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Syllabus

PAPER 9: OPERATION MANAGEMENT & INFORMATION SYSTEMS (OMS)
Syllabus Structure
The syllabus comprises the following topics and study weightage:

A | Operation Management 60%
B Information Systems 40%

ASSESSMENT STRATEGY
There will be written examination paper of three hours.
OBJECTIVE

To provide an in depth study of the various business process, analyze operations, production planning and information
system.

Learning Aims
The syllabus aims to test the student’s ability to:

. Understand the business process and analyze the operations

= Identify and evaluate activities for determination of cost centre or activity centre

. Acquire knowledge of production planning and resource management

= Understand and analyze the information system for designing and managing data

. Apply knowledge to develop Management Information System

= Develop basic concepts and operational modalities of Enterprise Resource Planning

Skill Set required
Level B: Requiring the skill levels of knowledge, comprehension, application and analysis.

Section A : Operation Management 60%

1. (a) Operations Management
(b) Designing and Managing operations

2. Production Planning

3. Productivity Management and Total Quality Management

4. Economics of Maintenance and Spares Management

Section B : Infformation Systems 40%

5. Information System Analysis and Design

Database management Systems

Management Information System (MIS) and Information Economics

Enterprise Resource Planning (ERP)

©lo[~]o

Cyber Law, e-commerce




SECTION A: OPERATIONS MANAGEMENT [60 MARKS]
1.(a) Operations Management —introduction, scope, need, challenges, role in decision-making, operational strategies for

(b)

(a)
(o)

(c)
(d)

(e)
(f)
(9)

(h)

(1)

(o)
(c)
(d)
(e)

competitive advantage
Designing and Managing operations:

(i) Designing of goods and services — selection, product life cycle, generation of new products; product
development

(ii) Process strategy , process analysis and design, production process flow, cost flow, costing system with special
reference to: - Regulated Industries, Non-regulated Industries and Service Sectors

Production Planning
Production planning — infroduction, control measures

Economics and optimization —basics, Pareto Optimality condition, price-mechanism and optimum resource allocation,
economic batch production

Studies at work place -Time study, Work study, Method study, Activity sampling, Work simplification, Job Evaluation

Forecasting- infroduction, features, elements, steps, approaches, techniques ( including time series, regression and
correlation analysis)

Capacity Management — Planning and Utilization for products and services
Process selection, facility layout, designing work systems, Location Planning and Analysis,

Project Planning — infroduction, aspects, Project Life Cycle, scheduling with Gantt Charts, PERT and CPM, Project Risk
measurement

Waiting Lines and Simulation — characteristics and measures of waiting lines, performance, queuing models, dispatching,
scheduling technique, simulation and line balancing problem

Human Resource Planning and optimization — infroduction, job allocation/assignment
Optimum allocation of resources through application of linear programming techniques
(i) For Goods — inputs, processing, outputs JIT and Lean Operations

(ii) For Services

Productivity Management and Total Quality Management

Infroduction, features, measurement techniques of factors of production, productivity index, productivity of Employee,
productivity of materials, productivity of management resources, productivity of other factors

Economics of Research and Development — for improving productivity

Technological Innovation — emerging techniques and its applications for economic decision-making relating to
productivity

Methods of improving productivity including quality circles

Total Quality Management (TQM) — basics tools and certification
Economics of Maintenance and Spares Management

Breakdown maintenance, preventive maintenance & routine maintenance
Obsolescence, replacement of machinery

Maintenance - Techniques, Organization, problems

Spare parts — Planning, policy and control

Application of Queuing theory in maintenance and spares management



Section B: Information System [40 marks]

5.
()

(b)

(b)
(c)
(d)
(e)
(f)

(9)
(h)
(i)

(a)
(o)

Information System Analysis and Design

Information System - Systems development life cycle, Structured Systems Analysis and Design, Physical and Logical
Data Inflow Diagrams

Requirements Analysis, Design of New Systems. Data Modeling, Data dictionary, entity relationship diagram, structure
charts, Transform and Transaction Analysis

Database management Systems

File & Data Base Concept, Overview of DBMS, Data Models, Database Administrator, Database User, Schema, Data
Independence

Relational Database Management System (RDBMS), some application of RDBMS using Oracle & SQL Server
Management Information System (MIS) and Information Economics

Management Information Systems: Definition, scope, planned and unplanned MIS, MIS information time scale,
fransaction processing

MIS and Levels of Management — operational level, tactical level, strategic level
Business Intelligence - Architecture Analysis

Processing Management Accounting Information

Quality of Information and Value of Information

Desirable properties of Management Accounting Information

Uncertainty and Management Accounting Information

Impact of Information Technology on Management Accounting

MIS in functional areas: Finance & Cost Management, Inventory, Marketing, HRM, Financial modeling

Enterprise Resource Planning (ERP)

FICO Module

Basics of other modules of ERP — Production Planning, Plant Maintenance, Quality Management, Materials Management,
Sales and Distribution, HR, Logistics

Cyber Law, e-commerce

Cyber laws

E-commerce and electronic financial fransactions
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Study Note - 1

OPERATIONS MANAGEMENT & DESIGNING AND MANAGING OPERATIONS ﬁ
A XS S——

This Study Note includes

1.1 Operations Management - Introduction

1.2 Objectives of Operations Management

1.3 Scope of Operations Management

1.4 Needs & Challenges of Operations Research to Decision Making
1.5 Operations Management and Decision Making

1.6 The Operations Management Sirategy Development Process

1.7 Contribution of Operations Management to Business Policy Decisions
1.8 Designing of Goods and Services

1.9 Process Planning and Process Design

1.10 Process Analysis and Design

1.11 Process Management

1.12 Process Decisions

1.13 Operations Management within Manufacturing

1.1 OPERATIONS MANAGEMENT - INTRODUCTION

Operations management is the management of that part of an organization that is responsible for
producing goods and/or services. There are examples of these goods and services all around you.
Every book you read, every video you watch, every e-mail you send, every telephone conversation
you have, and every medical freatment you receive involves the operations function of one or more
organizations. So does everything you wear, eaft, travel in, sit on, and access the Internet with.

However, in order to have a clear idea of Operations Management, one must have an idea of
‘Operating Systems’.

An Operating System is defined as a configuration of resources combined for the provision of goods
or services.

Retail organizations, hospitals, bus and taxi services, tailors, hotels and dentists are all examples of
operating systems. Any operating system converts inputs, using physical resources, to create outputs,
the function of which is to satisfy customers wants. The creation of goods or services involves transforming
or converting inputs info outputs. Various inputs such as capital, labour, and information are used
fo create goods or services using one or more transformation processes (e.g., storing, tfransporting,
and cutting). To ensure that the desired output are obtained, an organization takes measurements at
various points in the fransformation process (feedback) and then compares with them with previously
established standards to determine whether corrective action is needed (control).

It is important to note that goods and services often occur jointly. For example, having the oil changed
inyour caris a service, but the oil that is delivered is a good. Similarly, house painting is a service, but the
paintis a good. The goods-service combination is a continuum. It can range from primarily goods, with
little service, to primarily service, with few goods. Because there are relatively few pure goods or pure
services, companies usually sell product packages, which are a combination of goods and services.
There are elements of both goods production and service delivery in these product packages. This
makes managing operations more interesting, and also more challenging.
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Operations Management & Designing and Managing Operations

1.2 OBJECTIVES OF OPERATIONS MANAGEMENT

Objectives of operations management can be categorised into (i) Customer service and (ii) Resource
utilisation.

(i) Customer service

The first objective is the customer service for the satisfaction of customer wants. Customer service is
therefore a key objective of operations management.

The Operations Management must provide something to a specification which can satisfy the customer
in terms cost and fiming. Thus, primary objective can be satisfied by providing the ‘right thing at the
right price at the right time’.

These three aspects of customer service - specification, cost and timing - are described in a little more
detail for the four functions in Table 1. They are the principal sources of customer satisfaction and must,
therefore, be the principal dimension of the customer service objective for operation managers.

Table 1: Aspects of Customer Service

Principal customer wants
Principal function Primary consideration Other consideration
Manufacture Goods of a given, requested or | Costi.e. purchase price or cost of obtaining
acceptable specification goods
Timing, i.e. delivery delay from order or
request to receipt of goods
Transport Movement of a given, requested or | Cost, i.e. cost of movement, Timing ,i.e.
acceptable specification ()  duration or fime to move
(i) wait, or delay from requesting to its
commencement
Supply Goods of a given, requested or | Cost, that is purchase price or cost
acceptable specification obtaining goods
Timing, i.e. delivery delay from order or
request to supply, to receipt of goods
Service Treatment of a given, requested or | Cost, i.e. cost of treatment
acceptable specification Timing, i.e.
(i) Duration or fiming required for
freatment
(i) wait, or delay from requesting fo its
commencement

Generally an organization will aim reliably and consistently to achieve certain standards, or levels, on
these dimensions, and operations managers will be influential in attempting to achieve these standards.
Hence, this objective will influence the operations manager’s decisions to achieve the required
customer service.

(ii) Resource Utilization

Another major objective is to utilize resources for the satisfaction of customer wants effectively, i.e.,
customer service must be provided with the achievement of effective operations through efficient use
of resources. Inefficient use of resources or inadequate customer service leads to commercial failure
of an operating system.
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Operations management is concerned essentially with the utilization of resources, i.e., obtaining
maximum effect from resources or minimizing their loss, under utilization or waste. The extent of the
ufilization of the resources’ potential might be expressed in terms of the proportion of available fime
used or occupied, space utilization, levels of activity, etc. Each measure indicates the extent fo which
the potential or capacity of such resources is ufilized. This is referred as the objective of resource
ufilization.

Operations management is also concerned with the achievement of both satfisfactory customer
service and resource utilization. An improvement in one will often give rise to deterioration in the other.
Often both cannot be maximized, and hence a satisfactory performance must be achieved on both
objectives. All the activities of operations management must be tackled with these two objectives
in mind, and many of the problems will be faced by operations managers because of this conflict.
Hence, operations managers must attempt to balance these basic objectives.

Below Table 2 summarizes the twin objectives of operations management. The type of balance
established both between and within these basic objectives will be influenced by market considerations,
competitions, the strengths and weaknesses of the organization, etc. Hence, the operations managers
should make a contribution when these objectives are set.

Table 2 : The twin objectives of operations management

The customer service objective. The resource utilization objective.

To provide agreed/adequate levels of customer | Toachieve adequatelevelsofresource utilization
service (and hence customer satisfaction) | (or productivity) e.g., to achieve agreed levels
by providing goods or services with the right | of utilization of materials, machines and labour.
specification, at the right cost and at the right fime.

1.3 SCOPE OF OPERATIONS MANAGEMENT

Operations Management concern with the conversion of inputs into outputs, using physical resources,
so as to provide the desired ufilities to the customer while meeting the other organizational objectives of
effectiveness, efficiency and adoptability. It distinguishes itself from other functions such as personnel,
marketing, finance, etc. by its primary concern for ‘conversion by using physical resources’. Following
are the activities, which are listed under Production and Operations Management functions:

1. Location of facilities.

Plant layouts and Material Handling.
Product Design.

Process Design.

Production and Planning Conftrol.
Quality Control.

Materials Management.

©® N oo oA wN

Maintenance Management.
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Fig. 1 : Scope of production and operations management

1. Location of Facilities

Location of facilities for operations is a long-term capacity decision, which involves a long-term
commitment about the geographically static factors that affect a business organization. It is an
important strategic level decision-making for an organization. It deals with the questions such as
‘where our main operations should be based?’

The selection of location is a key-decision as large investment is made in building plant and
machinery. An improper location of plant may lead to waste of all the investments made in
plant and machinery equipments. Hence, location of plant should be based on the company’s
expansion plan and policy, diversification plan for the products, changing sources of raw materials
and many other factors. The purpose of the location study is to find the optimal location that will
results in the greatest advantage to the organization.

2. Plant Layout and Material Handling

Plant layout refers to the physical arrangement of facilities. It is the configuration of departments,
work centers and equipment in the conversion process. The overall objective of the plant layout
is fo design a physical arrangement that meets the required output quality and quantity most
economically. According to James More Plant layout is of an opfimum arrangement of facilities
including personnel, operating equipment, storage space, material handling equipments and alll
other supporting services along with the design of best structure to contain all these facilities.

‘Material Handling’ refers to the ‘moving of materials from the store room to the machine and
from one machine to die next during the process of manufacture’. It is also defined as the ‘art
and science of moving, packing and storing of products in any form’. It is a specialized activity
for a modern manufacturing concern, with 50 to 75% of the cost of production. This cost can be
reduced by proper section, operation and maintenance of material handling devices. Material
handling devices increases the output, improves quality, speeds up the deliveries and decreases
the cost of production. Hence, material handling is a prime consideration in the designing new
plant and several existing plants.
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Product Design

Product design deals with conversion of ideas info reality. Every business organizations have to
design, develop and infroduce new products as a survival and growth strategy. Developing
the new products and launching them in the market is the biggest challenge faced by the
organizations. The entire process of needidentification to physicalmanufactures of productinvolves
three functionsl— Design and Marketing, Product, Development, and manufacturing. Product
Development franslates the needs of customers given by marketing intfo technical specifications
and designing the various features into the product to these specifications. Manufacturing has
the responsibility of selecting the processes by which the product can be manufactured. Product
design and development provides link between marketing, customer needs and expectations
and the activities required to manufacture the product.

Process Design

Process design is a macroscopic decision-making of an overall process route for converting the
raw material info finished goods. These decisions encompass the selection of a process, choice
of technology, process flow analysis and layout of die facilities. Hence, the important decisions in
process design are to analyse die workflow for converting raw material into finished product and
to select the workstation for each included in me workflow.

Production Planning and Control

Production planning and confrol can be defined as die process of planning die production in
advance, setting die exact route of each item, fixing die starting and finishing dates for each item,
to give production orders to shops and to follow-up the progress of products according to orders.

The principle of production planning and control lies in die statement ‘First Plan Your Work and
then Work on Your Plan’. Main functions of production planning and confrol include Planning,
Routing, Scheduling, Dispatching and Follow-up.

Planning is deciding in advance what to do, how to do it, when to do it and who is to do it.
Planning bridges die gap from where we are, to where we want to go. It makes it possible for
things fo occur which would not otherwise happen.

Routing may be defined as the selection of path, which each part of die product will follow,
which being transformed from raw material fo finished products. Routing determines die most
advantageous path to be followed for department to department and machine to machine fill
raw material gets its final shape.

Scheduling defermines the programme for the operations. Scheduling may be defined as ‘the
fixation of time and date for each operation’ as well as it determines the sequence of operations
to be followed.

Dispatching is concerned with the starting the processes. It gives necessary authority so as to
start a particular work, which has been already been planned under ‘Routing’ and ‘Scheduling’.
Therefore, dispatching is ‘Release of orders and instruction for the starting of production for any
item in acceptance with the Route sheet and Schedule Charts’.

The function of Follow-up is to report daily the progress of work in each shop in a prescribed
proforma and to investigate the causes of deviations from the planned performance.

Quality Control (QC)

Quality Control may be defined as ‘a system that is used to maintain a desired level of quality
in a product or service’'. It is a systematic conftrol of various factors that affect the quality of the
product. Quality Control aims af prevention of defects at the source, relies on effective feedback
system and corrective action procedure.
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Quality Control can also be defined as ‘that Industrial Management technique by means of which
product of uniform acceptable quality is manufactured’. 11 is the entire collection of activities,
which ensures that the operation will produce the optimum quality products at minimum cost.

The main objectives of Quality Control are:

(i) To improve the companies income by making the production more acceptable to the
customers i.e. by providing longlife, greater usefulness, maintainability, etc.

i) Toreduce companies cost through reduction of losses due to defects.
i) To achieve interchangeability of manufacture in large-scale production.
iv) To produce optimal quality at reduced price.

v) To ensure satisfaction of customers with productions or services or high quality level, to build
customer good will, confidence and reputation of manufacturer.

(vi) To make inspection prompt to ensure quality confrol.
(vii) To check the variation during manufacturing.
7. Materials Management

Materials Management is that aspect of management function, which is primarily concerned with
the acquisition, control, and use of materials needed and flow of goods and services connected
with the production process having some predetermined objectives in view. The main objectives
of Material Management are:

(i) To minimize material cost.
(i)  To purchase, receive, tfransport and store materials efficiently and to reduce the related cost.

(i) To cut down costs through simplification, standardization, value analysis, import substitution,
etc.

(iv) To trace new sources of supply and to develop cordial relations with them in order to ensure
confinuous supply at reasonable rates.
(v) To reduce investment tied in the inventories for use in other productive purposes and to
develop high inventory furnover rafios.
8. Maintenance Management

In modern industry, equipment and machinery are a very important part of the total productive
effort. Therefore theiridleness or downtime becomes are very expensive. Hence, it is very important
that the plant machinery should be properly maintained.

The main objectives of Maintenance Management are:

1. To achieve minimum breakdown and to keep the plant in good working condition at the
lowest possible cost.

2. To keep the machines and other facilities in such a condition that permits them to be used at
their optimal capacity without interruption.

3. To ensure the availability of the machines, buildings and services required by other sections
of the factory for the performance of their functions at optimal return on investment.

1.4 NEEDS AND CHALLENGES OF OPERATIONS RESEARCH TO DECISION MAKING

The use of Operations Research to improve decision-making has become almost universal today.
However, this remarkable achievement of Operations Research is not totally free from shortcomings.
Certain shortcomings result from lack of awareness on the part of managers about their roles, while
others result due to avoidance of the behavioural and organizational issues which are a part of every
successful application. A list of various needs and challenges of Operations Research is given below:
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Needs

Operations Research requires business managers to be quite explicit about their objectives, their
assumptions and the way of visualizing the constraints. When they define their problem so explicitly,
the solution obtained using Operations Research techniques will be very precise.

Using Operations Research approach the decision maker can determine a solution to his routine or
repetitive problem. For obtaining solution of such type of problems, it is necessary to build a model
so that future solutions can be obtained using the model thus freeing managers to concentrate
on more pressing matters. Only when unusual circumstances arise, they are required to review the
situation. In this way, they can achieve better control of their operations and can allocate their
time more efficiently.

While using Operations Research approach, a manager has to consider very carefully all those
variables which influence his decisions and the way these variables in a problem interact with
each other. He, then selects a decision which is best for the organization as whole.

Using Operations Research approach a decision-maker can examine a sifuafion from various
angles by simulating the model which he has constructed for the real problem. He can change
various conditions under which decisions are being made, and examine the effect of these
changes through appropriate experiments on the model, fo determine the best or optimal solution
for the problem under consideration. All these experiments can be carried out without causing
any serious damage to the existing system or incurring excessive cost.

Operations Research approach allows a decision maker to solve a complex problem involving
multiple variables much more quickly than if he had to compute them using traditional methods.
Sometimes it may not be possible to solve such complex problems without using Operations
Research methods.

Operations Research techniques are gaining acceptance and respect day by day as they
improve manager’s decision making effectiveness.

Challenges

Often Operations Research approaches have to simplify the problem or make simplifying
assumptions in order to solve the problem:s.

There are certain problems which a decision maker may have to solve only once. Constructing
a complex Operations Research model for solving such problems is often too expensive when
compared with the cost of other less sophisticated approaches available to solve them.

Sometimes Operations Research specialists become too much enamoured with the model they
have built and they forget the fact that their model does not represent the “real world problem”
in which decisions have to be made.

Many Operations Research models are so complex that they cannot be solved without the use
of computer. The solutions obtained from these models are difficult to explain o managers a and
hence fail to gain their support and confidence.

Sometimes Operations Research specialists forget to counsel decision makers on the limitations of
the model which they build. Sometimes many of the solutions have to be combined with judgment
and intuitions for effective use. When the users of the model do not obtain the expected results,
they don't appreciate Operations Research approaches.

When the basic data are subjected to frequent changes, incorporating them into the Operations
Research models is a costly affair. Moreover, a fairly good solution at present may be more
desirable than a perfect Operations Research solution available after some time.

Magnitude of computation involved, lack of consideration for non-quantifiable factors and
psychologicalissues involved in implementation are some of the other shortcomings of Operations
Research.
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e Specialists in Operations Research are not the decision makers themselves: they only provide
rational basis for decision making to executives. There is a gap between who provides a solution
and who wishes to use it. Due to this gap, management sometimes offers resistance to the use of

Operations Research.

1.5 OPERATIONS MANAGEMENT AND DECISION MAKING

The chief role of an operations manager is that of planner and decision maker. In this capacity, the
operations manager exerts considerable influence over the degree to which the goals and objectives
of the organization are realized. Most decisions involve many possible alternatives that can have quite
different impacts on costs or profits. Consequently, it is important to make informed decisions.

Operations managers must solve problems in the areas identified above on a regular or ‘as required’
basis. Not only will it be necessary to decide on the problem-solving procedure, but also in many cases
it will be necessary to decide between alternative solutions. We have made a distinction between
what have been called the ‘principal’ or ‘characteristic’ problems which necessitate the problem-
solving procedure being tailored to the particular circumstances, and the ‘common’ problems
which may yield to the same type of problem-solving approach each time they are encountered.
Before beginning to discuss the problem-solving strategies, procedures, techniques, etc., we can pull
together some of the points made in the previous sections, and develop an overview of the operations
manager's decision-making process. This will give a foundation for our discussion where we shall deal
with operations management in the business policy context and the relationships between operations
management and other functions within the organization.

For the purposes of this discussion we define the operations management decision-making process as
‘the formulation of overall strategies for operations, typically involving interrelated areas of responsibility
within operations management, and the making of decisions in these areas in pursuit of these strategies
within the broader business context’.

Business Objectives
Function of operating o 3
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Fig.2 : A model of the operations management decision-making process

> 1.8 | OPERATIONS MANAGEMENT & INFORMATION SYSTEM



Fig. 2 provides a simple model of the operations management decision-making process. It is derived
from our discussion above. The figure shows the decision-making process as a ‘contingency’ model.
It suggests that operations managers’ decisions about (a) the formulation of strategies for the solution
of problems, and (b) particular problem-solving procedures are not free, unconstrained processes.
It suggests, naturally, that operations managers’ decisions are contingent upon other factors, and,
deriving from our discussion above, suggests that the three sets of confingent factors or constraints
might be categorized as follows:

(a) Feasibility: The feasibility of choosing a particular course of action in the principal decision-making
area of operations management (i.e. capacity management, scheduling and inventory) will be
influenced largely by the nature of the operating system, which in turn will be a function of the
demand situation, the processes and outputs involved and the system'’s function.

We have seen that the predictability of the nature of demand (i.e. whether or not it is known
what future customers want) will influence the feasibility of the existence of output stocks created
in anficipation of demand, and ultimately the use of input stocks of particular resources. For
example, an operating system established to safisfy demand which is totally unpredictable in
natfure will contain neither output stocks nor stocks of specialized input resources, e.g. specialized
materials, equipment, etc.

The types of processes and outputsinvolved may influence the nature of the system. Forexample, in
electrical power generation, even though the nature of future demand is known (i.e. for electricity
of a particular voltage, etc.), it will not normally be possible to provide substantial output stocks.

The function of the system will also influence its nature, since the configuration of transport and
service systems will differ from that of supply and manufacturing systems, as in both the former cases
the customers or some physical item provided by the customers will be a direct input to the process.

Thus the nature of demand, process and oufputs, and system function, and their relationship with
the customer will influence the nature of the system, which in furn will have a major feasibility
influence on the approaches adopted by operations management for the management of such
systems.

(b) Desirability: The desirability of pursuing a particular approach in managing the system will be
influenced largely by the operations manager’s perceptions of desired outcomes, which in turn
will be associated with explicit orimplicit business objectives. Thus, considering the twin operations
management objectives of providing customer service and achieving high resource utilization, an
emphasis on the former will possibly encourage the adoption of particular strategies in capacity
management, scheduling, etc., while an emphasis on resource utilization may encourage
a different approach. For example, given feasibility, an emphasis on customer service will
encourage the use of output stocks and possibly the maintenance of excess capacity, while
an emphasis on resource utilization may militate against the use of output stocks and lead to a
reduction in capacity. Although in general the operations manager’s basic strategies may be
seen as a function of the given or required balance between customer service and resource
ufilization, other objectives, e.g. labour policies and pricing policies, will also have some influence.
Most of these factors will be beyond the direct and total control of the operations manager. We
can consider them to be policy-level decisions to which the operations manager will make some
contribution.

(c) Preference: Given feasibility and desirability, we would expect operations managers to have
certain preferences. For example, the operations manager may prefer a situation in which his
or her activities are in some way ‘buffered’ or protected from demand uncertainties. This, for
example through the use of oufput inventories, permits the ‘core’ of the operating system to be
in some way protected from uncertainties and thus to be run in a steady and efficient manner.
In a labour-intensive situation the operations manager may prefer to minimize the amount, of
change in the labour force, hours worked, etc., thus minimizing the risk of labour/industrial relations
problems.
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Or the operations manager may prefer schedule work in such a way as to avoid the need to schedule
each activity against a particular customer’s ‘requirement’ date. All such approaches provide the
operations manager with a far greater choice of strategies, etfc., but the extent which this approach
might be employed is of course a function of both feasibility and desirability.

The operations manager who, for whatever reason, has greater ‘power’ within the organisatioa is
likely to be able to exercise his or her preferences to a greater extent than might otherwise be the
case. Such power may be informal or formal. It may have been acquired, have evolved, or simply
exist because of the broader circumstances, e.g. the existence of minimum feasibility and desirability
constraints. This view associates ‘power’ with the scope, freedom of action and breadth of choice of
| he operations manager given certain feasibility and desirability constraints. This, however, is largely
an internal perspective. We must recognize that such power, perhaps rather more broadly defined,
may be exercised by the operations manager in seeking to influence both feasibility and desirability
constraints which operate on him or her. Thus in certain circumstances the operations manager may
be able to Influence product/service design and/or marketing policy in order to make feasible the
provision of output stocks of uncommitted goods. Further, he or she may seek 10 retain an overriding
commitment fo customer service and a tolerance of low resource utilization. Thus the extent to which
the operations manager contributes lo and influences these policy-level decisions will at least ensure
that such decision-making takes into account the needs, constraints and abilities of the operations
function, and at best ensure that constraints are minimized, thus enabling maximization of preference.
This mechanism ensures that operations managers who are unable, or unwilling, to influence their policy-
level decisions within the organization can be required fo operate in highly undesirable situations,
seemingly having to meet conflicting objectives while using resources in a diverse range of activities in
a continually changing situation. In such circumstances the power of (he operations manager clearly
approaches zero: no preference is exercised, and the operations manager’s decision-making process
is entirely constrained by ‘external factors’.

Summarizing, we can view the operations management decision-making process as a constrained
processwhere outcomesareinfluenced by feasibility, desirability and preference factors. Therecognition
of these relationships and the adoption of a suitable decision-making process are the prerequisites
for effective operations management, and the solution of particular operations management
problems must be seen as a subsidiary part of this decision-making process. The operations manager’s
responsibility within the broader business context must include the recognition of the fact that decisions
in other functions will limit his or her own decisions, but, equally important, the operations manager
must also” seek to influence those factors which give rise to feasibility and desirability constraints on his
or her decisions in the light of, and in order to exercise, his or her particular preferences.

Why Study Operations Management?

If your major field is not operations management, you may be wondering why you need to study
operations management. Actually, there are compelling reasons for studying operations management.
One is that 50 percent or more of all jobs are in operations management or related fields. Also, recall
the image of a business organization as a car, with operations as its engine. In order for that car to
function properly, all of the parts must work together. So too, all of the parts of a business organization
must work together in order for the organization to function successfully.

Working together successfully means that all members of the organization understand not only their
own role, they also understand the roles of others. This is precisely why all business students, regardless
of their particular major, are required to take a common core of courses that will enable them to learn
about all aspects of business. Because operations management is central to the functioning of all
business organizations, it is included in the core of courses business students are required to take. And
even though individual courses have a narrow focus (e.g., accounting, marketing), in practice, there
is significant intferacting and collaboration among the various functional areas, involving exchange
of information and cooperative decision making. For example, although the three primary functions
in business organizations, perform different activities, many of their decisions impact the other areas
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of the organization. Consequently, these functions have numerous interactions, as depicted by the
overlapping circles shown in Fig. 3.

%

Operatons

Financ Marketing

Fig. 3 : The three major functions of business organizations overlap

Finance and Operations management personnel cooperate by exchanging information and expertise
in such activities as the following:

1. Budgeting: Budgets must be periodically prepared to plan financial requirements. Budgets must
sometimes be adjusted, and performance relative to a budget must be evaluated.

2.  Economic analysis of investment proposals: Evaluation of alternative investments in plant and
equipment requires inputs from both operations and finance people.

3. Provision of funds: The necessary funding of operations and the amount and fiming of funding can
be important and even critical when funds are tight. Careful planning can help avoid cash-flow
problems.

Lead Time The Time Between Ordering and good or service and receiving it: Marketing’s focus is on
selling and/or promoting the goods or services of an organization. Marketing is also responsible for
assessing customer wants and needs, and for communicating those to operations people (short term)
and to design people (long term). That is, operations needs information about demand over the short to
intermediate term so that it can plan accordingly (e.g., purchase materials and services and designing
new ones. Marketing, design, and production must work closely together to successfully Implement
design changes and to develop and produce new products. Marketing can provide valuable insight
on what competitors are doing. Marketing also can supply information on consumer preferences so
that design will know the kinds of products and features needed; operations can supply information
about capacities and judge the manufacturability of designs. Operations will also have advance
warning if new equipment or skills will be needed for new products or services. Finance people should
be included in these exchanges in order to provide information on what funds might be available (short
term) and to learn what funds might be needed for new products or services (intermediate to long
term). One important piece of information marketing needs from operations is the manufacturing or
service lead time in order to give customers realistic estimates of how long it will take to fill their orders.

Marketing managers have a major influence on the policy decisions, since the marketing function is
primarily concerned with decisions on the nature of the ‘offering’ (i.e. the goods or service(s) to be
provided to customers) and the methods by which the ‘offering is made. These marketing decisions are
usually referred to as the four aspects of the marketing mix, i.e. goods or services, cost, distribution and
promotion. Although all business must make decisions on each of these four aspects, different types
of businesses will employ different ‘mixes’. For example, companies involved in providing consumer
goods might emphasize promotion (e.g. advertising), while companies providing a specialist service
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might emphasize cost or price. Decisions on these four factors, outlined below, may lie considered to
be the deliberate market decisions of the organization.

1. Goods/service, i.e. goods/service characteristics - the actual item, fransport or service provided
to the customer, its attributes and characteristics, the features and provisions surrounding it and
the essential benefits it provides.

2. Cost, i.e. the purchase price of the goods or service and any additional costs or allowances.

3. Distribution, i.e. the location of the market, channels of distribution, outlets, territories, etc. involved
in the provision of the offering to the customer.

4. Promotion, i.e. the publicity, selling and advertising practices employed to bring the goods or
services to the notice of the infended customer.

These market decisions influence, but do not determine, the nature of the demand faced by the
organization, i.e. the demand felt by the operating system. In addition, other factors only partially
influenced by the organization will influence demand, i.e.

(a) environmental variables - factors (largely beyond the control of the enterprise) that have broad
effects on demand, e.g. the economic situation, public policy and culture;

(b) competitive variables - factors under the confrol of competitors.

1.6 THE OPERATIONS MANAGEMENT STRATEGY DEVELOPMENT PROCESS

Today, many corporations, both large, global conglomerates such as General Electric and small ones
such as Mississauga, Ontario-based Cara, consist of several stand-alone businesses that focus on
different industries. The conglomerate may have a vision and a mission. For example the vision of
Cara (a company founded in 1883, making it older than some provinces) is “To be Canada’s leading
infegrated restaurant company.” Its mission is “Enhancing stakeholder value and building leading
businesses, by maximizing our resources and living our values and principles.” Within this context,
corporate strategy defines the specific businesses in which the firm will compete and the way in
which resources are acquired and allocated among these various businesses.

The stand-alone businesses within these conglomerates often are referred to as strategic business
units (SBUs). SBUs at Cara include, among others, Harvey’s and Swiss Chalet in the fast food business,
Kelsey's in the restaurant business, Second Cup in specialty coffee, Cara in airline food catering, and
Summit in food service distribution. The individual strategy adopted by each SBU, which is referred to
as its business strategy, defines the scope and boundaries of the SBU, in terms of how it addresses the
specific markets that it serves and the products that it provides.

Mission
Market +
|—> Business | | Organisation
_|—> Strategy Competencies
Environment
A
Competitive Priorities Strategies of
Order Qualifiers other Functions
Operations and Winners
Strategy }
Operations
Strategy Decisions < Linked

Fig. 4: The Operations Strategy Process
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The business strategy depends on the market requirements (such as customer desires and success
criteria in the market), the environment (such as competition, technological advances, and
government regulations) and the organizational competencies (such as its core capabilities, its culture,
and strengths and weaknesses). Each SBU may also have its own vision and mission.

To notonly survive but also to prosperin today’s fiercely competitive marketplace, an SBU needs to have
a successful strategy. In this type of situation, Michael Porter, a professor at the Harvard Business School
and perhaps foday's leading authority on competitive strategy, believes that there are three generic
strategies for succeeding in an industry: cost leadership, differentiation, and market segmentation. Cost
leadership implies that the firm has the ability to successfully under price its competition. Differentiation
refers fo ways in which an organization distinguishes its products and services from its competition.
For example a company could offer higher quality products or services than its competitors. Market
segmentation refers to the focus of the product or service offering on a segment in the market. An
example of focus in the hotel industry would be Toronto-based Four Seasons Hotels, which focuses
on the luxury end of the lodging business. Porter believes that to be successful, firms have to frade off
among the three. In other words, a company “cannot be all things to all people.” Other experts on
strategy, such as Henry Mintzberg of McGill University, include costleadership as a form of differentiation.

Functional strategies (for example, operations, marketing, human resources) are developed to support
or align with the established business strategy. For example, Ethan Allen, a retailer who follows a business
strategy of providing high quality furniture, cannot pursue an operations strategy of achieving low cost
by procuring leather that is not of high quality, nor a human resource strategy of not providing training.

A company orSBU's competitivenessrefers toitsrelative position in the marketin terms of how it competes
with the other firms in its industry. Operations strategy refers to how the operations management
function conftributes to a firm’s ability fo achieve competitive advantage in that marketplace.

Operations strategies are developed from the competitive priorities of an organization, which include
(a) low cost, (b) high quality, (c) fast delivery, (d) flexibility, and (e) service. Operations strategies also
depend on order qualifiers and winners, which relate to requirements for success in the market place.

Core capabilities are the means by which competitive priorities are achieved. Consequently, core
capabilities must align directly with competitive priorities. For example a core capability may relate to
research and innovation, such as the ability to design and bring products quickly to market as in the
case of Intel, Nortel, or Sony, or effective supply chain management as in the case of Wal-Mart.

Operations strategy decisions can be divided info two major categories: structural elements consisting
of facility location, capacity, vertical integration, and choice of process (all are considered to be
long term or “strategic” in nature) and infrastructural elements consisting of the workforce (in tferms
of size and skills), quality issues, procurement, the new-product development process, planning and
conftrol, and organizational structure (all of which are often viewed as “tactical” because they can be
changed in arelatively short time). The opening vignette on Dofasco highlighted some of these issues.
These decisions have to be consistent with strategic decisions of the other functions as in the Ethan
Allen example.

In developing an operations strategy, management also needs to take other factors into consideration.
These include (a) the level of technology that is or will be available, (b) the required skill levels of the workers,
and (c) the degree of vertical integration, in ferms of the extent to which outside suppliers are used.

Operations strategy supports the long-range strategy developed atf the SBU level. One might say that
decisions at the SBU level focus on being effective, thatis, “on doing the right things.” These decisions are
sometimes referred to as strategic planning. Strategic decisions impact infermediate-range decisions,
often referred to as tactical planning, which focus on being efficient, that is, “*doing things right.” Here
the emphasis is on when material should be delivered, when products should be made to best meet
demand, and what size the workforce should be. Finally, we have planning and confrol, which deals
with the day-to-day procedures for doing work, including scheduling, inventory management, and
process management.,
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Business and operations strategies can, of course, change over time. With Wal-Mart now also stocking
groceries in its stores, Canada’s second largest grocery chain, Sobeys, is planning to move up-market
to leave cost leadership in the industry to organizations such as industry leader Loblaw and the new
entrant, Wal-Mart.

1.7 CONTRIBUTION OF OPERATIONS MANAGEMENT TO BUSINESS POLICY DECISIONS

The principal means by which operations management contributes to or influences business policy
decisions is through the provision of information on:

(a) the existing operating system structure, objectives and strategies;

(o) the implications for operations management of the goods/service and market/demand
characteristics which are proposed or being considered by the business policy makers.

In ‘change’ situations, both (a) and (b) are relevant, whereas in the establishment of entirely ‘new’
systems only (b) is appropriate. Change situations may occur when a change or modification of the
existing goods or service(s) is under consideration and/or when new markets are being investigated.
In such situations an operating system is in existence and changes are being considered which
might affect or necessitate a change of system objectives, and strategies. Clearly some knowledge
of the nature of the existing system, its characteristics and performance will be of value in making
business policy considerations in such circumstances. The alternative is the ‘greenfield’ situation,
in which business policy decisions will lead to the establishment of new operating systems. Here
operations management must interpret alternative goods/services and market/demand strategies
into implications for operations management, since the nature of the system structure, operations
management objectives and sfrategies required to meet given goods/services and market/demand
characteristics will influence the choice between alternatives.

Two factors that tend to have universal strategic operations importance related to quality and time.
The following section discusses quality and time strategies.

Quality and Time Strategies

Traditional strategies of business organizations have tended to emphasize cost minimization or product
differentiation. While not abandoning those strategies, many organizations have embraced strategies
based on quality and/or time.

(i) Quadlity-based strategy that focuses on quality in all phases of an organization: Quality-based
strategies focus on maintaining or improving the quality of an organization's products or services.
Quality is generally a factor in both attracting and retaining customers. Quality-based strategies may
be motivated by a variety of factors. They may reflect an effort to overcome an image of poor quality,
a desire to catch up with the competition, a desire to maintain an existing image of high quality, or
some combination of these and other factors. Interestingly enough, quality-based strategies can be
part of another strategy such as cost reduction, increased productivity, or time, all of which benefit
from higher quality.

Table 3: Strategic operations management decisions

Decision Area What the Decisions Affect

1.  Product and service design Costs, quality, liability and environmental issues

2. Capacity Cost structure, flexibility

3. Process selection and layout Costs, flexibility, skill level needed, capacity

4.  Work design Quality of work life, employee safety, productivity
5.  Location Costs, visibility

6. Quality Ability fo meet or exceed customer expectations
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Decision Area What the Decisions Affect

7. Inventory Costs, shortages

8. Maintenance Costs, equipment reliability, productivity

9. Scheduling Flexibility, efficiency

10. Supply chains Costs, quality, agility, shortages, vendor relations
11. projects Costs, new products, services, or operating systems

(ii) Time-based strategy that focuses on reduction of time needed to accompilish tasks:

Time-based strategies focus on reducing the fime required to accomplish various activities (e.g.,
develop new products or services and market them, respond to a change in customer demand, or
deliver a product or perform a service). By doing so, organizations seek fo improve service to the
customer and to gain a competitive advantage over rivals who take more time to accomplish the
same tasks.

Time-based strategies focus on reducing the time needed to conduct the various activitiesin a process.
The rationale is that by reducing fime, costs are generally less, productivity is higher, quality tends to be
higher, product innovations appear on the market sooner, and customer service is improved.

Organizations have achieved fime reduction in some of the following:

Planning time: The time needed to react to a competitive threat, to develop strategies and select
tactics, to approve proposed changes to facilities, to adopt new technologies, and so on.

Product/service design time: The time needed to develop and market new or redesigned products or
services.

Processing time: The fime needed to produce goods or provide services. This can involve scheduling
repairing equipment, methods used, inventories, quality, training and the like.

Changeover time: The fime needed fo change from producing one type of product or service to
another. This may involve new equipment settings and attachments, different methods, equipment,
schedules, or materials.

Delivery time: The time needed to fill orders.

Response time for complaints: These might be customer complaints about quality, timing of deliveries,
and incorrect shipments. These might also be complaints from employees about working conditions
(e.g., safety, lighting, heat or cold), equipment problems, or quality problems.

Agile operations is a strategic approach for competitive advantage that emphasizes the use of
flexibility to adapt and prosper in an environment or change. Agility involves a blending of several
distinct competencies such as cost, quality, and reliability along with flexibility. Processing aspects
of flexibility include quick equipment changeovers, scheduling, and innovation. Product or service
aspects include varying output volumes and product mix.

Successful agile operations requires a careful planning to achieve a system that includes people,
flexible equipment, and information technology. Reducing the time needed to perform work is one of
the ways an organization can improve a key metric: productivity.

1.8 DESIGNING OF GOODS AND SERVICES

Developing a turbofan engine to power a modern commercial passenger transport requires an
investment of $1 billion and takes approximately four years of design and testing.

The investment must begin, along with the engineering effort, before the actual market is developed.
As the market unfolds, the aircraft and the engine are modified to insure acceptability and profitability
atf the time of infroduction.
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During the initial design period, dialogue must be firmly established between the engineering teams
and the manufacturing teams. This dialogue and the resultant team-building not only assures a “*design
to cost” philosophy but aids the development process when a component must be redesigned for
cost, market, or reliability reasons.

Throughout the design and development phase, “real fime"” data allow the entire feam to know the
status of drawing releases, hardware promises, required dates, and problem areas. It is only with this
knowledge that program management can make the decisions and implement the actions needed
for an on-fime, on-budget engine development program.

Because of their complexities, the core of engine development programs is team effort; specialists from
manufacturing, engineering, test, and marketing join together using a common “real time” database
to identify and provide solutions to the problems. This teamwork ensures the product will be accepted
in the market and yield an acceptable return on investment.

In planning the conversion system, major decisions are made concerning the design of the product
or service as well as the design of conversion process to produce the product or service. We address
these decisions by first presenting a fraditional model of the design process followed by the design of
new products, and then the design of manufacturing processes. After presenting each separately for
manufacturing, we consider service product and process design choices together.

Importance of Product Design
Production or operations strategy is directly influenced by product design for the following reasons:
(i)  As products are designed, all the detailed characteristics of each product are established.

(i) Each product characteristic directly affects how the product can be made or produced (i.e.,
process tfechnology and process design) and

(i) How the product is made determines the design of the production system (production design)
which is the heart of production and operations strategy.

Further, product design directly affects product quality, production costs and customer satisfaction.
Hence, the design of product is crucial to success in today’s global competition.

A good product design can improve the marketability of a product by making it easier to operate or
use, upgrading its quality, improving its appearance, and/or reducing manufacturing costs.

A distinctive design may be the only feature that significantly differentiates a product. An excellent
design includes usability, aesthetics, reliability, functionality, innovation and appropriateness. An
excellent design provides competitive advantage to the manufacturer, by ensuring appropriate
quality, reasonable cost and the expected product features. Firms of tomorrow will definitely compete
not on price and quality, but on product design.

What Does Product Design Do?

The activities and responsibilities of product design include the following:

(i)  Translating customer needs and wants intfo product and service requirements (marketing).
(i)  Refining existing products (marketing).

(i) Developing new products (marketing, product design and production).

(iv) Formulating quality goals (quality assurance, production).

(v) Formulating cost targets (accounting).

(vi) Constructing and testing prototype (marketing, production).

(vi) Documenting specifications (product design).
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Reasons for Product Design or Redesign

The most obvious reason for product design is to offer new products to remain competitive in the
market. The second most important reason is fo make the business grow and increase profits. Also,
when productivity gains result in reduction of workforce, developing new products can mean adding
jobs and retaining surplus workforce instead of downsizing by layoffs/ refrenchment.

Sometimes product design is actually redesign or modification of existing design instead of an entirely
new design. The reasons for this include customer complaints, accidents or injuries during product use,
excessive warranty claims or low demand. Sometimes product redesign is initiated to achieve cost
reductions in labour and material costs.

Objectives of Product Design

(i)  The overall objective is profit generation in the long run.

(i)  To achieve the desired product quality.

(i) Toreduce the development time and cost to the minimum.

(iv) Toreduce the cost of the product.

(v) To ensure producibility or manufacturability (design for manufacturing and assembly).

Factors Influencing Product Design

(i) Customer requirements: The designers must find out the exact requirements of the customers
to ensure that the products suit the convenience of customers for use. The products must be
designed fo be used in all kinds of conditions.

(ii) Convenience of the operator or user: The industrial products such as machines and tools should be
so designed that they are convenient and comfortable to operate or use.

(iii) Trade off between function and form: The design should combine both performance and aesthetics
or appearance with a proper balance between the two.

(iv) Types of materials used: Discovery of new and betfter materials can improve the product design.
Designers keep in touch with the latest developments taking place in the field of materials and
components and make use of improved materials and components in their product designs.

(v) Work methods and equipments: Designers must keep abreast of improvements in work methods,
processes and equipments and design the products to make use of the latest fechnology and
manufacturing processes to achieve reduction in costs.

(vi) Cost/Price ratio: In a competitive market, there is lot of pressure on designers to design products
which are cost effective because cost and quality are inbuilt in the design. With a constraint on
the upper limit on cost of producing products, the designer must ensure cost effective designs.

(vii) Product quality: The product quality partly depends on quality of design and partly on quality of
conformance. The quality policy of the firm provides the necessary guidelines for the designers
regarding the extent to which quality should be built in the design stage itself by deciding the
appropriate design specifications and folerances.

(viii) Process capability: The product design should take into consideration the quality of conformance,
i.e., the degree to which quality of design is achieved in manufacturing. This depends on the
process capability of the machines and equipments. However, the designer should have the
knowledge of the capability of the manufacturing facilities and specify tolerances which can be
achieved by the available machines and equipments.

(ix) Effect on existing products: New product designs while replacing existing product designs, must
take into consideration the use of standard parts and components, existing manufacturing and
distribution strategies and blending of new manufacturing technology with the existing one so
that the costs of implementing the changes are kept to, the minimum.
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(x)

Packaging: Packaging is an essential part of a product and packaging design and product design
go hand in hand with equal importance. Packaging design must take info account the objectives
of packaging such as protection and promotion of the product. Attractive packaging enhances
the sales appeal of products in case of consumer products (nondurable).

Characteristics of Good Product Design

A good product design must ensure the following:

()

(ii)
(iiif)

(iv)

v)

(vi)

Function or performance: The function or performance is what the customer expects the product
fo do to solve his/her problem or offer certain benefits leading to satisfaction. For example, a
customer for a motor bike expects the bike to start with a few kicks on the kick peddle and also
expects some other functional aspects such as pick-up, maximum speed, engine power and fuel
consumption efc.

Appearance or aesthetics: This includes the style, colour, look, feel, etc. which appeals to the
human sense and adds value to the product.

Reliability: This refers to the length of time a product can be used before it fails. In other words,
reliability is the probability that a product will function for a specific time period without failure.

Maintainability: Refers to the restorafion of a product once it has failed. High degree of
maintainability is desired so that the product can be restored (repaired) to be used within a short
fime after it breaks down. This is also known as serviceability.

Availability: This refers to the continuity of service to the customer. A product is available for use
when it is in an operational state. Availability is a combination of reliability and maintainability.
High reliability and maintainability ensures high availability.

Productibility: This refers to the ease of manufacture with minimum cost (economic production).
This is ensured in product design by proper specification of tolerances, use of materials that can be
easily processed and also use of economical processes and equipments to produce the product
quickly and at a cheaper cost.

(vii) Simplification: This refers to the elimination of the complex features so that the infended function

is performed with reduced costs, higher quality or more customer satisfaction. A simplified design
has fewer parts which can be manufactured and assembled with less time and cost.

(viii) Standardisation: Refers to the design activity that reduces variety among a group of products

(ix)

(x)

or parts. For example, group technology items have standardised design which calls for similar
manufacturing process steps to be followed. Standard designs lead to variety reduction and
results in economies of scale due to high volume of production of standard products. However,
standardised designs may lead to reduced choices for customers.

Specification: A specification is a detailed description of a material, part or product, including
physical measures such as dimensions, volume, weight, surface finish etc. These specifications
indicate tolerances on physical measures which provide production department with precise
information about the characteristics of products to be produced and the processes and
production equipments to be used to achieve the specified tolerances (acceptable variations).

Intferchangeability of parts in products produced in large volumes (mass production and flow-
line production) is provided by appropriate specification of tolerances to facilitate the desired fit
between parts which are assembled together.

Safety: The product must be safe to the user and should not cause any accident while using or
should not cause any health hazard to the user. Safety in storage, handling and usage must be
ensured by the designer and a proper package has to be provided to avoid damage during
fransportation and storage of the product. For example, a pharmaceutical product while used by
the patient, should not cause some other side effect threatening the user.
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New Product Design (Product Development)
(A) The Origin of New Products:

Entrepreneurs frequently form new businesses on the basis of a unique product idea or needed service.
As competitors infringe on the market, replicating products and services, or as the useful product life
diminishes, firms ordinarily prepare to bring out new products or services. These new product and service
ideas come from various sources, including customers, fop management, and staff from marketing,
research and development, production, and engineering.

Approaches to Product Design
(i) Designing for the Customer

Designing for aesthetics and for the user is generally tfermed industrial design which is probably
the most neglected area by manufacturers. In many products we use, parts are inaccessible,
operation is foo complicated or there is no logic to setting and confrolling the function of the
product. Sometimes worst conditions exist, metal edges are sharp and consumers cut their hands
frying to reach for adjustment or repairs. Many products have too many features far more than
necessary and forinstance many electronic products have too many features which the customers
cannoft fully make use of (operate). One approach to getting the voice of the customer into
the design specification of a product is quality function deployment (QFD). This approach uses
interfunctional teams from marketing, design engineering and manufacturing to incorporate the
features sought by the customers in the product at the stage of product design. The customer’s
requirements (with its importance weightage) and the technical characteristics of the product
are related to each otherin a matrix called house of quality. The customers are asked to compare
the company’s products to the competitor's products. The technical characteristics are then
evaluated to support or refute the customer perception of the product. This data is then used to
evaluate the strengths and weaknesses of the product in ferms of tfechnical characteristics.

(ii) Designing for Manufacture and Assembly (DFMA)

Traditionally the aftitude of designers has been “we design it, you build it” which is termed as
“over-the-wall approach”, where the designer is sitting on one side of the wall and throwing the
design over the wall to the manufacturing engineers. The manufacturing engineers have to deal
with the problems that arise because they were not involved in the design effort. This problem can
be overcome by an approach known as concurrent engineering (or simulfaneous engineering).
Concurrent engineering means bringing design and manufacturing people together early in
the design phase to simultaneously develop the product and processes for manufacturing the
product. Recently this concept has been enlarged to include manufacturing personnel, design
personnel, marketing and purchasing personnel in loosely integrated cross-functional teams. In
addition, the views of suppliers and customers are also sought frequently. This will result in product
designs that will reflect customer wants as well as manufacturing capabilities in the design stage
itself. Design for Manufacturing (DFM) and Design for Assembly (DFA) are related concepts in
manufacturing. The term design for manufacturing is used to indicate the designing of products
that are compatible with an organisation’s capability. Design for assembly focuses on reducing
the number of parts in a product or on assembly methods and sequence that will be employed.
Designing for manufacture includes the following guidelines:

(a) Designing for minimum number of parts.

(b) Developing modular design.

(c) Designing for minimum part variations (i.e., communisation or using standardised parts) and
(

d) Designing parts for ease of fabrication.
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(iif)

(iv)

Designing for Ease of Production (or for Producibility or Manufacturafaility)

Manufacturability or Producibility is a key concern for manufacturing products. Ease of fabrication
and/or assembly is important for cost, productivity and quality. Designing products for ease of
production is a key way for manufacturers to be competitive in the world market.

Three concepts which are closely associated to designing for ease of production are:
(a) specifications, (b) standardisation and (c) simplification. These concepts are discussed in the
following paragraphs:

A Specification is a detailed description of a material, part or product, including physical
measures such as dimensions, volume, weight etc. These physical measure are given folerances
(acceptable variations). Tolerances are stated minimum and maximum for each dimension of a
product. Tight tolerances facilitate intferchangeability of parts and allows ease of assembly and
effective functioning of the finished products.

Standardisation refers to design activity that reduces variety among a group of products or parts.
This will result in higher volume for each product or part model which can lead to lower production
costs, higher product quality and lower inventory and higher ease of automation.

Simplification of product design is the elimination of complex features so that the intended function
is performed with reduced costs, higher quality and better customer satisfaction. Simplified design
provides products to customers which can be easily installed, maintained and used by them. Also
production costs can be reduced through easier assembly, less expensive substitute materials and
‘less waste or scrap during production.

Designing for Quality

Building product quality into the product design is the first step in producing products of superior
quality. This is known as “quality of design” which is followed by “quality of conformance.”
Quality of design refers to the quality specifications incorporated in the design. It consists of
quality characteristics such as appearance, life, safety, maintenance and other features of the
product. Quality of conformance is the degree to which the product actually conforms to the
design specification. Designing products for quality consists of three aspects of design— (a) robust
design, (b) design for production and (c) design for reliability which are discussed in the following
paragraphs:

(a) DesigningforRobustness (orrobustdesign): Customers expectproductsto performsatisfactorily
when used in all kinds of field conditions. Hence it is not enough if the products perform as
infended when they are produced and used under ideal conditions. A robust design is one
that will perform as intended even if undesirable conditions occur either in production or in
the field. Robustness can be designed into products by assuming less than desirable field
conditfions in ferms of heat, cold, humidity, nature of use, vibration and other conditions.

(b) Designing for Production (i.e., for ease of manufacturer and assembly) was discussed in the
previous section. This can reduce the sources of error and improve overall product quality.
Modular design and designing for automation are two aspects of designing for ease of
production.

(i) Modular Design is the creation of products from some combination of basic, prexisting
subsystemsknownasmodules.Inthisapproach, productsare designedineasily segmented
components or modules. This design offers flexibility to both production (manufacture
and assembly) and marketing. The modular design concept gives consumers a range
of product options and offers considerable advantages in manufacturing and product
design. Stabilising the designs of the modules makes them easier to build. Even the
maintenance or repair of products in case of break down becomes easier because the
faulty module can be easily removed and replaced by a spare module,
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(ii) Designing for Automation: In designing for automation, three broad issues affecting
product design efforts come into play. They are:

(i)  wasteful or unnecessary processes should not be automated,
(i) simplify the design before automation,

(i) the process may be simplified to such an extent that automation may not be
needed.

(c) Designing for Reliability: Reliability is a measure of the ability of a product, part or system to
perform its inftended function under a prescribed set of conditions. It is the probability that
an item will function as planned over a given time period. Reliability is always specified with
respect to normal operating conditions which are taken intfo consideration while designing
the product for reliability. Reliability of a product can be improved by improving the reliability
of the components used in the product, by reducing the number of components used
and using backups in case certain components fail in operation. These steps will improve
the product design (or system design) and improve the product or system reliability. Other
methods of improving reliability are improving production, and/or assembly techniques,
improving testing methods, improving preventive maintenance procedures, improving user
education etc.

(v) Designing for Ergonomics

Poorly designed products may cause work-related accidents resulting in injuries to users. Hence,
comfort, safety and ease of use for the users are becoming more important quality dimensions
that have to be considered in product design. Human Factor Engineering or Ergonomics applies
knowledge of human capabilities and limitations to the design of products and processes.

(vi) Designing for Environmental Protection

This includes designing products which are environmental friendly (e.g., Euro Il automobile) known
as green designs. Sometimes reaction to a social or environmental concern opens up a set of
promising new design options.

A new approach called “universal design” is an example of product design in which an attempt
is made to design products that are easily operable by disabled persons.

(vii) Designing for Recycling

This approach to product design focuses on designing products so that raw materials such as
plastics can be retrieved once the product has finished its useful life and scrapped. Recycling
means recovering materials for further use. Recycling is done to achieve cost savings, and also to
meet environmental concerns and regulations. Designing for recycling facilitates the recovery of
materials and components in used products for reuse.

(viii) Designing of Disassembly (DFD)
This involves designing products which can be more easily taken apart or disassembled. It includes
fewer parts and less material and using snap-fits where possible instead of screws, bolts and nuts.
(ix) Designing for Mass Customisation

Itis a strategy of designing standardised products but incorporating some degree of customisation
in the final product. Delayed differentiation and modular designs are two tactics used to make
mass customisation possible.

Delayed Differentiation is the process of producing but not quite completing, a product, postponing
completion until customer preferences or specifications are known. Modular design is a form of
standardisation in which component parts are grouped info modules that are easily replaced
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(x)

or inferchanged to produce varieties of the same basic product. One example is a computer
system in which a customer can choose a particular configuration depending on the computing,
capability desired by the customer. Modular design help mass customisation.

Other issues in product design are (a) Computer Aided Design (CAD), (b) Value Engineering or
Value Analysis which are discussed below:

(@)

(b)

Computer Aided Design: Computers are increasingly used for product design. CAD uses
computer graphics for product design. The designers can modify an existing design or create
a new design on a computer monitor screen by means of a keyboard or a joy stick. The
design can be manoeuvred on the screen, it can be rotated to provide the designer different
views of the product, it can be split apart to have a view of the inside and a position of the
product can be enlarged for closer view. The printed version of the completed design can
be taken and also the design can be stored electronically. A number of products such as
printed circuit boards, tfransformers, automobile parts, aircraft parts etc. can be designed
using CAD.

CAD increases the productivity of designers from 3 to 10 times and preparing mechanical
drawings of product or parts and modifying them frequently becomes easier. Also a data
base can be created for manufacturing which can supply required information on product
geomeftry and dimensions, tolerances, material specifications etc. Also, some CAD systems
facilitate engineering and cost analyses on proposed designs, for example, calculation of
volume and weight and also stress analysis can be done using CAD systems. It is possible to
generate a number of alternative designs using computer aided design systems and identify
the best alternative which meets the designer’s criteria.

Value Engineering/Value Analysis in Product Design: Value engineering or value analysis
is concerned with the improvement of design and specifications at various stages such as
research, development, design and product development. Benefits of value engineering
are:

(i) Costreduction.

(i) Less complex products.

(i) Use of standard parts/components.

(iv) Improvement in functions of the product.
(v) Betterjob design and job safety.

(vi) Better maintainability and serviceability.
(vii) Robust design.

Value engineering aims at cost reduction at equivalent performance. It can reduce costs
to the extent of 15% to 70% without reducing quality. While value engineering focuses on
preproduction design improvement, value analysis, a related technique seeks improvements
during the production process.

Oncelaunched, even good products have limitedlives and, fo remain viable, the organization
seeks a flow of new product possibilifies. Let's examine the product’s birth-to-mortality pattern.

(B) Product Life Cycle

Products, like men, are mortal. They flourish for a time, then decline and die. The life cycle of a product
has many points of similarity with the human life cycle. A product is born, grows lustily, attains a dynamic
maturity, then enters its declining years. Like a human being a product that has not built up its potential
during its formative years is likely to be relatively unsuccessful on its maturity. But, there are critical
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differences between the product and the human life cycle. Forinstance, every person has an average
life expectancy. But the life expected of a product varies widely.

The concept of product failure is applicable both to new products and the existing ones. There may,
however, be varying periods of life spans for each product: some failing immediately, other living
for a longer period. The product, thus, has “life cycles” just as human beings have. From its birth, a
product passes through various stages, unfil it is finally abandoned, i. e.. discontinued from the market.
These stages taken together are referred, to as “the product life cycle”. This life cycle of the product
comprises four stages: Infroduction, Growth, Maturity and Decline. It should be noted that it is purely a
theoretical concept.

This may graphically be represented Fig. 5 in below:

The introduction stage is preceded by ‘production planning and development’.This period requires
greater investment. This investment should be gradually recouped as the sales pick up. The concept
of life cycle would give the management an idea as fo the time within which the original investment
could be recouped.

== /
SALES \
/ VOLUME
INTRODUCTION GROWTH MATURITY Seeie |

Fig. 5 : Product life Cycle.

After testing, a product enters the introduction stage and the product will then become available
in the national market. Sales would begin gradually as potential buyers learn of the product through
advertising and other selling techniques. But the profits will be low as part of the investment is to be
recouped besides heavy expenditure on selling.

In the growth stage, both sales and profits will begin to increase. It is here that similar other new products
begin to appearin the market as substitutes and offer competition. The management, therefore, should
fry to change its approach by changing its strategy from “buy my product” to “try my product”. At the
end of this stage, the distribution arrangement is likely to get completed and the prices, if necessary,
are reduced a little.

The third stage is the maturity stage. During this stage the manufacturers infroduce new models or
adopt methods such as trading-in, efc., to promote the sale of their brands with a view to retaining
their position in the market. The number of buyers will continue to grow, but more slowly. In economic
terms this is the stage where supply exceeds demand. Some of the promotional efforts may lengthen
the span of this stage but they will not offer a permanent solution.

At the final stage of decline, profit margins touch a low level, competition becomes severe and
customers start using newer and better products. It is here that the story of a product ends-a natrural
but hard end.

The above discussion concentrates only on the life cycle of a product, beginning withitsinfroduction into
the market (i.e., post-marketing). But a series of processes are to be undertaken by the management
prior to the introduction of a product. The diagram given above is presented in an enlarged form to
incorporate the pre-infroduction (or pre-marketing) stages also.

Product life cycle concept may be used as a managerial tool. Marketing strategies must change
as the product goes through the life cycle. If managers understand the cycle concept they are in a
better position to forecast the future sales activities and plan marketing strategies. The following points,
however, may be kept in mind in using this concept.
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PRE-MARKETING STAGE

POST-MARKETING STAGE
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Fig. 6 : The Full Life cycle of a Product from Its Exploration Stage to Decline Stage.

The life cycle is nothing more than the pattern of demand for a product over time.

Nof every product goes through every stage. In fact, many products never get past the introduction

stage.

The length of time a product spends in any one stage may vary differently.

Some products move through the entire cycle in a very short period. Repositioning a product can lead
to a new growth cycle. Repositioning is basically changing the image or perceived uses of the product.

The various expenses during the pre-infroduction stage are:

1.

A A L S

o

Research,

Engineering and Technical,

Post-production,

Pre-marketing (Test Marketing, Advertising, etc.),

Cost

Price.

Value,
Qualiiy,
Service, and

Competition
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Table 4 : Strategic Consideration in the Product Life Cycle Concept

Effects and Stages in the product life cycle concept
Responses | |htroduction Growth Maturity Decline
Competition | No importance Some Many rivals Few in number
competing for a
small price
Overall Market establishment: | Market penetration | Creation of brand | Preparation
strategy persuade early persuasion of mass | loyalty, prevention | for removal or
adopters to try the market — Brand of competition renewal
product preferences
Profits Negligible — high Reach peaklevels |Increasing Declining volume
production and as a result of high competition cuts pushes costs up
marketing cost prices and growing | profit margins and eliminates
demand profits
Retail price | High to recover some | High to take Avoid price war Low
excessive cost of advantage of principle: ‘what the
launching heavy consumer traffic will bear’
demand
Distribution | Selective Intfensive Intensive Selective
Advertising | Aims at the needs of | Make the mass Use advertising Emphasize low
strategies early adopters market aware of as vehicle for price
brand benefits differentiation
among otherwise
similar brands.
Advertising | High, to generate Moderate, to Moderate, since Minimum
emphasis awareness and let sales rise — most buyers are expenditure
interest among early | ‘word of mouth’ aware of brand
adopters recommendations. | characteristics
Consumer Heavy, to enfice Moderate to create | Heavy to Minimum
sales and target groups with brand preferences | encourage brand
promotion samples, coupons, — Advertising better | switching
expenditures | etc. suited.

A decline in profit is the first case where one should think of the continuance of a product or noft.
But before a decision is taken to disconfinue a product, the reasons for the fall in its profit must be
analysed for the decline in profit may be due to many reasons. If maintaining a currently unprofitable
line is thought to be necessary, a fime limit should be set on making the item profitable or finding a
convenient way to drop it. Similarly, a product should be eliminated when it does not find a proper
place in a firm’s product line. Many drug manufacturing concerns are forced fo delete a product
simply because the product does not fit exactly into their product line.

The appearance of substitute products is another instance where a product has to be eliminated. It
also happens that certain products may lose their effectiveness in serving the purpose. To quote an
example, most of the antibiotics will have no effect after some time, since with the passage of fime
they become totally useless and non-responsive.

The decision to delete a product normally creates certain problems:
1. The capital invested on a ‘to be deleted’ product becomes waste.
2. Such deletion should be implemented only after the entire stock is sold out.

3. customers should not suffer on account of the deletion of a product.
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For example, when a particular variety of product (say, a car) is dropped from product line, it becomes
the duty of the producer to supply spares until the product’s life is complete. It is also necessarily that
the product elimination should not cause inconvenience to customers. They should be informed about
the elimination farin advance so that they can make replacements, if necessary. Similarly, the process
of deletion should be properly timed so that it exactly coincides with the end to the selling season. This
will also help in clearing out the products by recovering at least the cost of production.

It is to be stressed once again that a proper analysis might reveal that instead of deletion it would
be better to bring marginal or substantial changes in the existing product. In the case of most of the
consumer durables, the investment cost is high. So it may not be advisable to decide their outright
deletion. Product modification would be equally profitable. For example, in the case of refrigerators,
washing machines, radios, etc., the product features are modified to attract customers.

Take the case of radios. Originally the product was a simple one working on electricity. Later battery-
operated transistor sets were infroduced. Stereophonic system came thereafter. The final product to
date is the combination of radio, tape recorder and gramophone. (This is called “three-in-one set”.)
This process of product change is shown in the form of a replacement cycle in Fig. 7.
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Fig. 7 : Replacement Cycle of Products

This product planning for existing products is a onerous job for the management. Among the product
policies, product deletion is one of the most important ones. The more dynamic the business, the more
vital the decision on product deletion. The management of such business is required to adopt the
policy of reviewing its products continuously. The needs of consumers undergo a change and the
appearance of rival products creates the need to modify the existing products. The management
cannot wait to infroduce a new product only when its former product has reached the decline stage,
for the infroduction of new products is a lengthy process. This does not mean that the products should
be changed constantly. There are some products sfill selling after a very long time during which period
they have undergone no, or very slight changes, e.g., Horlicks, Condensed Milk.

Technical and marketing innovations now occur at an ever-increasing rate of change and five years
may be average product life, although in the field of electronics and pharmaceuticals one year to
two years may be more accurate. Fundamentally, the fime period of each phase of the cycle will
vary according to the nature of the product. Rapidly moving consumer products may have regular
pattern like a regular movement and it may enable a replacement product to be infroduced with a
fairly accurate predictability. Industrial products ,however ,may have very irregular patterns over long
periods. Product replacement in the industrial field is often a case of changing technology. In short, in
practical ferms a company cannot permit a product to go too far into decline before it takes action.

As fewer but larger competitors emerge, the form of competition shifts dramatically, requiring
commensurate changes in the manufacturing competence. Whereas the life-cycle stages emphasize
the product’s unique characteristics and quality, later life-cycle stages emphasize price competition
and delivery capabilities. Survival in the market depends on producing a stable product with high
volume in contrast to the earlier emphasis on a high product variety, low-volume conversion process.
The conversion process has changed substantially, including new types of human skills and orientations,
equipment and facility revisions, and planning and control systems. What can be done to prepare for
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AT
and influence these adaptationse Part of the answer is to use research and development (R&D) to
create new products and production processes.

1.9 PROCESS PLANNING AND PROCESS DESIGN

a5
At the time of designing and developing a product, due consideration is given for the manufacturability
or producibility of the product using the current process technology and the capability of the firm to
manufacture the product. If the firm already has the required technology, the facilities (machines and
equipments) and the manufacturing processes, and the firm has sufficient capacity or can acquire the
needed capacity to manufacture the product, then decision is faken to go ahead with the product
design. Otherwise, the design effort may be terminated.

After the final design of the product has been approved and released for production, the production
planning and control department takes the responsibility of process planning and process design for
converting the product design into a tangible product. As the process plans are firmly established, the
processing time required to carry out the production operations on the equipments and machines
selected are estimated. These processing fimes are compared with the available machine and labour
capacities and also against the cost of acquiring new machines and equipments required before a
final decision is made to manufacture the product completely inhouse or any parts or sub-assemblies
must be outsourced.

What is a Process?

A process is a sequence of activities that is infended to achieve some result, typically to create added
value for the customers.

A process converts inputs info outputs in a production system. It involves the use of organisation’s
resources to provide something of value. No product can be made and no service can be provided
without a process and no process can exist without a product or service.

Processes underlie all work activities and are found in all organisations and in all functions of an
organisation. Deciding what processes to use is an essential issue in the design of a production system.
Process decisions involve many different choices in selecting human resources, equipment and
machinery, and materials. Process decisions are strategic and can affect an organisation’s ability to
compete in the long run.

Types of Processes: Basically, processes can be categorised as:

(i) Conversion processes, i.e., converting the raw materials info finished products (for example,
converting iron ore info iron and then to steel). The conversion processes could be metallurgical
or chemical or manufacturing or construction processes.

(i) Manufacturing processes can be categorised into (a) Forming processes, (b) Machining processes
and (c) Assembly processes.

(i) Testing processes which involve inspection and testing of products (sometimes considered as part
of the manufacturing processes).

Forming processes include foundry processes (to produce castings) and other processes such as
forging, stamping, embossing and spinning. These processes change the shape of the raw material (a
metal) into the shape of the workpiece without removing or adding material.

Machining processes comprise metal removal operations such as turning, milling, driling, grinding,
shaping, planing, boring etc.

Assembly processes involve joining of parts or components to produce assemblies having specific
functions. Examples of assembly processes are welding, brazing, soldering, riveting, fastening with bolts
and nuts and joining using adhesives.
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Process Planning

Process planning is concerned with planning the conversion processes needed to convert the raw
material into finished products. It consists of two parts:

(i) Process design and (ii) Operations design.

Process Design is concerned with the overall sequences of operations required to achieve the product
specifications. It specifies the type of work stations to be used, the machines and equipments necessary
fo carry out the operations. The sequence of operations are determined by (a) the nafure of the
product, (b) the materials used, (c) the quantities to be produced and (d) the existing physical layout
of the plant.

Operations Design is concerned with the design of the individual manufacturing operation. It examines
the man-machine relationship in the manufacturing process. Operations design must specify how
much labour and machine time is required to produce each unit of the product.

Framework for Process Design

The process design is concerned with the following:

(i)  Characteristics of the product or service offered to the customers.

(i) Expected volume of output.

(i) Kinds of equipments and machines available in the firm.

(iv) Whether equipments and machines should be of special purpose or general purpose.
(v) Cost of equipments and machines needed.

(vi) Kind of labour skills available, amount of labour available and their wage rates.
(vii) Expenditure to be incurred for manufacturing processes.

(viii) Whether the process should be capital-intensive or labour-intensive.

(ix) Make or buy decision.

(x) Method of handling materials economically.

Process Selection

Process selection refers to the way production of goods or services is organised. It is the basis for
decisions regarding capacity planning, facilities (or plant) layout, equipments and design of work
systems. Process selection is necessary when a firm takes up production of new products or services to
be offered to the customers.

Three primary questions to be addressed before deciding on process selection are:
(i)  How much variety of products or services will the system need to handle?

(i)  What degree of equipment flexibility will be needed?

(i) Whatis the expected volume of outpute

Process Strategy

A process strategy is an organisation’s approach to process selection for the purpose of fransforming
resource inputs info goods and services (oufputs). The objective of a process strategy is to find a way to
produce goods and services that meet customer requirement and product specification (i.e., design
specifications) within the constraints of cost and other managerial limitations. The process selected
will have a long-term effect on efficiency and production as well as flexibility, cost, and quality of the
goods produced. Hence it is necessary that a firm has a sound process strategy at the time of selecting
the process.
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Key aspects in process strategy include:
()  Make or buy decisions

(i) Capital intensity and

(i) Process flexibility

Make or buy decisions refer to the extent to which a firm will produce goods or provide services
in-house or go for outsourcing (buying or subcontracting).

Capital intensity refers to the mix of equipment and labour which will be used by the firm.

Process Flexibility refers to the degree to which the system can be adjusted to changes in processing
requirements due to such factors as changes in product or service design, changes in volume of
products produced and changes in technology.

Three process strategies: Virtually every good or service is made by using some variation of one of three
process strategies. They are: (i) process focus (ii) repetitive focus and (iii) product focus.

Exhibit 1 illustrates the relationship between the three process strategies and volume and variety of
products produced.

Each of these three strategies are discussed below:

(i) Process Focus: Maijority (about 75 per cent) of global production is devoted to low volume, high
variety products in manufacturing facilities called job shops. Such facilities are organised around
performing processes. For example, the processes might be welding, grinding or painting carried
out in departments devoted to these processes. Such facilities are process focussed in terms of
equipment, machines, layout and supervision. They provide a high degree of product flexibility
as products move intermittently between processes. Each process is designed to perform a
wide variety of activities and handle frequent changes. Such processes are called intermittent
processes. These facilities have high variable costs and low utilisation of facilities.

(ii) Repetitive Focus: A repetitive process is a product oriented production process that uses modules.
It falls between product focus and process focus. It uses modules which are parts or components
prepared often in a continuous or mass production process.

A good example of repetitive process is the assembly line which is used for assembling automobiles
and household appliances and is less flexible than process-focused facility. Personal computer is
an example of a repetitive process using modules in which the modules are assembled to get a
custom product with the desired configuration.

(iii) Product Focus: It is a facility organised around products, a product oriented, high-volume low-
variety process. It is also referred to as continuous process because it has very long contfinuous
production run. Examples of product focussed processes are steel, glass, paper, electric bulbs,
chemicals and pharmaceutical products, bolts and nuts etc. Product-focussed facilities need
standardisation and effective quality control. The specialised nature of the facility requires high
fixed cost, but low variable costs reward high facility utilisation.
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Exhibit 1 : Process Selected Must Fit with Volume and Variety

Poor Strategy
(fixed cost and

costs are high)

High volume
(continuous)

change over

Loong runs
only, changes
in attributes

(grade, quality,
size, thickness)

. . Low volume Repetitive process
High variety, (intermittent) (modular)
one or few
unitslrl)er run. Process focus
allows - . .
s Projects, job shops
customisation), (machine, printing
carpentry)
B
:E Modest runs,
"z | standardised Repetitive focus
< modules (automobiles, motor
hal (changes in cycles)
*E modules)
5
> Product focus
Poor strategy (Steel, Glass, Bread)
(variable costs
are high)
—> Volume

Table 5 gives a comparison of three choices namely process focus, repetitive focus and product focus.

Table 5 : Comparison of the Characteristics of Three Types of Process Strategies

Process Focus

Repetitive Focus

Product Focus

and equipments are used

assembly lines

(Low Volume-High Variety) (Modular) (High Volume - Low Variety)

1. Small quantity and large|1. Long runs, usually|1. Large quantity and small
variety of products are standardized products with variety of products are
produced options for customers are produced

produced from modules
2. General purpose machines|2. Special equipments used in|2. Special purpose machines

and equipments are used

3. Broadly skilled operators

w

Modestly tfrained operators

w

Broadly skilled operators

4. Manyjobinstructionsbecause
of job changes

4. Repetitive operations reduce
job instructions and fraining

4. Few job instructions because
jobs are standardized

5. High raw material inventory

5. Just-in-fime procurement
techniques are used

5. Low raw material inventories
relative to value of output

6. High work-in-process
compared to output

6. Just-in-time production
techniques are used

6. Work-in-process inventory is
low compared to output

7. Work flow is slow

7. Work flow is slow

7. Fast work flow

8. Finished goods are usually
made to order and noft stored

8. Finished goods are made to
frequent forecasts

8. Finished goods are usually
mode to a forecast and
stored

9. Production  scheduling s
complicated, concerned with
frade-off between inventory
availability, capacity and
customer service

9. Production  scheduling s
based on building various
models from a variety of
modules to forecasts

9. Simple productionscheduling,
concerned with establishing
a rate of output sufficient to
meet demand forecast

10.Low fixed costs and high
variable costs

10. Fixed costs are dependent
on flexibility of the facility

10.Fixed costs tend to be high
and variable costs low.
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1.10 PROCESS ANALYSIS AND DESIGN

Process Analysis and Design is a systematic approach to improve our understanding of the business
processes of an organization to assist in the realization of tangible benefits such as cost reduction,
process efficiency, and effective human resource allocation.

Leading organizations strive for continuous process improvement to create value and opfimization
in a complex and uncertain environment. Well-planned process analysis and design initiatives
deliver sustainable process improvement in key areas such as human resources, finance, payroll,
or administrative operations. Process Analysis and Design projects are typically organized into the
following phases:

PROCESS ANALYSIS AND DESIGN

v ! ! Y

Implementation

Planning Analysis Design

'

!

!

!

. Define how

projectis
important

o the
organization

. Define plan for
project

. Development
project charter
. Develop
schedule

. Understand as

is state

. Identify

improvements

. Develop

concept for To-
Be-state

. Develop how

to realize To-Be
state

. Develop To-Be

process design

. Develop
implementation
plan

2. Design tests
3. Develop

knowledge
documentation
and training

4. Develop

change
communication

commitments

Fig. 8 : Process Analysis and Design

1.11 PROCESS MANAGEMENT

Process management is concerned with the selection of inputs, operations, work flows and methods
that transform inputs into outputs. The starting point of input selection is the make-or-buy decision (i.e.,
deciding which parts and components are to be produced in-house and which are to be purchased
from ouftside suppliers).

Companies begin the process of organizing operations by sefting competitive priorities. That is they
must determine which of the following eight priorities are to be emphasized as competitive advantages:
1. Low-cost operations
3. Consistent quality
5. On-time delivery
7. Product customization

2. High performance design
4. Fast delivery time

6. Development speed

8. Volume flexibility

Although all eight are obviously desirable, itis usually not possible for an operation to perform significantly
better than the competition in more than one or two.
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1.12 PROCESS DECISIONS

It must be made when :

(i)
(il
(iii)
(iv)
(v)
(Vi)

a new or modified product or service is being offered

quality must be improved

competitive priorities have changed

demand for a product or service is changing

cost or availability of materials has changed

competitors are doing better by using a new tfechnology or a new process.

Major Process Decisions

Five common process decisions considered by production/operations managers are:

(1) Process choice, (2) Verfical integration, (3) Resource flexibility, (4) Customer involvement and
(5) Capital intensity.

Process choice defermines whether resources are organised around products or processes in order to
implement the flow strategy. It depends on the volumes and degree of customisation to be provided.

These major process decisions are discussed in detail in the following paragraphs:

1.

Process Choice: The production manager has to choose from five basic process types — (i) job
shop, (i) batch, (iii) repetitive or assembly line, (iv) continuous and (v) project.

()

(if)

(iii)

(iv)

Job shop process: It is used in job shops when a low volume of high-variety goods are needed.
Processing is intermittent, each job requires somewhat different processing requirements. A
job shop is characterised by high customisation (made to order), high flexibility of equipment
and skilled labour and low volume. A tool and die shop is an example of job shop, where job
process is carried out to produce one-of-a kind of tools. Firms having job shops often carry
out job works for other firms. A job shop uses a flexible flow strategy, with resources organised
around the process.

Batch process: Batch processing is used when a moderate volume of goods or services is
required and also a moderate variety in products or services. A batch process differs from
the job process with respect to volume and variety. In batch processing,volumes are higher
because same or similar products or services are repeatedly provided, examples of products
produced in batfches include paint, ice cream, soft drinks, books and magazines.

Repetitive process: This is used when higher volumes of more standardised goods or services
are needed. This type of process is characterised by slight flexibility of equipment (as products
are standardised) and generally low labour skills. Products produced include automobiles,
home appliances, television sets, computers, toys etc. Repetitive process is also referred to as
line process as it include production lines and assembly lines in mass production. Resources
are organised around a product or service and materials move in a line flow from one
operation to the next according to a fixed sequence with little work-in-progress inventory. This
kind of process is suitable to “manufacture-to-stock” strategy with standard products held in
finished goods inventory. However, “assemble-to-order” strategy and “mass customisation”
are also possible in repetitive process.

Continuous process: This is used when a very highly standardised product is desired in high
volumes. These systems have almost no variety in output and hence there is no need for
equipment flexibility. A continuous process is the exireme end of high volume, standardised
production with rigid line flows. The process often is capital intensive and operate round the
clock to maximise equipment utilisation and to avoid expensive shut downs and shut ups.
Examples of products made in continuous process systems include petroleum products, steel,
sugar, flour, paper, cement, fertilisers etc.
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(v) Project process: It is characterised by high degree of job customisation, the large scope
for each project and need for substantial resources to complete the project. Examples of
projects are building a shopping centre, a dam, a bridge, construction of a factory, hospital,
developing a new product, publishing a new book etc. Projects tend to be complex, take a
long time and consist of a large number of complex activities. Equipment flexibility and labour
skills can range from low o high depending on the type of projects.

Provides an overview of the processes discussed in this section.

Table 6: Types of Processes

Description Job Shop Batch Repetitive Continuous Project
Process Process (Assembly) Process |Process Process
Output Customised  |Semi- Standardised Highly Highly
characteristics |goods or standardised |goods or services |standardised customised
goods & services goods or ‘goods or services
services services services
Examples of Machine Bakery, class | Assembly line for Steel mill; paper |Building
productive shop, tool room automobiles mill bridges and
systems room dams
Examples Press tools, Bread, cakes, | Automobiles, Steel, paper, -
of goods moulding cookies Television sefs, sugar, flour
produced tools computers
Volume Low Low to High Very high Very high
moderate
Output variety |Very high Moderate Low Very low Extremely low
Equipment Very high Moderate Low Very low Low to high
flexibility
Cost Estimation | Difficult Somewhat Routine Routine Complex
routine
Cost per unit High Moderate Low Low Very high
Equipment General General Special purpose Special purpose |Varied
used purpose purpose
Fixed costs Low Moderate High Very high Varied
Variable costs | High Moderate Low Very low High
Labour skills High Moderate Low Low Low fo high
Scheduling Complex Moderately |Routine Routine Complex,
complex ' subject to
change
Work-in-process | High High Low Low Varied
inventory
Advantages Able to Flexibility Low unit cost, high | Very efficient, Suitable for
handle a volume efficient very high non-routine
wide, variety’ volume fime and cost
of work bound work
Disadvantages |Slow, high Moderate Low flexibility high Very rigid, lack | Very difficult
cost per unit, |cost per unit, |cost of downtime |of variety cost |to plan
complex moderate to change, very |and control
planning and |scheduling high cost of resources cost
scheduling complexity downtime and time of
completion

2. Vertical Integration: Vertical integration is the degree to which a firm’s own production system
handles the entire supply chain starting from procurement of raw materials to distribution of
finished goods. Vertical integration is the amount of the production and distribution chain, from
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suppliers of components to the delivery of products/services to customers, which is brought
under the ownership of a firm. The management decides the level or degree of integration by
considering all the activities performed from the acquisition of raw materials to the delivery of
finished products to customers. The degree to which a firm decides to be vertically integrated
determines how many production processes need to be planned and designed to be carried out
in-house and how many by outsourcing. When managers decide to have more vertical integration,
there is less outsourcing. The vertical infegration is based on “make-or-buy” decisions, with make
decisions meaning more integration and a buy decision meaning less integration and more
outsourcing. Two directions of vertical integration are (a) Backward integration which represents
moving upstream toward the sources of raw materials and parts, for example a steel mill going for
backward integration by owning iron ore and coal mines and a large fleet of transport vehicles to
move these raw materials to the steel plant, (b) Forward integration in which the firm acquires the
channel of distribution (such as having its own warehouses, and retail outlets).

The advantages of more vertical integration are disadvantages of more outsourcing and similarly,
advantages of more outsourcing are disadvantages of more vertical infegration.

Advantages of vertical integration are:

(i)  Cansometimes increase market share and allow the firm enter foreign markets more easily.
(i)  Can achieve savings in production cost and produce higher quality goods.

(i) Can achieve more timely delivery.

(iv) Better utilisation of all types of resources.

Disadvantages of vertical integration are:
(i)  Not attractive for low volumes.
(i) High capital investment and operating costs.

(iii) Less ability to react more quickly to changes in customer demands, competitive actions and
new techniques.

3. Resource flexibility: Resource flexibility is the ease with which equipments and workers can handle
a wide variety of products, levels of output, duties and functions. The choices that management
makes concerning competitive priorities determine the degree of flexibility required of a firm’s
resources — its employees, facilities and equipment. Production managers must decide whether
to have flexible workforce which will provide reliable customer service and avoid capacity
bottlenecks. Flexible workforce is useful with flexible flow strategy to even out fluctuating workloads.
Also when volume flexibility is required, instead of laying off and hiring workforce to match varying
demands, it is better fo have certain amount of permanent workforce having multiple skills. This will
facilitate movement of surplus workforce from low-load work centres to higher-load work centres.

When a firm’s product has a short life cycle and a high degree of customisation, low production
volumes mean that the firm should select flexible general purpose machines and equipments.

4. Customer-involvement: Customer involvement refers to the ways in which customers become
part of the production process and the extent of their participation. Customer-involvement is the
extent fo which customers interact with the process. A firm which competes on customisation
allows customers to come up with their own product specification or even become involved
in the designing process for the product (quality function deployment approach to design for
incorporating the voice of the customer).

5. Capital intensity is the mix of equipment and human skills in a production process. Capital intensity
will be high if the relative cost of equipment is high when compared to the cost of human labour.
Capital intensity means the predominant resource used in manufacturing, i.e., capital equipments
and machines rather than labour. Decision regarding the amount of capital investment needed
for equipments and machines is important for the design of a new process or the redesign of an
existing one. As the capabilities of technology increase (for example automation), costs also will
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increase and managers have to decide about the extent of automation needed. While one
advantage of adding capital intensity is significant increase in product quality and productivity,
one big disadvantage can be high investment cost for low-volume operations.

It could be argued that some industries produce a tangible product required by a consumer or
organization. However, this consumer might just be one individual in the chain. Consider the case of a
customer who wants a dining table and chairs. These might be purchased from a retail outlet, which in
furn was supplied by a furniture manufacturer.

The products or materials involved in this chain are all tangible in that they exist as artefacts. They are
also functional in that they perform some specific function or purpose. The metal used to manufacture
the screws and blots will have a strict specification, and be supplied to conform to this, the same
applies to the manufacture of the bolts and screws themselves.

Itis possible to move on down the spectrum from the tangible towards the intfangible. Figure gives some
examples of organizations and the products manufactured or the services provided in progressing
from the one exireme (tangibility) to the other extreme (intangibility)

TANGIBILITY

FIXING MANUFACTURER
(screws and bolts)

FURNITURE MANUFACTURER
(tables and chairs)

RESTAURANT
(meal out)

HOTEL
(overnight accommodation)

HAIRDRESSER
(hair cut and styles)

COACH SERVICE
(tfransport from Bradford to London)

COLLEGE
(diploma course)

HOSPITAL
(illness cured)

MANAGEMENT CONSULTANT
(problem solved)

INTANGIBILITY
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It is worth pointing out also that as we move down the scale towards intangibility, quantification/
measurement of the customer requirements appears to become more difficult. It is possible to prepare
a detailed specification for a particular nut and bolt. It is more difficult to know exactly what a client
staying overnight at a particular hotel required or expects, and cost inevitably enters infto this. Indeed,
establishing a service strategy is crucial in indentifying the target market and which aspects of the
service experience are valued. A businessman staying at a hotel midweek on business will have
different requirements from the same businessman spending the weekend at the hotel with his family.

(B) Service Sector
Let’s start the discussion with a small example

Narayana Hrudayalaya (NH) at Bangalore is renowned for giving new hope to ‘inoperable’ cardiac
conditions and has atftracted patients not only from different parts of the country, but also from
neighbouring countries. Its patron, Dr. Devi Prasad Shetty, has many feats to his credit, most remarkable
being the drastic reduction the cost of cardiac surgeries due to remarkable operations management
practices adopted by him at NH.

(1) Service are intangible

Products are tangible, i.e., have physical dimensions, allowing customers to touch, see, and
examine their features, while making the buying decision. Services, on the other hand, can only be
‘felt’ by customers after purchasing. Only after having undergone the ‘service process’, customers
can fell if it was ‘good’ or ‘bad’ and accordingly, whether they would like to experience it again
or not. Otherwise, the decision to buy a service is primarily guided by the ‘reputation’ of the
service provider. For example, lectures of certain professors are so entertaining and enlightening
that students willingly attend their classes, while they prefer to spend time in the canteen or library
during the classes of other professors.

(2) Services are ideas and concepts; products are things

Service innovations are not patentable and in order to derive maximum benefits of a pioneering
service concepft, the service provider has to expand its operations rapidly in order to preempt the
risk of competitors copying the same concept. Franchising is one roufe to achieve this daunting
fask in the minimum possible fime. In India, the retailing concept of Big Bazaar is rapidly being
imitated by new entrants such as FabMall, Foodworld, etc. Big Bazaar itself was inspired by the
retail chain stores in the West. Similarly, the low-cost airline model of Air Deccan is being replicated
by new enfrants such as GoAir, Spicelet, Indigo, etfc. it may be recalled that the Air Deccan
Model of low cost airlines was adapted from Ryanair of Europe and Southwest Airlines of the US.

(3) In ajust-in-time (JIT) system

The production and provision of service starts as soon as the customer arrives to avail the service.
The customer’sinvolvementin the service processisimperative. Thisis known as the ‘pull’ production
system in manufacturing and was inspired by the retailing services in the US supermarkets. The
production process is initiated only when the customer places the order for the product and the
raw material is ‘pulled’ info the various constituents of the production process according fto the
qguantity of the order placed by the customer. Thus, the ‘push’ production system prevalentin many
manufacturing organizations cannot be applied to service organizations. The ‘push’ production
system results in ‘pushing’ the raw material in the production system and creation of inventories
(work-in-process or finished goods). This is not possible in services, as they cannot be inventories.

(4) Services are more people-centric

Services are more ‘people-centric’ due to its labour intensive nature and high customer
involvement. In most instances, the service providers provide (or are rather forced to do so by
the competition) a personalized service to the customer. This complicates the service process
manifold. Different customers have varied expectations from a service and employees providing
the service have different levels of skill-sets. The interactions between customers and employees
may lead to different levels of customer satisfaction or dissatisfaction. The challenge before the
operations manager is to try and match customer expectations and develop employees’ skill-sets
through constant training and development.
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Classification of Services

Schmenner (1986) categorized services into four categories in the service process. The four categories
are named service factory, service shop, mass service, and professional service. In this matrix, one
variable considered is the degree of interaction and customization. The services categorized in service
shop and professional service fall in a high degree of interaction and customization. For example, in
hospitals every patient has a unique problem and the doctor has to provide a customized prescription
for the problem. Similarly, in auto repair shops every vehicle coming for service has unique repair
requirements. In professional services provided by lawyers, every lawsuit involves different sections of
the law and has its own unique points to be considered.

Table 7: Degree of interaction and Customization

= Service Factory Service Shop

2 ow |° Freight services e  Auto/Electronic service centres
o e Hotels, Inns, Moftels e  Hospital and nursing home
(=

= e Airline services

3 e Amusement park

Q

L) Mass service Professional Services

© e Schools and colleges e  Specialist Doctors

o high |« Retail Shops e Lawyers and tax consultants
% ° Wholesellers ° Financial consultants

8 e Selling of insurance policies. o Engineers

On the other hand, the services categorized under service factory and mass service have a low degree
of inferaction and customization. For example, airlines provide very few options to the passengers —
say, the economy class and business class services. The customers are rarely provided with customized
services. The menu service onboard has mainly two options — vegetarian and non-vegetarian. Similarly,
in schools, every student in a class is given the same standard freatment and education.

The second parameter considered in the serviced process matrix is the degree of labour intensity,
measured by the ratio of labour cost to capital cost. Mass service and professional service have a high
degree of labour intensity. For example, in case of architects, accountants, etc. the capital cost is low
(as there is no costly equipment requirement) compared fo the labour cost (there may be a feam of
professionals of this sort). Thus, the degree of labour intensity is high.

The service factory and service shop categories have a low degree of labour intensity. For example, in
airlines the cost of capital required is quite high (as the cost of equipment, i.e., the aircrafts, is airlines, is very
high) compared to the labour cost. Similar is the case with hospitals, where the cost of equipment such as
X-ray machines, CAT scan machines, pathology labs, etc. is very high compared to the cost of labour.

From the service quality point of view, it is easiest fo manage the quality of the service factory category
of services (low degree of labour intensity as well as low degree of interaction and customization),
while it is most difficult to manage the service quality of the professional service category. On the other
hand, for professional services (high degree of labour intensity as well as high degree of interaction
and customization) there are no standard ways of measuring and improving the service quality.

For service shop and mass service (low-high combination for the two variables in the matrix), service
quality management has moderate level of difficulty).

Comparisons and contrasts

There are a large number of similarities in terms of the management of the process as we move along
the spectrum from the tangible towards the intangible. The furniture manufacturer needs stocks of
wood, screws and so on to allow manufacture and assembly to proceed, the restaurateur needs
stocks of vegetables in order to prepare the meals, the hospital requires stocks of appropriate drugs
to freat patients. All therefore need to try to predict requirements and to adopt a policy for managing
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the stocks of materials in order to be able to meet demand in the most cost-effective manner. All
organizations need to plan and manage the availability of the human resources: the cooks need to
be available to prepare and cook the meals when they are required by the dinners at the restaurant,
drivers must be available to drive the coaches according to the timetables (and must satisfy additional
restrictions on maximum driving time), lecturers must be available to provide the courses within the
college. It is also necessary to manage the physical resources, the kitchen equipment and ovens, the
bedrooms in the hotel, the hairdriers in the hairdresser’s, the coaches, the lecture room. Many of the
tfopics and concepts covered provided allowance is made for specific constraints imposed.

Itis tempting to claim that, as we go further down the path towardsintangibility, there are fewer similarities
and the concepts have much less to offer because of the idiosyncrasies of the service environment.
However, this argument is not valid since it could be argued also that every manufacturing situation is
unique, with its own set of constraints. One of the challenges of Production Operation Management
(POM) is the adoption of general concepts in a specific situation.

It has to be said, however, that there are some differences between ‘pure manufacturing’ and ‘pure
services’, and that some of these should be recognized and can be exploited to advantage.
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One concept which a number of authors have developed is that of the ‘front and back office’. This is
illustrated in Figure 9. It is a structure which is found frequently in service operations. Specific illustrations
are in banking, with counter staff in direct contact with the customers handling their fransactions. They
are supported by ‘behind the-scenes’ staff, processing the direct debits, checking account details,
ordering and preparing foreign currency and performing other activities independent of the presence
of the customer. A similar type of structure exists in building societies, with customer contact concerned
with such issues as discussing mortgage requirements and account transactions, and back office
activities involving arranging building surveys, checking and preparing documentation and so on.
Other illustrations are insurance offices, retailing (e.g. in store sftock management and warehouse stock
management), health care (e.g. in-store stock management and warehouse stock management),
health care (e.g. taking an X-ray and processing it). The presence of the customer is ‘accepted’ in the
front office (in fact required in some environments — fry taking an X-ray without the patientl), but this acts
as a buffer for the back office where the customer goes or makes contact less frequently. The presence
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AT
of the customer in the front office is a ‘factory’, when activities can be more readily planned since it is a
more predictable environment, and more amenable to many of the planning-related concepfs.

%

A distinguishing feature of service operations is the general inability to hold stocks ‘of the service’ (not to
be confused with holding stocks of materials required or consumed in producing the service). If the fixing
manufacturer has no specific orders 1o fill, he can make screws for stock; if the management consultant
has not clients then he is idle, he cannot solve problems in anticipation of future work. If the coach has
only half the seats occupied, then it must still make the journey and the potential seat occupancy is lost
forever. This has implications for resource utilization, and capacity and demand management.

The presence of customers during the provision of the service can be a mixed blessing. They can be used
as aresource, e.g. filing in forms in a bank, serving themselves in a supermarket. The entire concept of
self-service in so many of today’s customer presence which have to be balanced. Customers are often
able to check directly the quality of the processes behind the service that is being provided, because
they are present in the system. They will see the fore that is dropped on the floor while the table is being
set, yet still used. Purchasers of a car are not generally aware that the steering wheel was a tight fit and
had to be ‘helped on’ with a hammer since they are not present during the manufacturing process.
Customers can also be used to conftrol quality, in selecting their own fruit and vegetables, or checking
their own bank statements for errors. In a supermarket it is easy to set up stock management systems
in the warehouse to ensure the items are loaded on to the shelves in strict date rotations (first-in-first-
out). This is far more difficult fo ensure once the items are fo the shelves, since customers will often
search for the item with the least sell-by date, leaving perfectly acceptable older items on the shelf.
The customer also provides a degree of unpredictability which makes resource planning difficult. Will
the next customer in the queue at the bank be paying in one cheque (a ten-second transaction) or
the whole day’s takings in small change from an ice-cream stall (which will occupy several minutes),
and will that customer then take the opportunity to resolve some other problems (changing a standing
order/direct debit, enquiring about a car loan or mortgage)? In manufacturing it is easier to specify
the bound of responsibilities.

1.13 OPERATIONS MANAGEMENT WITHIN MANUFACTURING

The distinction is made above between manufacturing and services. Frequently within services the
phrase ‘operations management’ tends to be used, whereas in manufacturing the phrase ‘production
management’ is adopted to describe the management of the conversion process. However, even
within a manufacturing organization, operations management concepts can be used within the non-
manufacturing aspects of the operations.

The Processes Strategy, Process Analysis & Design, Process Flow

It is crucial that the way work is recognized is subjected fo a systematic study, in order that the
correct process for this may be established, the best method for the individual tasks be identified, and
satisfactory achievement be monitored.

This section presents and evaluates the various approaches to work organization: job, batch, flow
and group working. Work Study/ Organization and Methods is developed as a means for determining
the best use to be made of materials, personnel and equipment in performing a task, and also for
establishing the ‘work content’ of that task. The various techniques or Statistical Process Control (SPC)
are illustrated as a means for monitoring and controlling quality.

Production/Operating Systems Design
Manufacturing Systems Design
Method Study
Work Measurement
Controlling Quality through Measurement
Controlling Quality through Counting.
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Now we shall get an idea of the production process in different industries-regulated and unregulated
and also of service industries.

Under the provisions of Cost and Works Accounts Act, 1959 (23 of 1959)
The regulated industries are —

i) Pharmaceutical Industry

ii)  Fertilizers Industry

i)  Sugar & Alcohol Industry

iv)  Electricity Industry

v)  Petroleum Industry

vi) Telecommunication Industry

Amongst these regulated industries, most are manufacturing, except the telecommunication.
(A) Regulated Industries

(1) Sugar & Industrial Alcohol

A section of regulated industries produces sugar (from sugarcane) and Industrial alcohol or ethyl
alcohol from raw fruit products such as grains, molasses etc. The largest users of ethyl alcohol are
the food, medical & electronic industries. The major carbohydrate sources for ethanol fermentation
are sugar from beet and cane. During this process the most important industrial wastes from cane
alcohol are stillage and bagasse. The stillage is used mainly as a dried soil fertilizer, as a cattle
feed supplement and as a feedstock for methane production. Bagassees is used as a steam-
generatfing fuel. The following diagrams explain the production process right from sugarcane to
sugar & further to industrial alcohol.

| Pesticides 0.0013 kg | | Diesel 0il 0.3 kg |
Electricity 4.1 MJ

Fertilizers 1.04 kg
(—@I
19.82 kg

Sugar Beet Production A
Fertilizers 1.04 kg
Raw Sugar Beet
139.4 kg

Sugar Beet 132.4 kg

Clearing and Sorting

Waste Sugar Beet
6.97 kg

Recycling

Diesel oil fo transport
sugar beet to factory
0.38 kg

Molasses

Electricity T

Natural Gas 0.9 kg 2.82MJ Polgfgggizckgcid

Production of Sugar
- Polytactic Acid
Packaging 0.0062 kg
Diesel oil to

fransport sugar to >

factory 0.13 kg
Sugar 20 kg

Fig. 10 : Production Process of Sugar and Industrial Alcohol
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Industrial Alcohol

A section of the regulated industry produces raw and disfilled ethyl alcohol from raw food products,
such as grain, potatoes, and molasses. The largest users of ethyl alcohol are the food, medical, and
electronics industries. The chief methods of large-scale production of industrial ethyl alcohol are the
hydrolysis of non-consumable vegetable matter and various methods of chemical synthesis.

Alcoholic beverages obtained by fermenting sugar and starch substances were known in antiquity.
Ethyl alcohol was obtained by distilling grape wine for the first time in Italy in the 11" century. Alcohol
production — principally from grain — greatly expanded in Western Europe and Russia in the 14 century.

In India this industry is regulated by Cost Accounting Record Rules (Industrial alcohol) 1997.

Now for the purpose of cost accounting and cost management we need to analyze this whole process
on the basis of cost centers. Cost centers are units of activity or areas of responsibility intfo which an
internal service center is divided for accountability purposes, and to which costs are allocated or
directly assigned, i.e., the smallest organizational entity where budget & actual cost activities take
place, & which has both characteristics pertinent in cost generation & the ability to frack & control
those costs. Cost centers can be classified info two main groups production cost centers and service
cost centers.

Moreoverthere are overnead costs which are to be allocated to specific cost centers on an appropriate
basis. There are also other non cost items which are not to be considered for product costing purpose
but are accounted for while calculating the profit of an organization.

Let us consider production of Industrial Alcohol from molasses for example.

Following is a production process flowchart for Industrial Alcohol produced from Molasses witch is
actually a byproduct during the producti on of sugar.

Spent Yeast

| Sugar Beets J Diryer
I Grinding J [ Recovered Yeast |

| Pressing/Juice Extraction | Beet Pulp/Feed |

> Cooking and Sterilization |
l Ash/Fertilizer

Fermentation -

!
'—| Distillation |
l

Dehydration ]

!

| Denaturing |

l

| Fuel Ethanol Storage |

Molasses

weajs
19|08

*

Stillage Syrup

Evaporation
Dryer
¥
Dried Powder

Fig. 11 : Flowchart of Production Process for Industrial Alcohol
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(2) Fertilizer industry
Fertilizer Characteristics: Organic compared to mineral fertilizer

Characteristics Organic fertilizer Mineral fertilizer
Nutrient source Crop residues and animal ma- | Nifrogen from the air and min-
nures erals from the soil

Organic fertilizer contains the same inorganic molecules as mineral fertilizer.

Nitrogen fertilizer value drivers

Oil product prices and LNG development |—» | Gas cost in Europe
Cost drivers Manning and maintenance —» | Fixed Cost
Productivity and economies of scale —» | Unit Cost

Drivers of demand

The main demand driver for ferfilizer is food demand which franslates intfo demand for grains and
other farm products.

Fertilizers are essential plant nutrients that are applied to a crop to achieve optimal yield and
quality.

There are mainly two types of fertilizes —
Chemical fertilizer

Organic fertilizer.

(i) Chemical Fertilizer

Nutrients of chemical fertilizers are classified into three sub-group based on plant growth needs.
There are:

e Macro or primary nufrients: Nifrogen (N), phosphorus (P), potassium (K)
e Major or secondary nutrients: Calcium (Ca), magnesium (Mg), and sulphur (S)

e Micro nutrients or frace elements: chlorine (Cl), Iron (Fe), manganese (Mn), boron (B), selenium
(Se), xinc (Zn), copper (Cu), molybdenum (Mo) etc.

Mineral fertilizers can provide an opfimal nutrient balance, tailored to the demands of the specific
crop, soil and climate condifions, maximizing crop yield and quality whilst also causing bad
environmental impacts. There are also organic fertilizers.
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Fertilizer Detailed

[ Collection of wastes from abattoir and market, etc I
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v Market refuse

I Sorting Process MNon-biodegradable
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Biodegradable waste
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waste | Shredding Process .
b J —
ater
—>| Composting Process l
A
| Curing Process l
+ Un-degraded large
biodegraded waste
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MNon-bicdegradable Screening Process F
waste +
| Pulverizing Process .

Additives —>| Mixing Process '— Water
v

Powdered organic fertilizer | Pelleting Process .

Pelletised organic fertilizer

Y
| Bagging/Packaging Process .

Fig. 12 : Flowchart for Fertilizer
(ii) Organic Fertilizer

j—-5

Chain Pulverizer

| W %.F—

Part of Equipments for Fule Organic Fertilizer Production Line

Fig. 13 : Flowchart for Organic Fertilizer
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Fig. 14 : Processing of General Fertilizer
(3) Pharmaceutical Industry

Terms used frequently in the pharmaceutical industry:

Bulks are active drug substances used to manufacture dosage — from products, process medicated
animal feeds or compound prescription medications.

Drugs are substances with active pharmacological properties in humans and animals. Drugs are
compounded with other materials, such as pharmaceutical necessities, to produce a medicinal
product.

Pharmacy is the art and science of preparing and dispensing drugs for preventing, diagnosing or
treating diseases or disorders in humans and animails.

Many dynamic scientific, social and economic factors affect the pharmaceutical industry. Some
pharmaceutical companies operate in both national and multinational markets. Therefore, their
activities are subject to legislation, regulation and policies relating to drug development and
approval, manufacturing and quality control, marketing and sales.

These complex factors interact to influence the discovery and development, manufacturing,
marketing and sales of drugs.

In our country this industry comes under the preview of Cost Accounting Record Rules. The
pharmaceutical industry is largely driven by scientific discovery and development in conjunction
with toxicological and clinical experience. Major differences exist between large organizations
which engage in a broad range of drug discovery and development, manufacturing and quality
control, marketing and sales and smaller organizations which focus on a specific aspect based
upon local market factors.

Active drug substances are inert materials are combined during pharmaceutical manufacturing
to produce dosage forms of medicinal products (e.g., tablets, capsules, liquids, powers, creams
and ointments). Drugs may be categorized by their manufacturing process and therapeutic
benefits.
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Manufacturing Process in the Pharmaceutical Industry

Basic production of bulk drug substances may employ three major types of processes: fermentation,
organic chemical synthesis, and biological and natural extraction (Theodore and McGuinn 1992).
These manufacturing operations may be discrete batch, continuous or a combination of these
processes.

Pharmaceutical Manufacturing of Dosage Forms

Drug substances are converted into dosage-form products before they are dispenses or
administered to humans or animals. Active drug substances are mixed with pharmaceutical
necessities, such as binders, fillers, flavouring and bulking agents, preservatives and anfioxidants.
These ingredients may be dried, milled, blended, compressed and granulated to achieve the
desired properties before they are manufactured as a final formulation. Tablets and Capsules are
very common oral dosage forms; another common form is sterile liquids for injection or ophthalmic
application. Figure illustrates typical unit operations for manufacturing of pharmaceutical dosage-
form products.

Pharmocologically e Powdered
adive substance Proportioning . excipienis

~ Filling

g
?

Granules Tablets Pills Capsules

Fig. 16 : Operations for Manufactoring of Pharmactical dosage form Products
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(4) Petroleum Industries

The pefroleum industry includes the global processes of exploration, exiraction, refining,
fransporting (often by oil tankers and pipelines), and marketing petroleum products. The largest
volume products of the industry are fuel oil and gasoline (petrol). Petroleum (oil) is also the raw
material for many chemical products, including pharmaceuticals, solvents, fertilizers, pesticides,
and plastics.

Petfroleum is vital to many industries, and is of importance to the maintenance of industrial
civilization in its current configuration, and thus is a critical concern for many nations.

The pefroleum industry is one of the largest in the world. It is closely allied with fransportatfion
facilities as their primary source of power is derived from petfroleum products. Therefore, the
location, analysis, and reporting of any porfion of the industry are of major importance during
time of war. In general, the industry consists of fourmain components: drilling, storing, fransporting,
and processing.

(1) Drilling: One can expect to find oil fields in almost any type of terrain ranging from desert
and mountains to the shorelines of large bodies of water, Raising the oil to the surface is
accomplished by natural gas and water pressure, if present, and if not, by the installation of
a pump. Derricks, pipelines, and storage tanks are the identifying feature of an ail field.

(2) Transportation: Transporting the crude oil from the field to the refinery is accomplished by the
several means a oil tankers fransport a major percentage of the world’s oil supply. Amongst
other means, there are Oil barges, Pipelines & Railroad tank cars.

(3) Storage: Storage tanks located at the oil fields are for the tfemporary storage of crude oil only.
However, tanks which are found at refineries may hold any number of types of petroleum
products as well as crude oil.

(4) Refining: Crude Petroleumis composed of a great many varied types of chemical compounds.
The primary function of a refinery is to separate the crude oil into components having
properties of a particular, specified nature. To accomplish this separation, a refinery must
employ a great deal of large, complex, and expensive equipment, most of which is designed
to take advantage of the effect that application of heat has upon petroleum products.

The flow of production within the refinery is generally as follows but varies with each plant.

(a) Primary crude oil distillation unit: The primary distillation unit is the basic unit where it is
separated into preliminary fractions.

(b) Cracking Unit: The cracking unit is the principal unit is the principal unit from which additional
gasoline is obtained. This is done by breaking the heavier petroleum compounds into lighter
ones by the application of heat and pressure (thermal cracking), or heat and pressure in the
presence of a catalyst (catalytic cracking).

(c) Vapor recovery area: The vapor recovery area of a refinery consists of the vapor recovery
or “light ends” unit, the polymerization unit, and the alkylation unit. The primary purpose of
the vapor recovery areq, like that of the cracking unit, it to provide additional high octane
gasoline. Instead of obtaining this gasoline by breaking down the very heavy petroleum
compounds, the vapor recovery area gathers various gases produced elsewhere in the
refinery and combines their very light elements intfo heavier compounds, primarily gasoline.

(d) Lube oil unit: Lubricating oil refining is a group of processes in which some intermediate
and heavier fractions from the primary distillation unit are converted into lubricating oils. It
involves, mainly, the removal of undesirable constituents from the oil, and the imparting of a
proper color to the oil. There are four basic processes involved in a typical example of lube oil
refining; deasphalting, solvent extraction, dewaxing, and clay treating.

OPERATIONS MANAGEMENT & INFORMATION SYSTEM | 1.47 <



Operations Management & Designing and Managing Operations

CRUDE QIL DISTRIBUTION  FRACTHINATING COLUMM
OIL WELLS UNIT i
" PURIFYING SYSTEM

PUNF LINE PUMP STATHIN i i‘ AUTAME KERODSENE
FURNACE i ﬁ
i
-__,..._'_,,.m-.....:',::;;__._ﬁ___ FINISHEDR GASOLINE
e T i -AS & QIL STORAGE

i

FLARE FOR WASTE
REFIMERY GASES

COOLERE : H i
i ALKYLATKON
UNIT

MASTER FLOW CHART
of the
PETROLEUM INDUSTRY
Fig. 17: Flowchart of Petroleum Industry
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Fig. 18 : Bussines Flowchart of Petrolium Industry
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(5) Telecommunication Industries

After getting registered with the Ministry of Communications and Information Technology, a Telecom
Company can engage intfo “Telecom Activities”.

“Telecommunication activities” means any act, process, procedure, function, operation, technique,
freatment or method employed in relation to telecasting, broadcasting, telecommunicating voice,
text, picture, information, data or knowledge through any mode or medium and includes infermediate
and allied activities thereof and these activities would, inter alia, include the following Services or
activities.

Normally a Telecom or Networking Company earns revenue from following segment:
() Basic Telephone Services;

(i) National Long Distance Services;

(i) International Long Distance Services;

(iv) Cellular Mobile Telephone Services;

(v) Wireless Local Loop (WLL) (Fixed or Mobile) Telephone Services;
(vi) Very Small Aperture Terminal Services;

(vii) Public Mobile Radio Trunk Services;

(viii) Global Mobile Personal Communication Services;

(ix) Internet or Broadband or Wireless Access Service;

(x) Infrastructure Provider (IP-1);

(xi) Passive Telecom Infrastructure including Telecom Tower Facilities;
(xii) Cable Landing Stations; and

(xii) Any other related, allied, infermediate or support services in relation to telecommunication
activities not indicated above.

Generally the business of a telecom Company can broadly be classified into two subgroups;
A) Services: It's includes various services like
1. Basic Telephone Services;
National Long Distance Services;
International Long Distance Services;
Cellular Mobile Telephone Services;
Wireless Local Loop (WLL) (Fixed or Mobile) Telephone Services;
Very Small Aperture Terminal Services;
Public Mobile Radio Trunk Services;

Global Mobile Personal Communication Services;

A A A T

Internet or Broadband or Wireless Access service;

Where material consumption is occurred once in a year from Capital Employed.(for example: Set
up of Tower, fixed land line, networking item like router, switch, opfical fiber for installation and
spread up of services of internet or mobile.)
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B) Network Services: It includes

(i) Infrastructure Provider (IP-1);

(i) Passive Telecom Infrastructure including Telecom Tower Facilities;
(i) Cable Landing Stations; and
(

iv) Any other related, allied, intermediate or support services in relation to felecommunication
activities not indicated above.

In this case material consumption or supplying of material equipment is required as per clients need.
E.g. Set up of Data Centre, Cable landing station,network integration (NI), corporate data connectivity
(MPLS VPNs and Internet) within and outside India, infrastructure management.

Costing Structure of Telecom Industries is not similar to other Industries. Factors related to Capital
Employed arise from tangible and intangible assets are allocated to network elements, then each
Network wise Capital employed is allocated to product or network services. Since in this sector, we
can find a lot of non-moving items which are a part of current assets. Huge amount of working capital
gets engaged.

Thus we can find Service wise costing elements, presented in Proforma A of cost statement, where
Service wise Costing P& L is to be made. It includes Employee cost; Administrative cost; Sales &
Marketing cost; Government charges efc.

In Proforma B, product wise costing profit and loss account is prepared after product wise allocation of
different services (accounted for in proforma A ) has been made.

So primary Cost Centre includes various revenue generation segments like Telecom units (It's includes
sub cost centre Mobile, WLL, CDMA etc); Internet units (like 3G, Wireless, RF, Opfical Fiber, VSAT etc.)
and others.

There are also other auxiliary Cost Cenftres like Administration, Billing, Branch Office, Corporate Office,
Customer Care, Finance & Accounts, HR, Insurance, IT or EDP, Legal or Regulatory, Maintenance,
Marketing and Sales, Planning and Development, Quality Stores or Logistics which allocated to various
services and various products on appropriate basis.

(6) Electricity Industries

In our Country Electricity Industries dealing with main following activities;
Power generation (through Thermal Plant) like NTPC,

Power generation (through Hydro Plant) like NHPC,

Power transmission like Power Grid Corporation of India and

Power distribution (State owned Company)

o > 0N -

Now power can be generated by Nuclear also (NPCIL)
Main objective of a Power Company is different from other so activity is also different.

As per Section 209 (1) (d), 600(3) (b) of the Companies Act, 1956 and rule 2 of the Cost Accounting
Records (Electricity Industry) Rules, 2011 Activity wise Costing record has to be maintained by all Indian
Companies dealing with power.

e Proforma A:Cost of utilities like water collection, water treatment, ash handling plant, effluent
freatment, etc

*  Proforma B: Cost of procurement of coal, lignite, gas, naphtha, fuel oil, bagasse or any other
secondary conventional or non-conventional fuel.

. Proforma C: Cost of generation of Power (Thermal or Hydroelectric or Gas Turbine or Atomic or
Wind or Solar, efc.)

o Proforma D: Cost of Transmission or Distribution
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Proforma E: Cost of supply (consumer servicing and billing, etc.)

Proforma F: Activity-wise Capital Cost of Plant and Machinery or Equipment relatfing Electricity
Activity and other common services or activities

Proforma G: Allocation and Apportionment of Total Expenses and Income of the Company
Proforma G1: Apporfionment of Overheads

Proforma H: Profit Reconciliation

The main Cost Centre is mainly Thermal Unit, Hydro Unit, Turbine/Atomic/Solar unit Transmission unit (Sub
Station), Distribution Centre.

Supporting Cost Centre are various utilities like Water collection, Water freatment, Ash handling plant,
Effluent freatment, Procurement of coal, lignite, gas, naptha, fuel oil, baggase etc.

Auxiliary Cost Centers are Project, Maintenance, Marketing & Communication and Administration etc.

Since many Companies availed various Government subsidies or any other benefit, allocation of Capital
Cost of Plant and Machinery or Equipment has been maintain separately distributed to Generation,
Transmission, Servicing /Billing /Marketing and Administration etc.

5 Coal Supply
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Fig. 19 : Components of a thermal power plant
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Study Note - 2

PRODUCTION PLANNING _ﬁ_

This Study Note includes

2.1 Production Planning & Control Measures - Introduction

2.2 Economics & Optimization

2.3 Studies at Workplace

2.4 Forecasting

2.5 Capacity Management

2.6 Process Planning

2.7 Project Planning

2.8 Waiting lines & Simulation

2.9 Human Resource Planning & Optimization

2.10 Application of Linear Programming Techniques for Optimum Allocation of Resources

2.1 PRODUCTION PLANNING & CONTROL MEASURES - INTRODUCTION

Production planning and confrol can be viewed as the nervous system of a production operation.
The primary concern of production planning and control is the delivery of products to customers or to
inventory stocks according to some predetermined schedule. All the activities in the manufacturing or
production cycle must be planned, coordinated, organised, and controlled to achieve this objective.
From a long-term point of view (usually from seven to ten years or more) production planning largely
deals with plant construction and location and with product-line, design and development. Short-
range planning (from several months to a year) focuses on such areas as inventory goals and wage
budgets. In plans projected over a two-to-five year period, capital-equipment budgetfing and plant
capacity and layout are the major concern. Production planning and control normally reflects the
short range activities and focuses on the issues and problems that arise in the planned utilisation of
the labour force, materials, and physical facilities that are required for manufacturing the products in
accordance with the primary objectives of the firm.

Production consists of a sequence of operations that transform materials from a given form to a desired
form (products). The highest efficiency in production is obtained by manufacturing the required
quantity of products, of the required quality, at the required time, by the best and cheapest method.
To achieve this objective, production management employs production planning and control function
which is a management tool that coordinates all manufacturing activities.

The four factors viz., quantity, quality, time and cost encompasses the production system of which
production, planning and confrol (in short referred to as PPC) is the nerve centre or brain.

Hence, production planning and control may be defined as the planning, direction and
coordination of the firm’s material and physical facilities towards the attainment of predetermined
production objectives in the most economical manner.

Production planning and controlis also referred to as operations planning and confrol because the
production planning and control techniques used in production system manufacturing tangible
goods can also be employed in operations or service systems providing services.

Production/operation planning and conftrol involves the organisation and confrol of an overall
manufacturing (or service) system to produce a product (or a service).
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Scope of Production Planning and Control Functions:
The functions of PPC can be classified under the following:

(i) Materials: Raw materials, spare parts and components which must be available in the correct
quantities and specifications at the right time.

(ii) Methods: It involves deciding the best sequence of operations for manufacturing the parts,
building up subassemblies and major assemblies which in furn will make up the finished product,
within the limitations of existing layout and workflow.

(iii) Machines and Equipments: PPC is concerned with selection of machines and equipments and
also with maintenance policy, procedure and schedules, replacement policy and fooling. (Design
and manufacture of tools).

(iv) Routing: Routing prescribes the flow of work in the plant and is related to consideration of layout,
of temporary storage locations for raw materials, components and semi processed parts, and of
material handling systems. Routing is a basic PPC function.

(v) Estimating: The processing times (both set up time and operation time per piece) required for the
parts to be manufactured in-house are estimated and the standard time (both machine time and
labour time) are established as performance standards.

(vi) Loading and Scheduling: Machines have to be loaded according to their capacity and capability.
Machine loading is carried out in conjunction with routing (as indicated in process layouts or
operations analysis and routing sheets) to ensure smooth workflow and the prescribed feeds.
Speeds of machines are adhered to as well as the estimated time (standard time which is the
allowed time to do a job).

Scheduling: Determines the ufilisation of equipment and manpower and hence the efficiency
of the plant. Scheduling determines the starting time and completion time for each and every
operation for each and every part to be manufactured and sub-unit to be assembled so that the
finish product is ready to be shipped to the customer as per the predetermined delivery schedules.

(vii) Dispatching: This is concerned with the execution of planning functions. Production orders and
instructions are released according to the schedule, sequences indicated in route sheets, and
machine loading schedules are adhered to and authorisation is given for release of materials and
tools to the operators to carryout the work.

(viii) Expediting or Progressing: This means follow-up or keeping track of the progress made in completing
the production as per schedules. This follows dispatching function logically.

(ix) Inspection: This function relates to checking the quality of production and of evaluating the
efficiency of the processes, methods and workers so that improvements can be made fo achieve
the desired level of quality.

(x) Evaluating or Controlling: The objective of evaluation or controlling is to improve performance.
Methods and facilities are evaluated to improve their performance. To sum up, we can state that
PPC is a management tool, employed for the direction of the manufacturing operations and their
co-ordination with other activities of the firm.

In short, production planning and control function is concerned with decision-making regarding.

(a) What to produce Product planning and development including product design.

(o) How to produce Process planning, material planning, tool planning etc.

(c) Where to produce Facilities planning, capacity planning and subcontracting planning.
(d) When to produce Production scheduling and machine loading

(e) Who will produce Man power planning

(f)  How much to produce Planning for quantity, Economic batch size etc.
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Principles of Production Planning and Control (PPC)

i.  Type of production determines the kind of production planning and control system needed.
i.  Number of parts involved in the product affects expenses of operating PPC department.

ii. Complexity of PPC function varies with the number of assembilies involved.

iv. Time is a common denominator for all scheduling activifies.

v. Size of the plant has relatively little to do with the type of the PPC system needed.

vi. PPC permits ‘management by exception’.

vii. Cost control should be a by-product of PPC function.

vii. "The highest efficiency in production is obtained by manufacturing the required quantity of a
product, of the required quality, at the required time by the best and cheapest method” — PPC
is a tool to coordinate all manufacturing activities in a production/ operating system.

Objectives of Production Planning and Control
The objective of production planning and control is to confribute to the profits of the enterprise. This is
accomplished by keeping the customers satisfied through the meeting of delivery schedules.

The advantage of production planning is that efficiency and economy are maximised. The 4 Ms -
resources of men, machinery, materials and money are analysed to select the most appropriate
materials, methods, and facilities for accomplishing the work. This is followed by functions such as
routing, estimating and scheduling.

Production systems are usually designed to produce a variety of products and are, therefore, complex.
In such complex systems, anything can happen and usually it is so. Therefore, it is vital to exercise
some kind of control over the production activities. Control is possible only when everything is planned.
Production planning and conftrol is thus a very important aspect of production management.
Production Control

(A) Importance of Control Function

The function of production confrol is to:

(i)  Provide for the production of parts, assemblies and products of required quality and quantity at
the required time.

(i)  Co-ordinate, monitor and feedback to manufacturing management, the results of the production
activities, analyzing and interpreting their significance and taking corrective action if necessary.

(i) Provide for optimum utilisation of all resources.

(iv) Achieve the broad objectives of low cost production and reliable customer service.

(B) Benefits of Production Control

1. Improvement in profits through -
(a) Maintenance of a balanced inventory of materials, parts, work-in-process and finished goods.
(b) Balanced and stabilized production.
(c) Maximum utilization of equipment, tooling, labour (manpower) and storage space.
(d) Minimum investment in inventory.
(e) Reduction in indirect costs.
(f) Reduction in set up costs.
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©

vi.

vii.

viii.

(g) Reduction in scrap and rework costs.

(h) Reduction in inventory costs.
Competitive advantage-

(a) Reliable delivery to customers.

(b) Shortened delivery schedules to customers.

(c) Lower production costs and greater pricing flexibility.
(

d) Orderly planning and marketing of new or improved products.

Elements of Production Control

Control of Planning: Assure receipt of latest forecast data from sales and production planning, bill
of material data from product engineering and routing information from process engineering.

Control of Materials: Confrol of inventory and providing for issue of materials to the shop and
movement of materials within the shop.

Control of Tooling: Check on the availability of tooling and provide for issue of tools to shop floors
from tool cribs.

Control of Manufacturing Capacity: Determine the availability of equipment and labour capacities
and issue redlistic production schedules and provide a means of recording completed production.

Control of Activities: Release order and information at assigned times.

Control of Quantity: Follow up of progress of production in order to ensure that the required
qguantities are processed at each production step and to ensure that corrective action is initiated
where work fails to pass each stage of inspection.

Control of Material Handling: Release orders for movement of work to ensure availability of material
as required at each stage of the operation.

Control of Due Dates: Check on the relation of actual and planned schedules and determine
the cause of delays or stoppages that interfere with weekly schedules of work assigned to each
machine or work centre.

Control of Information: Distribute fimely information and reports showing deviations from plan so
that corrective action can be taken and provide data on production performance measurement
for future planning.

The following are the objectives of production planning and control:

Vi.
Vii.
viii.

iX.

To deliver quality goods in required quantities to the customer in the required delivery schedule to
achieve maximum customer satisfaction and minimum possible cost.

To ensure maximum utilization of all resources.

To ensure production of quality products.

To minimise the product through-put tfime or production/manufacturing cycle time.
To maintain optimum inventory levels.

To maintain flexibility in manufacturing operations.

To co-ordinate, between labour and machines and various supporting departments.
To plan for plant capacities for future requirements.

To remove bottle-necks at all stages of production and to solve problems related to production.
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x. To ensure effective cost reduction and cost conftrol.

xi. To prepare production schedules and ensure that promised delivery dates are met.
xii. To produce effective results for least total cost.

xiii. To establish routes and schedules for work that will ensure optimum utilization of materials, labour
and equipments and machines and to provide the means for ensuring the operation of the plant
in accordance with these plans.

xiv. The ultimate objective is fo contribute to profit of the enterprise.

Role of Production planning and Control in Operations Management

Exhibit 2.1.1 : The Production/Operations Management Cycle

I Strategic Planning ]4— —————— -

r———- -»[ Tactical Planning |

— = Implementation |- — —

|

|

| ]

1 [omeen -
|

|

I

L — —{ Evaluation I— —
v
R ——— —| Replanning }— ——————— o]

Operations are at the centre of the diagram in Exhibit 2.1.1 because they are the dynamic ‘doing’
elements of the production process. As the Exhibit shows, planning and control never cease in the
production area. There are a variety of productions/operations management responsibilities such as:

(i)  Product design.

(i)  Job design and process design.

(i) Equipment selection and replacement.

(iv) Labour skills and training programs.

(v) Input material selection including raw materials and sub-contracting.
(vi) Plant location and layout.

(vii) Scheduling steps of the plan.

(viii) Implementing and confrolling the schedule.

(ix) Operating the production system. The above are concerned with the design of the production
process.

In addition, the control systems to be considered are:
(i) Inventory control policies.

(i)  Quality control policies.
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(i)
(iv)

(v)

(Vi)

Production schedule control policies.

Productivity and cost control policies.

Constructing control system:s.

Implementing and operating conftrol systems.

(vii) Modifying policies and designs.

Phases in Production Planning and Control Function

1.

Planning Phase: (a) Pre-planning ; (b) Active planning

(a) Pre-planning activity involves product planning and development, demand forecasting,
resources planning, facilities planning, plant planning, plant location and plant layout.

(b) Acftive planning involves planning for quantity, determination of product - mix, roufing,
scheduling, material planning, process planning, capacity planning and tool planning.

Action Phase: Execution or implementation phase includes dispatching and progressing function.

Control Phase: Includes status reporting, material control, fool control, inventory control, quality
conftrol, labour output control and cost control.

Exhibit 2.1.2. Production Planning & Control

Prodctuion Planning and

Control

Production Planning

(
(
(
(

i) Estimating
ii) Routing

i) Scheduling
iv] Loading

(
{
(
(

Prodction Concrol
) Dispatching
i) Expediting/follow-up/ Progressing
lii) Inspection
iv) Evaluation and corrective action

Table 2.1.1 Levels of Planning in a Production Planning System

and analysis

Planning Horizon Inputs Plans/Schedule Outputs
1. Long-range | (a) Long-range Long-range (a) Production facility plans
(Strategic demand forecast | capacity plan (plant location, layout, size,
Planning) (b) Availability capacities etc.)
of funds and (o) Major subcontract plans.
business analysis (c) Major machinery and
(c) Capacity data process plan.
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2. Intfermediate | Intermediate range Aggregate (a) Employment plan.
range demand forecast capacity plan (o) Machinery and utility plan.
glgﬁ;'ﬁ]o') (c) Subcontract and material
9 supply contracts.
(d) Facility modification plans.
(e) Aggregate inventory plans.
3. Short-range | (a) Short-range (a) Master (a) Short-range production
(Operational demand forecasts production schedules for end products.
Planning) (o) On-hand schedules (o) Short-range schedule
customer order (MPS) for parts, components,
(c) Other orders (b) Capacity sub-assemblies and final
(d) Availability of planning (CRP) | (c) Short-range plan for
material from (c) Material purchasing materials.
suppliers requwgmen’r (d) Short-range shop floor
planning (MRP) plans.

Production Planning Functions
The main functions of production planning are:

1. Estimating

Involves deciding the quantity of products to be produced and cost involved in it on the basis of
sales forecast.

Estimating manpower, machine capacity and materials required (Bill of material is the basis) fo
meet the planned production targets are the key activities before budgeting for resources (e.g.,
production budget is the basis for materials budget, capital equipment budget and manpower
budget).

2. Routing

This is the process of determining the sequence of operations to be performed in the production
process. Routing determines what work must be done, where and how?

Routing information is provided by product or process engineering function and it is useful to
prepare machine loading charts and schedules.

Route Sheet: A route sheet is a document providing information and instructions for converting
the raw materials into finished parts or products. It defines each step of the production operation
and lays down the precise path or route through which the product will low during the conversion
process.

3. Scheduling

Involves fixing priorities for each job and determining the starting fime and finishing time for each
operation, the starting dates and finishing dates for each part, sub assembly and final assembly.
Scheduling lays down a fime table for production indicatfing the total time required for the
manufacture of a product and also the fime required for carrying out the operation for each part
on each machine or equipment.

4. Lloading

Facility loading means loading of facility or work centre and deciding which jobs to be assigned
to which work centre or machine. Loading is the process of converting operation schedules into
practice. Machine loading is the process of assigning specific jobs to machines, men or work
centres based on relative priorities and capacity utilization.
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A machine loading chart (Gantt chart) is prepared showing the planned utilisation of men and
machines by allocating the jobs to machines or workers as per priority sequencing established at
the time of scheduling.

Loading ensures maximum possible utilisation of productive facilities and avoids bottlenecks in
production. It is important to avoid either over loading or under loading the facilities, work centres
or machines to ensure maximum utilization of resources.

Production Control Functions

The control functions are:

1.

To examine whether work is Follow up Routing
going on as per the plan

Dispatching

Dispatching may be defined as setting production activities in motion through the release of
orders (work order, shop order) and instructions in accordance with the previously planned time
schedules and routings.

Expediting/Followup/Progressing

Expediting or progressing ensures that the work is carried out as per plan and delivery schedules
are met.

Progressing includes activities such as status reporting, attending to bottlenecks or holdups in
production and removing the same, controlling variations or deviations from planned performance
levels, following up and monitoring progress of work through all stages of production, co-ordinating
with purchase, stores, tool room and maintenance departments and modifying the production
plans and replan if necessary.

Selection of path or route over
which every place is to fravel
(to transform from raw material
fo finished product)

Match the two

Opftimalities
Act of assigning specific tasks / \ Arrangement of different
to a specific work centre, to be Dispaching Scheduling machines involved in
performed in a specific sequence manufacturing

Fig. 2.1.1: Techniques of Production Control

Basic types of production control:

Production control can be of six types:

(M

(if)

Block control

This type of confrol is most prominent in textiles and book and magazine printing. In these industries
it is necessary to keep things separated and this is the fundamental reason why industries resort to
block control.

Flow control

This type of control is commonly applied in industries like chemicals, petroleum, glass, and some
areas of food manufacturing and processing. Once the production system is thoroughly designed,
the production planning and control department controls the rate of flow of work into the system
and checks it as it comes out of the system. But, under this method, routing and scheduling are
done when the plant is laid out. That is tfo say, the production line which is established is well
balanced and sequenced before production operations begin; this type of control is more
prevalent in continuous production systems.
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(iii) Load control
Load control is typically found wherever a particular bottleneck machine exists in the process of
manufacturing.

(iv) Order control

The most, common type of production conftrol is called order control. This type of conftrol is
commonly employed in companies with intermittent production systems, the so-called job-lot
shops. Under this method, orders come into the shop for different quantities for different products.
Therefore, production planning and control must be based on the individual orders.

(v) Special project control

Special production conftrol is necessary in certain projects like the construction of bridges, office
buildings, schools, colleges, universities, hospitals and any other construction industries. Under this
type of control, instead of having sets of elaborate forms for tooling and scheduling, a man or a
group of men keeps in close contact with the work.

(vi) Batch control
Batch controlis anotherimportant type of production control which is frequently found in the food
processing industries. Thus, production control in batch-system of control operates with a set of
ingredients that are proportionally related and handled one batch at a time.

Production Planning and Control in Different Production Systems

1. PPCin Job Production
Job production involves manufacture of products to meet specific customer requirements of
special orders. The quantity involved is usually small. Examples of job production are manufacture
of large furbo generators, boilers, steam engines, processing equipments, material handling
equipments, ship building etc.

Under job production we may have three types according to the regularity of manufacture namely,
(a) A small number of products produced only once.
(b) A small number of products produced intermittently when the need arises.
(c) A small number of products produced periodically at known interval of time.
2. PPCin Batch Production

Batch production is the manufacture of a number of identical arficles either to meet a specific
order or to satisfy continuous demand. The decisions regarding tooling and jigs and fixtures are
dependent on the quantities involved in the production batch.

In batch production too there can be three types namely:

(a) A batch produced only once.

(b) A batch produced repeatedly at irregular intervals, when the need arises.

(c) A batch produced periodically at known intervals, to satisfy confinuous demand.

Here again planning and control become more simplified as quantities increase and as
manufacture becomes more regular. Two problems that may arise in batch production are due
fo size of the batch and due to scheduling of production.

The solution to these problems depends on whether the production is governed by:
(a) External customer orders only.

(b) Whether the plant is producing for intfernal consumption i.e., a subassembly used in the final
product.
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3.

P.P.C. in Continuous Production

Continuous production is normally associated with large quantities of production and with a high
rate of demand. Confinuous production is justified when the rate of production can be sustained
by the market.

Two types of continuous production can be:
(a) Mass production (b) Flow production

In mass production, a large number of identical artficles is produced, but inspite of advanced
mechanization and tooling, the equipment need not be specially designed for the component to
be manufactured.

In flow production, the plant and equipment and layout have been primarily designed to
manufacture a particular product. A decision to switch over to a different kind of product needs
basic changes in the equipments and the layout, especially when special purpose machines and
complex material handling systems are used.

Production Planning and Control in Process Industry

PPC in process industry is relatively simple. Routing is automatic and uniform. Standard processes
and specialised equipments are used. As the products are standardised and goods are produced
to stock and sell, scheduling is easy. Departmental schedules are derived from master production
schedules. Dispafching involves issue of repetitive orders to ensure a steady flow of materials
throughout the plant. The main task of PPC in process industry is o maintain a continuous and
uniform flow of work at the predetermined rate in order to utilise the plant and equipments fully
and to complete the production in time.

Requirements of Effective Production Planning and Control System

1.

>

Sound organizational structure with mechanism for proper delegation of authority and fixation of
responsibility at all levels.

Information feedback system should provide reliable and up-to-date information to all persons
carrying out PPC functions.

Standardisation of materials, tools, equipments, labour, quality, workmanship etc.
Trained personnel for using the special tools, equipments and manufacturing processes.

Flexibility o accommodate changes and bottle-necks such as shortage of materials, power
failures, machine break downs and absenteeism of employees.

Appropriate management policies regarding production and inventory levels, product -mix and
inventory furnover.

Accurate assessment of manufacturing lead times and procurement lead times.

Plant capacity should be adequate to meet the demand. The plant should be flexible in order to
respond to the infroduction of new products, changes in product-mix and production rate.

Limitations of PPC

(a)

(b)

(c)

Production planning and control functionis based on certain assumptions or forecasts of customers’
demand, plant capacity, availability of materials, power etc. If these assumptions go wrong, PPC
becomes ineffective.

Employees may resist changes is production levels set as per production plans if such plans are
rigid.

The production planning process is fime consuming when it is necessary to carry out routing and

scheduling functions for large and complex products consisting of a large no. of parts going into
the product.
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(d) Production planning and control function becomes extremely difficult when the environmental
factors change very rapidly such as technology, customers’ taste regarding fashion or style of
products needed, Government policy and conftrols stoppages of power supply by electricity
boards due to power cuts, break in supply chain due to natural calamities such as floods,
earthquakes, war etc.

PROBLEMS AND SOLUTIONS

lllustration 1:

Machines K and L, both capable of manufacturing an industrial product, compare as follows:

Machine K Machine L
Investment 60,000 %1,00,000
Interest on borrowed capital 15% 15%
Operating cost (wages, power, etc.) per hour 12 10
Production per hour 6 pieces 10 pieces

The factory whose overhead costs are ¥1,20,000 works effectively for 4,000 hours in 2 shifts during
the year.

(i) Justify with appropriate calculations which of the two machines you would choose for regular
production.

(i) If only 4000 pieces are to be produced in a year, which machine would give the lower cost per
piece.

(iii) For how many pieces of production per year would the cost of production be same on either
machine? (For above comparisons, the cost of material may be excluded as being the same on
both machines.)

Solution:
Machine K Machine L
Annual interest charges (60,000 x 15) / 100 (%1,00,000 x 15) / 100
(Fixed Cost) =%9,000 =%15,000
Annual operating charges 4,000 x 12 4,000 x 10
=348,000 =340,000
Total annual charges 57,000 55,000
Annual output 4,000 x 6 = 24,000 4,000 x 10 = 40,000
Cost per unit 57,000 / 24,000 55,000 / 40,000
=32.375 =%1.375
(i)  Thus machine L should be chosen for regular production.
(i) If only 4,000 pieces are to be produced in a year
Interest cost 39,000 315,000
Operating cost (4,000 / 6) x 12 =%8,000 (4,000 / 10) x 10 =34,000
Total cost =%17,000 =%19,000

Cost per unit

(i) Interest charge
Operating cost per piece

(17,000 / 4,000) =%4.25
Thus, machine K gives the lower cost per piece.

=%9,000
=12/6=%2

(19,000 / 4,000) = %4.75

=%15,000
=10/10 =X1
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Let the production be = X units,
Then, 2X + 9,000 = X + 15,000 or, 2X - X = 15,000 - 2,000 or, X = 6,000 pieces.
For 6,000 pieces of production per year the cost of production will be the same (X 21,000) on either
machine.
lllustration 2:

A department of a company has to process a large number of components/month. The process
equipment time required is 36 minutes/component, whereas the requirement of an imported process
chemicalis 1.2 litres/component. The manual skiled manpower required is 12 minutes/component for
polishing and cleaning. The following additional data is available:

Availability/month Efficiency of utilisation
Equipment hour 500 85%
Imported chemicals - Litres 1000 95%
Skilled manpower - hours 250 65%

(i)  Whatis the maximum possible production under the current condifions?

(i) If skiled man-power availability is increased by overtime by 20%, what will be the impact on
production increase?

Solution:
(a) Actual Equipment Hrs. used = 500 x 85/100 = 425 Hrs.

Possible output = 425 x (60/36) = 708 Components
(b) Imported chemicals = 1,000 x 95/100 = 950 litres, actually used;
Possible output = 950/1.2 = 792 Components
(c) Skiled manpower Hrs. used = 250 x 65/100 = 162.5 Hrs.
Possible output =162.5 x (60/12) = 813 Components
The bottle-neck capacity = 708 Components.
(i)  Maximum possible production under the given conditions = 708 Components.

(i) There will be no impact on production increase if skiled manpower is increased by overtime by
20% as the bottle-neck in output is equipment hours.
lllustration 3:

A manufacturing enterprise has infroduced a bonus system of wage payment on a slab-rate based on
cost of production towards labour and overheads.

The slab-rate being

Between 1% - 10% Saving in production cost 5% of saving
Between 11%-20% Saving in production cost 15%
Between 21%-40% Saving in production cost 30%
Between 41%-70% Saving in production cost 40%
Above 70% Saving in production cost 50%

The rate per hour for three workers A, B, C are %5, ¥5.50 and %5.25 respectively. The overhead recovery
rate is 500% of production wages and the material cost is ¥40 per unit. The standard cost of production
per unit is determined at 160 per unit.

If the time taken by A, B, C fo finish 10 units is 26 hours, 30 hours and 16 hours respectively, what is the
amount of bonus earned by the individual workers and actual cost of production per unite

>2.12 | OPERATIONS MANAGEMENT & INFORMATION SYSTEM



Solution:

Particulars A B (of
Unit produced 10 10 10
Wage rate/hr. 5.00 5.50 5.25
Time taken 26 hours 30 hours 16 hours
Wage payable 130.00 165.00 84.00
Overhead recovery 650.00 825.00 420.00
Materials 400.00 400.00 400.00
Total cost of production 1,180.00 1,390.00 904.00
Standard cost of production 1,600.00 1,600.00 1,600.00
Saving in cost of production 420.00 210.00 696.00
% of savings 26.25% 13.13% 43.50%
Bonus slab 30% 15% 40%
Bonus Amount 126.00 31.50 278.40
Actual cost of production 1,306.00 1,421.50 1,182.40
Cost/unit () 130.60 142.15 118.24

lllustration 4:
Calculate the break-even point for the following:

Production Manager of a unit wants fo know from what quantity he can use automatic machine
against semi-automatic machine.

Data Automatic Semi-automatic

Time for the job 2 mts 5 mfts

Set up time 2 hrs 1.5 hrs

Cost per hour 320 12
Solution:

Let x be the break-even quantity between automatic and semi-automatic machines. This means, for
volume of output x, the total cost of manufacture is the same on both automatic and semi-automatic
machines.

For quantity = x units
Total manufacturing cost on automatic machines =3 (2.0 + 2x/60)x20

X
Total manufacturing cost on semi-automatic machines = (]~5 0 X]Q)

If 'x" is the break-even quantity, then

2

(20+ 6’(‘) ) 20 = (1.5 + 5x/60)x12
5x

40+ 2« o0 =18+ x12

60
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Hence for quantity upto 65, a semi-automatic machine will be cheaper. For quantity 66, both semi-
automatic and automatic machines are equally costly. For quantity more than 66, automatic machine
becomes cheaper than semi-automatic machine.

lllustration 5:

Machines A and B are both capable of manufacturing a product. They compare as follows:

Particulars Machine A Machine B
Investment 350,000 80,000
Interest on capital invested 15% per annum 15% per annum
Hourly charges (wages + power) Z10 38
No. of pieces produced per hour 5 8
Annual operating hours 2,000 2,000

(i)  Which machine will have the lower cost per unit of output, if run for the whole year?
(i) Ifonly 4,000 pieces are to be produced in a year, which machine would have the lower cost per piece?

(i) Will your answer to (i) above query if you are informed that 12.5% of the output of machine B-gets
rejected at the inspection stage. If so, what would be the new solution?

Solution:
(i)
Data Machine A Machine B
Annual interest charges 15 380,000 x (15/100) =%12,000
350,000 x — =3%7,500
100
Annual operating charges 10 x 2,000 = 320,000 T 8 x 2,000=316,000
Total annual charges 7,500 + 20,000 =%27,500 12,000 + 16,000= 328,000
Annual production (units) for 2,000 hours 5 % 2,000 =10,000 nos. 8 x 2000=16,000 nos.
Cost per unit 27,500 _20 75 28,000 2175
10,000 16,000
Machine ‘B’ gives the lower cost per unit if run for the whole year (for 2,000 hours).
(ii)
Data Machine A Machine B
Operating hours required for producing 4,000 nos 4,000/5 = 800 hrs 4,000/8 = 500 hrs
Operating charges % 10 x 800 =%8,000 I8 x 500 = 34,000
Interest charges 37,500 312,000
Total annual charges 8,000 + 7,500 =%15,500 | 4,000+ 12,000 =%16,000
Cost per unit 15,500 16,000
———— =33.875 — =
4,000 4,000

Machine ‘A’ gives lower cost per unit.

(i) 1f 12.5% of output of Machine B is rejected, net annual production
100-12.5 _ 16,000 x 87.5

From Machine B = 16,000x 100 =14,000 nos.
Cost per unit = 28,000 =32 10
p 14,000

Even though, unit cost of production on Machine B increases from %1.75 to 2.0, sfill machine B
confinues to be cheaper, if used for 2,000 hours in the year.
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lllustration 6:

Methods P and Q are both capable of manufacturing a product. They compare as follows:

Data Method P Method Q
Fixture - cost 324,000 16,000
- life 6 months 4 months
Tooling - cost 32,560 34,800
- life 300 pieces 500 pieces
Processing time per piece 6 mfs. 4 mts.

The annual requirement is 1,500 nos. Operating cost per hour of the process is ¥128 for both processes.
Material cost is same in each case.

Which method would you choose for production during a period of one year?

Solution:
Data Method P Method Q
Cost of manufacture per year:

Fixture cost T 24,000 x 2 =% 48,000 T 16,000 x 3 =% 48,000

(2 nos of fixtures are required per year in method P and 3 nos required in method Q)

i , 1
Tooling cost 2,560 x 1290 _ 2 560 x 5| 4,800 x 29 = 4800 x 3 =
=312,800 500 314,400
Operating hours to produce 1,500 nos. 1,500 % 6/60 =150 hrs 1,500 % 4/60 =100 hrs
Operating cost per year %128 x 150 =%19,200 %128 x 100 =%12,800
Total manufacturing cost per year 348,000 +312,800 + 348,000 +314,400 +
£19,200 = 380,000 312,800 =%75,200

Since method Q is cheaper than method P, method ‘Q’ is the choice for production during the whole
one year period.

lllustration 7:

Two alternative set-ups, A and B are available for the manufacture of a component on a particular
machine, where the operating cost per hour is ¥20.

Particulars Set-up A Set-up B
Components/set-up 4,000 pieces 3,000 pieces
Set-up cost 3 300 < 1500
Production rate/hour 10 pieces 15 pieces

Which of these set-ups should be used for long range and economic production?
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Solution:

Considering one set-up

Particulars Set-up A Set-up B
Set-up cost per year %300 %1,500
Operating hours 4,000 _ 400 hours 3,000 _ 200 hours
10 15
Operating cost 38,000 34,000
Total manufacturing cost 300 + 8,000 =%8,300 1,500 + 4,000 =%5,500
Manufacturing cost/piece 8,300 _ %0057 5,500 _ 1 833
4,000 3.000
Assuming that the machine is used for production for one year having 2,000 hours of working.
For annual production,
Particulars Setup A Setup B
No. of set-ups 2,000 5 2,000 -10
400 200
Set-up cost per year 5 x 300 =%1,500 10 x 1,500 =%15,000

Operating cost

2,000 x %20 =340,000

2,000 x ¥20 =340,000

No. of units produced/year

2,000 x 10 = 20,000 nos.

2,000 x 15 = 30,000 nos.

Total annual manufacturing cost

%1,500 + 40,000 =%41,500

%15,000 + 40,000 =%55,000

Manufacturing cost/unit

41,500

55,500
30,000 - 31.85

Since the manufacturing cost for set B is less, use setup B for long range and economic production.
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2.2 ECONOMICS AND OPTIMIZATION

Optimization - the backbone of Economics

Optimizing behavior is one of the basic postulates of fraditional Micro economics, according to which
an “economic actor” is necessarily an economic man, that is, a person who always takes rational
decisions with respect to economic matters. The rationality is defined in terms of optimizing behavior.
For example, a household would always fry to maximize utility; a producer would maximize output at
minimum cost; a firm would aim to maximize pro