-0487=0.028,
Be=0514-0492=0022

and Re=0508 - 0490 = 0018

LCL = 0.5174

» GL = 04990

LEL = 02807

= CL = 0.0180

= L 4 . LCL = 00000
2 q a i
Samply numbar —a

i




Control limits for X charnt

Az = 1.02 for n = 3 from control chart constant table
CL=X =0499,

DCL=X+A. xR =0499+ 1.02 x 0.018 = 05174,

LCL -.:'*{—:"'._.KR 0.499 - 102 x 0,013 = 0.4507,

These control limits lie within the manufacturer’s assigned limits of 0,50 + 0,03 =053 and 0,50 - 0,03
=47,

Control limits for R=chan
CL=R =0018,
DCL= D, xR =2.57 x 0.018 = 0.0463, (D and D; from table for n = 3)

LCL = D, R =0 x 0.018 = 0.00,

It can be seen from the figures that no value of x or B is out of the control limits, Therefore, the trial
control limits ane the actual control limits. The process is in statistical control i, it is operating free
from assignable causes of vanations and 15 only under the influence of chance causes of variations,

EXAMPLE 3

The following are the mean lengths and ranges of lengths of a fimished product from 10 samples each
of size 5. The specification limits for length are 200 =5 cm. Construct X and R charts and cxamine
whether the process 15 under control and stale your recommendations.

Sample no. | 2 3 4 5 ] ] ] 9 10
Mean X 200 198 202 M0 203 204 199 196 199
Range R 5 i 7 i 4 7 2 b 5

Assume forn=5 A:=0577,D: =0, De=2115,

Sulution

The specification limits for length are given to be 200 £ 5 em. Hence, mean is known whereas standand
deviation 15 unknown,

Control hmits for X chart

Central hmit, CL = X

i[i]
2 X
- 47
R .
010




UCL =X+ A,R = 2004 0.577x4.7 = 202.71

LCL =X - A,R = 200-0577%4.7=197.29

Control limits for B-chan

CL=R =47,
UCL =D,R =2.115x4.7=994],
LCL=D.R=0x47=0
The X and R=charts are drawn in Fig.(a) and (b) respectively
X - chart ]

- UCL = 20271

Sample mean § —e

B T PR R BT, L e g | ., |
=

i 2 3 4 g R 7T R 8 1id
Sample number —

H - Chan UCL = 9.941

1 2 3 4 ¢
Sampla numboe
{B)

It can be seen that all points lie within the control limits of B -chart. The process variability is,
therefore, under control. However, three points comesponding to sample no. 5,6 and 8 lie ouside the
control limits of X -chart, The process is, therefore, not in statistical control. The process, therefore,




should be halted to check whether there are any assignable causes. 1f they are found, the process
should be readjusted to remove them, otherwise Muctuations are going to be there,

EXAMFPLE 4

15 samples of size 4 each were drawn and the following measurements were made:

sample no.

~+
I

Ofhservation
33,3022, 6
52,45,36,47
35,1542,63
26, 34, 30,22
31,27,30,29
29,3427

18,3433 32

sample no.
g
g

Ohservation
19,17, 11,21
11,24, 26, 31
36,32,33,36
31,56,37,29
40,27,47,53
1334, 163733
27,34.2437

12,10,15,28

Determine the control limits for X chari and R-chart and draw these charts, Take A: =0.729, D; =

and Dy =2282 forn=4.

Solution

I'he sample mean x and vaniance R are calculated in following table

Sl

Figs, {4

Samyple ohservation, ¥

LT
el

|
150
155
112
17
106
127
oL
a2
127
113
167
120
122
]

Total:

Sermpie
T

5
L L

275
45.00
18,75
XE.00
3935
26,50
11.7%
17.00
23.00
31.75
28.25
4175
30,00
30.50
16.25
440,50

Sampile

FillpRe

0




Control limits for X chart

CL=X=293T,

UCL =X+ n,fi =20.37+0.729x 18=29.37 + 13.122 =42.492,

LCL=X~A,R =29.37-0.729x 18 = 29,37 13.122 = 16.248,

Control hiits for B-chan
CL=R=18,

UCL=D,R = 2.282 x 18 = 41,076,

LCL=D,R=0x15=0.

The X chart and R-chart are shown plotted in following Fig, (a) and ¢ respectively

UL = 42 492

CL = 29.37

1M 12 13 4 15

— e LR

g Gl = 1800

i 1 1 L I i i | i i "L=Gm
WEREEE LR
Sample numbiad —
i-1]

Since sample range corresponding to sample no. 3 is outside the control limits, the process 1 out of
control with respeet to variability and there is no significance of drawing X -chart. However, X -chart
15 also drawn in Fig. fa) to just illustrate the procedure for plotting the points, Even in this chart, sample
mean comesponding to sample no. 2 is out of the upper control limit, The process is elearly out of

control.




EXAMPLE 5

F'wenty samples cach of size 100 were mspected and the results are given below
sample no. 1 £ 4 2 @
No. of defectives: 2 I 2 . 0
sample no. 11 12

No. of defectives: 3

Draw p-chart taking 3 er limils.

Solution

Here, n= 100, k = 20.

Z-TI A 002

pekebi Y
nxk 20=1H

p-chart
Caontrol limits for p-chart for 3o limits are
CL=p=002,

p{1-p) 0.02x0.98

UCL = p+ 3| ——= =0.02+3 |——— = 0.02+0.042 = 0.062,
fl 1)

pl1-p) 0023 [002x0.98

LCL = =y —— N 002 -0.042 = 0.022 =0,
1]

0.02)
um?
| b R T R S T i e
0 i B B W 12 14 18 1A
Sample ng. —

p-chart for 3o limits is drawn in above Fig. [t can be observed that the pont corresponding to sample
number 16 lies outside the upper control limil.




EXAMPLE &

I'he cloth of a particular manufacturer was inspected. 100 sq. meters is considered as a unit, The
effects in each umit were recorded and are given below. Is the production process under statistical
contral?

100 5. m. cloth
length no.:

No. of defects

in each sample: 2
Solution

Here, no. of samples = 10, wtal number of defects = 23.

Average number of defects in a sample, C = 2310 =23,

standard deviation, g, = JC=\23=1517

Control limits of C chart

CL=C=123,

UCL =C+3C =2.3+3x1.517=685,

LCL=C-3yC =23-3x1517=-2251=0
Since the no. of defects for cach sample hie within the contrel limits, the process 1s in control.
The seven tools of Quality Contral:

. Cause and effect analysis
. Flowcharts
. Checklists
. Control technigues including Statistical quality control and control charts,
3. Scatter diagram
Pareto analysiz which means dentification of vital few from many at a glance. This 18 used for
fixing the priontics in tackling a problem
7. Hislograms.

Cause-and-Effect Diagrams

Cause-and-effect diagrams are charts that identify potential causes for particular quality problems.
They are often called Nishbone diagrams because they look like the bones of a fish. A general cause-
and-effect diagram is shown in Figure 4.3, The “head” of the fish is the quality problem, such as
damaged zippers on a garment or broken valves on a tire. The diagram is drawn so that the “spine™ of
the fish connects the “head” to the possible cause of the problem. These causes could be related 1o the
machines, workers, measurement, suppliers, materials, and many other aspects of the production
process. Each of these possible causes can then have smaller “bones™ that address specific 1ssues that




Seatter Diagrams

relate to cach cause, For example, a problem with machines could be due to a need for adjustment, old
equipment, or teoling problems. Similarly, a problem with workers could be related to lack of training,
poar supervision, or fatigue. Cause-and-efTect diagrams are problem-solving tools commonly used by

quality control teams, Specific causes of problems can be explored through brainstorming,

The development of a cause-and-eiTect diagram requires the team to think through all the possible
causes of poor quality

Flowcharts

A flowchart 15 a schematic diagram of the sequence of steps involved in an operation or process. [t
provides a visual tool that is easy to use and understand

By seeing the steps mvolved in an operation or progess, everyone develops a elear picture of how the
operation works and where problems could arise.

Checklists

A checklist 15 a list of common defecets and the number of obhserved occurrences of these defects. INis a
simple vet effective fact-Tinding tool that allows the worker te collect specific information regarding
the defects observed. The checklist in Figure 4.3 shows four defects and the number of times they have
been observed

It is clear that the biggest problem is ripped material. This means that the plamt needs to focus on this
specific problem—for example, by going to the source of supply or seeing whether the material rips
during a particular production process.,

A checkhist can also be used to focus on other dimensions, such as location or ime.

For example, if a defect is being observed frequently, a checklist can be developed that measures the
number of occurrences per shifl, per machine, or per operator. In this fashion we can 1solate the
location of the particular defect and then focus on correcting the problem.

Control Charts

Control charts are a very important quality control tool. We will study the use of control charts at great
length in the previous chapter, These charts are used to evaluate whether a process is operating within
expectations relative to some measured value such as weight, width, or volume,

For example, we could measure the weight of a sack of flour, the width of a tire, or the volume of a
bottle of soft drink, When the production process is operating within cxpectations, we say that it is “in
contral,”

To evaluate whether or not a process is in control, we regularly measure the variable of interest and
plot it on a control chart. The chart has a line down the center representing the average value of the
variable we are measuring. Above and below the center line are two lines, called the upper control
limit (UCL) and the lower control limit (LCL). As long as the observed values fall within the upper
and lower control limits, the process is in control and there 15 no problem with quality. When a
measured observation {alls outside of these limits, there is a problem.




Scatter diagrams are graphs that show how two vanables are related to one another, They are
particularly useful in detecting the amount of correlation, or the degree of linear relationship, between
two variables.,

For example, increased production speed and number of defects could be comelated positively; as
production speed increases, so does the number of defects. Two vanables could also be correlated
negatively, so that an increase in one of the variables 15 associated with a decrease in the other, For
example, increased worker training might be associated with a decrease in the number of defects
observed.

[he greater the degree of correlation, the more linear are the observations i the scatter diagram. On
the other hand, the more scattered the observations in the diagram, the less correlation exists between
the variables. OF course, other types of relationships can also be observed on a scatter diagram, such as
an inverted.

Ihis may be the case when one is observing the relationship between two vaniables such as oven
temperature and number of defects, since temperatures below and above the ideal could lead 1o
defects.

Pareto Analysis

Parcto analysis is a technique wsed to identify quality problems based on their degree of importance.
The logic behind Pareto analysis is that only a few quality problems are important, whereas many
others are not ¢ritical. The technique was named afler Vilfredo Pareto, a nineteenth-century alian
ceononmist who determined that only a small percentage of people controlled most of the wealth, This
concept has often been called the 80-20 rule and has been extended too many areas, In quality
management the logic behind Pareto’s principle is that most quality problems are a result of only a few
causes. The trick is to identify these causes.

One way to use Pareto analysis is to develop a chart that ranks the causes of poor quality in decreasing
order based on the percentage of defects each has caused. For example, a tally can be made of the
number of defects that result from different causes, such as operator erfor, defective parts, or
inaccurate machine calibrations,

Percentages of defiects can be computed from the tally and placed in a chart like those shown in Figure,
4.3 We generally tend 1o find that a few causes account for most of the defects.

Histograms

A histogram 15 a chart that shows the frequency distribution of observed values of a variable. We can
see from the plot what type of distribution a particular variable displays, such as whether it has a
normal distributien and whether the disinbution 1s symmetncal.

In the food service industry, the use of quality control tools is important in identifying quality
problems, Grocery store chains, such as Kroger and Meijer, must record and monitor the quality of
incoming produce, such as tomatoes and lettuce, Quality tools can be used to evaluate the acceptability
of product quality and to monitor product quality from individual supplicrs. They can also be used to
evaluate causes of quality problems, such as long transil ime or poor refrigeration.

Similarly, restaurants use quality control tools to evaluate and monitor the quality of delivered goods,
such as meats, produce, or baked goods,




& Parwto Chuart

Figure 4.3 Seven tools of QC
4.8 150 W0 Standards

Increases in international trade during the 19805 created a need for the development of universal
standards of quality, Universal standards were scen as necessary in order for companies to be able to
objectively document their quality practices around the world. Then in 1987 the International
Organization for Standardization (150) published its first set of standards for quality management
called 150 9000

I'he International Organization for Standardization {150) 15 an international organization whose
purpose is to establish agreement on international quality standards. Burcau of Indian Standards (BIS)
are the Indian representative to 150, 150 and International Electro Technical Commuission (1EC))
operate jointly as a single system. These are non-governmental organizations, which exist to provide
common standards on international trade of goods and services.

150 9000 standards expect firms to have a quality manual that meets 150 guidelines, documents,
quality procedures and job instructions, and verification of compliance by third-party auditors. 150
000 sertes has five international standards on quality managements. They are;

1. 180 %000 — Quality management and Cuality assurance standards
2. 1509001 — Quality systems: Quality in design




3 180 9002 — Quality systems: Production and Installation
4. 1509003 — Quality systems: Final inspection and test
5. 150 29004 — Quality management and systems

Objectives of 150 2000 Series
The objectives of TSC 9000 series are listed in following Table 4.1

Standard ObjectivesTasks

150 9000 This provides guidelines on selection and use of quality management and quality
assurance standards.

150 9001 It has 200 elements covering design, development, production, installation and
servicing.

1500 G2 It has 18 elements covening production and installation, 1t is same as 150 9001 without
the first two tasks, viz, design and development. This is applicable for the units
excluding B & D functions.

150 9003 It has 12 elements covering final inspection and testing for laboratories and warehouses
elc.

1500 9004 This provides guidelines to interpret the quality management and quality assurance.
This also has suggestions which are not mandatory.

Table 4.1 Objective of 150 9000 standard series
4.9.1 Steps in 1SO 9000 Registration

I. Selection of appropriate standard from 1509001, 150 9002 and 150 9003 using the guidelines
given in IS0 9000,
Preparation of quality manual to cover all the elements in the selected model
Preparation of procedures and shop foor instructions which are wsed at the time of implementing
the system. Also document these items.

4. Self-auditing to check compliance of the selected model.
Selection of a registrar and making application to obtain certificate for the selected model,

A registrar 15 an independent body with knowledge and experienee to evaluate any one of the three
models of the company's quality system (150 9002). Registrars are approved and centified by acridities.

I'he registrar, on successful verification and assessment will register the company. Before
selecting a regisirar, one should know the [ollowing:

. Accreditors of the registrar.

. Background and credibility of the registrar,

. Cost of registration through the proposed registrar.
Expected harmony betwisen the company and the potential registrar while working towards
implementing 150 model in the company.

4.9.2 Benefits of 150 2000 Scrics
150 4000 series provides several tangible and intangible benefits which are listed below:

1. This gives competitive advantage in the global market.

2. Consisteney in quality, since 150 helps in detecting non-conformity early which makes it possible
to Lake corrective action,

3. Documentation of quality procedures adds clarity to quality system,




150 9000 ensures adequate and regular quality training for all members of the onganization.
150 helps the customers to have cost efTective purchase procedure
The customers while making purchases from companies with 130 certificate need not spend much
on mspection and testing. This will reduce the quality cost and lead-time.
This will help in increasing productivity,
. This will aid to improved morale and involvement of workers,
9, The level of job satisfaction would be more,

4,9.3 Just in Time (JIT)
The Just-in-time production concept was first implemented in Japan around [970's to eliminate waste of

» Matenals

F MCT
Capnal

# Manpower

# Inventory

throughout the manufacturing system

The IT concept has the following objectives:

Receive supplies (raw material) just in time o be used,

#  Produce parts just in time to be made into subassembly,
Produce subassemblies just in time to be assembled into finished products
Produce and deliver finished products just in time to be sold

In order to achieve these ohjectives, every point in the organization where buffer stocks normally
occur 15 identified. Then, entical examinations of reasons for such stocks are made,

A set of possible reasons for maintamning high stock is listed below:

Unreliable/unpredictable deliveries
Poor qualities from supplier
Increased varieties of materials
Machine break down

Labour absentecism

Frequemt machine setting
Variations in operators” capabilities
Schedule charges

Changing product priorities
Product modification

In traditional manufacturing, the parts are made in batches, placed in the stock of finished product
and used whenever necessary. This approach 15 known as "push system”™. Which means that parts are
made according to schedule and are kept in inventory (o be used as and when they are needed

In contrast, Just In Time is a "pull system” which means that paris are produced in accordance
with the order. It means the rate at which the products come out at the end of final assembly matches with
the order quantity for that product. There no stock piles within the production process, This is also called
zero inventory, stockless production, demand scheduling,




Moreover, parts are inspected by the workers as they are manufactured. And this process of inspection
takes a very short period. As a result of which workers can maintain continuous production control
immediately identifying defective parts and reducing process variation, Therefore, the JIT system ensures
qualty products. Exira work involved in stockpiling paris are eliminated.

Advantages of JIT

. Exact delivery schedule is possible with JIT practices.
- Quality of product 15 improved.
Lowier defect rates 1.e., lower inspection cost.
Lowier raw material inventory, in process nventory and finished product inventory resulting lower
product cost.
5. Satisfying market demand without delay in delivery
6. Flewbility in utilizing manpower as workers 15 traned to do many jobs
7. NT helps in effective communication and reduce waste,
8. Less shop floor space is required.
9. Employee morale is high in an efficient working environment,
10T reduces serap and need for rewark

Six Sigma

HISTORICALVIEW

The term “Six Sigma” was coined by Bill Smith { Father of Six sigma), an engincer with Motor
Late1970s-Maotorola started expenimenting with problem solving through statistical analysis
In1987-Muotorola ofTicially launched its Six Sigma program, and due o the use of Six Sigma
Motorola is known worldwide as a quality leader and a profit leader. The secret of their success
became Public knowledge after Motorola-won the "Malcolm Baldrige National Cuality Award in
1935,

In19%1-Motorola certified it's first "hlackbell™ experts, which indicates the beginning of formation
of the accredited training of six sigma methods

In1995-Six sigma become well known after Mr. Jack Welch made it a central focus of his
business strategy at General Electric (An American multinational conglomerate corporation
incorporate in New York), today it is used i different sectors of industry

What is Sigma?

The term "sigma” is used to designate the distribution or spread about the mean (average) of any
process or procedure, For a process, the sigma capability(z-value) 15 2 metric that indicates how well that
process 15 performing. The higher the sigma, capability will be better. Sigma capability measures the
capability of the process to produce defect-free outputs.

What is Six Sigma?

< Six Sigma has been around for more than 20 years and heavily influenced by TOM (ioal
quality management) and Zero-Defect principles. In its methodology, it asserts that in order to
achicve high quality manufacturing and business processes, continued efforts must be made to
reduce varations.

& The idea behind Six Sigma is that if vou can measure how many “defiects” vou have ina
process, you can systematically figure out how to eliminate them and get as close to "zero




defects” as possible. It stants with the application of statistical methods for translating
information from customers into specifications for products or service being developed or
produced

It 15 a highly diseiplined process that enables organizations to deliver nearly perfect products
and services. Six Sigma 15 a methodology that provides businesses with the tools 1o improve
the capability of their business processes. This increase in performance and decrease in
process variation leads to defect reduction and vast improvement in profits, employee morale
and quality of product.

It 1 a rigorous and a systematic methodology that utilizes information (management by facts)
anil statistical analvsis to measure and improve a company’s operational performance,
practices and syslems by identifving and preventing ‘defects’ in manufacturing and service-
related processes i order o anticipate and exceed expectations of all stakeholders to
accomplish effectiveness,

Benefits of Six Sigma

Sin Sigma emerged as a natural evolution in business to increase profit by eliminating defects (A
detiect 18 any incident or event which fails to meet the customers” expectations). By aiming processes at
Six Sigma, there would not be more than 3.4 defects per one million opportunities. Then processes can be
evilluated to reach a target level with upper and lower limits. [n order to reach these limits, the process
vanation will have to be reduced. Then as a result of which the curve will become more peaked

&0 Process output

SIGMA| DPMO* | YIELD e AT
1.0 691,462 | 30.8538% Million Opportunities
2.0 308,538 |69.1462%
3.0 66,807 |93.3193%
4.0 6,210 [99.3790% : . Defective
5.0 233 |99.976T%
6.0 3.4 |199.9997%

ni We ol e e BT

Process Output —
(Variation)

Opportunities € Variation / Defects Customer
Expeclation
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Use of Six Sigma:

# s usage depends on the type of business. In general, "If there are processes thatl generate a o of
negative customer feedback, whether that customer is internal or external, the components ol Six
Sigma should be considered as a means to study and rectify the problem,”




Within anv organization, Six Sigma:

*  (ienerales sustained success
Sets performance goal for evervong
Enhances value for customers
Accelerates rate of improvement
'romotes learning across boundarics
Executes strategic change

Defects Per Million Opportunities (DPMO)

7 To maintain Six Sigma quality, a process must not produce more than 3.4 defects per million
opportunities. Opportunities can be defined as the total number of chances per unit to exhibit a
defect, Each opportunity must be independent of other opportunities and must be measurable and
observable

# The DPFMO can also be thought of as the capability of the process. The more capable the process
the less the DIPMO, Finally, this can be converted into a Sigma or standard deviation. The higher
the standard deviation the lower the DPMO, which indicates a more capable process

= Defects Per Million Opportunities (DPMO) can be defined as

Numbser of Defects
DPMO = S R < 1000000
[."'-Jurnhur of opporunities for emor per ul'ul!] = Mumber of units

SIX SIGMA METHODOLOGY

The Six Sigma methadology is widely used in many top corporations in the United States and
around the world, 1t is normally defined as a set of practices that improve efficiency and” eliminate
defects.

Six Sigma project follow two project methodologies:
[, DMAIC
2 DMADY

L.DMAIC

DMAIC 15 a basic component of the Six Sigma methodology- a way to improve work processcs
by eliminating defects




Figure 4.5 Six Sigma DMAIC

Define: Define 1 the first step in the process. In this step, it 15 important to define specific goals
achieving outcomes thal are consistent with both your customer's demands and your own business's
strategy. In essence, vou are laying down @ road map for accomplishment.

Measure: In order o determine whether or not defects have been reduced, vou need a base measurement.
I this step, accurate measurements must be made and relevant data must be collected so that future
comparisons can be measured to determine whether or not defects have been reduced

Analyze: Analysis is extremely important to determine relationships and the factors of causality, If you
are irying to undersiand how 1o fix a problem, cause and effect is extremely necessary and must be
considered.

Improve: Making improvements or oplimizing your processes based on measurements and analysis can
ensure that defects are lowered and processes are streamlined.

Control: This is the last step in the DMAIC methodology, Control ensures that any variances stand out
and are corrected before they can influence 2 process negatively causing defects. Controls can be in the
form of pilot runs to determine if the processes are capable and then once data is collected, a process can
transition into standard production. However, continued measurement and analvsis must ensue to keep
processes on track and Iree of defects below the Six Sigma limit,

2.DMADV

There are certain situations where the managemen team members may feel that a process needs (o
be replaced by a new process rather than simplifving and improving the existing process, The demands of
the customers with respect to quality cannot be satisfied by the existing process. At imes, an organization
must decide to launch a new product or service to grab a new busingss opportunity offered by the
environment, In all such situations, the last two steps used in the DMAIC, namely, “improve” and
"control” can be replaced by "design™ and "verify” so that it becomes DMADV




Figure 4.6 Six Sigma DMADV

Define: 1t refers o define the design goals that are consistent with customer demand and business
strategy

Measure: It refers w identify and identify characteristics that arc crinical 1o quality, product capabilitics,
production process capabilities, and nsks.

Analyvze: It refers to develop and design altematives.,

Design: 1t refers 1o design an improved alternative that is best suited as design perspective,

Verify: It refers to verify the design, set up pilot runs, implement the production process and it over to the
Process owiner.

MFFERENT LEVELS IN SIX S1GMA

Six Sigma uses a colored belt tier svstem for its certification. To receive Six Sigma Certification, and the
associated belt, there is a hierarchical process.




Here are the Six Sigma Belt Levels:
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Fig. 4.7 Six Sigma level

Six Sigma White Belts: White Bells focus on solving problems at a local level, White Belts will connect
with higher-tier individuals such as a Green or Black belt to solve cach problem. The goal of a White Belt
15 to understand the fundamental concepts of S1x Sigma.

Six Sigma Yellow Belts: Yellow Belt is where vou get into the specifics of how Six Sigma works, what it
i5, how the disciplines can be applied to the workplace. A Yellow Belt is versed in the hasics of Six
Sigma, which includes all aspects of the phases of D-M-C. Yellow Belt is just getting stanted to eliminate
delects from within enterprise syslems,

Six Sigma Green Belts: A Green Belt supports a Six Sigma Black Belt by analyzing and solving quality
problems and is involved in quality-improvement projects. Green Belts assist in reviewing data and
suggestions sent by lower-tiered belts. Green Belis will have enough expenence to lead and manage a
project of their own

Cireen Belts will be able to apply learned tools such as define, measure, analyee, improve and control 1o

everyday work problems, They will also be able to assist Black Belts in Six Sigma teams and team
projects to provide measurable improvement to the enterprise,




Candidates that have a thorough knowledge of the Six Sigma methods and procedures at the Green Belt
level have a distinct advantage when searching for a career. Hiring managers seek candidates with the
knowledge and expertise those with a Green Belt possess.

Twpical jobs for those with a Six Sigma Green Belt include: Compliance structural engineer, lead
manufacturing engineer, operaling systems specialist, business process analyst, project engineer, and
senior 11 project manager.

Six Sigma Black Belts: A Six Sigma Black Belt understands Six Sigma philosophies and principles,
including the supporting systems and tools. This person demonstrates team leadership and understands all
aspects of the DMAIC model [in accordance with] Six Sigma principles.

Black Belts are known as agents of change. They have a deep understanding of team dynamics and
handle assigning roles and responsibilities to team members. 115 the goal of a Black Belt to improve
overall quality and profitability. Typical jobs for those with a Six Sigma Black Belt include: Project
Manager, Vice President of Operations, and Manager of Manufactunng.

Six Sigma Master Black Belts: Master Black Belis are the top of the hicrarchy for Six Sigma. The
Master Black Belt (MBB) requirements for individuals are at least live vears as a Black Belt Six Sigma
(BB55) or experience on a minimum of 10 BBSS projects throughout their experience as a professional
The aforementioned is what yvou are required to submit for portfolio review and acceptance as a MBB
student. Experience as a Six Sigma professional, which includes coaching and teaching, mentoring, your
responsibilities as a BRSS professional, and your depth and breadth of technical experience and
innovation is expected.

Implementation of Six Sigma:

The main aim of 5ix Sigma is to achieve less than 3.4 defects per million opportunities by training
internal leaders to apply established techniques, The following is a step-by-step approach for
implementing Six Sigma.

#  Step =1z Every Successful performance improvement must begin with senior leadership, make
sure all op-level management 15 on board and that financial and managenal resources are
available. Training needs are rigorously assessed and training programmers are conductor for
emplovees, Commitment is made to the project
Step - 2: Define the project scope and aim based on customer fecdback and needs. Inspiration for
Bix Sigma projects can come from surveys, studies or existing projects. Always set goals for the
whole organization or for a specific level of the organization that needs improvement
Step = 3: Analyze the system to identify defects. Measure the defects in the current system and
performance. Identify the possible causes of problems. Explore possible solutions of the problems
and asses their possible elfect on the organization.

Step - 4: Improve the system by finding different ways to do things faster, cheaper or better. Use
management and planning tools to put improvement projects into place.

Step - 5: Control the new process by modifving systems and measuring processces o continue and
get good results. Use customer feedback to recognize and solve future problems.




78

Seven § (78) methodology adopted for the workplace organization by eliminating or reducing Waste,
Inconsistency and Physical strain. The 75 implementation consists of seven phases shown in Figure 4.8
viz. Sort, set in order, Shine, Standardize, Sustain or Self Discipline, Safety and Spint

Each phase continuously improves the performance of an organization by eliminating wastages of
searching, waiting, trangportation, motion, work in progress inventory cte, 75 also makes the working
environment ¢lean and safe that improves the morale of the emplovees. The improvement in the form of
the morale is a qualitative form that is responsible for the reduction in the Manufaciuning Lead Time
(MLT). 5o, the 75 helps to reduce MLT in quantitative form as well as in qualitative form, The
quantifiable variables are searching, move, wailing time, cvcle time, lead time, production rate,
productivity, quality, profit and client network and the qualitative vanables are working environment,
communication and morale.

Stand
ardize

Fig. 4.8 Phases of 75

The description of each phase of 75 implemcntation is as follows-

(18) Sort: This means distinguishing or sort out between wanted { Value Added) and unwanied (Non-
Value Added) stems at place of work and removal of unwanted (NVA) items.

Action Steps:

# [dentify a 35-project area and take "before” piclures
# Review sorting criteria

Create a local red tag area

Fag, record, and move red tagged items

lake "after” pictures

Resources required:

# Red Tags
# Red Tag Record Forms
# Camera for “before”™ and “after” pictures




Target Outcomes:

# Increase in floor space utilization

# Scarching time of tools, materials, and papers is reduced.
= Better Mow of work.

#  Inventory cost of unnecessary ilems is reduced,

(25) Set in order:

Arranging and labeling stems in such a manner that they are casy to find and use.
Action Steps:

Take “before™ pictures

Implement workplace changes

Mark locations by creating addresses and applying labeling, marking, and color-coding
Take “after” pictures

Resources required:

# Existing plant standards for labeling, marking, and color-coding
# Labeling supplies

# Tape for creating borders on work surfaces and floors

#  Paint and painting supplics

Target Outcomes:

Take things out and keep things back casily.,
Make lesser mistakes

s
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# Reduce searching time.

# Work environment becomes safe

(35) Shine:

This means removing dirt, strain, filth, soot and dust from the work area. This includes cleaning and care
for equipment and facilities and also inspecting them for abnormalities. In a way it also includes primary
maintenance of equipment

Action Steps:

Define "clean”

Gt cleaning supplies

Take "before” pictures

Clean the work area

Identify contamination sources
Fix small imperfections

l'ake "after” pictures

Resources required:

# Cleaning supplies such as brooms, dust pans, rags, degreasers, and Noor cleaner.
#  Personal protective equipment such as gloves and eye protection




Target Outcomes:

Work place becomes free of dirt and stains which is the starting point for quality.
Equipment lifespan will be prolonged and breakdowns will be less

Creates a pleasam environment.

Prevenis accidents.

(45) Standardize:

This call for systematizing the above 45 practices. This means ensuring that whatever cleanliness and
orderliness 15 achieved should be mamtained. This should develop a work: structure that will support the
new prachices and turn them into habits,

The purpose of standardization s to make sure that evervone in the company follows the same procedure,
the same names of items, the same size of signalization/floor marking, shapes, colors, ete. Standardize
also helps to do the right thing the right way every time

Action Steps:

#  Brainstorm ideas for making the 55 changes standard operating procedure

# Update documentation to reflect changes

# Make sure all stakeholders are aware of the new standards - inform and educate
Resources required:

# support from those who can create documentation, job aids, and visual aids
# Information and approval from those responsible for maintaining company procedurcs
# Poster-making supplies for posting new standards in work arcas
Target Outcomes:
= Activitics will be simplified
# Consistency in the work praciices,

F Avoid mistakes.
#  Better visual and transparency management work cfficiency will improve

(55) Sustain or Self Discipline:

Sustain also means ‘Discipline’. It denotes commitment to maintain orderliness and to practice first 35 as
a way of hife.

Action Steps:

Monnor processes established during 54 -Standardize
Expand 55 efforts to other work areas

Evaluate 55 effectiveness and contimuously improve
Recognize and reward strong efTors

Resources required:

# Management audit forms
# Resources for communication and recognizing successes (newsletters, displays, awards)




= Presentation tools for sharing best practices with other work areas
#  Munagement commitment and focus on maintaining the new standards

Target Outcomes:

#  Promotes habit for complying with workplace rules and procedures.
# Creates healthy atmosphere and a good work place.

# Helps you to develop team work.
# Provides you with data for improving 58,

(65) Safety:

Safety is the condition of being protected against physical, social, spiritual, financial, political, emotional,
occupational, psychological, educational, or other types or consequences of failure, damage, emor,
accident, harm, or any other event that could be considered non-desirable

Action Steps:

Error Proofing (Poka-voke)

Safety related instructions & symbals

Alert, Warning, Hazard area identification and labeling with proper symbols
Safety trainings to emplovees

Resources required:

» Safety related instruction and Symbaols
» Personal Protective Equipment (PPE)
#  Safety Trainer or Expert

Target Qutcomes:
7 Avoid errors or mistakes
# Reduces accidents
# Safer working environment

(78) Spirit (Team Spirit):

Team spirit 15 a willingness to cooperate as part of a team,
Action Steps:

# Formation of 75 team with a team leader
#  Regular meetings to set benchmark and strategies for achicvement
# Motivational and co-operational speeches or trainings for each 75 team on regular basis

Resources required:

# 75 team manual for the conclusion or solutions obtained after brainstorming session or meetings
# Leader with knowledge, abilities, experience, good understanding and cooperating skills

#  Questionnaire survey at regular basis for measuring and analyzing the team spirit

# 75 Audit form for checking overall performance

Target Outcomes:




#  Better communication

# Higher confidence to do work

# Better Understanding & Analysis on problems
F

’

Creates healthy working environment
Reduces boredom approach woward the job

Benefits of implementing 78 are as follows-

Workplace becomes cleaner, safer, well-organized and more pleasant;

Floor space utilization is improved;

Workflow becomes smoother and more systematic and non-value-added activities are reduced;

l'ime for searching tools, materials and document 18 minimized,

Machine breakdowns are reduced since clean and well-maimtained equipment breaks down less
frequently and it also becomes casier 1o diagnose and repair before breakdowns occur, therefore
extending equipment life;

Errors are minimized leading to making defect-free products;

Consumables and material wastage are minimized;

Morale and satisfaction of emplovees improve;

Productivity of the orgamzation improves together with the quality of products and services.

Lean Manufacturing

Lean manufacturing, or simply “lean,” is & systematic method designed to minimize waste in a
manufacturing system while productivity remains constant, Oniginating in Japan in the Toyota Production
System ( TPS), lean manufacturing strives o minimize wasle within 2 manufactuning operation, with the
idea bemg to clearly portray what adds value by removing what doesn’t. As your company begins to think
about lean manufacturing it's important to keep in mind the process of going lean takes time - like
turning & crunse ship around,

There are several different lean techniques, allowing cach organization to fit lean manufacturing
technigues into its own distinet production process, We're going to discuss the eight types of waste lean
manulaciuring seeks to eliminate and five common lean principals, Wols and techniques manufacturers
around the world have implemented into their manufacturing processcs

Lean Manufacturing: 8 Types of Waste

As we mentioned carlier, going lean starts with eliminating waste to focus on what adds value to your
process, which leads o adding value for your customers. 10 important 1o know the tvpes of waste and
how they affect your business.,

There are eight types of waste;

Defects
Overproduction
Waiting
Non-utilized talent
Transponation
Inventory

Motion

Extra Processing

L S U S S




Defects: Probably the most visible type of waste, defects are serap products or products that don’t meet
commercial specilications. They can lead to many types of waste, most nolably one we will discuss later
- wailing, Defects cause delivery delays and logishies headaches which most likely leads 1o a decling in
customer satisfaction. [t's also going to cost money to rework defected products, Fixing defects causcs
your company to spend extra time [ixing 1ssues and filing paperwork.

Overproduction: Companies love to produce i bulk. While it seems like a good 1dea inually, customer
needs change fairly constantly and the market fuctuates and forces change even more frequently.
Cwerproduction causes excess inventory which leads to storage expenses like paying for space and paying
for people and cquipment to move the product around.

Waiting: Waiting is a byproduct of many types of waste and it wreaks havoe on customer satisfaction, A
good way to look at waiting is, a product or your customer might be ready for the next step (packaging or
shipping for example), but the next step in vour process 1sn't ready to perform the task. In healthcare, this
might look like a full waiting room. In manufacturing, this might look like machinery downtime causing

packaging delays,

Non-utilized talent: Often overlooked as a form of waste, not using vour employees to their full
potential, talents or skills can have a big cffect on vour company's bottom linc. Poor tcamwork, minimal
training, bad communication and unnecessary administrative tasks are common examples of non-utilized
lalent waste,

Transportation: Transportation 15 the movemenl of goods rom one location to another. In
manufacturing, this might mean performing different tasks in difTerent locations. For example, producing
product parts in China and shipping them to America to assemble. This process doesn’t add value to the
end product, it docsn’t change the end result and it adds more cost. If vou look at Toyota's manufacturing
setup, many of their suppliers are near the production plants.

Inventory: Similar to overproduction, inventory waste happens when yvour product 15 sitiing there waiting
1o be sold. The difference between overproduction and inventory waste is, inventory has a physical cost
associated with it, whereas overproduction is assumed, Overproduction often causes inventory waste by
making more than your customers want or assuming demand will be there down the road.

Motion: The unnecessary movement of people, machines or items that don’t add value is the waste of
motion. In other words, wasting time. This form of waste is usually caused by not following the 55" lean
manufacturing principal. Common examples include, employees looking for materials or equipment or
poorly designed workspaces.,

Extra Processing: Extra processing or over processing refers to adding work that isn’t required. Extra
processing costs hit you in the form of the time of vour staff, materials used and equipment wear, and
they add up over time. It also makes your process less efficient because employees performing the extra
processing tasks could be doing value-adding tasks instead.
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CHAPTER 5
PRODUCTION PLANNING AND CONTROL
5.1 INTRODUCTION

Production planning and control is a tool available to the management to achicve the stated objectives
Thus, a production system is encompassed by the four factors. f.e., quantity, quality, cost and time.
Production planning staris with the analysis of the given data, « ., demand lor products, delivery schedule
ele,, and on the basis of the information available, a scheme of utilisation of lirms resources like
machines, materials and men are worked out to obtain the target in the most cconomical way.

Thus, production planning and control can be defined as the “direction and coordination af firms’
resonrees lowards attaining the prefived goals.” Production planmng and control helps o achieve
uninterrupted Tow of materials through production line by making available the materials at right Llime
and required quantity,

5.2 MAJOR FUNCTIONS OF PRODUCTION PLANNING AND CONTROL
Funetions of production planning and controlling is classified into:

|. Pre-planning function

2. Planning function

3. Control function
The functions of production planning and controlling are depicted in the Fig, 5.1

1, PRE-PLANNING FURCTION

Pre-planning 15 a macro level planning and deals with analysis of data and 15 an outline of the planning
policy based upon the forecasted demand, market analysis and product design and development
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Fig. 5.1 Functions of production planning and control
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This stage 15 concerned with process design (new processes and developments, equipment policy and
replacement and work Mow (Plant layout), The pre-planning function of PPC is concerned with decision-
making with respect to methods, machines and work flow with respect to availability, scope and capaity

L PLANNING FUNCTION

The planning function starts once the task 1o be accomplished 15 specified, with the analysis of four M's,
1.e.,, Machines, Methods, Matenals and Manpower, This is followed by process planning (routing). Both
short-term {near future) and long-term planning are considered. Standardization, simplification of
products and processes are given due consideration.

3 CONTROL FUNCTION
Control phase is alTected by dispatching, inspection and expediting materials control, analysis of work-in-
process. Finally, evaluation makes the PPC cycle complete and comective actions are taken through a
feedback from analysis. A good communication, and feedback system is essential to enhance and ensure
effectiveness of PIC
53 METHODS OF FORECASTING
Forecast: A prediction, projection, or estimate of some future activity, event, or occumence.
Types of Forecasts

¢ Lconomic forecasts: -Predict a variety of cconomic indicators, like money supply, inflation rates,

interest rales, ele,

»  Technological forecasts: - Predict rates of technological progress and innovation,

# Demand forecasts: - Predict the future demand for a company™s products or services,
Since virtually all the operations management decisions (in both the sirategic category and the tactical

calegory) require as input a good estimate of future demand, this is the type of forecasting that is
emphasized in our textbook and in this course

Types Of Forecasting Methods

Qualitative methods: These types of forecasting methods are based on judgments, opinions, intuition,
emolions, of personal experiences and are subjective in nature. They do not rely on any rigorous
mathematical computations,

Quantitative methods: These types of forecasting methods are based on mathematical (quantitative)
models, and are objective in nature, They rely heavily on mathematical computations,

Qualitative Forecasting Methods




| Qualitative Methods
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Quantitative Forecasting methods:

{ Quantitative Methods

Time-Series Models Associative Models

besssass - LT e

Tume series models look at past Associative models (often called
patterns of data and attenipt to causal models) assume that the
predict the future based upon the variable bemg forecasted 1 related
underlving patterns contamed to other variables m the

within those data. environment. They try to project
based upon those associations,

Average method:

Forecast sales for next peniod = Average sales for previous period

Example Period No

Forecast sales for Penod No 7= z 1




11, Forecast by Moving Average:

In this method the forecast is neither influenced by very old data nor does it solely reflect the figures of
the previous period.

Example:

Year Four period average l'url.'msting_
1987

50460450440
4

B+ 50+ 40+ 50
: =50

Forecast for 1988 peniod | = 30l

Forecast for 1988 penod 2

I Weighted Moving Average:

A weighted moving Average allows any weights to be placed on cach element, providing of course, that
the sum of all weights equals one.

Example:

Period
Month-1
Month-2
Month-3
Month-4
Month-5

Forecast (weights 40%, 30%, 202, 10% of most recent maonth)

Foreeast for month-5 would be:
F=04x95+03x105+0.2x%0 + (L 1=100 =97.5
Forecast for month-6 would be:

F=04x110+03x95+02x105+0.1x90=102.5

1V, Exponential Smoothing:

Simple exponential smoothing model estimates the average forecast for the next period by using the
actual and the forecasted demand for the previous period.




Forecast for the period t{F )

=Forecasted demand for the last period + r:[.ﬂu:luul demand for the last period-Forecasted demand for the last ]w:liw.i]

F=F_ +a[D_-F_]
where @ is called smoothing constant
Cieneralized equation:

F=a(l-a)'D, +ail-a)D,_, +a{l-a)'D,_. + va(l-a)'D_, +(1-a)F,

[Where k is the number of past periods)
Example:

The demand for the disposable plastic tubing for a general hospital is 300 units and 350 units for
September and October respectively. Using 200 units as demand for September, compute the forecast for
the month of November, Assume the value of @ as 0.7,

Solution:
Here D), = Demand for September =300 units
F_, = Forccast for September =200 units
(i) Forecast (Ft) can be written as,
F=F, +a[D, ~F ]
Forecast for October can be computed as,
k=K, + ti‘[”. i~k .]
200+0.7 [ 300~ 200]
= 270 units.
{ii) Forecast for the month of Movember
F=F_, +a[D,-F,]
= 270407350270}

326 units.




5.3.1 ROUTING

Routing may be defined as the selection of path which cach part of the product will follow while being
transformed from raw materials to finished products. Path of the product will also give sequence of
operation to be adopted while being manufactured.

[n other way, routing means determination of most advantageous path to be followed from depanment o
department and machine to maching tll raw material gets 1ts final shape, which mvolves the following
steps:

() Type of work to be done on product or its parts

(#) Operation required to do the work.

(¢) Sequence of operation required.

(e} Where the work will be done,

(&) A proper classification about the personnel required and the machine for doing the work.

For effective production control of a well-managed industry with standard conditions, the routing plays an
impaortant role, i.e., to have the best results obtained from available plant capacity. Thus, routing provides
the basis for scheduling, dispatching and follow-up.

5.3.2 SCHEDULING

Scheduling can be defined as “preseribing of when and where each operation necessary to manufaciure

the product is to be performed.”

It is also defined as “establishing of times at which 1o begin and complete each event or operation
comprising a procedure”, The principle aim of scheduling is o plan the sequence of work so that
production can be systematically arranged towards the end of completion of all products by due date.,

5.3.2.1 Principles of Scheduling

|. The principle of optimum task size: Scheduling tends o achieve maximum efTiciency when the task
sizes are small, and all tasks of same order of magnitude

2. Principle of optimum production plan: The planning should be such that it imposes an equal load on
all plants.

3. Principle of optimum sequence; Scheduling tends to achieve the maximum efficiency when the work
i5 planned so that work hours are normally used in the same sequence.

5.3.2.2. lnputs to Scheduling

|. Performance standards: The information regarding the performance standards (standard times
for operations) helps to know the capacity in order to assign required machine hours to the facility.

2. Units in which loading and scheduling 15 to be expressed.

3. Effective capacity of the work centre.




4. Demand pattern and extent of flexibility to b provided for rush orders,
5. Overlapping of operations,

i, Individual job schedules

5.3.3 DISPATCHING

This is the execution phase of planning. It is the process of setting production activities in motion through
release of orders and instructions, It authonzes the start of production activities by releasing matenals,
components, tools, fixtures and instruction sheets to the operator.

The activities involved are:
{a) To assign definite work to definite machines, work centres and men.
{b) To issue required materials from stores
{c) To issue jigs, fixtures and make them available at correct point of use.
{d) Release necessary work orders, ime tickets, ete., to authonze imely start of operations

{¢) To record start and finish time of each job on each machine or by each man.

5.34 CONTROLLING

Inspite of planmng to the munute details, vet always (most of the time) 1t 15 not possible to achieve
production 100% as per the plan. There may be innumerable factors which afTect the production system
and because of which there 15 a deviation from the actual plan,

Some of the factors that affect are -

1. Non availablity of materials (due to shortage etc.)
2. Plant, equipment and machine breakdown,

3. Changes in demand and rush orders.

4. Absentecism of workers,

5. Lack of co-ordination and communication between various functional. areas of business.

Production control looks to utilize different type of control techniques to achieve optimum performance
out of the production system as o achieve overall production planming targets. Therefore, objectives of
production control are as follows:

» Regulate mventory management
# Organize the production schedules

#  Dptimum utilization of resources and production process

The advantages of robust production control are as follows:




Ensure a smoath Now of all production processes

Ensure production cost savings therchy improving the bottom line
Control wastage of resources

It maintains standard of quality through the production life eycle

Production control cannot be same across all the orgamzation. Production control 15 dependent upon the
following factors:

7 Nature of production (job oriented, service onented, ete.)

# Nature of operation

# Siee of operation

Production planning and control are essential for customer delight and overall-success of an organization

Thus, if there 15 a deviation between actual production and planned production, the control function
comes into action

Production control through control mechanism tries to take corrective: action to match the planned and
actual production.

Thus, production control reviews the progress of the work, and takes corrective steps in order to ensure
that programmed production takes place.

The essential steps in control activity are;

# Initiating the production.

#  Progressing

# Corrective action based upon the feedback and reporting back to the Production Planning
54 TYPES OF PRODUCTION

Production sysiems can be classified as Job Shop, Batch, Mass and Continuous Production systems.

Conlinacut

Frodudics

Wi Prducion




Ensure a smooth Now of all production processes

Ensure production cost savings therehy improving the bottom line
Control wastage of resources

It maintains standard of quality through the production life eycle

Production control cannat be same across all the orgamzation, Production control 15 dependent upon the
following factors:

7 Maturc of production (job oriented, service onented, cle )

» Nature of operation

#  Size of operation

Production planning and control are essential for customer delight and overall-success of an organization

Thus, if there is a deviation between actual production and planned production, the control function
comes into action

Production control through control mechanism tries to take corrective: action to match the planned and
actual production.

Thus, production control reviews the progress of the work, and takes corrective steps in order fo ensure
that programmed production takes place.

The essential steps in control activily are;

= Imitiating the production.

# Progressing

# Corrective action based upon the feedback and reporting back to the Production Planning
54 TYPES OF PRODUCTION

Production systems can be classified as Job Shop, Baich, Mass and Continuous Froduction sysiems.

Conlinacut

Pioducdio®

Wi Pradutian




lot may have a different rowting.” It is charactensed by the manufacture of limited number of products
produced at regular intervals and stocked awaiting sales.

Characteristics
Baich production system is used under the following circumstances:
1. When there is shorter production runs.
2. When plant and machmnery are flexible.
3. When plant and machinery sel up 15 used for the production of item in a batch and
change of set up is required for processing the next batch.

4. When manufacturing lead time and cost are lower as compared to job order production.

Advantages

Following are the advantages of baich production;
1. Better utilization of plant and machinery.
2. Promotes functional speciahization.
3. Cost per unit is lower as compared to job order production.
4, Lower investment in plant and machinery.
5. Flexability to accommodate and process number of products.
B, Job satisfaction exists for operators.

Limitations

Following are the limitations of batch production:
1. Material handling 15 complex because of irregular and longer flows,
2. Production planning and control is complex,

5.4.3 Job arder production

The job order production system is characterized by the low production volume. It is related with
manufacture of products to meet the specific consumer requirements.

The quantity to be produced 15 small usually one half or several halves and 15 usually concerned with
special projects, special machinery or equipment to perform specialized and specilic lasks. Large turbo
generators, boilers, processing equipment, material handling equipment and ship building etc. are
examples of this production group

Three types of job order production can be defined according to the regulanty of manufacture as follows:
() Small number of products produced only once.

{b) A small number of pieces produced intermittently when need arises.




() A small number of pieces produced periodically at known time intervals.

When the order is to be executed only once, there is little scope for improvement of manufacturing
technique by introducing intricate method studies, special tools, jigs and fixtures ete. But if the order 15 o
be repeated woling and jigging as well as specially designed inspection gauges should be carefully
considered to reduce the unproductive time and to accelerate the work-oniented activities.

Characteristics:
1. Commaonly used to meet a particular consumer need
2. A wide variety of skilled workers conversant with manufaciuring of various jobs will be needed

3. Production equipments are mostly general purpose and flexible 1o meet specific consumer orders which
vanes from time to ime

4. Flexible financing may be required in view of variations in work load

5. A large inventory of raw materials, tools, finished components and parts will be required
b. Production lol size 15 generally small

7. Product variety is generally very high.

Limitations:

1. Insufficicnt utilization of machines and manpower possible duc to less work load so there 15 no scope
of commercial economy of this produciion sysiem

2. Since the purchase of raw materials is less so raw materials shall cost shightly more

3 In view of handling of difTerent types of jobs only skilled and intelligent workers are required so labour
cosl increases.

4. Scientific cost analysis is difficult due o heterogeneous production loads,

5.5 PRINCIPLES OF PRODUCT AND PROCESS PLANNING

Customer Demand

Before production planner plan to assign resources, it is essential ¢ to know how much to produce.
Production planning focuses on the principle of meching the targeted customer demand rate in the most
eflicient way possible while keeping open the capability (o respond 1o vanations in demand which we
refer it to as flexibility to meet the fluctuating demand to certain extent.

Materials

To fulfill production target, the materials availability needed to produce should be ensured. The most
efficient production planning keeps the mimmum matenals as standard mventory, Planners should
evaluate how much material the company needs, the lead umes for orders, the delivery times for suppliers
and the reliability of the supply.
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Equipments

The production planner takes into account the capabilinies of the cquipment used o produce the output.
Basic stabiliy ol equipment comprsing of availability (A), performance (F) and quality {Q) parameters
can be determined by Overall Equipment Effectiveness (OEE).

Manpower

Manpower planning requires accurately estimating the number of employees required to do the work. The
capacity of the workforce has to match the capabilities of the equipment to plan for the highest efficiency.

Processes
Effective production planning makes sure that the processes used for the output continue to operate

efficiently and safely. Often the normal operation of a process requires occasional testing and
adjustments.

Controls

A final production planning principle puts in place controls that detect problems as soon as they oceur.
Venfication of inventory, use of qualificd suppliers and personnel, standardization where possible, When
controls are i place, it enables to take possible corrective actions to minimize the effects and return
production to the required levels.
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