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Introduction

INTRODUCTION

Operations management is a part of management sciences. It is concerned with

the production of quality goods and services, and it ensures that the business

operations are run smoothly, efficiently and effectively. It is the field of management

that deals with effective planning, scheduling, use and control of a manufacturing

or service organization. It applies concepts of design engineering, industrial

engineering, MIS, quality management, production management, inventory

management, etc., for effective planning and control. Although a relatively new

field of study, operations management has a wide range of applications, especially

pertaining to manufacturing. It has scope in almost every business or organization.

For the efficient use of resources, operations management is a must for employers.

This book, Operations Management, is divided into six units. It has been

designed keeping in mind the self-instruction mode (SIM) format and follows a

simple pattern, wherein each unit of the book begins with the Introduction followed

by the Objectives for the topic. The content is then presented in a simple and

easy-to-understand manner, and is interspersed with Check Your Progress

questions to reinforce the student's understanding of the topic. A list of Self-

Assessment Questions and Exercises is also provided at the end of each unit. The

Summary and Key Terms further act as useful tools for students and are meant for

effective recapitulation of the text.
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UNIT 1 INTRODUCTION TO
PRODUCTION/OPERATIONS
MANAGEMENT

Structure
1.0 Introduction

1.1 Objectives

1.2 Meaning
1.2.1 Importance

1.3 Historical Contribution Systems
1.3.1 Physical Distribution to Logistics to SCM

1.4 View of OM
1.4.1 Concept of Internal Customer

1.5 Functions of OM

1.6 Efficiency and Effectiveness

1.7 Types of Production

1.8 Answers to ‘Check Your Progress’

1.9 Summary

1.10 Key Terms

1.11 Self-Assessment Questions and Exercises

1.12 Further Reading

1.0 INTRODUCTION

Operations Management, is concerned with the activities involved in the production

of goods and services. The main objectives of operations management are customer

satisfaction, profitability, manufacturing products at minimum cost and maintaining a

high quality. Supply chain management involves interaction with various vendors in

order to make sure that the products reach the intended destination.

The major difference between operations management and supply chain

management is that that the former controls and manages the functions that take

place within the company whereas the latter is concerned with the operations that

happen outside the company. Despite this fundamental difference, it is imperative

for an organization to coordinate these functions as the tasks will be executed

efficiently, from inception to end, only with proper management of both.

1.1 OBJECTIVES

After going through this unit, you will be able to:

� Understand the concept, significance, and functions of Operations

Management and SCM

� Analyze the various perspectives of quality, including the customers’ and

manufacturer’s view

� Discuss the concepts of Total Quality Management and Lean Management

� Understand the impact of global competition, technological change, ethical

and environmental issues on operations and supply chain functions
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1.2 MEANING

The Association of Operations Management (APICS) defines operations

management as, ‘The field of study that focuses on the effective planning, scheduling,

use and control of a manufacturing or service organizations through the study of

concepts from design engineering, industrial engineering, MIS, quality management,

production management, industrial management and other functions as they affect

the operations’.

According to Sherin Siegel and Joel G. Siegel, production and operations

management ‘is the management of all activities directly related to the production

of goods and services’. It may be remembered that goods are produced and

services are rendered.

In the early days, production involved the processes followed in mass

production and it produced tangible goods. As the complexities of business grew,

management of the systems responsible for production became essential. Then

services also began to be ‘produced’ or rendered. These were intangible. So,

some principles were needed that could encompass the entire system that produced

a good or delivered a service. It was found that the same principles could be

effectively applied in the management of processes that were involved in the making

of ‘goods’ as well as rendering ‘services’. This is what is meant by production and

operations management (POM).

POM uses the decision-making tools of operations research and the

principles of industrial engineering, quantitative techniques, shop-floor control,

organizational behaviour, safety management, maintenance management, etc. Thus,

we can say that POM deals with the concepts and principles employed by

organizations to make them efficient and effective.

Objectives of Production Management
Every organization starts with a goal and mission and then chalks out the activities

to achieve these goals. All the activities, primarily those for converting inputs into

required outputs, are planned accordingly. The common objectives of any kind of

organization are:

1. Customer satisfaction
Customer satisfaction is vital to the survival of an organization. The organization

researches the expectations of the customer or service to be rendered and decides

on the product. An organization can survive only if its products satisfy the customers

on the basis of the following criteria:

(i) Quality of the product as per acceptable standards

(ii) Easy maintenance and reliability of the product

(iii) Functionality of the product as offered by the seller

2. Profitability
The pricing of the product should be competitive to achieve sales. For this, the

market price of products should be competitive and commensurate with the features

offered in the product. A good organization produces the right quality that meets

all product specifications, at optimal cost. The organization should focus on

minimizing costs and maximizing revenue for increasing profitability.
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3. Timeliness

The product produced or service rendered may be qualitative and cost-competitive

but if it does not reach the consumers when they require it, the organization loses.

The consumer does not wait for a good or service; he acquires it from a competitor.

Therefore, production and operations management plays a vital role in providing

the product or service on time by effectively maintaining production schedules.

To summarize, we can say that an effective POM needs to produce goods

or render services of the right quality in right quantities at the right time and at

minimal costs. It should also ensure that there is no wastage in the system because

this results in cost escalations and severe delays.

If the above–mentioned factors are not kept in mind, then it could lead to

failure of the management in achieving its objectives and targets.

Case Study
Sheena had worked for the same Fortune 500 Company for 15 years. Although the

company had gone through some tough times, things were starting to turn around.

Customer orders were up, and quality and productivity had improved dramatically

from what they had been only a few years earlier, due to the company’s extensive

quality improvement programmes. So, it came as a real shock to Sheena and about

400 of her co-workers when they were suddenly terminated following the new

CEO’s decision to down size the organization.

After recovering from the initial shock, Sheena tried to find employment

elsewhere. Despite her efforts, after 8 months of searching, she could not find a

job. Her funds were being depleted and she was getting discouraged. There was

one bright spot, though she was able to bring in a little money by mowing lawns for

her neighbours. She got involved quite by chance when she heard one of her

neighbours remark that now that his children were on their own, nobody was

around to cut the grass. Almost jokingly, Sheena asked him how much he would

be willing to pay. Soon Sheena was mowing the lawns for five of her neighbours.

Other neighbours also wanted her to work on their lawns, but she felt that she

could not spare more time on this and kept on searching for a job.

However, as the rejection letters began to pile up, Sheena knew she had to

make an important decision in her life. On a rainy Tuesday morning, she decided

to go into the business of taking care of neighbourhood lawns. She was relieved to

give up the stress of job hunting, and she was excited about the prospects of being

her own boss. But she was also fearful of being completely on her own.

Nevertheless, Sheena was determined to make a go of it. At first, business was a

little slow, but once people realized Sheena was in the business of mowing lawns,

many asked her to take care of their lawns. Some people were simply glad to turn

the work over to her; others switched from professional lawn care services. By

the end of her first year in business, Sheena knew she could earn a living this way.

She also performed other services such as fertilizing lawns, weeding gardens and

trimming shrubbery. Business became so good that Sheena hired two part-time

workers to assist her and, even then, she believed she could expand further if she

wanted to.
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Discussion Questions

1. In what ways are Sheena’s customers most likely to judge the quality of

lawn care services?

2. Sheena is the operations manager. Among her responsibilities are forecasting,

inventory management, scheduling, quality assurance and maintenance.

(a) What kind of things would likely require forecasts?

(b) What inventory items do Sheena probably has? Name one inventory

decision she has to make periodically.

(c) How important is quality assurance to Sheena’s business? Explain.

(d) What kinds of maintenance must be performed?

3. The town is considering an ordinance that would prohibit putting grass

clippings at the curb for pickup because local landfills cannot handle the

volume. What options might Sheena consider if the ordinance is passed?

Mention two advantages and two drawbacks of each option.

1.2.1 Importance
Production is the primary business of an organization. All other wings or activities

of an organization exist subject to the existence of production. Without production

or anything to sell, there is no organization at all. An organization usually has several

departments and each department has a specialized function.

� Marketing establishes the demand for goods and sells what is produced.

� Finance provides the capital for equipment and resources.

� Human resource management provides and manages manpower.

� Purchasing is concerned with procurement of materials needed to run the

organization.

� Materials management takes care of inventories.

� Law department safeguards the organization on legal issues.

� Public relations department builds the image of the organization.

� R&D is responsible for research and development.

But it is the production department which produces goods and services. It

plays a vital role in achieving a firm’s strategic goal.

R & D 

Materials 
Mgt 

Purchasing

Finance 

Law 

Human 
Resource

Public 
Relations

Marketing

PRODUCTION

Fig. 1.1 Production and other Departments of an Organization
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Production involves the greatest bulk of a company’s employees and is

responsible for a large portion of its assets. It also has a major impact on the

quality and cost of goods and therefore is the visible face of the company. Hence,

we say that production is the heart of an organization.

Check Your Progress

1. What is production and operations management?

2. What is the importance of production management?

1.3 HISTORICAL CONTRIBUTION SYSTEMS

Before learning further, it is important to take a look at the history of production

and operations management. This will help you to understand that technology is

the backbone of all production functions.

The Era of Industrial Revolution
The Industrial Revolution of Great Britain during the late 18th century brought

about extensive mechanization of production systems. It resulted in a shift from

home-based production to large-scale production outside the home. Different types

of equipment were created that could produce in large quantities. Workers reported

to a supervisor, who planned the work to be done and issued orders to workers.

Inventions such as James Watt’s steam engine, Jenny Cartwright’s power looms,

Maudslay’s cutting lathes, etc., contributed to the era of Industrial Revolution.

During this period, Adam Smith, the father of modern economics published

his book An enquiry into the Nature and Causes of Wealth of Nations, popularly

called The Wealth of Nations. The three main concepts propounded by him

were division of labour, pursuit of self-interest, and freedom of trade. He felt that

costs other than wages, such as rent and profit, also affect the price of a commodity.

Smith believed that division of labour could greatly increase production. He

wrote that ‘If one worker could make twenty pins a day and if ten people divided

up the eighteen steps required in making a pin, they could make a combined amount

of 48,000 pins in one day.’

The Era of Scientific Management
It began in the United States in the early 20th century. Fredrick Winslow Taylor, is

called the father of scientific management. His four principles are listed as follows:

1. Replace rule-of-thumb work method with methods based on scientific study

of tasks.

2. Scientifically select, train and develop each employee rather than leaving

them to train themselves.

3. Instruct and supervise each worker in detail.

4. Divide work nearly equally between managers and workers; the duty of

establishing standards and enforcing them rests with the management alone.

He propounded the ‘Time and Motion Study’ which involves breaking up a job

into its component parts and measuring each component in terms of the time required

to do it.
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This study was carried forward by his associates, Frank B.Gilbreth and his

wife Lilian Gilbreth who coined the term ‘Motion Study’. The Gilbreths used the

camera to record and examine detailed micro-movements, and invented

cyclographs and chronocycle graphs to observe rhythm and movements.

Another pioneer of scientific management was Henry Gantt. The ‘Gantt

Chart’ that he created is a visual display chart used for scheduling, based on time.

He showed the humane face of management and listed the conditions that have a

favourable psychological effect on the worker.

By the end of the 19th century, the internal combustion engine had been

invented; and the first assembly line manufacture of cars was started by Henry

Ford in Detroit, USA.

The Era of Human Relations
The impact of the behaviour of workmen on their performance was increasingly

recognized and some experiments were carried out at Hawthorne Works in

Chicago, USA. These tests, called Hawthorne studies, formed the basis of several

behavioural and motivation theories. Other important contributors of this era were

A. Maslow, F.Hertzberg and Douglas McGregor.

The Era of Quantitative Techniques
Quantitative techniques originated during World War II. Operations research teams

were formed to deal with strategic and technical problems faced by the military.

These were later used for non-military applications. George Dantzig developed

the simplex method of solving linear programming problems in 1947. Many

developments followed and computers have enabled people to solve a large variety

of industrial problems. The technology explosion continues and today digital

manufacturing has enabled companies to rapidly build to order, maintain non-stop

production, and integrate their supply chains.

The Era of Quality
Toyota first caught the world’s attention in the 1980s when the Company

manufactured automobiles with unbelievable consistency in processes and

products. Success came from their astounding quality reputation.

In-built quality became the necessity. This was followed by TQM or total

quality management and the focus shifted from quality control to quality assurance.

The ISO 9000 series for quality management systems, ISO 14000

environment management standards are followed across the world. Companies

now aim for six sigma.

1.3.1 Physical Distribution to Logistics to SCM
The 1990s saw a quantum jump in many areas of management. Major changes

could be seen in the areas of materials management, procurement, physical

distribution management and business logistics. These disciplines went through

several evolutionary stages.

Traditional procurement, physical distribution management and materials

management in the 1970s, evolved into Logistics Management in the 1980s.
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Logistics management consolidated the traffic and transportation activities of the

firm. Logistics then evolved into supply chain management in the 1990s. Supply

chain management combined the activities of materials management and logistics.

This change started in the 1960s and 1970s. With the growth of computer

capabilities, new systems to handle material requirements were devised. The first

of these was Material Requirement Planning (MRP). This was followed by

Manufacturing Resource Planning (MRPII). These systems recognized the

importance of the impact of high levels of inventories on manufacturing and storage

costs. As the sophistication of inventory tracking software grew, it became possible

to further reduce inventory costs.

The concept of supply chain had already been proposed by Forrester in

1958. However, the first widely recorded use of the term supply chain management

came about in a paper published by Keith and Webber in 1982.

Globalization and intensified competition, in the 1990s, finally made

organizations realize the potential benefits and importance of strategic and

cooperative supplier–buyer–customer relationships. The concept of these

partnerships or alliances emerged as US manufacturers tried to compete with the

Japanese and experimented with Just-in-time (JIT) and Total Quality Management

(TQM).

This led manufacturers to buy from a certain number of certified, high-quality

suppliers with excellent service reputations. As they found this strategy to be

successful, they started giving their best suppliers most of their business, and in

return, expected these relationships to generate more sales through improvements

in delivery, quality and product design and to generate cost savings through closer

attention to the processes, materials and components that they used in

manufacturing their products.

With quality suppliers, firms also found it beneficial to involve them in their

new product design and development activities and also in cost, quality and service

improvement initiatives.

The success in the materials function led companies to understand the

necessity of integrating all key business processes among the supply chain

participants. This encompassed the distribution network. As finished goods are

the value-added products of the supply chain, they constituted a huge investment

in inventory, often greater than that of raw material and components.

This encouraged the idea of enabling the supply chain to act and react as

one entity, from suppliers to retailers. Companies saw the benefits in the creation

of alliances or partnerships with their customers. In time, when market share

improved for its customers’ products, the result was more business for the firm.

Developing these long-term close relationships with customers meant holding

less finished product safety stocks (as discussed earlier about the Forrester effect)

and allowed firms to focus their resources on providing better products and services

to these customers. Today, logistics is viewed as an important element of the much

broader SCM concept.

Supply chain management, as explained earlier, has evolved along two

parallel paths:
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(i) The materials and supply management emphasis from industrial buyers.

(ii) The transportation and logistics emphasis from wholesalers and

retailers.

For the manufacturing firm, the focus of SCM is on the impact of high levels

of inventories on manufacturing and storage costs. For the wholesaling and retailing

industries, the focus of SCM is more on location and logistics issues than on

manufacturing.

By the use of EDI and the Internet supply chain partners are able to share

information. Organizations can combine stocking, logistics, materials acquisition,

shipping and other functions to create a more proactive and effective style of

business management and customer responsiveness initiating from the source of

raw material to the consumer of the final product.

One major change that has taken place is in the manner in which management

now treats functions and processes. From the functional stance, i.e., viewing it as

a departmental activity, management studies started looking at these functions as

parts of business processes.

Check Your Progress

3. What are the four principles of Frederick Winslow Taylor?

4. What does the use of EDI and Internet enable organizations to do?

1.4 VIEW OF OM

Quality, in generic terms, relates to the ‘features’,  ‘characters’ or some ‘attributes’

of a product service or similar offerings. The attributes, features or characters of

the product or service should be such that they meet and fulfil the needs of the

users, i.e., the customers.

To illustrate, let us consider a wrist watch, which

� must give accurate time;

� must be durable and weather-proof ;

� convenient to adjust time, date, etc.;

� should be easy to read the dial,

� should offer value for the money, i.e., cost-effective;

� should meet any other specific needs, e.g., style and look, casing and

casing material, band, cost, reliability, maintainability, etc., and

� should satisfy any perceived needs – like the brand image, class, etc.

Any deficiency in these features or quality, from the point of view of a

customer’s needs, may lead the customer either not to buy the product or to

complain about it if it has been already purchased. This means that failure of the

quality will cause customer dissatisfaction and entail quality complaint. Therefore,

to satisfy the needs of a customer in a business and for winning and retaining him

or her, it is imperative to ensure and maintain the quality of a product or service.
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It is erroneous to assume that quality means something extra in the product

or services for customers. In reality, quality is an essential feature of any product

or service, which induces a customer to buy that product in order to satisfy his or

her needs. Hence, quality must be built and maintained in any product or services

for satisfying the given needs of the customers. Therefore, quality must always be

built into the products or services to satisfy the needs of a buyer, i.e., the customer.

Quality is assured in products by “conformance to customers’ requirements”.

Dimensions of quality—which should completely define and describe the state of

quality—originate from this requirement of conformance to customers’

specification. In order to conform to customer specification, the following

parameters must be set and maintained in the quality management process:

� The requirements of customers must be clearly understood, stated and

defined in the form of quality specification—leaving no scope for

misunderstanding.

� Setting quality goals that need to be attained.

� Planning and designing appropriate quality features in the product or

services.

� Measuring and checking for conformance or non-conformance to

specification.

� Maintaining the quality characteristics by appropriate means and

measures.

� Dealing with non-conformance by corrective and preventive actions.

These features of quality management system are considered pre-requisites

for ensuring (a) the conformance to what customers want and (b) consistency in

manufacturing for quality. Figure 1.2 illustrates this cycle of activity steps in the

quality management system.

 1. Know the needs and specifications of the customer.

                                                        Set quality goals

Identify corrective and preventive 

  actions for non-conformance.                                                                                                                                              required quality features.

                                                      2. Design and verify production
                                                          capability, i.e., the process.

Check and act for
       

              3. Produce, measure the quality characteristic and decide conformance.     

Plan - how to produce 

4. Deliver the product
conforming to specification.

Do - as planned.

conformance.

Fig. 1.2 Cycle of Quality Management with the
Essential Steps in Quality Management System

Therefore, if quality, in generic terms, is understood as the requirements of

a customer for fulfilling a given need, which is expressed in the form of specification,

then the task of quality management should be ensure the conformance to that

specification. This means that quality can be to referred to as the conformance
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to specification, where the specification has been developed from the
expressed needs of the customer. Since quality is the means to meet and satisfy

customers  requirements, its importance has rapidly increased with increasing

competition in business and industries. Satisfying the needs of customers by

consistently maintaining the required quality in products and services has become

an essential part of business operations for winning the confidence of customers,

and gaining the market share under competition. Therefore, companies all over

the world are paying more and more attention to quality issues to ensure that their

products and services meet customers’ needs and enjoy their confidence, which is

the basis of building reputations and brands in the market.

Thus, the challenges of quality refers to planning, producing and meeting

total specifications of goods or service that satisfy the customer’s needs with respect

to features, characteristics (properties), timelines, appropriateness, safety,

maintainability, usability and affordability.  Affordability implies value for the money

spent to acquire the product or service, which in a competitive market scenario

would mean producing at least cost without sacrificing on quality. This is, no doubt,

the greatest challenge that industries are facing at present, but meeting this challenge

has become a critical factor for the success of any business or industry. The steps

for maintaining this quality are: setting quality goals after understanding the needs

and specification of users, planning a cost-effective process, producing as planned

with least variations of properties, measuring conformance, taking corrective and

preventive actions to reduce non-conformance, working for continuou improvement

and delivery on time. In view of severe competitions and changing business

environment, setting appropriate quality goals and designing the products and

processes to meet the customers’ needs and expectations have become critical

for success.

Jack Welch, the charismatic former CEO of General Electrics, the giant US

corporation, adopted three initiatives to turn around the company. (1) quality, (2)

services and (3) globalization. Quality initiative launched by GE was to recreate
the processes so that defects and errors did not occur in the first place.

Traditional quality initiatives were mostly concerned with detecting and correcting
quality faults, which were proving to be too little and too late for efficient and cost-

effective running of the business in the face of global competition. Services initiatives

changed GE from a traditional provider of highly engineered products to a source

of customer-focused high-value high-quality engineering solutions to problems and

requirements of customers. Globalization for GE meant looking for a diverse market

with competitive products and services to serve the global customers having diverse

needs and service requirements. These concepts that turned GE around are not

new, but were cast in the right perspective of the company and pursued with the

right spirit. These concepts belong to Total Quality Management (TQM) principles,

in true spirit and purpose. So great is the force of these “Total Quality” initiatives

that when properly adopted and lead by a visionary leadership (as Jack Welch), it

could turn a giant company like GE to its present strength and glory within a span

of two to three years. But, this dimension of quality – encompassing customer-

focus, value-added products and services, and vision of globalization and world-

class quality – were developed because of the toils of many “quality masters”,



Introduction to Production/
Operations Management

NOTES

Self - Learning
Material 13

industry leaders and academics, spanning several decades. These pioneers of quality

movement systematically examined what ailed a company’s performance and what

needed to be done to eradicate the ills. They developed many path-breaking tools

and techniques to give effect to their recommendations for overcoming the

deficiencies in the approach to maintain quality in all spheres of company activities.

They all identified quality as the key driver for superior business performance and

established total quality as the means to business excellence. This unit will attempt

to provide some background of “why and how” of the quality concept that was

developed over the years by these quality pioneers, and how it was integrated into

the modern business process as an essential tool for success.

1.4.1 Concept of Internal Customer
A customer is the recipient of any goods, service or any benefit from any other

person, a group or a process engaged in the design and execution of the said

goods, service or benefits. Extending this concept, if the design and execution of

goods or services could be divided into a number of small incremental steps or

unit processes, then the process owner next-in-line of this chain of steps or unit-

processes becomes the customer of the previous step. This implies that there

would be a number of customers in the process of design and execution of any

service or goods and they are mostly within the organization, except the one who

is the ultimate user of the goods or service.  The Customers who are within the

organization are called “Internal Customers”, whereas the ultimate user—who is

outside the organization—is called the “External Customer”.

Any person—or a group or a process step—can have a number of internal

customers, depending on the complexity of the process in the line of the chain. To

illustrate:

� a production unit could be the customer of the design department,

planning department, and materials.

� A machine operator in the production line would be the customer of the

operator before his/her machine, as would “tool supply centre” and others

providing service to that point.

� Marketing department would be the customer of operations, finance

and similar service, resource or goods providing departments.

In TQM practice, the internal customer concept can be further extended to

cover relationship between employees and management, staff and the boss, an

individual and the departments responsible for providing services like training,

education, work environment, health care etc. This means that the entire activities

of the organization are integrated and linked with one another by internal customer

relationship and obligation. Therefore, every individual or functions—those who

receive service, goods or benefits from one another—are customers of each other.

This concept of customer and its propagation enables a company to become

customer orientated and implement Customer-focused approach in all the activities:

a pre-requisite for implementing TQM.

In a customer-focused TQM system, the entire organization can be viewed

as consisting of a chain of events of specific performance linked to one another by

customer–supplier relationship. This chain covers every stage of materials
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procurement, manufacturing and execution of customer orders till the goods or

service is delivered to the ultimate end-users (i.e., the external customers); to their

satisfaction.

Check Your Progress

5. What do the challenges of quality refer to?

6. What does a customer-focused TQM system entail?

1.5 FUNCTIONS OF OM

The main functional areas that directly come under production/operations

management are as follows:

1. Facility location

2. Facility layouts and material handling

3. Product design

4. Process design

5. Production and planning control

6. Quality control

7. Materials management

8. Maintenance management

9. Customer feedback mechanism (after sales service)

1. Facility Location

Location of facilities (machines, departments) for operations is a long-term capacity

decision that affects business organizations. It is a vital strategic level decision-

making process for an organization. It deals with the issues, such as where the

main facilities should be located. The selection of location is a key-decision as a

heavy investment is made in building plant and installing machineries. A poor

location of facilities in the plant may lead to a heavy investment loss. Hence, location

of facilities within the plant and plant itself should be based on the company’s

strategic expansion plan and policy. The purpose of the facility location study is to

determine the optimal facility location that provides greatest advantage to the

organization.

2. Facility Layout and Material Handling
Facility layout is defined as an optimal arrangement of facilities in both manufacturing

and service environments. The objective of facility layout is to minimize the material

handling cost or simply transportation cost. The optimal design of layout is important

as material handling cost contributes about 25–40 per cent manufacturing cost of

the final product. If the transportation cost is reduced, then the final product cost

can be also reduced to some extent. Material handling refers to the movement of

materials from one machine to another during the process of manufacturing. It is

also defined as the “art and science of moving, packing and storing of products in
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any form.” As mentioned earlier, material handling contributes to about 25–40 per

cent cost of the product, therefore, proper design of plant layout and selection of

material handling devices increases the output, speeds up the deliveries and

decreases the cost of production. Hence, facility layout and material handling are

prime consideration in the designing new and existing plants.

3. Product Design

Product design deals with conversion of ideas into reality. Every business

organization has to design, develop and introduce new products, which are part of

the policy for maximizing sales, and revenue. Developing the new products and

launching them in the market is the biggest challenge faced by every business

organization. Product development transforms the needs of customers provided

by the marketing into usable products. The product design also optimizes the

processes by which the product can be manufactured in the minimum possible

manufacturing time.

4. Process Design

Process design is a routing of complete process for converting the raw material into

finished goods inventory. These decisions encompass process selection, choice of

technology, flow analysis and layout of the facilities. Hence, the important decisions

in process design are to analyse the workflow and optimize the workflow for

converting raw material into finished product and the proper selection of facilities in

the work flow.

5. Production Planning and Control

It is defined as the process of planning the production to meet the demand at

optimum production cost. The main principle of production planning and control

lies in the statement, “First plan your work and then work on your plan.” Main

functions of production planning and control includes planning, routing, scheduling,

dispatching, monitoring, and follow-up.

6. Quality Control

Quality control (QC) is defined as a systematic approach that can be used to

manufacture a product within the approved design specification. It is a systematic

control of various factors that affect the quality of the product. Quality control also

aims at prevention of defects at the source, relies on effective feedback system and

corrective action procedure. Quality control is the collection of activities to ensure

the production of quality goods at minimum possible manufacturing cost. The main

objectives of quality control are:

� To minimize manufacturing cost through reduction of losses due to defects

� To achieve interchangeability of manufacture in large-scale production

� To produce optimal quality at reduced price

� To ensure satisfaction of customers by providing quality goods

� To make inspection prompt to ensure quality control

� To check the variation during manufacturing
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7. Material Management

Material management is that area of production/operations management, which

deals with the acquisition, control and use of materials needed for timely completion

of manufacturing of finished goods. The main objectives of material management

are:

� To minimize material cost (ordering cost, inventory carrying cost, shortage

cost)

� To purchase, receive and store materials effi ciently and to reduce the related

cost

� To identify new suppliers that can deliver orders in time

8. Maintenance Management

In modern industry, equipment and machinery are very important part of the total

productive effort. Therefore, their idleness or downtime becomes very expensive.

Hence, it is very important that the plant machinery should be maintained properly.

The main objectives of quality control are:

� To achieve minimum breakdown and to keep the plant in good working

condition.

� To keep the facilities in proper condition.

� To ensure the availability of machines, buildings and services in good

and proper condition.

1.6 EFFICIENCY AND EFFECTIVENESS

The role of operations management is to produce the desired product in right

quantity and quality by specified methods so that the optimal utilization of resources

is met with. Hence, the operations management has a major role in producing the

desired product, which has marketability at the minimum manufacturing cost. In

addition, production/operations management also keeps the productivity,

effectiveness, adoptability and efficiency of an organization at a highest level.

Productivity is defined as the effective utilization of input resources to produce

an output. Broadly, the role of operations management in a business organization

is categorized into service level (after sales service or customer service) and

resource utilization.

Service Level

To keep high or desired service level is the main goal of operations management.

Therefore, keeping a desired service level nowadays in highly competitive business

environment is the main objective of every business organization. The role of

operations management is to provide something to a specification, which can satisfy

the customer in terms of cost and time. Thus, primary role of operations management

is to provide the right thing at the right price at the right time in the right quality.
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Many banks worldwide provide value-added services to their customer

just by opening a savings or current account. It not only motivates the new

customers to open their account but also creates a sense of happiness within the

customers that the bank is offering more than what is expected.

Another example could be the collection of feedback from customers about

the products after sale. This makes the customer feel satisfied as they believe that

the firm still thinks about the product and is concerned about the customers’ views.

Resource Utilization

Another role of operations management is to optimally utilize resources (man,

machine and material). Inefficient use of resources can lead to poor productivity

and hence can lead to poor growth of the business organization. Production/

operations management is mainly concerned with obtaining maximum effect from

resources or minimizing their loss, under-utilization or waste. Operations

management is concerned with the achievement of both desired service level and

resource utilization. An improvement in one will often give rise to deterioration in

the other. Often, both cannot be optimized and hence an optimal trade-off is done

to optimize the goals. All the activities of operations management must be tackled

with these two objectives in mind and most of the problems will be faced by

operations managers because of this. Hence, operations managers must attempt

to balance these basic objectives. Table 1.1 summarizes the twin objectives of

operations management.

Table 1.1 Twin Objectives of Operations Management

Customer Service Objective Resource Utilization Objective 

To provide agreed/adequate levels of 
customer service (and hence, customer 

satisfaction) by providing goods or services 
with the right specification, at the right cost 
and at the right time. 

To achieve adequate levels of resource 
utilization (or productivity), e.g., to achieve 

agreed levels of utilization of materials, 
machines and labour. 

Check Your Progress

7. List the various types of production.

8. What decisions does 'process design' encompass?

9. What do you understand by job production?

1.7 TYPES OF PRODUCTION

The classification of any manufacturing or production units depends on the type

and volume of the products being manufactured. In general, there are three types

of production systems, which are described in detail below. Figure 1.3 shows the

classical classification of production systems.
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Fig. 1.3 (a)  Classical Classification of Production System

Fig. 1.3 (b) Classification of Production System on the Basis of Volume

Job Shop

In Job shop or Job production system, products are manufactured to meet the

requirements of a specific order. The quantity involved is small and the manufacturing

of the product will take place as per the specifications provided by the customer.

Job production can be further classified into three types:

(i) Job produced only once:   In this type of job production, the customer

personally visits the firm and places his/her order as per requirement. Once

the order is ready for delivery, the customer picks the order and leaves the

firm. For future requirement, the customer may not visit the firm. The

manufacturing firm has to plan the material, process and workforce

requirement after receiving the order from the customer. Here, the firms

cannot do pre-planning as the production plan depends on the order type.

(ii) Job produced at irregular intervals:   In this type of job production, the

customer visits the firm at irregular intervals to place the order of same type
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as per the requirement. Generally, the firm does not have an idea of the

customer’s visit. In this job production type, the planning for materials,

process and work force starts only after receiving the order from the

customer. The only flexibility the firm has is to use the record of the previous

order to minimize the time for production plan.

(iii) Job produced at regular intervals:   Contrary to the job production

described above, here, the customer regularly visits the firm to place his/her

order. The moment a customer visits and places the order, the firm starts

production. In case the volume of the order is large and the customer regularly

visits, then the job production can be said as batch production.

Batch Production

Itis another type of production system, where similar types of parts are produced

in large volumes. This type of production system is further divided into three different

categories.

(i) A batch produced only once:   In this production system, the customer

places order with the firm in the same way as it is being done in the case of

job production, but the order size is much bigger than that of job production

order. In this case, the firm has to plan for resources,such as materials,

machines and manpower after receiving the order from the customer.

(ii) A batch produced at irregular intervals:   In this production system, the

customer visits at irregular intervals and the firm can refer to the past record

of the orders and start the production.

(iii) A batch produced at regular intervals:   In this case, the firm regularly

receives the order from the customer. In addition to this, the firm may also

produce the products at regular intervals to meet the demand. In such a

production system, the firm generally possesses a detailed plan of production

and resources requirement. If required, the firm may purchase materials in

bulk in advance. In case, the frequency of the batch production increases,

then it can be also called a mass production system.

Continuous Production

In such type of production system, the machines and resources, such as manpower,

are completely utilized for production of identical products. As the name implies,

the type of production system is generally associated with the large quantities

having high rate of demand. Continuous production system is classified into two

types:

(i) Mass production:   In mass production, as the name implies, the same

product type is produced in large volume in order to meet the demand. In

such production system, the firm needs good planning of resources, such as

materials, machines and manpower. Also, the procurement of materials is in

bulk and is highly advisable due to mass production of the same type of product.

(ii) Flow production:   In flow production system, the design of the entire plant
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is done as per the need of the product. However, in mass production the

design of the plant is done as per the need of product type and therefore,

the resources of mass production can be used to produce similar products.

Such flexibility is not associated with the flow production system and if the

demand decreases, the machines and materials cannot be used for other

products and has to be discarded. Hence, we can say that in mass production

system, the design is for product types and for flow production system; the

design is specific to one product.

Some examples of the above discussed production system are:

� Job production shop:  Tailors shop; automobile repair shops,

and typing shops

� Batch production shop: Tyre and tube production shops,

readymade garments, and cosmetic manufacturing industries

� Mass production shop:  Auto parts, such as nuts, bolts, screw

etc., and components of industrial products

� Flow production: Cement factory, sugar factory, oil refineries,

etc.

Production System : Characteristics

The characteristics of a production system depend on the type of production

system the organization is currently practising. Hence, the characteristic of any

manufacturing system is mainly described by the following factors that are listed

below:

� Type of layout: For batch and/or job shop production system process

layout is most suitable while for mass/flow (or continuous) production system

product layout is most suitable.

� Product type and its design: For batch and/or job shop production system,

wide ranges of products are manufactured but in small quantities and product

design is changes from lot-to-lot as per the specifications of the product.

But for continuous production system, few or one product is manufactured

in large quantities and also product design is standardized and does not

change frequently.

� Machine set-up time:   The machine set up time in batch and/or job shop

production system is higher than the continuous production system due to

frequent changes in the specifications of the product and its design. In

continuous production system, the set up for machines are unchanged for

longer duration as the products are manufactured in large quantities.

� Order size:    In case of batch and/or job shop production system, the

order size is in small and orders are not generally repeated. In other words,

the orders are received first and then produced. While in the continuous

production system, the orders are made in larger quantities and are made

to stock.
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� Investment:    Machine investment in batch and/or job shop production

system is slightly higher than the machine investment in continuous production

system.

� Material handling equipment and its cost:    In the case of batch and/or

job shop production system, the material handling is done on various routes

due to the production of varieties of products, while in the continuous

production system material movement is observed in well defined routes

due to production of standardized products. In addition, the material handling

cost is seen to be higher in batch and/ or job shop production system as

compared to continuous production system.

� Maintenance  and  service:   In  general,  maintenance  units  are  functional

in  every production system but it is essential in continuous production system

as the production may stop due to machine failure as the layout is product

based and desirable for batch and/ or job shop production system, where

the products are made on order.

� Utilizing production capacity:    It may or may not be completely utilized

as the production is order-based in batch and/or job shop production

system, while it is 100 per cent utilized as production is made to stock in

continuous production system.

� Production planning and control (PPC):   In the case of batch and/or job

shop production system, the functioning of routing, scheduling and loading

becomes relatively complicated due to different numbers of order size of

different product type with different specifications. But in the case of

continuous production system, the various functions of PPC become simpler

as the same product types in large quantities with fixed standardized routes

are made.

Check Your Progress

10. What is cellular manufacturing?

11. Mention any one role of operations management.

1.8 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The administration of all activities directly connected to the production

of products and services is referred to as production and operations

management. It's worth remembering that products are made and

services are provided.

2. An organization's core business is production. The existence of

production is conditional on the presence of all other wings or activities

of an organization. There is no organization if there is no output or

anything to sell.

3. Fredrick Taylor’s four principles are listed as follows:



Introduction to Production/
Operations Management

NOTES

Self - Learning
22 Material

(a) Replace rule-of-thumb work method with methods based on

scientific study of tasks.

(b) Scientifically select, train and develop each employee rather than

leaving them to train themselves.

(c) Instruct and supervise each worker in detail.

(d) Divide work nearly equally between managers and workers; the

duty of establishing standards and enforcing them rests with the

management alone.

4. By the use of EDI and the Internet, supply chain partners are able to

share information. Organizations can combine stocking, logistics,

materials acquisition, shipping and other functions to create a more

proactive and effective style of business management and customer

responsiveness initiating from the source of raw material to the

consumer of the final product.

5. The challenges of quality refers to planning, producing and meeting

total specifications of goods or service that satisfy the customer's needs

with respect to features, characteristics (properties), timelines,

appropriateness, safety, maintainability, usability and affordability.

6. In a customer-focused TQM system, the entire organization can be

viewed as consisting of a chain of events of specific performance linked

to one another by customer-supplier relationship. This chain covers

every stage of materials procurement, manufacturing and execution of

customer orders till the goods or service is delivered to the ultimate

end-users (i.e., the external customers); to their satisfaction.

7. The types of production are job production, batch production,

continuous production, and mass and flow production.

8. Process design is a routing of complete process for converting the

raw material into finished goods inventory. These decisions encompass

process selection, choice of technology, flow analysis and layout of

the facilities. Hence, the important decisions in process design are to

analyse the workflow and optimize the workflow for converting raw

material into finished product and the proper selection of facilities in

the work flow.

9. In the job production system, products are manufactured to meet the

requirements of a specific order. The quantity involved is small and

the manufacturing of the product will take place as per the

specifications provided by the customer.

10. In the cellular or group technology based manufacturing, machines

are located in a sequence that provides smooth flow of materials

through the production process with minimum transportation time or

cost.
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11. One of the roles of operations management is to optimally utilize

resources (man, machine and material). Inefficient use of resources

can lead to poor productivity and hence can lead to poor growth of

the business organization.

1.9 SUMMARY

� An effective POM needs to produce goods or render services of the

right quality in right quantities at the right time and at minimal costs. It

should also ensure that there is no wastage in the system because this

results in cost escalations and severe delays.

� Production planning and control is defined as the process of planning

the production to meet the demand at optimum production cost. The

main principle of production planning and control lies in the statement,

“First plan your work and then work on your plan.” Main functions of

production planning and control includes planning, routing, scheduling,

dispatching, monitoring, and follow-up.

� Production involves the greatest bulk of a company’s employees and is

responsible for a large portion of its assets. It also has a major impact

on the quality and cost of goods and therefore is the visible face of the

company. Hence, we say that production is the heart of an organization.

� In today’s competitive market, SCM considers the principle of providing

goods and services to the customers on time. It is essential for any

organization to manage its supply chain so as to survive in the cut-throat

competition.

� During the late 18th century, Adam Smith, the father of modern

economics published his book An enquiry into the Nature and Causes
of Wealth of Nations, popularly called The Wealth of Nations. The

three main concepts propounded by him were division of labour, pursuit

of self-interest, and freedom of trade. He felt that costs other than wages,

such as rent and profit, also affect the price of a commodity.

� With the growth of computer capabilities, new systems to handle material

requirements were devised. The first of these was Material Requirement

Planning (MRP). This was followed by Manufacturing Resource Planning

(MRPII). These systems recognized the importance of the impact of

high levels of inventories on manufacturing and storage costs.

� A top-down hierarchical approach to strategy consists of three main

levels of strategy: corporate, business and functional. As per this model,

the corporate goals are passed down to the business followed by

functional areas.

� It is erroneous to assume that quality means something extra in the

product or services for customers. In reality, quality is an essential feature

of any product or service, which induces a customer to buy that product
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in order to satisfy his or her needs. Hence, quality must be built and

maintained in any product or services for satisfying the given needs of

the customers.

� The steps for maintaining quality are: setting quality goals after

understanding the needs and specification of users, planning a cost-

effective process, producing as planned with least variations of

properties, measuring conformance, taking corrective and preventive

actions to reduce non-conformance, working for continuous

improvement and delivery on time.

� Productivity is defined as the effective utilization of input resources to

produce an output.

� Production/operations management is mainly concerned with obtaining

maximum effect from resources or minimizing their loss, under-utilization

or waste. Operations management is concerned with the achievement

of both desired service level and resource utilization.

1.10 KEY TERMS

� Operations Management: It is the management of all activities

directly related to the production of goods and services.

� Material handling: It refers to the movement of materials from one

machine to another during the process of manufacturing. It is also

defined as the “art and science of moving, packing and storing of

products in any form.”

� Material management: It is that area of production/operations

management, which deals with the acquisition, control and use of

materials needed for timely completion of manufacturing of finished

goods.

� Total Quality Management (TQM): It is a management approach

to an organization, centred on quality, based on the participation of all

its members and aimed at long term success through customer

satisfaction, with benefits to the members of the organization and the

society.

� Human-machine Interface: It refers to the user interface in a

manufacturing system or process control system tools used for

incorporating the human factors in the interface design are developed.

� Data Warehousing (DW): It is a central database which is created

by integrating data from many sources and is used for reporting and

analysis. DW stores current and historical data mostly used for

developing trending reports to help senior management report annual

and quarterly comparisons.
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1.11 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions

1. Discuss the different types of production systems.

2. What are the two ways in which a continuous production system can be

classified?

3. Discuss the different ways in which job production can be classified.

4. Describe the different characteristics of production system.

5. Which parameters must be set and maintained in the quality management

process in order to conform to customer specification?

Long-Answer Questions

1. Analyze the objectives of production management.

2. Discuss the significance and functions of supply chain management.

3. Describe Hayes and Wheelwright's four-stage model.

4. Discuss the results that can be achieved when an organization implements

lean-based manufacturing system.

5. Explain the advantages of humans over machines and those of machines

over humans.

1.12 FURTHER READING
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UNIT 2 FORECASTING

Structure
2.0 Introduction

2.1 Objectives

2.2 Need and Importance

2.3 Qualitative and Quantitative Methods of Forecasting
2.3.1 Sources of Data for Forecasting

2.3.2 Accuracy of Forecast

2.4 Answers to ‘Check Your Progress’

2.5 Summary

2.6 Key Terms

2.7 Self-Assessment Questions and Exercises

2.8 Further Reading

2.0 INTRODUCTION

Forecasting is a discipline of mathematics or management science that predicts

future trends using data from the past. The information might be qualitative or

quantitative. Forecasting is often known as the science of foreseeing future

occurrences. It may also be described as a management planning tool or approach

that assists management in dealing with future unpredictable scenarios.

This unit focuses on different aspects of forecasting such as its need,

importance, sources for data collection and methods of forecasting.

2.1 OBJECTIVES

After going through this unit, you will be able to:

� Analyze the use of demand forecasting as a planning tool

� Understand the qualitative and quantitative methods of forecasting

� Examine the accuracy of forecast

2.2 NEED AND IMPORTANCE

Forecasting is a branch of mathematical or management science that estimates a

future trend based on the past or historical data. The data could be either qualitative

or quantitative. Forecasting can be also defined as the art of predicting future

events. It can also be defined as the management planning tool or technique that

helps management to tackle the uncertain situations of the future.

Need for Forecasting

Every business organization, either in the service or manufacturing sector, needs

accurate forecasting to plan its future line of actions effectively and efficiently.

Every business organization works under the uncertain market conditions but

decisions have to be executed by the organization much in advance which not only
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affects the future of the organizations’ business but also its brand image in the

market. Forecasting is also required in order to estimate accurately the future

scenario such as future trend of demand. The need for efficient and effective

forecasting tools and techniques also arises due to frequent changes in the

technology of manufacturing processes, involvement of local or central government

in the economy, and global social and political changes. The purpose of forecasting

technique is also important to predict macro and micro fluctuations in order to

survive and grow in the dynamic and uncertain market conditions.

Importance of Forecasting
As already explained, forecasting is the scientific approach by which an organization

prepares itself for the future which includes future of the business, future of an

existing or proposed product, and future of the industry in which the business

operates. Forecasting is widely used to answer the following important questions:

� What would be the overall growth of the organization in terms of profit making?

� What would be the future demand of the products or services?

� What would be the cost of the products or services?

� What would be the requirement of capacity to meet the future demand?

� Do the organizations need to go for capacity expansion or subcontracting

the unmet demand?

In addition to the above points, good forecasting techniques help the company

prepare for the future. They also help business organizations improve their financial

standing in the share market. Besides these points, forecasting also plays vital role

in the following areas of business:

� Human resource management (recruitment, education and training,

transferring to some other projects, and sometimes firing the workforce)

� Operations management (capacity planning, sub-contracting, increase in

the shift hour)

� Supply chain management (maintain buyer-supplier relations, increasing

coordination among all players in the supply chain network)

� Financial planning management (financial forecasting to minimize loss due

to low demand in the future)

� New product development (to decide whether or not to launce new product)

� Technology management (whether to go or not-to-go for implementing new

technology)

� Marketing management (to decide the marketing strategy for new or old product)

2.3 QUALITATIVE AND QUANTITATIVE
METHODS OF FORECASTING

Depending upon the situation and the nature of the results that are required, there

are two approaches to forecasting, (a) qualitative approach and (b) quantitative

approach. The comparison and application of these two approaches is shown

below:
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Description Qualitative
Approach

Quantitative
Approach

Applicability

Considerations

Techniques

Used when situation 
is vague and little data 
exist (e.g., new products 
and technologies)

ApplicabilityInvolves intution and 
experience 

Jury of executive opinion 
Sales force composite  
Delphi method.
consumer market survey

Used when situation is 
stable and historical data
exist (e.g., existing 
products, current 
technology)

Involves mathematical
techniques

Time series models
Causal models

Fig. 2.1 Quantitative versus Qualitative Approaches

It is best to determine demand forecast by using a multi-functional approach.

You have to go through the following steps to prepare a demand forecast:

Fig. 2.2 Steps to Prepare a Demand Forecast

As was discussed earlier, forecasting is used for scheduling as well as for

strategic capacity decisions. The basic difference between these applications is

the time horizon of the forecast. The time horizon is classified in Figure 2.3.

Fig. 2.3 Demand Planning and Forecast Horizon
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The model that is selected for use has to be chosen by combining the

information in Figures 2.1 and 2.3 in a manner that the model reflects the demand

correctly. In demand management this is the most important requirement of

forecasting i.e. reducing forecasting errors. Accuracy in forecasts helps improve

demand plans and this ensures that customer requirements are met in a better

manner and the firm’s resources are used more effectively.

The solution lies in managing capacity so that capacity is used efficiently to

serve customer needs effectively. In addition, to using forecasting in demand

management to influence external demand, forecasting is also used to improve
internal control for better utilization of the productive system or to improve
customer service.

2.3.1 Sources of Data for Forecasting
Broadly, forecasting techniques are grouped under two categories, i.e., (1)

qualitative forecasting techniques, and (2) quantitative forecasting techniques. Most

of the forecasting techniques use historical data to predict the future trend. These

data could be static or dynamic, i.e., in the form of time series. A time series is a

set of data measured at various successive points over the time period. The broad

classification of forecasting techniques under the qualitative and quantitative

categories is mainly based on the availability of historical time series data.

Qualitative Forecasting Techniques

Qualitative forecasting techniques generally consider expert opinion through survey

or interview sessions. People who participate in qualitative forecasting techniques

are experts in the respective areas. The main advantage of qualitative forecasting

techniques is that they can be applied in every situation even when historical data

are not available or are completely not relevant. For example, when a new product

has to be launched in the market due to change in the technology for which historical

data are not available. In such cases, opinions of the experts are taken and based

on that forecasting is done. Under the qualitative forecasting techniques, the Delphi

approach, scenario writing, and subject approach are the most popular and widely

applied by business organizations.

Quantitative Forecasting Techniques

Quantitative forecasting techniques are used when the large quantity of historical

data are available on the parameter of interest such as past actual sales data of

product XYZ. Such forecasting techniques are fully dependent on the past historical

data. Further, there are two classifications of quantitative forecasting techniques.

In the first type, the quantitative technique uses the past trend of a particular data

to forecast the future. This type of forecasting techniques only consider the past

time series data of the parameter to be forecasted and hence sometimes it is also

referred as time series forecasting technique. The second type of quantitative

forecasting technique also considers past historical data, but while forecasting the

parameter, the technique examines the cause-and-effect relationships of the

parameter with respect to other significant parameters such as consumers’ buying

power, the affordable interest rate, and the state of the economy represented by

such variables as the unemployment rate. Forecasting techniques of this type are

called causal methods as the basis is the cause-and-effect relationship.
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2.3.2 Accuracy of Forecast
In this section, we will discuss another fundamental concern of forecasting

techniques, i.e., how to measure the suitability of a forecasting method for a given

data set. As explained earlier, in most of the forecasting methods, accuracy is

treated as the single criteria for selecting a forecasting method. In the context of

forecasting the accuracy actually it refers to the goodness of fit. This means how

well the forecasting method is able to reproduce the data that are already known

(i.e., past data). In this particular section, we present various measures of accuracy.

These measures of accuracy are widely applied and known in forecasting. The

accuracy is measured in terms of error. The more is error the lesser is the accuracy.

If Dt is the actual data for the period t and Ft is the forecast for the same period,

then the error can be defined as the difference between the Dt and Ft. It is given by

Equation 2.1.

et = Dt � Ft (2.1)

Equation 2.1 represents error estimation for single period. However, in

forecasting one can have error for number of data or observation and the

measurement of error for n observations will generate n errors. Therefore, the

following standard statistical measures are defined. These are expressed in Equation

2.2 to Equation 2.4.
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Equation 2.2 measures mean error. It is also known as Running Average
Frequent Error (RAFE). However, the mean error (ME) is likely to be small,

since positive and negative errors tend to offset each other. Hence, ME will

only provide if there is systematic under or over forecasting called forecast

bias. It does not provide much information as to the size of the forecasting

error is concerned. To rectify this mean, absolute error (MAE) is introduced

given by Equation 2.3 where each error is made positive by taking the modulus

of the error. This is also known as mean absolute deviation (MAD). Similar

concept is introduced in Equation 2.4 which measures mean squared error by

making the each error term positive by squaring it. Equation 2.5 measures

standard deviation and 2 in the denominator represents the number of degree

of freedom and the Sr = 1.25MAD for error normally distributed.

TS = ME (RAFE)/MAE (MAD) and �1 � TS � 1 (2.6)
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Tracking signal (TS) is measured using Equation 2.6. The limiting conditions

are achieved if all errors are positive or all errors are negative.

In order to demonstrate the calculations involved in identifying the forecasting

accuracy in the various forecasting methods discussed in the previous sections, a

solved example is shown here. This example shows the amount of the error

measured by all error measurement methods discussed in this section. This will

give an overall idea of the suitability of the forecasting method for a given data.

The forecasting method is suitable if and only if the method provides forecasting

accuracy within the acceptable error range as decided by the forecaster. It is to be

noted that single forecasting method cannot be treated as best method for all data.

It may give accurate forecast in one data set and may not give accurate in another.

Therefore, every time the accuracy has to be checked using error measurement as

shown from Equation 2.2 to Equation 2.6.

Example 2.1: Forecasting Accuracy
For 12-period demand data, we have to forecast the demand for the next period.

In addition, the forecaster has to check the accuracy of the forecast before

accepting the forecasted value obtained by particular forecasting method.

Solution: Each forecasting method, namely 3-SMA, 5-SMA, Exponential
smoothing with � = 0.3 and � = 05, Adjusted trend smoothing with 	 =0.5

provide different forecast for the Period 13. Now, the forecasting method which

provides least error is treated as best method. Table 2.2 shown below provides

the value of the forecasting error computed from various error measurement

techniques as given from Equation 2.2 to Equation 2.6.

Table 2.1 Measuring Forecasting Error for 3-SMA
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Table 2.2 Measuring Forecasting Error for 5-SMA

Table 2.3 Measuring Forecast Error for Exponential Smoothing Forecast
Keeping � = 0.3
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Table 2.4 Measuring Forecast Error for Exponential Smoothing Forecast
Keeping a = 0.5

Table 3.5 Measuring Forecast Error for Trend Adjusted Smoothing Forecast
Keeping � = 0.5

If the decision maker targets to minimize RMSE of the forecasting method

then he will compare the RMSE value of all forecasting methods and will choose

the one having minimum RSME. As we can see from Tables that RMSE value is

5.06 for 3-SMA, 6.59 for 5-SMA, 5.83 for exponential smoothing keeping � =

0.3, 4.96 for exponential smoothing keeping � = 0.5, and 5.68 for trend adjusted

exponential smoothing with � = 0.5. The minimum RSME is 4.96.
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Check Your Progress

1. What questions is forecasting used for answering?

2. What are the categories of forecasting techniques?

2.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Forecasting is widely used to answer the following important questions:

(i) What would be the overall growth of the organization in terms of profit

making?

(ii) What would be the future demand of the products or services?

(iii) What would be the cost of the products or services?

(iv) What would be the requirement of capacity to meet the future demand?

(v) Do the organizations need to go for capacity expansion or

subcontracting the unmet demand

2. Broadly, forecasting techniques are grouped under two categories:

(a) Qualitative forecasting techniques

(b) Quantitative forecasting techniques

Most of the forecasting techniques use historical data to predict the

future trend. These data could be static or dynamic, i.e., in the form of

time series. A time series is a set of data measured at various successive

points over the time period. The broad classification of forecasting

techniques under the qualitative and quantitative categories is mainly

based on the availability of historical time series data.

2.5 SUMMARY

� Every company organisation, whether in the service or industrial sectors, need

precise forecasting in order to successfully and efficiently plan its future course

of action. Every business organisation operates under unpredictable market

conditions, yet decisions must be made well in advance, affecting not just the

company’s future operations but also its brand image in the marketplace.
� There are two ways to forecasting, depending on the context and the type of

the findings required: (a) qualitative approach and (b) quantitative approach.

� Expert opinion is usually considered in qualitative forecasting approaches

through survey or interview sessions. Qualitative forecasting approaches

are used by people who are specialists in their fields.

� When a substantial amount of historical data on the parameter of interest,

such as past real sales data for product XYZ, quantitative forecasting

techniques are utilised. Such forecasting methods are completely reliant on

historical data. Quantitative forecasting approaches are further divided into

two categories. The first sort of quantitative approach forecasts the future

by using the historical trend of a certain data set.
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� The accuracy of most forecasting systems is considered as the sole criterion

for choosing a forecasting approach. The term “accuracy” in the context of

forecasting really refers to the “quality of fit.” This refers to how effectively

the forecasting algorithm can duplicate previously collected data (i.e., past

data).

� If D
t
 is the actual data for the period t and F

t
 is the forecast for the same

period, then the error can be defined as the difference between the D
t
 and

F
t
. It is given as

 e
t
 = D

t
 – F

t

2.6 KEY TERMS

� Forecasting: It is a branch of mathematical or management science that

estimates a future trend based on the past or historical data. The data could

be either qualitative or quantitative. It can also be defined as the management

planning tool or technique that helps management to tackle the uncertain

situations of the future.

� Time series: It is a set of data measured at various successive points over

the time period.

2.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions

1. What is the utility of qualitative forecasting techniques?

2. How is the accuracy of a forecast measured?

Long-Answer Questions

1. Discuss the need for forecasting.

2. Explain the methods used to measure the suitability of a forecasting method

for a given data set.
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UNIT 3 PRODUCTION PLANNING
AND CONTROL
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3.13 Summary

3.14 Key Terms

3.15 Self-Assessment Questions and Exercises

3.16 Further Reading

3.0 INTRODUCTION

An operation requires a lot of planning and coordination to ensure that various

activities under it are carried out in a systematic manner so that just the right amount

of raw materials are purchased, the right number and type of people are employed,

the right kind of operations are done on the right kind of machines, and so on.

This unit discusses the need of production planning and control in mass

production system.  It will also introduce you to the concepts of factory location

and capacity planning.

Facility location is the selection of a suitable location or site where the factory

or facility will be installed and from where it will function. Proximity to customers

and proximity to raw materials are the two factors that play an important role

while deciding a location for setting up a production facility. Capacity planning is

an aspect of production planning. Capacity is the ability to produce, while capacity

planning is the process of identifying the capacity of a production unit so as to

meet the current and future demands.
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3.1 OBJECTIVES

After going through this unit, you will be able to:

� Explain the meaning of production planning and control

� Describe the batch/job order manufacturing

� Discuss the models of capacity planning

� Elucidate the salient features of process planning

� Explain the concepts of maintenance management and industrial safety

� Understand the strategy of production planning

� Describe the main functions of production planning and control

� Explain production control

3.2 MEANING

There are 6 Ms of a business—man, machine, materials, money, methods and

management. Planning their inputs over a specified period of time so as to get the

planned output is the job of ‘production planning’. Depending on the time frame

of planning, it can be of following three types:

� Long-term or strategic planning—Focuses on a horizon greater than

one year.

� Medium-term or intermediate range planning—Usually covers a period

of six to eighteen months. If done annually, it is called aggregate planning.

� Short-term planning—Routine planning may be daily, weekly or monthly.

��������	
�	�
�����
�	��������

Production planning is a complex activity encompassing diverse elements.

Figure 3.1 show the elements of production planning.

Production 

Planning 

Maintenance 

Planning 

Marketing 

Planning 

Quality 

Planning 

Financial 

Planning 

Manpower 

Planning 

Capacity 

Planning 

Aggregate 

Planning 

Figure. 3.1 Elements of Production Planning

Planning and Control in Mass Production

The scope of planning for mass production extends beyond the production system

itself. The considerable and uninterrupted flow of goods from the factory shop
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floor requires a well-planned distribution and marketing setup to ensure that the

product reaches the consumer on time. Market research, advertising, transportation,

licensing and tariffs must all be considered to set up mass production. Thus, planning

for mass production includes a comprehensive system plan that transforms a raw

material (from source) to a finished product (to user).

Mass production planning not only lowers costs but also leads to significant

improvements in uniformity and quality of products. Large volume, standardized

design, materials and processes enable control and inspection techniques to ensure

production and control quality.

The basic principles of mass production are listed as follows:

� Division of work into specialized tasks: Division of the generalized

production functions into specialized tasks consists of relatively easy and

highly repetitive motion patterns. This facilitates the establishment and analysis

of human motion patterns that can be easily learned and rapidly performed,

with the least of unnecessary motion or mental readjustment.

� Simplification and standardization: Simplification and standardization

of constituent parts to allow the production of components that are easily

suited to other components without adjustment.

� Development and use of specialized tools: Development and use of

machines, materials and processes lessen the human effort involved,

maximizes per unit output of capital investment, cuts down the production

of off-standard units and reduces the cost of raw material.

� Systematic engineering and planning: Systematic planning and

engineering of the production process permit the balancing of the following:

human effort and involvement of machinery, effective division of labour and

specialization of skills, and integration of the production system to enhance

productivity and minimize costs.

Mass production planning is an important feature of the design process and

shows how a product design can be made on a mass production line by employing

both skilled and unskilled labour. At the outset of the century, the first mass

production line was set up in the United States. The Ford Motor Company

established a ‘line’ of workers who put together every car that passed out of its

production line. The line comprised several people, each of whom did only one

job. While planning for the production line, it is imperative that each stage of

manufacture is kept uncomplicated. This is called planning for ‘mass production’.

It is also very important to keep in mind quality control when a product is

manufactured either in a school workshop or in the production line of a factory. At

every stage of production, the quality of the work should be checked and defects

rectified. For example, for a brand of coffee, taste and smell are two quality

indicators. Each point of quality control is called a ‘critical control point’. The

quality of a product is ensured by comparing it against these quality control

indicators. How well a process is executed depends mostly on how efficient the

control and monitoring systems are in a mass production environment. An increase

in the efficiency of control and monitoring systems is related to the level of automation

of procedures.
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3.2.1 Functions
The main activities encompassing Production Planning and Control (PPC) are as

follows-

(a) Order preparation: The work of PPC begins once an order is received

from the sales department. This order is then converted into a ‘work  order’

or ‘shop  order’ and sent to various departments concerned, for planning

action at their end.

(b) Materials planning: Once the order is received, the PPC decides on the

raw materials required for manufacture, taking into account the capacity of

various production shops, the Bill of Materials, inventory on hand, and lead

time for procurement.

(c) Routing (or process planning): Routing means determination of the
sequence of operations for manufacturing a product or service. This

path is determined in advance and forms the basis for most of the scheduling

and dispatching functions.  According to Kimball and Kimball:

‘Routing is the selection of path or route over which each piece is to travel

in being transformed from raw material into finished product.’

Routing includes the following activities:

� Deciding the volume of production.

� Selecting the men, machines, and materials to be used in its production.

� Deciding the type, number, and sequence of production operations.

� Deciding the place where production is to be carried out.

When routing or process planning is being done, a Route Sheet is prepared.

This is done in the following manner:

1. The product is analysed w.r.t. its constituent parts.  A decision is then

taken as  what parts are to be manufactured and which are to be

purchased.

2. The specifications, grade, quality and quantity of materials to be used in

production are determined.

3. The number of manufacturing operations and their sequence is determined

and listed on the Route Sheet.

4. The process time for each operation and the type and number of machines

necessary to produce are determined.

5. The lot size for production is determined keeping in mind the customers’

orders and rejections and spoilage anticipated during the course of

manufacturing.

(d) Estimating: This involves establishing the operation times for every process;

this also leads to fixation of performance standards for both men and

machines.
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(e) Scheduling:  According to Spriegal and Lanburgh, ‘Scheduling involves
establishing the amount of work to be done and the time when each
element of work will start or order of the work.
Thus, scheduling includes the following activities:

� Determination of quality and rate of output of the plant or department

� Allocation of time for each operation

Scheduling indicates when the work will be released to the plant in a

prescribed order and in proper sequence.  It fixes the time of start and

completion of the operation.

The scheduling function begins when the following information is furnished:

(a) Date of delivery specified by the customer’s order

(b) Time required for assembly and sub-assembly process

(c) Time to be taken in the production of component parts

(d) Time required to make purchases

(e) Time required for moving the materials from one station to the other,

inspection, etc.

(f) Priority of orders

Necessary provisions for unforeseen contingencies such as power

breakdown, strike, and lockout, absence of workers or rush of orders of

extreme importance, etc. are usually made when the schedule is prepared.

(f) Loading: This involves allocating jobs to machines as per the capacity of

machines and priority of jobs to be done, so that the machinery is utilized to

the maximum possible extent. It includes the following activities -

� Preparation of machine loads.

� Fixing  of actual dates of various operations/sequence of operations to

be performed on the jobs.

� Coordination with the Sales Department to confirm delivery dates and

keeping them informed about the status of the schedules.

(g) Dispatching: Dispatching means preparation and distribution of work

orders and manufacturing instructions to the concerned departments in

accordance with the details worked out under routing and scheduling

functions. The work order received by the various departments is an authority

for them to start the work according to that schedule.

According to Spriegal and Lansburgh, ‘Dispatching involves the meeting of

schedules by proper utilization of machines work – places, materials and

workers, as designed by the routing.  The dispatching unit of the planning

department thus includes persons whose duty it is to see that orders are

issued to the shop, that materials are at the work place, that tools are provided,

that job cards are issued, and, in general all necessary steps are taken to

ensure that the schedules will be properly carried out.’



Production Planning and
Control

NOTES

Self - Learning
42 Material

(h) Progressing: This involves controlling the process of production, collection

of data from various manufacturing shops, recording the progress of work

and comparing progress against the plan.

(i) Expediting and follow-up: Follow-up means to see whether the work is

being carried out  according to the planning and orders and instructions

issued. It ascertains that the materials, tools and equipment are supplied at

the job at the right time and to the right person or job.  Follow-up is the

means by which the progress and execution of the plan is evaluated from

time to time and divergence from the plan is noted.  The reasons for such

divergence are then found out and efforts are made to eliminate them from

the plan.

(j) Inspection: Inspection means comparing the actual with the written or

expected specifications and assessing whether they have been met.

Inspection can be process inspection or Product inspection, in which the

process or the product is inspected respectively.

(k) Cost control:  PPC is responsible for cost control and cost reduction by

reducing or eliminating wastes, value analysis, etc.

(l) Miscellaneous functions: In addition to the above stated functions of

PPC, there  are certain miscellaneous functions such as building cost

estimates for products, fixing standards with the help of Industrial Engineering

Department, capacity planning, making or buying decisions, making

specifications of raw materials, process improvement, etc. that have to be

performed. Another function is taking corrective measures. If the production

manager feels that routing is defective or scheduling is rigid and unrealistic,

he can rectify the route and lay down realistic and flexible schedules.

Workload, machines and men should be determined scientifically, and an

effective and optimum utilization of the plant’s capacity should be the

objective.

Sometimes abnormal situations like strikes and power or machinery

breakdown can upset the work schedules.  In such situations the production manager

should adjust the schedules and make up for delays.  The production manager is

also responsible for appraising the performance of personnel working in the

Production department.

3.2.2 Benefits of Production Planning and Control
By learning about the functions of Production Planning and Control, you would

have realized that it is the nerve centre of any production organization. An effective

production planning and control system gives many benefits to an organization.

These benefits  are-

(a) Better quality of products

(b) Better utilization of resources

(c) Reduction in inventories

(d) Reduction in manufacturing cycle time

(e) Better customer services due to adherence in delivery dates
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(f) Lower production costs so profits will increase

(g) Improved market share due to goodwill which is caused by better products

at lower costs

(h) It gives a competitive advantage to the firm when compared to  competitors’

with poorer PPC system

(i) Dependability on the firm results in earning goodwill in the market

3.3 AGGREGATE PLANNING

The main objective of aggregate planning is to minimize the total cost over the

planning horizon. Some of the other objectives are:

1. Maximizing customer service

2. Minimizing inventory investment

3. Minimizing changes in work force levels

4. Minimize changes in production rates

5. Maximizing utilization of plant and equipment

So, we can say that APP is concerned with the determination of production,

inventory and work force levels to meet the fluctuating demands over a planning

horizon that ranges from 6 months to 1 year. Typically, the planning horizon

incorporates the next seasonal peak in demand. The planning horizon is often

divided into periods. For example, a 1-year planning horizon may be composed

of six 1-month periods plus two 3-month periods. Normally, the physical resources

of the firm are assumed to be fixed during the planning horizon of interest and the

planning effort is oriented towards the best utilization of those resources, given the

external demands.

Since it is usually impossible to consider every fine detail associated with

the production process while maintaining such a long planning horizon, it is

mandatory to aggregate the information being processed. The aggregate production

approach is predicted on the existence of an aggregate unit of production, such as

the “average” item, or in terms of weight, volume, production time or dollar value.

Plans are then based on aggregate demand for one or more aggregate items.

Once the APP is generated, constraints are imposed on the detailed production

scheduling process which decides the specific quantities to be produced of each

individual item.

The plan must take into account the various ways a firm can cope with

demand fluctuations as well as the costs associated with them. Typically, a firm

can cope with demand fluctuations by:

1. Changing the size of the work force by hiring and firing, thus allowing changes

in the production rate. Excessive use of hiring and firing may be limited by

union regulations and may create severe labour problems.
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2. Varying the production rate by introducing overtime and/or idle time or

outside subcontracting.

3. Accumulating seasonal inventories: The trade-off between the costs incurred

in changing production rates and holding seasonal inventories is the basic

question to be resolved in most practical situations.

4. Planning backorders: Orders that are not met in one period can be met in

the next period but keeping some stockout cost on the unmet demand

quantity. APP with backorders assumes that the unmet demand can be met

if it is produced in the next period with the given stockout cost.

The above-mentioned ways of absorbing demand fluctuations can be

combined to create a large number of alternative production planning options.

These production plan options are evaluated based on the total production plan

cost. The plan with the minimum production cost is considered the best (optimal).

The following costs are considered in optimizing the APP:

Basic production costs: These include material costs, direct labour

costs and overhead costs. It is customary to divide these costs into

variable and fixed costs.

Costs associated with changes in the production rate: These include

costs involved in hiring, training and laying off personnel, as well as

overtime compensations.

Inventory-related costs: These includes ordering (set-up) cost,

inventory carrying (holding) cost, and back ordering (stockout) cost.

Item cost is also considered in optimizing the production plan. Chapter

21 on Inventory Management has detailed discussion on these inventory-

related costs.

APP Strategies

APP models may be valuable as decision support systems and to evaluate proposals

in union negotiations. In the next section, an analytical model is also presented for

an optimal production plan. But before presenting an analytical model which is

based on linear programming, two very popular APP strategies are discussed in

detail along with a solved example. These popular APP strategies are discussed in

following sections.

Chase Strategy

The term ‘chase’ denotes that the production plan pattern follows the demand

pattern. As the demand changes due to uncertainty in the market, the production

plan fluctuates to meet the increasing or decreasing demands. The basic principle

of the chase strategy is to keep zero work-in-process (WIP) inventory in each

period, that is, not to produce more than demand and not to produce less than
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demand (Figure 3.2). In this strategy, various available capacities such as workforce

levels, production schedules, output rates, etc. are adjusted to match the demand

requirements over the planning horizon. The chase strategy should be used when

the inventory-holding costs are high and costs of changing capacity are low.

Following are the merits and demerits of chase strategy in APP:

Merits

The merits of chase strategy are:

� Production rate is synchronized with demand by varying machine capacity

or hiring and laying off workers as the demand rate varies.

� Anticipation of inventory is not required, and investment in inventory is low.

� Labour utilization is kept high.

� It results in low levels of inventory.

� Inventory-holding (carrying) cost is almost negligible.

Demerits

The demerits of chase strategy are:

� Adjusting output rates and/or workforce levels is expensive.

� There is a negative effect on workforce morale.

� It is expensive if the cost of varying capacity is high.

� May not be applicable in manufacturing sectors but may be applicable in

services sectors.

� Frequent changes in the workforce level may bring down the productivity

of the organization.

Fig. 3.2 Chase Demand (continuous line represents demand and dotted line
represents chasing the demand, i.e., production.)

Following are the various alternatives that are used to meet the demand

using chase strategy.

Hiring more number of employees: More employees are hired if the

demand cannot be met using the current strength of the employees.

Recruiting more workers will increase the production capacity and thus

can produce more to meet the increase in demand.
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Firing a number of employees: When there is less or no demand,

employees are fired. This is a common phenomenon in the services

sector. Also, it can be seen in economic recession, the employees lose

their jobs because of an economic slowdown. This option is used to

reduce expenditure due to keeping employees on the payroll.

Using overtime: When the regular production time is less to meet the

demand, then to meet the demand the production time can be increased

to some extent over and above the regular production time. The wages

in overtime are generally higher than the regular time wages. Therefore,

such options are used only when the existing regular production time is

completely utilized.

Using under time by reducing non-productive time: If the demand

is slightly higher than the production capacity using regular productive

hours, then instead of going to overtime production, the planner cuts the

non-productive hours such as lunch time and tea break.

Using part-time workers: Sometimes, instead of hiring employees,

part-time workers are used as contractual labours and once the

production is over they are sent for other work or are fired. This option

is similar to hiring, but in hiring, the workers are recruited as regular

employees for long term while contractual workers are called in for a

shorter duration such as for one quarter or 6 months.

Using sub-contracting: When the existing capacity is less than the

demand, the extra unmet demand is given to some other organization to

produce the required quantity to meet the demand. Such options incur

more production cost than the regular production cost as the sub-

contractor always seeks to have more profit. Also, a quality issue is

always associated with sub-contracted products.

Increasing the number of shifts: This is similar to overtime. In this,

the shift is increased from one to two as a regular shift and employees

are not given any overtime as the employees are different and they just

hand over the production to the employees of the next shift. Many

organizations run 24 hours a day and have three shifts in a day.

Level Production Strategy

Production level strategy is just the opposite of the chase strategy. In this strategy,

the production is scheduled as per the constant level and ignores the fluctuating

demand (Figure 3.3).
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Fig. 3.3 Production Level Strategy (continuous line represents demand and dotted line
represents production at constant level.)

The salient feature of the production level strategy is that the production

planning ends with zero inventories left at the end. The calculation of the level at

which the production is to be scheduled is based on the average forecasted demand

for which the production is planned.

The merits of the production level strategy are:

� No inventory at the end of planning horizon if the production is at the

average level.

� No change in the work force level is required (i.e., no hiring or firing of

workers).

� Employee morale will boost up.

�  Set-up time will be almost fixed and minimum.

Following are the demerits of the production level strategy:

� Large inventory-carrying costs during the period when the demand is

less than the production.

� If the production is not at the average level, then the inventory will be

built up at the end of planning horizon.

Outsourcing Strategy

Outsourcing has become very important. It allows companies to concentrate in their

areas of strength and outsource other activities to ancillaries. This not only saves time

but also generates opportunity for other organizations. Outsourcing is not limited to

local companies but also to companies across borders. A number of leading

international players get their products manufactured in different countries, and finally

assemble them and market around the world. For example, Honda manufactures all

components in Japan and Thailand but gets it assembled at many locations throughout

the world. One such location is Noida, India, where it is assembled. Another example

is Li & Fung, a Hong Kong-based textile company. It has over 75,000 suppliers

from different countries. This company read the American and European market

trends and then generated designs and manufactured garments in Hong Kong. Li &

Fung buys cotton from Korea while dyeing, weaving and manufacturing of garments

are done in Thailand. After inspection and packing, the garments are shipped to the

American and European markets. Here, because of the distance involved, SCM is

designed accordingly that reduces the production lead time.
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Check Your Progress

1. What are the 6M's of business?

2. What is meant by planning in mass production?

3. What is routing?

4. How does production control benefit an organization?

5. What is the main objective of aggregate planning?

6. What does the term 'chase' denote in chase strategy?

3.4 MASTER PRODUCTION SCHEDULE (MPS)

A master production schedule is a manufacturing plan. It makes up one of the

three principal inputs of MRP. It quantifies the significant processes, parts and

other resources required to optimize production and anticipate needs and

completed goods. MPS inputs ‘drive’ MRP, which depends on the validity and

realism of the MPS for its effectiveness. The other two inputs of MRP, i.e., inventory

status and product structure, generally supply reference data.

What is commonly called the ‘master production schedule’ is really a set of

individual schedules for each item planned at this level. Using the beginning inventory

and the sales forecast for a particular end item, planners calculate the amount of

production needed per period to meet the anticipated customer demand. Each

individual MPS has a supporting bill of material that defines the components needed

to produce the planned quantities of the end item.

Requirements are generally derived from a number of sources. These include

external (customers) and internal (service parts, warehouses) demand forecasts,

customers’ orders, new products and mar-ket opportunities, major inventory

changes, details of processing plant facilities and suppliers’ capabilities. Other

factors such as capacity availability may become serious considerations at different

times.

These are consolidated in a plan called the Aggregate Plan. The aggregate

of all the master production schedules determines the total future loads and inventory

investment. It is the first step in developing an MRP system.

The MPS facilitates the development of data to drive detailed planning. It is

a device that reconciles customers’ desires with plant capabilities. It provides the

means to make reliable delivery promises and to evaluate the effects of schedule

changes. It also coordinates the plans and actions of different functional areas in

the organization and measures their performance. Finally, it provides the management

with the means to determine how to utilize and control all the re-sources needed

to support the integrated plans. MPS have two principal functions:

1. In the short horizon, to serve as bases for planning material requirements,

producing components, ordering priorities and shortening capacity

requirements

2. Over the long horizon, to serve as bases for estimating long-term demand

on company resources such as people, plant and equipment, warehousing,

and capital.
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The first function relates to the current organizational needs, i.e., the front end, and

the second function deals with the full horizon of the MPS. The front end balances

the production lead times and the release of purchase requisitions for the completion

of orders for MPS - level items.

The short horizon can affect open purchase and work orders as MPS data

changes. However, in order to minimize disruption both at the level of the firm as

well as the supplier level, the MPS may be firm, flexible or unrestricted. It is

essential to understand that the changes affecting open orders in a single MPS can

change the requirements for dozens of next-lower-level components, hundreds of

components one level below that, and thousands more at lower levels.

Firm MPS recognize this and freeze changes for a specified time frame.

Flexible MPS are based on the concept that given sufficient time, i.e., in the mid-

portion of the MPS, some changes can be accepted. The unrestricted portion is

far enough in the horizon to not need any constraints.

The second function is met by the MRP program by planning for the entire

MPS planning horizon in its time-phased inventory records. This is basically done

to provide visibility into the future on an item-by-item basis, even though it is clear

that the unrestricted portion has no constraints.

In simpler terms, MRP maintains data on all planned requirements and

planned and released orders in the MPS time horizon to provide a long-term

perspective. The data is used by the organization in planning for the longer term to

determine capacity require-ments, inventory investment, cash flow, etc.

Preparing Master Production Schedules

An MPS plans for future demands on production resources. There are a number

of sources that can generate requirements, depending on the nature of the business.

An MPS is developed in two phases, (i) Development Phase, and (ii)

Implementation Phase.

Both phases include closed-loop feedback to revise MPS data so that

resources, including time, can be made available and therefore, plans are realistic.

The phases are shown in Figure 3.4. The ‘development phase’ in preparing master

schedules has three steps. The three different steps are explained as follows.

Step 1

The first step in preparing an MPS is to identify the sources from which demand is

generated and quantify the demand so generated. These sources include the following:

� Customer orders

� Dealer orders

� Finished goods warehouse requirements

� Spare-part requirements

� Forecasts

� Safety stock

� Orders for stock (stabilization inventory)

� Interplant orders
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Fig. 3.4 MPS Development and Execution1

The importance of each of these sources and the manner in which the demand is

established depends on the nature of the product, the design of the distribution

network and the field warehouse policies.

Customer orders or products can be classified as Made-to-Stock (MTS),

Made-to-Order (MTO) and Assemble-to-Order (ATO). In the first case, future

requirements are generally derived from forecasts based on past demand. In MTO,

the customer orders in hand are used to represent production requirements. In

ATO, where manufacturing comprises custom assembly of standard components,

a mixture of forecasts and customer orders is used to generate requirements.

Customer orders may not represent product demand inventory if the plants operate

behind schedule on deliveries, in which case, the MPS would represent only the

supply of required items.

Dealer and warehouse requirements for products are treated by the MPS

in the same manner as customer orders. MRP programs in dealer and warehouse

planning systems are often linked directly to the supplier MPS to provide advance
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data on specific products and to create data beyond the immediate requirements.

Also, advance commitments are generally stated without specific choices of optional

features for product models. In such cases, the manufacturer has to directly forecast

the options when developing the MPS.

Spare-part requirements of customer or service warehouses are usually

excluded from the MPS. They are entered as forecasts or orders directly into the

item’s gross requirements data. An exception is generally made for large, expensive

spare-part assemblies, which are entered in the MPS along with regular products.

Forecasts may be the sole source of requirements for plants that take direct

customers orders and directly despatch them to customers from their own

warehouses. In other types of businesses, forecasts form a dominant part of the

total demand. Specific product variations or optional features are usually forecasted

by the plant people, because the exact configurations can be known only close to

the shipment dates. The MPS, however, plans component production on the basis

of the product units ordered through the distribution system.

Safety stock in MRP programs is generally decided at the MPS level rather

than the compo-nent levels. It is viewed in the MPS as a separate source of

demand on manufacturing.

Stabilization stocks are maintained in businesses that are subject to seasonal

demand. In such cases, products and/or components are normally produced and

maintained as inventory during off-seasons to meet peak demand during the season.

This is done so that manufacturing can maintain level loads on production facilities

during the season. Orders for stabilization stocks are planned at the MPS level.

Inter-plant orders are orders for components that are required by other

divisions or plants. These orders are normally planned on a basis that is similar to

spare-parts orders. These orders are seldom for end products, they are generally

limited to components, assemblies and sub-assemblies.

Step 2

All the demand from these sources is consolidated to represent the total

requirements for each of the components, sub-assemblies, assemblies and end

products. Before consolidation, certain factors have to be kept in mind. These

include the following:

1. Determining the portion of the total demand of the different categories that

can be met from plant inventories.

2. Correcting the demand to reflect the product lot size rules that are applicable

for placing orders. These product lot sizes may deviate, in both quantity

and timing, from source requirements. Additional lot sizing may subsequently

have to take place at the component-item levels.

3. Determining whether the load represented by the schedule exceeds or falls

short of the productive capacity to which the plant is committed.

4. If the load fluctuates excessively, the manner of creating a level load to meet

the demand and yet minimize the extra burden of inventory has to be

determined.
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5. The schedule of factory requirements may show product models, and will

have to be translated into end-item BoM numbers.

6. The MPS may have to create the demand and specify optional product

features. These may need to be worked out before MPS scheduling.

Step 3

Once the consolidation has been satisfactorily completed, the next stage comes

into play. This is where the MPS schedule is created. This schedule is created

after making the necessary adjustments discussed above. This is called the

perspective MPS.

The perspective MPS is checked against the product mix requirements and

the resource requirements. The schedule of factory require-ments is then

determined on the resource availability. While transforming the requirements into

an MPS, the predominant factors taken into consideration are factory data needs

and capacity availability, both based on current as well as future demand.

The third and final step creates the specific manufacturing program that is to

be processed by MRP. MRP then plans the component procurement, fabrication

and subassembly activities. This is the implementation stage. The closed loop system

helps in ensuring that the corrections are made in time and that the ultimate

scheduling is realistic and achievable.

Check Your Progress

7. What is a master production schedule?

8. What are the two phases of development in an MPS?

9. What is a realistic MPS?

3.5 MATERIAL REQUIREMENT PLANNING
(MRP) AND BOM

MRP is a powerful tool in the planning and control of manufacturing inventories. It

helps us to determine our procurement in terms of:

� What needs to be procured

� How much should be procured

� When should it arrive

The output of the MRP systemwould be:

� Current order releases to the purchase department and/or to previously

selected suppliers, with firm due dates of delivery

� Planned order releases for the successive time periods

The following are the definitions of some commonly used terms.

1. Dependent demand: Dependent demand means that the demand for an

item is related directly to the demand for some other product. The item may

be a component, raw material or sub-assembly. It should be remembered

that demand for a company’s end product may often be forecasted, but the
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demand for raw materials and component parts is not forecasted but

calculated. The assumption generally made is that demand for the item in

the inventory will occur at a gradual, continuous rate. However, in reality in

a manufacturing situation, demand for the raw materials and components

may occur in large increments rather than in continuous units. Such demand

is called lumpy demand. The large increments may correspond to the quantities

needed to make a certain batch of the final product. MRP is the appropriate

approach for dealing with inventory situations characterized by lumpy demand.

2. Lead time: The lead time for a job is the time that must be allowed to

complete the job from start to finish. In manufacturing, there is ordering

lead time as well as manufacturing lead time. The ordering lead time

encompasses the time required from initiation of the purchase requisition to

the time the material is received at stores. Manufacturing lead time is the

time required for the part to be manufactured/processed through the

sequence of machines till the final product. MRP considers all these lead

times. The order placement dates are obtained from the dates the material

is required, after considering the lead time of the item. Each order when

released in the time period shown by the MRP output should arrive exactly

at the time it is needed by the next production stage.

Three prerequisite inputs for MRP
Three prerequisite inputs for making MRP work are:

1. Master Production Schedule (MPS)

2. Bill of Materials (BOM)

3. Inventory Records File

1. Master production schedule (MPS): Formulation of an aggregate

plan is the starting point for MRP and is based on the expected receipt

of a certain number of orders for a given family of products during the

planning period. Various forecasting techniques are used to determine

an approximate aggregate demand for the product family. The plan must

be firmed up for a reasonable period of time because overall production

volume cannot be changed abruptly without incurring significant unplanned

costs. Every production volume utilizes a given mix of labour, materials

and equipment. When the output rate is changed, a new optimal mix

must be achieved by re-adjusting the usage rate of the various resources.

Even though it is possible to change in the long run, in the short run, it is

difficult to do it efficiently.

The master production schedule is derived from the aggregate

plan. It translates the aggregate plan into specific numbers of specific

products to be produced in identified time periods.

The example illustrates the difference between aggregate plan and

master production schedule for a car manufacturing company.

Aggregate Plan Figures in ‘000

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

No. of 
cars 

70 80 80 60 55 52 55 60 70 70 75 75 
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Master Production Schedule (for producing the cars) Figures in ‘000

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Model 

A 

25 30 30 25 20 20 25 20 25 25 25 25 

Model 

B 

30 35 30 25 25 22 20 25 30 30 30 30 

Model 

C 

15 15 20 10 10 10 10 15 15 15 20 20 

The time interval used in MPS varies from firm to firm. It depends on the

type of products used, the volume of production and the lead times of the

materials used. This span of time that the MPS covers is called the planning

horizon. Typically, within the framework of a six to twelve month aggregate

plan, the master production schedule is updated weekly to reflect changing

sales demand and also internal problems which require scheduling.

2. Bill of materials (BOM): The list of all the materials and their quantities

required to manufacture an item is called its bill of materials. This is used for

calculating the specific material requirements for a given production schedule

during a specific time period. It is also called the product structure file or

product tree.

3. Inventory records file: This comprises the item wise inventory

records indicating the item as well as the quantities in stock, besides a

host of other information with respect to every item in the inventory.

The MRP Process

For an accurate MRP system, it is first and foremost essential to have an accurate

MPS, accurate bill of materials and accurate inventory records as shown in

Figure 3.5.

   Sales 

Forecast 

    MPS

Customer 

orders 

  Bill of 

Materials 

    MRP 

Processor 

Service Parts 

requirement 

Inventory 

Records 

Output 

Reports 

Aggregate 

Plan 

Fig. 3.5 The MRP Process
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The flow chart illustrates the MRP process. The MPS, bill of materials and inventory

records are fundamentally used to build the MRP system.

Every item to be manufactured/assembled requires some items of independent

demand and some items of dependant demand. The independent demand items

are forecast and specified on MRP. The dependant demand items are calculated

based on the bill of materials and relationship of the products. For instance, suppose

1 unit of product A requires 1 unit of product B and two units of Product C;

If 1,000 units of Product A have to be manufactured, 1,000 units of B and 2,000

units of C will be required. Besides calculating the exact requirement thus, MRP

can also reschedule the requirement of B and C if schedule of A is changed.

The next issue is the lead time. The time taken to procure the raw materials,

component parts, sub-assemblies and assembling the final product are represented

in the form of various levels depending upon the lead time each of them take.

For example:

Level 0�End product

Level 1�Assemblies and sub-assemblies

Level 2�Component parts

Level 3�Raw materials

Independent demand items are listed in the MPS at Level 0 in the bill of

materials.

The MPS is first exploded to level 1to reflect the demand for assemblies. If

there are enough assembles in the inventory to take care of production, it stops

there. If not, MRP subtracts the available inventory from the demand to find out

how many assemblies need to be ordered. MRP then offsets the assemblies’ lead

time to find out when the order is to be placed.

The MPS is next exploded to Level 2 to reflect the demand for component

parts.  If there are enough component parts in the inventory to take care of

production, it stops there. If not, MRP subtracts the available inventory from the

demand to find out the number of parts that need to be ordered. MRP then offsets

the lead time to find out when the order is to be placed.

A similar process is then carried out for Level 3.

The purchase department then takes action to order, defer, expedite or

cancel orders. The following example will help illustrate the same.

Example 3.1: Study the following table.

Time Period (in months)

1 2 3 4 5 6

Requirement 20  20 20   

Orders placed  20 20  20 20 

For Period 1, 20 units are required and ordered. MRP recommends the

order for 20 units. Inventory would be zero at the end of Period 1.

In Period-2, there is no requirement but there is an order of 20 units. MRP

will recommend deferring the order to Period-3.
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In Period 3, there is a requirement of 20 units but no order. If the order is

not deferred in period 2, there will be idle inventory for one period.

In Period 4, there is a requirement of 20 units but no order. However in

Period 5, there is an order of 20 units. MRP would, therefore, recommend

expediting or preponing the order to period 4 so that there is no stock out.

In Period 5, there is an order for 20 units but no requirement. So MRP will

recommend cancelling the order.

 Thus, MRP is a very powerful tool which can adapt to change in requirement

by manipulating the purchase orders suitably. It thus helps reduce shortages,

improve productivity and minimize inventory.

Example 3.2: Product ‘A’ is made up of one unit of ‘B’ and one unit of ‘C’. Item

B is made up of two units of C and one unit of D. The question is to calculate the

requirements of items B, C and D.

First, the master production schedule for independent demand for product

A is developed. Then, its bill of materials is exploded to calculate the dependant

demand for parts B and C.

Note: The steps have to be followed separately for each item.

Next, find out the on-hand inventory and the due dates for receipt of the

released orders. Based on this information, MRP will calculate the planned order

releases.

Begin with item B. For this item, it is assumed that the order quantity is 10

units and lead time is 2 weeks.

Item Time periods

On 

hand
1 2 3 4 5

Master Production Schedule:

A  10  15  15 

Requirements:

B  10  15  15 

Released Order Due:

B    10   

Projected on-hand inventory (taking into account the released order due)

B 10 0 0 -5 -5 -20 

The problem is that the on hand inventory began with a stock of 10 units.

This takes care of the requirement in period 1. Supply of 10 units received in

period 3 will take care of requirement in period 3 but there will still be a shortfall

of 5 units. There will be no stock to meet the requirement of period 5.

The MRP, therefore, will recommend two orders of 10 units to be released

so that stock is received in period 3 as well as period 5. At the end of period 3, 5
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units will be left behind. Another order of 10 units received in period 5, will take

care of the requirement of period 5.

Planned orders due:

B    10  10 

Planned orders release (if lead time is 2 weeks):

B  10  10   

Having worked out for item B, work out for item C. For C  assume that the order

quantity is 10 units and lead time is 2 weeks. Inventory available on hand is 25 units.

With this information, the table will be as follows:

Item Time periods 

A On 

hand 

1 2 3 4 5 

Master Production 

Schedule 

A  10  15  15 

Planned order

release  

B  10  10   

Requirement for A C  10  15  15 

Requirement for B C  20  20   

Total requirement C  30  35  15 
Released Order due C  20   20  

Projected on hand C 25 15  -20 0 -15 

 Planned order due C      20   

Planned orders 
release 

C  20     

The problem on hand is that the inventory began with a stock of 25 units. The

requirement in period is 30 units and a stock of 20 units also arrives. So, there is

a balance of 15 units.

In period 3, 35 units are required but the stock is available for 15 units only.

So, order should be placed for 20 units such that it is received in period 3. In

period 4, a stock of 20 units arrives. This will take care of requirement in period 5

and a stock of 5 units will be left over.

Similarly, one can work out the requirement of item D.

Most firms which use MRP systems run the programme once a week. The

computer system exports the requirement of materials to all the lower level

components and prints out the planned order releases based on the minimum

order quantities and lead times specified for each item.

The mid 1980s to mid 1990s was characterized by increasing technology

and price competition, global and cross functional business units, total quality

concepts, more customer focus and efforts for more and more customer satisfaction.

Manufacturers had to face very high pricing pressure caused primarily by increased

competition and easy availability of goods globally. Further, competition was based

on supply chain excellence. Companies realized that delivering excellent customer

service profitably across complex global supply chain required excellent business

processes, highly trained people and integrated software systems. All these forced
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the manufacturers to further evolve the MRP systems and integrate it with other

manufacturing and business functions. This renaissance is commonly known as

manufacturing resource planning (MRP-II).

The MRP system studied above has certain drawbacks. They are:

1. It could not take into account variation in capacity.

2. It was unable to convert the operation/production plan into financial terms,

hence financial planning and control was not possible in this system.

3. It was not possible to simulate situations, that is, if management asked ‘what

if …’ questions, it was not possible to provide answers under this system.

Initially, a capacity requirements planning (CRP) module was developed and linked

to the original MRP module. With further development in the master production

schedule concept, most of the planning activities were integrated into a single

planning and scheduling package. This integrated package was called a closed

loop MRP system. This system was built around material requirements that included

the additional planning functions of sales and operations (production planning,

master production scheduling and capacity requirements planning). Once the plans

have been accepted, its execution begins. These include input–output (capacity)

measurement, detailed scheduling and dispatching, anticipated delay reports from

both the plant and the suppliers, supplier scheduling, etc. The term ‘closed loop’

implies that not only are each of these elements included in the overall system, but

also that feedback is provided by the execution functions so that the planning can

be valid at all times. This took care of the capacity variable. But still, the financial

aspect of running a business had not yet been integrated.

The next step in the evolutionary process is the development of MRP-II.

This new system simply added two new capabilities to the closed loop MRP

system. They were  the financial interface and simulation capability. Ollie Wight

termed it manufacturing resources planning to reflect the idea that more and more

of the firm was becoming involved in the programme.

The fundamental manufacturing questions are:

� What are we going to make?

� What does it take to make it?

� What do we have?

� What do we have to get?

Check Your Progress

10. Mention the three prerequisite inputs for making MRP work.

11. What is essential for an accurate MRP system?

3.6 CAPACITY REQUIREMENT PLANNING
TECHNIQUES

Capacity planning is an aspect of production planning. Capacity is the ability to produce

and capacity planning is the process of identifying the capacity of a production unit that

is required for producing so as to meet the current and future demands.
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An organization does capacity planning when:

� it is starting a new manufacturing unit.

� it is increasing volumes of an existing manufacturing unit.

� when new products are being introduced.

� when there is a change in demand - addition, deletion of products.

Factors affecting capacity planning

The factors that affect capacity planning are

1. Type of product or service: The capacity of a company depends on the

products it manufactures. If it is a tailor-made product, the volume of the

products cannot be high. But if it is a general or standard product the volumes

will be high.

2. Type of process: Whether the process is manual or automated also affects

capacity. In manual processes, capacity is low. More manpower needs to

be employed to increase capacity; even then there will be variations in

products, performance, etc. In automated processes, the volume of output

will be uniformly high.

3. Type of technology Employed: Capacity also depends on the technology

employed. A high-end technology will produce better products at a much

faster rate, and there will be less wastage. Availability of facilities such as

space, power, etc. also affects capacity.

4. Skill level of workers: If the workers are better trained and motivated,

the output will increase.

5. Availability of raw material: Ease of raw material availability will also

affect capacity.

6. External factors: Government policies, tax limits, production limits, etc.

also affect capacity.

Methods to Modify Capacity

Strategies to modify the capacity can be broadly classified into short term and

long term.

Short-term methods

These methods will change the capacity or quantity produced in the short term.

But they cannot be long term solutions to vary the capacity of the organization.

The short-term methods to vary capacity are –

1. Inventories: Companies may continue to produce during periods of low

demand and pile up stock. This can be used during periods of increased

demand.

2. Labour: Companies hire manpower during periods of high demand and

lay off during periods of low demand. They may also pay overtime for

extended working hours or allow relaxed working hours during low demand.
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3. Multi-skilling: Some companies develop multiple skills of their employees.

This is useful because job rotation can be done to take care of fluctuating

demand.

4. Process redesign: Sometimes, changing job content at each work station

can also take care of fluctuating demand.

5. Subcontracting: Many companies sub-contract part of their jobs. For

example, during peak demand, some companies get their products made

by another firm. Once the product is made, they inspect it and give it their

brand name.

6. Maintenance: Some companies reschedule their routine maintenance to

periods of less demand so that production during high demand periods is

not affected.

Long-term methods

These methods take a long time to modify capacity. They can be of two types –

1. Capacity expansion

2. Capacity contraction

1. Capacity expansion: This method requires considerable investment in

the form of more land, new machineries, more manpower, etc. They can

again be of two types –

(i) Expand once in five or more years – This method is adopted when

the company has to borrow externally for expansion. It requires a

huge investment, but the company is assured that its supply will always

meet the demand in the following years.

(ii) Expand a little every year – Its advantage is that the company need

not borrow heavily for investment; often the funds are generated

internally. A company adopts this practice if it feels that the demand

will increase a little every year.

2. Capacity contraction: When a company feels that its products have

entered the decline phase of their life cycle, it may decide to diversify or

discontinue the product. It then sells off or transfers technology and skill to

other companies. The capacity may also be reduced and allocated to other

products of the company.

The capacity of a work centre is an important element for process design.

Capacity is usually specified in terms of available hours, either for machines or

labour. Capacity should include an efficiency factor reflecting downtime for failure

and maintenance. Let us illustrate this by the following examples.

Example 3.3
A work centre consists of four machines, each of which is used during an 8-hour,

one-shift operation. The efficiency of each machine is 85 per cent (that is, the

machines are expected to be down 15 per cent of the time). Find the capacity of

the work centre.
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Solution
The capacity of one machine in the work centre in one shift -

8 × 0.85 = 6.80 hours

For 4 machines it is – 6.80 × 4 = 27.2 hours.

Example 3.4
A steel melting shop is designed for production of 50 tons/heat, and the efficiency

is 90 per cent. The furnace runs 168 hours in a week, i.e., 7 days running. If the

average heat time is 4 hours/heat, find the rated capacity of the steel melting shop

per week.

Solution

Rated Capacity = 
168 50 0.9

4

50 0.9
= 1,890 tons/week

Capacity Measurement

Capacity of a plant is expressed as the rate of output viz., units per day or per

week or per month, tones per month, gallons per hour, labour hours/day, etc. But

for organizations whose product lines are more diverse, it is difficult to find a

common unit of output. More appropriate measure of capacity for such firms is to

express the capacity in terms of money value of output per period of time (day,

week or month). As a substitute, capacity can be expressed in terms of input. A

legal office may express capacity in terms of the number of attorneys employed

per year. A custom job shop or an auto repair shop may express capacity in terms

of available labor hours and / or machine hours per week, month, or year.

Therefore, it can be stated that capacity is measured in terms of inputs or

outputs of the conversion process. It must be remembered that since capacity is

defined along with the constraints, the capacity measurements becomes subjective,

as different interpretations of the terms are made by different people in the

organization. For example, if the capacity is measured on the sale of products in

rupees to dollars, the forex fluctuations will result in different results on capacity.

Details of the industries and the capacity measurements are given in Table 3.1.

Table 3.1 Examples of Commonly used measured of Capacity

Type of business Measurement of Capacity

Resource available Output

Education Faculty, Infrastructure Number of Students Year

Automobile Man-Machine hours Number of cars/shift

Agriculture Acres 

Cows

Tone of Grains/Year 

Litres of Milk/day

Steel Mill Furance Size Tons / Shift

Theatre Number of Seats Number of Tickets sold/day

Restaurant Number of Tables Number of meals sold/day

Oil Refining Size of Refinery Fuel oil/day
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In service organizations, the capacity is measured in terms of homogeneous

or heterogeneous service. For example, in the case of Insurance companies, the

service offered is homogenous, i.e., it is based on the number of policies serviced

per year. Banks and Transport companies offer heterogeneous services. Their

offer is restricted by the availability of limited resources under their possession.

For example, in banks, it is measured by the man hours available per week; and in

case of transport companies, it is tonnage per kilometer.

3.6.1 Capacity Planning Techniques
There are four procedures for capacity planning, namely, capacity planning using

overall factors (CPOF), capacity bills, resource profiles, and capacity requirements

planning (CRP). CPOF is a simple, manual approach to capacity planning that is

based on the master production schedule (MPS) and production standards that

convert the required units of finished goods into historical loads on each work

centre. Capacity bill is a procedure based on the MPS. Instead of using historical

data, however, it utilizes the bills of material (BOM) and routing sheet showing the

sequence of work centres required to manufacture the part, as well as the set-up

and run time.

Capacity requirements can be estimated simply by multiplying the number

of units required by the MPS and the time needed to produce each. Resource

profiles are the same as bills ofcapacity, except lead times are included so that

workloads fall into the correct periods. CRP is only applicable in firms using material

requirement planning (MRP). CRP uses the information from one of the previous

rough-cut methods, plus MRP outputs on existing inventories and lot sizing. The

result is a tabular load report for each work centre or a graphical load profile for

helping plan-production requirements. This will indicate where capacity is

inadequate or idle, allowing for imbalances to be corrected by shifts in personnel

or equipment or the use ofovertime or added shifts. Finite capacity scheduling is

an extension of CRP that simulates job order stopping and starting to produce a

detailed schedule that provides a set of start and finish dates for each operation at

each work centre. Capacity planning techniques are grouped into long-range and

short-range planning scenario. In the following sections, each capacity planning

technique is explained and demonstrated along with a solved example. At the end

a comparison of all techniques is given.

1. Capacity Planning Using Overall Factors

The CPOF technique is relatively a simple technique and based upon planning

factors involving direct labour standards for end products in the MPS. This overall

estimate is frequently allocated to individual work centres on the basis of historical

data on shop workloads. CPOF plans are usually stated in terms of weekly or

monthly time periods, and are periodically revised as the firm makes changes to

the MPS.

2. Capacity Bill

The capacity bills technique provides a much more direct linkage between individual

end products in the MPS and the capacity required at individual work centres

than does the CPOF. The capacity bills technique also requires more data than
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CPOF such as BOM, routing and operation time standard data are all necessary

inputs in order to develop the capacity plan using the capacity bills technique.

3. Resource Profiles
Neither the CPOF nor the capacity bills technique takes into account the time-

phasing of the projected workloads at individual work centres. In resource profiles,

production lead time data are added to the capacity bills database in order to

provide a time-phased projection of the capacity requirements for individual

production facilities. For example, the production capacity required at work centres

used early in the production cycle for an end product, e.g., in shearing and punch

press operations, is offset by the amount of production lead time between these

operations and the final assembly of the product. As is true for ay capacity planning

technique, the size of the time intervals can be varied. However, when time periods

longer than one week are used, much of the value of the time-phased information

may be lost because of the aggregation of the data.

4. Capacity Requirements Planning (CRP)
CRP is discussed in detail under 3.6.2.

Capacity Requirement Planning (CRP) Process for Manufacturing
and Service Industry
Various ways to meet the capacity requirements of a product by the organization

(manufacturing) are:

� Overtime: The organization can fulfil its capacity by increasing the working

hours of the employees. In this way, the organization reduces the extra cost

of hiring additional number of employees for achieving its target.

� Casual labour: These are the labourers who are considered as permanent

but work only when there are less number of full-time labourers. Casual

labourers do not enjoy the benefits provided to the full- time labourers.

� Inventory: During the period of slack demand, the inventory of the finished

goods can be stored so that it can be used when there is a high demand for

the goods. In this way, the organization does not have to bear the extra cost

of hiring additional or casual labourers.

� Cross-training: The organization can create some flexibility in its working

environment by employing cross-trained employees who have the ability to

perform any given operation of the organization.

CRP in service organizations depends on future demands to determine the

available capacity, ability to translate prediction into physical capacity requirement,

develop alternate capacity plans for matching required and available capacities,

analyse the economic effects of alternate capacity plans, analyse the risk and other

Strategic consequences of alternate plans.

3.6.2 Capacity Requirements Planning (CRP)
As discussed earlier, CRP differs from the resource profiles technique in four key

respects. First, CRP utilizes the information produced by the MRP explosion

process which includes the consideration of lot sizes, as well as the lead times for

both open shop orders (scheduled receipts) and orders which are planned for
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future release by the MRP system (planned orders). Second, the gross to net

feature of an MRP system takes into account the production capacity already

stored in the form of inventories of both components and assembled items. Third,

the shop-floor control system accounts for the current status of each open order,

so that only the capacity needed to complete the remaining work on open shop

orders is considered in planning work centre capacities. Fourth, CRP takes into

account the independent demand for service parts, and any additional capacity

that might be required by MRP planners reacting to scrap, item record errors, etc.

The CRP technique requires detailed input information for all components and

assemblies, including: MRP planned order receipts, on-hand quantities, and the

current status of open shop orders at individual work centres, routing data and

time standard information. Thus, implementing CRP requires both a far more detailed

industrial engineering data base, e.g., work standards and routing files, but also

formal systems for handling transactions on the shop-floor and in the store rooms.

The CRP technique exploits the MRP logic in that the capacity requirements of the

MPS are reduced by the capacity stored in the form of finished and work-in-

process inventories. That is, CRP only calculates capacity requirements for actual

open shop orders and planned orders in the MRP data base. The timing of these

open orders and planned orders offers the potential for improved capacity forecasts

as compared to the three rough cut procedures. These improved forecasts will be

of primary importance in the most immediate time period. In the long term, all

components and assemblies have to be manufactured, but in the near term, the

requirements planned by the rough cut techniques will be overstated by the capacity

represented in inventories. As before, however, these potential benefits are not

without cost. An MRP database is required, as well as a much larger computational

effort.

Example 3.5: The Kasna and Brothers Company makes sign mounts for

commercial customers. One product is the H mount, which is made up of a painted

surface on both sides of a wooden H frame. The H mount is put together in the

final assembly. The surfaces are painted in the paint shop, and frame is made in the

frame shop. The operations manager of the company wants to estimate the H

mount capacity needed for the next five periods in the final assembly, the paint

shop, and the frame shop. The master production schedule (MPS) and bill of

material (BOM) of H mount are shown in Table 3.2 and Figure 3.6, respectively.

Table 3.2 Production Schedule (MPS) for H Frame and Materials Requirement
Planning (MRP) for Painted Surface and H Mount



Production Planning and
Control

NOTES

Self - Learning
Material 65

Fig. 3.6 Bill of Materials for End Product H

Solution: Based on the information provided in MRP tables, one can get POR

and using set-up time and run time information, the capacity required at each work

centre (department) can be calculated and shown in Table 3.3. The calculation for

one data is shown and similar calculations can be done to estimate the capacity at

another time period (Table 3.4).

Table 3.3 Planned Order Release (POR) for H Mount Assy, H Frame and Painted
Surface

Table 3.4 Estimated Capacity Requirement at Each Work Centre
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Check Your Progress

12. When does an organization do capacity planning?

13. What are two of the many short-term methods used to vary capacity?

14. What does capacity contraction entail?

3.7 PROBLEMS IN MRP AND CRP

Let us first discuss problems in MRP.

MRP
Despite the fact that utilising an MRP system is far preferable to putting up a

system of spreadsheets and hand computations, issues sometimes emerge. The

most serious problem is data integrity. Data that is out of date or contains mistakes

produces incorrect output, which may cost your company a lot of money. Inventory

and BOM data should be thoroughly scrutinised. During cycle-count adjustments,

input and shipment, and reporting of scrap, damage, waste, and output, errors are

common. These sorts of mistakes can be reduced by barcode scanning and pull

systems.

Furthermore, when firms with operations in multiple nations do not set up

by individual location, MRP systems can be riddled with errors. The MRP system,

for example, may show that there is plenty of raw material accessible for

manufacturing when the raw material is actually on the other side of the planet.

MRP does not always account for human resources. In these situations, the MRP

causes a capacity problem.

Furthermore, lead times might throw MRP off. Depending on the product,

the needed lead time may vary. MRP implies that the lead time for each product is

always the same, regardless of availability, needed quantities, or the possibility of

concurrent manufacture of other items.

It may take some concerted work to resolve your data-integrity concerns.

The following are some best practises for ensuring that your data is of good quality

before you begin your MRP process:

� Using barcode scanning or a pull system to replace stock and enter products

into inventory

� Making sure that shipping prints the container labels

� Requiring advance shipping notifications (ASN) from your suppliers that

feed into a label system. In order to detect shortages and over-shipments,

match labels with internal company numbers as product arrives. 

� Recording scrap daily

� Troubleshooting and fixing causes of cycle counts that incorrectly change

your inventory

� Confirming the bill of material at the production site
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CRP

The process of planning, evaluating, sizing, and optimising ways to meet an

organization’s never-ending rise in data storage demands is known as capacity

management. To become more proactive and responsive to company demands,

you must first grasp the issues associated with capacity management. When dealing

with capacity challenges, efficiency, performance, and user happiness are nearly

always impacted. Capacity management is also an attempt to keep corporate

storage from being misused. Large personal multimedia files, such as MP3s or

digital photographs, as well as other forms of data, such as screensavers and

games, are often stored by many users. Much of this information is kept in personal

home directories or shared across corporate networks. Determining efficient

techniques for limiting the type and amount of data kept on your business network

is a part of capacity management planning.

When it comes to addressing capacity management concerns in the business,

network administrators encounter a variety of obstacles. The following are some

of the difficulties:

� Identifying the organization’s current storage capacity and use patterns.

Obtaining an accurate assessment of existing storage capacity and current

consumption patterns may be difficult.

� Identifying whether or not usage is successful in achieving corporate

objectives. To decide methods to solve capacity concerns and align with

the organization’s goals, you must first analyse and identify where storage

capacity is being used inefficiently.

� Defining and putting in place storage policies. Mechanisms must be

established and implemented to avoid future capacity misuse when present

storage capacity and goals have been specified.

� Adapting policies as capacity requirements and organisational demands

evolve. It is critical to manage and monitor consumption patterns and

utilisation levels in order to be proactive in preventing future capacity

concerns.

Check Your Progress

15. What are the factors impacted when dealing with capacity challenges?

16. When is MRP system riddled with errors?

3.8 AN INTRODUCTION TO MRP-II

MRP-II or manufacturing resources planning can be defined as an information

system that integrates all manufacturing and related applications, including decision

support, MRP, accounting and distribution. It is a system which allows manufacturers

to optimize materials, procurement, manufacturing processes, etc., and provide

financial and planning reports.

According to the American Production and Inventory Control Society, Inc.

(APICS), MRP-II is a method for the effective planning of all resources of a
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manufacturing company. Ideally, it addresses operational planning in units, financial

planning in dollars, and has a simulation capability to answer ‘what if’ questions. It

includes business planning, sales and operations planning, production scheduling,

material requirements planning (MRP), capacity requirements planning, and the

execution of support systems for capacity and materials. Output from these systems

is integrated with financial reports such as the business plan, purchase commitment

report, shipping budget, and inventory projections in dollars. MRP-II is a direct

outgrowth and extension of closed-loop MRP. Companies like Nissan have

integrated MRP-II into their production planning processes, and have combined

it with radical changes in management philosophy needed to bring about total

quality and continuous improvement.

MRP-II Process

MRP-II is a company-wide system concerning all facets of business including

sales, production, engineering, inventory and cash flows (see Figure 3.7)

Aggregate Plan 

(AP) 

Sales & 

Operations Plan 

(S&OP) 

Master 

Production 

Schedule (MPS)

Demand 

Management 

(DM) 

Material & 

Capacity Planning 

(MRP & CRP) 

Bill of
Materials 

(BOM) 

Inventory 

Record 

(IR) 

Process 

steps/ 

routes 

Work 

centre 

capacity

Plant & Supplier 

scheduling 

Fig. 3.7 The MRP-II Process

The primary control focus of an MRP system is order entry. Once an order is

entered, all the manufacturing functions are put into motion. These include:

(a) Cost estimates: Cost builds can be ordered from information in the other

modules.

(b) Inventory control: Existing stock of the product ordered.

(c) Bill of materials: What parts are needed to produce the product and in

what quantity?

(d) Inventory control: What parts called for by the BOM are in stock and

how much? This much is not to be bought.
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(e) Purchasing: What parts listed in the BOM have to be bought, how much

to buy and when do they have to be here?

(f) Production control and scheduling: Controlling and allocation of

personnel and resources.

(g) Invoicing:  An invoice and shipping documents are made against the order.

Partial shipments and periodic shipments are allowed for, and will draw

down the order quantity.

This system works through several modules. The common among them are

explained below.

1. Master planning module: This module derives the requirement from the

annual business plan/aggregate plan/demand/customer orders/forecasts

made. It enables strategic planning and master scheduling of activities. It

reports status of availability of products and raw materials on a time period.

2. Materials planning module/ inventory module: This module makes

possible online transactions of receipts and issues at stores and records the

material available on stock. It also maintains a record of the detailed

specifications including the part/subpart number, drawings, make/buy details,

rate of usage, where used, etc. It also enables the study of inventory such as

the amount of surplus and obsolete inventory, ABC/XYZ/FSN analysis,

reconciliation with respect to physical inventory, allocation of materials for

in-house orders, etc., printing of purchase requisitions, stores receipt

vouchers, goods reciept note and, sometimes, purchase orders is also possible

in this module.

3. Materials and capacity planning module: This module uses the master

production schedule and the bill of materials to determine the requirements

of various raw materials/components/sub-assembles/assemblies, etc. It is

also used to compare the production schedule with the availability of critical

resources and provides MRP reports. This module also takes into account

aspects such as machining capacities, fabricating capacity, assembling capacity,

finishing capacity, testing capacity, packaging capacity, among others.

4. Purchasing module: Purchase orders are printed either in this module or

the materials planning module. Besides, this module maintains data on

suppliers and analyses vendor performance, rates vendors and correlates it

for negotiations and placement of orders.

5. Shop floor control module/engineering data module: This module is

responsible for tracking information on manufacturing. It sequences the tasks

that are to be performed for manufacturing a particular product and tracks

the work order from the time it is initiated till its completion. All the parameters

such as cost of material, labour and overheads are recorded and monitored.

It includes feedback from the shop floor on how the work has progressed,

to all levels of the schedule so that the next run can be updated on a regular

basis. It also maintains a record of maintenance: periodicity, parts required,

status of machines indicating their life, repair records, etc.

6. Cost accounting module: This module calculates the absorbed overhead

of materials and labour and does the costing. Financial reports are also
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generated such as overheads for each work centre, work-in-process cost,

purchase price reports, etc.

The modules stated above are not complete by themselves. Combinations of

derivations of these modules are used in the industry. For instance, large companies

would have a separate shop floor control module and a separate engineering data

module, separate material control module and a separate inventory module, etc.

The expertise is in identifying the requirements of the company and designing the

modules accordingly.

An ABC analysis of the requirements of an MRP system shows that it relies

on the

� Skill of people 75% (A class)

� Data accuracy 15% (B Class)

� Computer system 10% (C Class)

When implemented, the system streamlines the processes in a company by giving

information to plan, responds to changes, meets delivery schedules and keep all

the costs under control. MRP can be applied even by very small manufacturing

companies to ensure a smooth flow of production.

3.8.1 ERP

Enterprise Resource Planning (ERP) is a self-sufficient, closely knit system used

for managing different resources within and outside the enterprise (vendors, etc.)

in order to improve the overall efficiency of the enterprise. ERP is a computer

based system that can be used for finance, HR or material resource management.

It has the capability to bring various functions of an enterprise under a single umbrella.

It is possible to have the entire ERP system running on a single server or in clusters

of multiple servers, connected in a local area network. Using the second approach

often simplifies things and provides more stability and robustness to the system.

ERP was developed keeping the manufacturing industry in mind and was

limited to a few functions, such as sales, production and finance. But these days

more functions are covered by the latest ERP systems since these systems are

being adopted by a large number of industries. A sample illustration of an ERP

system is displayed in Figure 3.8.

Marketing

HR

Distribution

Finance Supply

Commerce

Manufacturing

Fig. 3.8 The ERP System
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We can think of ERP software as that which automates major business

processes, like manufacturing and distribution. Not all ERP system implementations

are successful. At times the legacy software would prove to be better as it can be

written to suit the specific needs of an organization and it can also be tailored

better to suit its needs. So, care should be exercised while going for the

implementation of an ERP system within the enterprise.

The first question that arises at this point of time is ‘Why are the companies

willing to change their legacy business systems for ERP?’ ERP has been in demand

in recent times and the reasons for the continuous growth of the ERP market are:

(a) Better performance by businesses: The time for a complete cycle reduces,

the business becomes more agile and orders can be taken care of faster.

(b) Facilitation in the growth of business: The same ERP system can support

multiple languages, currencies, new products and new customers.

(c) It helps improve the overall response time in an organization and hence

facilitates faster decision-making.

(d) It is more efficient than the legacy systems as it solves various issues such as

scalability, data loss prevention and faster data processing.

ERP vendors have commendable bank accounts owing to the popularity of

the ERP systems. Gradually, the focus is moving towards ERP implementations in

smaller and medium enterprises as well. There are a number of players in the

arena competing to get a larger share of the profits. As the competition increases,

the customers get better prices and services.

Advantages of ERP Systems

ERP systems have manifold advantages. They enhance the efficiency of an

organization, help in the decision-making processes and speed up the response time.

In addition to these, there is an increase in the number of satisfied and repeated

customers. We discuss more about the most visible benefits of using ERP systems:

(i) Integration of Business Processes: Earlier, various business units in an

organization had their own information systems. Exchange of information

amongst them was not only tough but a challenging task as well. In large

organizations, exchange of data amongst the various departments is more

frequent. The ERP system plays a key role here, as after implementation of

this system, data updated for a single transaction at one location,

simultaneously gets updated at multiple locations. This helps in the integration

of various business processes across the organization.

(ii) Flexibility: A single ERP system is able to cope with different languages

and currency values across the globe, for a company. Hence ERP systems

help in creating a truly global environment for organizations. This flexibility

of the system helps in management of the organization in a better manner

and it also aids the maintenance and development of systems across the

organization.

(iii) Better Insight: ERP systems help organizations to plan better. They can

provide a runtime data analysis on the basis of various parameters defined
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in the system. They help the management by providing a better insight and

the ability to take decisions in a shorter span of time.

(iv) Technological Advancements: ERP systems grow better day by day with

advancements in the software used to run them. The technological

advancements are always advantageous to ERP vendors and help make

the systems more adaptable and flexible for further development and a

better user experience.

Why ERP?

Using ERP systems over conventional systems has its own advantages. Firstly,

ERP systems are not restricted to a single business function, rather, they span to

multiple departments across the organization. Secondly, they are flexible enough

to be used by small or large enterprises. And thirdly, the support for multiple

languages and currencies makes ERP more viable for the organizations.

Implementation of ERPs

Before jumping into the ERP bandwagon there are a number of factors that an

organization has to look out for. There should be some well set deadlines and

schedules to be adhered to for successful ERP implementations. Making wrong

estimates should be avoided. It should always be kept in mind that an implementation

of this scale is very different in comparison to an in-house development of some

information system. There are huge costs involved in consulting and customizing

the system to suit the needs of the organization. After implementations, a training

needs to be imparted on how to use the systems. The training and education

process is itself quite expensive, as experts of the field need to be called in-house

to impart such trainings.

To avoid such problems, a thorough analysis of the company’s requirements

and that of the package’s offerings should be done. Instead of making such critical

estimates, experts of the field should be consulted and their advice be solicited

before going ahead with the decision to implement ERP systems. The primary

objectives behind the ERP implementation should be well defined and clear to the

management.

Benefits of ERP

In this section you will learn about some visible benefits of a successful ERP

implementation:

(i) Lower Turnaround Times: A successful ERP implementation helps in

reduction of time in receiving and the completion of the order (this time is

also known as lead time). Using ERP systems the demand can be anticipated

well in advance and the production managers can be ready with the materials

needed to meet the demand. The shortage of materials can also be estimated

well in advance and they can be ordered before they are actually exhausted,

in order to meet the targets on time.  In today’s world, the number of raw

materials needed by an organization is huge and maintaining the inventory

for such a large number of materials manually is practically impossible. This

is where ERP implementation comes to the rescue of the management.
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(ii) On-Time Shipment: In today’s changing times, customers have become

more demanding and manufacturers have to be a step ahead to remain in

competition, by enabling themselves to be able to fulfil the needs of the

customers in a better and more efficient time frame. Using technology, ERP

systems help to simulate different production scenarios and we can select

the best one out of all available production methods. This helps to be able

to ship the finished product at the earliest.

(iii) Better Utilization of Resources: ERP systems can provide good estimates

of the amount and quantities of materials required for manufacturing a product.

This helps in reducing the wastage of raw materials and hence helps in

better utilization of resources. Various modules of an ERP system

(manufacturing, material management, maintenance, sales and distribution,

etc.) work together to ensure that the wastage of raw materials is minimal

and the machine down time is low.

(iv) Better Customer Satisfaction: The increased efficiency of the organization

in production and shipping times, using the ERP system, helps the organization

in increasing customer satisfaction. The customers are better satisfied when

the products delivered to them contain the features they had requested for.

The company’s response should be timely and satisfactory and the final

product delivered should be usable and free from defects. If there is a Web

based ERP system, customers can actually place, track and check status of

their order in the comfort of their homes. Since the ERP systems consolidate

all resources at a single place, resolving customer-care queries becomes

easier for the support departments.

(v) More Accurate Information and Better Decision-Making: Information

management has become very important in an organization’s lifecycle to be

able to compete in the current scenario. ERP systems enable an organization

to manage huge amount of data, extract relevant information from it and

collate the necessary information to be presented to the user. The availability

of information in a timely and prompt manner helps in making better

decisions. ERP systems provide great integration of various systems and

help in better collation of information from different sources to enable the

employee or the management to take better decisions. Before ERP came

into existence, all departments use to function independently in an

organization. Now, with ERP in place, the production department can enter

their requirement, which when seen by the procurement department, enables

them to procure materials earlier. The entry of the procurement department

enables the finance department to manage finances accordingly, for that

month.

ERP Related Technologies

ERP systems are used for managing the business as a whole and help in effective

resource utilization across the enterprise. They integrate various functions across

the organization, such as materials management, planning, sales, marketing, finance,

accounts, etc. But there are a few limitations of ERP systems:
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� Report generation requires knowledge of the working of an ERP system. A

programmer needs to write the code and obtain information from the system.

� Only the most updated system is shown to the managers, a comprehensive

view of older data is not available to the managers by default.

� The ERP data is not integrated with systems outside the ERP environment.

Hence, to make ERP more useful and in order to remove these limitations we can

use a few technologies in conjunction with the ERP system. These technologies,

when combined with the ERP implementation, makes the lives of employees easier

and helps them make better decisions. Some of the technologies that we are going

to discuss are as follows:

(i) Business Process Reengineering (BPR):  We can think of BPR as a

redesign of the processes within an organization, resulting in better

performance, lower costs and better quality. This can be achieved by

extensive use of technology. IT (Information Technology) is the backbone

of any BPR. If laxity plays a part in the design of the IT processes, the

entire BPR can backfire and crash.

(ii) Data Warehousing: As the word warehouse suggests, a data warehouse

can be thought of as a place for storing data. With time, the amount of data

keeps on increasing in an organization and storing such huge data is itself a

challenge. The technique used for this is called data warehousing. There

are two types of data: operational and older. We can archive and store old

data in databases. It is a good practice to keep the operational and the

archived data in separate systems, as increasing the amount of data on the

same system would drastically reduce the system’s performance. The

archived data is very precious to an organization and hence, it has to be

stored efficiently using data warehousing.

(iii) Data Mining: In the current scenario, the data available to organizations is

humongous. But having a lot of data at hand is not beneficial, but extracting

information from the heaps of data is beneficial. Data mining is used to

extract the useful and valid data from heaps of data and in turn helps present

a better picture for making decisions. The recent data mining systems are

quite advanced and intelligent enough to make sense of the available data

and convert it to useful information. Today we have automated data mining

systems and there are a lot of advantages of having automated data mining

systems that we will discuss further in this unit.

(iv) Online Analytical Processing (OLAP): According to Business Intelligence

Ltd. OLAP can be defined in five words — Fast Analysis of Shared

Multidimensional Information. We can think of it as a system for statistical

analysis, maintaining the security and confidentiality of data, at the same

time providing multi-dimensional view of the data. The output of the system

is thus accurate.

(v) Supply Chain Management: It is an end to end system the function of

which is to get activated right from the procurement of raw materials, to

their conversion to semi-finished and finished products and delivering them

to the customer. It can also be visualized as a chain connecting various
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functions in an organization, without which the functions would not be able

to work together. These various functions can be marketing, distribution,

planning, manufacturing and purchasing. Supply chain management integrates

all the functions in an organization.

Check Your Progress

17. What is cost accounting module?

18. Define MRP-II or manufacturing resource planning.

19. What is ERP?

3.9 FACILITIES PLANNING

Facilities planning, including facility location and facility layout, play an important

role in the growth of an organization. Poor facility layout design can increase the

material movement cost and hence the total cost of the final product. Similarly,

poor facility location can increase the lead time or untimely delivery of the raw

material, unavailability of workforce, etc. The unit discusses about the advantages

and functions of layout planning, objectives and factors of a good plant layout. In

this unit, you will also study about the four basic types of layouts: product layout,

process layout, project layout and group layout.

3.9.1 Layout Planning
We can define layout as, ‘The physical location of the various departments/units of

a facility within the premises of the facility.’

The departments must be located based on some consideration. The common

considerations are:

1. Logical sequence of processing operation

2. Direction of material flow and material handling

3. Aesthetic considerations

4. Government regulations

5. Special requirements

The entrance and exit gates are usually critical in the layout planning of facilities.

Advantages and Functions of Layout Planning
Layout decisions are important for the following reasons:

Both money and efforts have to be invested considerably.

Long-term commitments lead to problems which are difficult to resolve.

They greatly impact on the cost and short-term operational accomplishments.

Designing of new and existing facilities give rise to layout planning requirements.

Principles of Layout

The general principles of plant layout are as follows:
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A good layout must fulfill the need for space availability, size of work area, machinery and other utility requirements, 
flow direction, type and number of movements of the material, workforce in the plant, and anticipated future 
changes. Integrating all these aspects is the main principle of layout.

There should be minimum movement of material.

The work area must have enough conformity with the flow of materials from raw stage to finished goods within the 
plant.

Adequate safety and comfortable working conditions should be provided for the employees at the layout.

A good layout should consider all three space dimensions available, also the vertical space along with floor space 
should also be considered while designing the work areas.

The layout should be able to accommodate expansions and probable future changes.

Layout Varies on Facility Types

The layouts vary as per the type of facility under consideration. For instance:

Centre for production or manufacturing plant.

Business set ups like shops, departmental stores, offices and banks.

Support facilities such as hospitals and post offices.

Residential dwellings such as apartments and houses.

Town planning and real property development.

Entertainment facilities such as theatres and parks.

Flow Patterns

According to the principle of flow, the layout plan organizes the work area for

every process stressing on the size and content of the job using gravitational force

makes the production flow smooth across the plant. The basic kinds of flow patterns

used in designing the layouts are I-flow, L-flow, U-flow, O-flow, and S-flow which

have the following features:

S-Type: The production 
floor is needed when the 

production line is long 
and has many twists.

I-Type: Distinct area 
for receiving and 

shipping

U-Type: Combined 
receiving and shipping 

at one end which 
became popular.

L-Type: Started using 
when straight line flow 

did not fit.

O-Type: Started using 
when the flow was 

required to terminate 
close to the origin.
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Objectives of a Good Plant Layout

� Simplifying the overall production process in terms of:

� Integrating men, materials, machinery, supporting activities and other

considerations which might provide a better agreement.

• Apparatus utilization
• Minimizing delays
• Reduction in production time
• Better supply support

� Minimizing usage cost of material through amenities in the best sequence

flow.

� Saving floor space by effective utilization of space and creating less jams

and disorders.

� Increased output and less work-in-progress.

� Improved control and suspension.

� Improved work atmosphere  leading to employee safety and less hazards.

� Employees’ comfort, job satisfaction and motivation.

� Reduced wastage and increased usage.

� Avoid useless capital investment.

� Increased flexibility and ability to fit changing situations.

� Better working methods and less manufacturing time.

� Improved product quality.

� Improved space usage.

Factors for a Good Plant Layout

A good layout is one which optimizes all the eight different factor categories which

are as follows:

(i) Material factors

� Design of the product

� Various varieties of products

� Production quantity

� Operations important for producers

� Production sequence

(ii) Personnel factor

� Number of direct employees

� Required supervisory and support assistance

� Usage of manpower

� Employee safety
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(iii) Machinery factor

� Production process

� Material required for production

� Utilization of tools

(iv) Movement factor

� Transportation in inter and intra-departments

� Handling material in various operations

� Storage and inspection

� Equipment for handling material

(v) Waiting factor

� Stable and temporary storage

� Delays and the place of delay

(vi) Service factor

� Employee support facilities like parking lots, lockers, washrooms and waiting

rooms.

� Handling material quality, production, schedules, dispatch and waste control.

� Machinery maintenance

(vii) Building factor

� Building interiors and exteriors

� Distribution of utility and equipment’s

(viii) Change factor

� Versatility

� Flexibility

� Expansion

Layout design procedure

There are four phases in the procedure for overall layout design:

Phase I : Location

Phase II : Basic overall layout

Phase III : Elaborate layout

Phase IV : Implementation

The regular procedure involves the following steps:

(a) Activities and data input

(b) Preparing the materials flow

(c) Preceding and succeeding activity relationship

(d) Plans of material usage

(e) Drafting a relationship graph using steps (a) to (d)
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(f) Calculating the space required

(g) Identifying the space availability

(h) Drafting a space relationship graph using steps (e), (f) and (g)

(i) Adapting to change

(j) Real limitations

(k) Draft an optional layout using steps (h), (i) and (j)

(l) Evaluating options

(m) Selecting the best layout

Check Your Progress

20. Define layout.

21. What are the eight different factor categories for a good plant layout?

Name them.

3.10 WORK SYSTEM

Regardless of whether comprehensive data and technical knowledge are available,

the work system method (WSM) is a systems analysis approach for thinking about

systems in companies. The objective of WSM is to assist business personnel in

comprehending and communicating about a system at whatever degree of detail is

necessary. Instead of treating systems as technical systems with users, WSM

considers them as sociotechnical work systems with human participants. It uses

both a static and dynamic perspective of systems, the work system framework

and the work system life cycle model. By describing the system in respect to

issues and opportunities, diving down to comprehend the situation in greater depth,

and generating a justifiable suggestion, it integrates those frameworks with traditional

problem solving.

Executives, managers, and other business professionals frequently need to

understand and respond to challenges and opportunities in their businesses'

operational systems. Such circumstances necessitate systems thinking, which entails

considering a problem as a whole in order to create adjustments that go beyond

concealing localised symptoms with band-aid solutions. Simple, easy-to-use

solutions should ideally be provided to assist people with system thinking. Methods

for technical specialists that involve formal model creation, complicated diagramming,

statistical skills, or intensive training in Six Sigma methodologies or IT software

have different ideal qualities.

WSM implies that the analysis issue is a work system, which is a system in

which human participants and/or machines use information and technology to

conduct processes and activities in order to generate products and services for

internal and/or external consumers. Methods and methods that highlight business

perspectives and concerns should treat such a system as a sociotechnical system

and concentrate on how to improve its performance. Almost all of today's work

systems rely on technology. They aren't IT systems, but they rely on it. The objective
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of a work system is to offer value to its clients, not merely to run according to its

own requirements. It is expected that requirements would change over time.

3.10.1 Design
Because the form of the knowledge and analysis that is required is determined by

the circumstances of a situation, WSM was intended to be applicable for many

purposes and at various degrees of detail. They are as follows:

· At a high level, an executive can utilise WSM to consider whether a system-

related investment proposal is really about enhancing a work system (not

simply software), and whether the comparison of the “as is” and “to be”

work systems demonstrates that performance will increase.

· A manager may just wish to check that someone else has completed a

thorough study. Before discussing a topic, a manager may wish to have a

firsthand knowledge of it.

· Various parts of the WSM may be used by implementers, change agents,

and work system participants to think about how the “as is” work system

functions, how effectively it operates, and how and why proposed

modifications might provide better results for the company and specific

stakeholders.

· Managers and other business professionals can utilise their expertise of a

work system as a reference point when cooperating with IT experts to

ensure that the IT professionals are fully aware of the business challenges

and goals that software upgrades should address.

· WSM can help IT workers comprehend system-related problems from a

business perspective and communicate more effectively with business

professionals who are their clients.

3.10.2 Managing information for production system

Manufacturing and logistics are supported by the production system, which is an

industrial system. Because there is frequently paperwork involved, they also entail

flows of raw materials, equipment, and event information. A manufacturing system’s

constraints also include its capacity and the quality of the completed product.

The capacity of the production system’s information-handling channel may

also be a significant indicator of the system’s output. The production manager’s

primary responsibility is the management of information flows, or the planning and

control of the system to produce acceptable outputs.

While system capacity is the most important element in evaluating whether

output expectations can be reached, quality must also be considered as a limiting

factor. The appearance, performance qualities, durability, serviceability, and other

physical features of a product, as assessed against some objective standard,

including delivery timeliness, cost, suitability of paperwork and supporting materials,

and so on. It’s a crucial component of a system’s definition.



Production Planning and
Control

NOTES

Self - Learning
Material 81

3.11 SCHEDULING AND SEQUENCING

Schedule is a timetable for performing activities, utilizing resources or allocating

facilities. It schedules, dispatches, tracks, monitors, and controls production on

the factory floor. In the case of the job shop, jobs need to be routed through a

sequence of work centres to complete the work.

Scheduling systems can use either infinite or finite loading. Infinite loading

occurs when work is assigned to a work centre on the basis of what is needed to

be done, without considering the capacity or resources required to complete the

work or the sequence of the work to be done. Study of infinite loading is beyond

the scope of this unit.

In finite loading, the work is assigned to a work centre only after careful

consideration of each resource such as capacity of machine, materials available,

manpower available, and so on. If an operation is delayed due to material shortage,

the order will wait for the part to become available from a preceding operation.

Theoretically, all schedules are feasible when finite loading is used.

Scheduling systems can also be based on whether the schedule is generated

forward or backward in time. Forward scheduling refers to the situation where the

system takes an order and then schedules each operation that must be completed

forward in time. The system will then project the earliest date that an order can be

completed.

Backward scheduling starts from some date in the future (generally the due

date) and schedules the required operations in reverse sequence. The backward

schedule tells when an order must be started in order to be done by a specific

date. The Material Requirements Planning (MRP) system is an example of an

infinite, backward scheduling system for materials. In MRP, each order has a due

date sometime in the future. The system then calculates the required parts by

backward scheduling the time that the operations will be run to complete the orders.

The time required to make each part (or batch of parts) is estimated based on

historical data.

Objectives of Scheduling

Why is scheduling so important in production planning and control? This is because

it enables the organization to:

� Meet due dates

� Minimize lead time

� Minimize set-up time and set-up cost

� Minimize work-in process inventory

� Maximize machine and labour utilization

There are several methods used in industry for work centre scheduling, or simply

called job scheduling.
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3.11.1 Loading
You have learnt that a schedule is a timetable for performing activities, utilizing

resources or allocating facilities. It schedules, dispatches, tracks, monitors, and

controls production on the factory floor.

In the case of the job shop, jobs need to be routed through a sequence of

work centres to complete the work.

Scheduling systems can use either infinite or finite loading.

Infinite loading occurs when work is assigned to a work centre simply

based on what is needed to be done, without consideration of capacity or resources

required to complete the work or the sequence of the work to be done. Infinite

loading is beyond the scope of our study.

In finite loading, the work is assigned to a work centre only after a careful

consideration is done of each resource such as capacity of machine, materials

available, manpower available, etc.  If an operation is delayed due to a material

shortage, the order will wait for the part to become available from a preceding

operation. Theoretically, all schedules are feasible when finite loading is used.

Scheduling systems can also be based on whether the schedule is generated

forward or backward in time.  Forward scheduling refers to the situation where

the system takes an order and then schedules each operation that must be completed

forward in time.  The system will then project the earliest date that an order can be

completed.

Backward scheduling starts from some date in the future (generally the

due date) and schedules the required operations in reverse sequence.  The backward

schedule tells when an order must be started in order to be done by a specific date

which has been demanded by the customer.

Factors Affecting Scheduling

The following factors affect production scheduling and are considered before

establishing the scheduling plan:

(a) External factors
� Customer’s demand

� Customer’s delivery dates

� Goods in stock with the dealers and retailers

(b) Internal factors
� Stock of finished goods with the firm

� Time taken to process finished goods from raw material.

� Availability of equipment and machinery, their total capacity and

specifications

� Availability of materials, their quantity and specifications

� Availability of manpower

� Additional manufacturing facilities

� Feasibility of economic production runs
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3.11.2 Scheduling of Job Shops, Floor Shops and Gantt
Charts

The process of determining which job to start first, and in what order other jobs
should be processed, on the machine or work centre is known as job sequencing
or priority sequencing. Priority rules are used in obtaining a job sequence. Jobs
are generally sequenced according to processing time, due date or order of arrival.
This method can be used for both finite loading as well as infinite loading and
forward as well as backward sequencing.

The following are the common bases on which sequencing is done:

1. Meeting due dates of customers or downstream operations

2. Minimizing the flow time (the time a job spends in the process)

3. Minimizing work-in-process inventory

4. Minimizing idle time of machines and workers

There can be several situations: there may be number of jobs and one machine or
there may be ‘n’ jobs and n machines. For each situation, there are methods for
sequencing. The important methods of sequencing are discussed here.

Sequencing when there are Several Jobs and One Machine
In the first case, jobs may be sequenced according to any of the following rules:

1. Minimum Process Time (MINPRT) Method. This is also known as shortest

operation time method (SOT). Under this rule, the job with the shortest

process time is first scheduled, followed by next lowest process time, and

so on.

2. Due Date Method (DD Method). In this method, the job with earliest due

date is done first.

3. First Come First Served (FCFS) Method. In this method, jobs are scheduled

in the order in which they are received by the company.

4. Longest Process Time (LPT) Method. This method is just the reverse of
MINPRT method as job with longest processing time is attended first.

5. Dynamic Slack/Remaining Operation (DS/RO) or Minimum Slack per
Operation (MINSOP) Method. In this method, first Dynamic Slack (DS)
is computed. (This is the difference between due time and processing time).
This is divided by Remaining Operation (RO) time. Unless specified, RO
will be assumed as one. Final scheduling of the job under this method is
done as per the ranking. Job with lowest DS/RO value is assigned Rank 1
and attended first. The next higher value gets Rank 2 and so on.

Which particular rule is more appropriate for a given situation will depend on the
average job lateness and average number of jobs in the system The lesser the job
lateness, the better it is as it will ensure customer satisfaction, optimum utilization
of machine, reduced slack time, etc.

The following solved example will help explain all the above methods.

Example 3.6
Four jobs W, X, Y and Z need to be done at the same work centre. Their process
times and due dates are as given below. Sequence the jobs by different methods.
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     JOB  PROCESS TIME   DUE DATE 
(number of days)   (days from today) 

W     5     12 

X     6     18 

Y     7     21 

Z   10     14 

Solution
1. Minimum Process Time (MINPRT) Method

W is done first since it has the lowest process time.

Next X is done (By now, total days required = 5 + 6 = 11, It is below 18)

Next do Y, Total days required = 11 + 7 = 18, it is below 21.  So no delay
will be caused

Next do Z, total days 5 + 6 + 7 + 10 = 28.

It is beyond 14 by 14 days. So delay is 14 days.

Job Z gets delayed by 14 days

2. Due Date (DD Method) Method

  Process time Flow time Due dates Job  
   (Cumulative Process time)  lateness
 W 5 5 12  0 

 Z 10 15 14  1 

 X 6 21 18  3 

 Y 7 28 21  7 

First the jobs are rearranged in the increasing order of due dates, i.e., W, Z,

X Y.

Total completion time = 5 + 10 + 6 + 7 = 28 days

Next, calculate flow time

For W = 5

Then Z completed after 5 + 10 = 15 days

X = 15 + 6 = 21, Y = 21 + 7 = 28 days

Cumulative or Total = 5 + 15 + 21 + 28 = 69 days

Average Completion time = 69/4 = 17.25 days

Average Job lateness = (0 + 1 + 3 + 7)/4 = 11/4 = 2.75

3. First Come First Serve (FCFS) Method – Irrespective of the process times

or due dates, the jobs received first are done first.

4. Longest Process Time (LPT) Method

 Process time Flow time Due dates Job  
 (Cumulative Process time)  lateness 

Z 10 10 14 0

Y 7 17 21 0

X 6 23 18 5

W 5 28 12 16 

28 78  21
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In this case, the jobs are rearranged in the decreasing order of Process
Times i.e., Z, Y, X, W.

Total completion time 28 days.

Average Completion time = 78/4 = 19.5

Av. Job lateness = 21/4 =5.25

5. Dynamic Slack/Remaining Operation (DS/RO) or Minimum Slack per
Operation (MINSOP) Method

Assume that the number of operations for each job are W = 2, X = 3, Y =
2 ,
Z = 4.  (Number of operations means the number of activities which need
to be done to make W)

Delivery date – Process time
DS/RD ratio = –––––––––––––––––––––––––

     No. of operation

DS/RD ratios are = W = (12 – 5)/2 = 7/2 = 3.5

Similarly, X = 4, Y = 7, Z = 1.

Rank them Z being the lowest is 1. W = 2, X = 3, Y = 4

Rearranging them in the increasing order of their rank, we get

Process time Flow time Due dates Job  
 (Cumulative Process time)  lateness

Z 10 10 14 0 

W 5 15 12 3 

X 6 21 18 3 

Y 7 28 21 7 

13

Total completion time = 28 days

Average Completion time = 74/4 = 18.5

Average Job lateness = 13/4 = 3.25 days

Tabulating all the results:

Sequencing Total  Av. Completion Av. Job 
Rule completion time time lateness 
MINPRT 28 15.5 4.25 

FCFS 28 15.5 2.21 

LPT 28 19.5 5.25 

DD 28 17.25 2.75 

DS/RD 28 18.5 3.25 

Rules can be selected depending on the requirement.

Sequencing when there are Several Jobs and Several Machines
This method was developed by S.M. Johnson, to minimize idle time by prudent
job allocation.
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Example 3.7
In a job shop, several jobs A, B, C, D, E, F and G have to be performed on two
machines M

1
 and M

2
 in the same sequence, i.e., M

1
 first and then M

2
. The time

taken by each job on each machine is given below. Determine the sequence of the
jobs.

JOB M1 M2

A 9 2

B 5 4

C 8 10

D 3 5

E 4 6

F 1 11

G 7 6

Solution
(a) Lowest time taken on M

1
 is job F. So F is first.

(b) Next ‘2’ is taken by job A on M
2
. So A will be last.

(c) Next ‘3’ is job D on M
1
. So D is 2nd job.

(d) Next ‘4’ is job E on M
1
. So E is 3rd.

(e) Also ‘4’ is job B on M
2 . 

So B is before A.

(f) Next ‘5’ is job D on M
2
. But D is already scheduled. So ignore.

(g) Next ‘6’ is Job E on M
2
. Ignore since E is already scheduled.

(h) ‘6’ is also job G on M
2
. So G is before B

(i) Left over is C. So place it after E.

So the sequence decided is F, D, E, C, G, B, A.

The situation becomes difficult when several jobs have to be assigned to

several machines. The index method and assignment methods are used for this

purpose.

Index Method
Index method is a method of finite job loading and backward scheduling. The

lowest time or cost required by a particular job–machine combination is considered

as the base and the indices for the other combinations are made based on the base

index. While allocating, the capacity of the respective machines and the time

available are considered, which should not be exceeded under any circumstance.

The following example will help understand this method.

Example 3.8

In a job shop, five products, A, B, C, D and E need to be produced on four

machines 1,2,3 and 4. The number of days it will take if A is made on Machine 1

is 10, A on 2 is 9 days and so on.  Allocate the 5 jobs to the 4 machines so that all

the jobs are completed within the total time available of 20 days.
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                             WORK CENTRE (NO. OF DAYS) 
 JOB 1 2 3 4 
 A 10 9 8 12 

 B 3 4 5 2 

 C 25 20 14 16 

 D 7 9 10 9 

 E 18 14 16 25 

 No. of days 

 Available 20 20 20 20 

Solution
Assign an index number first. For every job, assign the number 1 to the job-

machine combination having the lowest number of days. In this example, for job

A, 8 is assigned index 1, For B, 2 is 1, for C, 14 is 1, for D 7 is 1 and for E 14 is 1.

Then calculate the ratios for the other numbers and tabulate as below.

      WORK CENTRE  
   JOB  1 Index  2 Index  3 Index 4 Index  

   

   A  10 1.25  9 1.13  8 1.0 4 1.5 

   B  3 1.5  4 2.0  5 2.5 2 1.0 

   C  25 1.78  20 1.42  14 1.0 16 1.14

   D  7 1.0  9 1.28  10 1.47 9 1.28 

   E  18 1.28  14 1.0  16 1.14 25 1.78 

   Days available  20   20  20  20 

   Days assigned  7   14    8  2 + 16 = 18 

In the Table, A has the lowest index for Work Centre 3. So A is allocated Work
Centre 3.

Similarly, D is assigned line 1.

E = line 2

B = line 4

For C, the lowest index is at work centre 3. But if it is allotted, it will take 8 + 14
= 22 days, will exceed the available 20 days. So if C goes to 1.14 index, that is
line 4. Then line 4 will be booked for 2 + 16 = 18 days.

Assignment or Job Loading

In most job shops, there may be more than one workstation available to perform

a job. It then becomes necessary to choose between different alternatives and

jobs are allocated to the most time and cost–effective job-machine combination.

Assignment or job loading technique is a quantitative method which optimizes our

decision on job scheduling.

Example 3.9
Four jobs W, X, Y and Z have to be assigned to four machines 1, 2, 3 & 4.  The

manufacturing cost in Rupees for various job-machine combinations is given. Assign

the jobs to the machines such that the total cost is minimum.
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Machine # 
 JOB 1 2 3 4 
 W 8 4 7 14 

 X 15 12 9 3 

 Y 9 18 12 16 

 Z 10 20 15 5 

Solution
Step 1: Subtract the smallest number in a column from all the other numbers in
that column. For e.g. In the first column, 8 is the smallest number. So we subtract
8 from 8,15,9 and 10. The revised matrix is as follows:

1 2 3 4 
W 0 0 0 11 

X 7 8 2 0 

Y 1 14 5 13 

Z 2 16 8 2 

Step 2: Subtract the smallest number in a row from all other numbers in that row:
The revised matrix is as follows:

1 2 3 4 
W 0 0 0 11 

X 7 8 2 0 

Y 0 13 4 12 

Z 0 14 6 0 

Step 3: How many lines can be shown to cover all zeroes? One could draw three
lines. This means that one machine will be idle (Since there are four jobs and four
machines). However this is not cost-effective.

(Note: If minimum number of lines is not equal to the number of columns, it means machines
will remain idle. Lines represent the machines, so we must continue this step till we get the

number of lines covering all zeroes equal to the number of machines.)

So, now look for the smallest number which is not covered by any line. It is
2 here. So subtract 2 from all the numbers, which have not been covered by the
three lines and add 2 to all the numbers at the intersection of the lines.

The matrix now becomes:

1 2 3 4 
W 2 0 0 13 

X 7 6 0 0 

Y 0 11 2 12 

Z 0 12 4 0 

Step 4: Y = 1 (since there is only 1 zero).

W = 2 or 3

X = 3 or 4
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Z = 1 or 4

So by elimination, the assigned values are, Z = 4, X = 3, W = 2, Y = 1.

Gantt or Bar Charts Method

Gantt method was introduced by Henry Gantt in 1917 for use in production

planning, scheduling and control. It is a type of bar chart that plots tasks against

time. They are used for project planning as well as to coordinate a number of

scheduled activities. In a Gantt chart, the time frame, which may be in terms of

hours, days, weeks or months, is on the ‘X’ axis. The activities are plotted on the

vertical or ‘Y’ axis.

Gantt charts are used as

� Scheduling or progress charts, to show the sequence of job progress

� Load charts, to illustrate the work assigned to work group or allocated to

machines

� Record charts, to keep a track on the actual time spent and delays, if any

Gantt charts require updating at regular intervals, like when starting of work is
delayed, when work continues beyond the time schedule, or when progress of
work is not in accordance with the actual plan. For unforeseen eventualities also,
at times, it may be essential to initiate corrective action, which will require

corresponding changes in Gantt charts.

The advantages of Gantt charts are as follows:

(i) They are simple and inexpensive and can be developed even by a
supervisory staff with some amount of training.

(ii) The chart can clearly show the decided time and work schedules for
every job.

(iii) Updating and changes can be made quickly and with less cost
involvement.

(iv) These type of chart boards are available in standard sizes from the

market, which substantially saves the cost of developing customized
(specific to one’s requirement) Gantt chart boards.

Disadvantages of Gantt charts are as follows:

(i) Interrelationships and inter-dependencies between jobs cannot be
shown.

(ii) Cost aspect of jobs cannot be indicated.

(iii) Other alternatives for project completion cannot be shown.

Depending on the nature of requirement, the shape and form of Gantt charts
may be different.

Smaller job shops and individual departments of large ones employ the
Gantt chart to help plan and track jobs.  The following example will help understand

how to draw and interpret a Gantt chart.

Example 3.10
Two jobs J1 and J2 need to be performed on two machines in that sequence, that

is M1 first and then M2. The time taken by each job on each machine is given

below. Draw a Gantt Chart and use it to allocate the jobs to the machines.
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  M1  M2

      J1  3  9 

      J2  5  11 

Solution
Suppose we follow sequence J

1
, J

2
.

  M1      J1          J2

         

  M2     IDLE  J1     J2

0 2 4 6 8 10 12       14    16    18 20 22

When J
1
 is on M

1
, M

2
 is idle. After 3 hours, when J

1
 goes to M

2
, J

2
 starts in

M
1
.

Total time required in this sequence = 3 + 9 + 11 = 23 hours.

Suppose we follow sequence J
2
, J

1
.

 M1      J2        J1

         

 M2     IDLE            J2    J1

0       2        4       6       8      10      12      14       16      18     22      24      26

When J
2
 is on M

1
, M

2
 is idle. After 5 hours, when J

2
 goes to M

2
, J

1
 starts in

M
1
.

Total time required in this sequence = 5 + 9 + 11 = 25 hours.

So, J
1
 J

2
 is a better sequence since time taken in lesser.

Check Your Progress

22. How can an executive utilize the work system method?

23. How is work assigned in finite loading?

24. What are the external factors that affect scheduling?

25. What is index method?

3.12 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Man, machine, materials, money, methods, and management are the six Ms

of business.

2. The design process includes mass production planning, which demonstrates

how a product design may be manufactured on a mass production line

using both skilled and unskilled labour. It is critical to keep each stage of the

manufacturing process simple while developing the production line. This is

referred to as 'mass production planning.'

3. Routing means determination of the sequence of operations for manufacturing

a product or service. This path is determined in advance and forms the

basis for most of the scheduling and dispatching functions. According to
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Kimball and Kimball: 'Routing is the selection of path or route over which

each piece is to travel in being transformed from raw material into finished

product.'

4. Production control offers the following benefits to an organization:

(i) As production control aims to make the right quality and quantity of

products accessible to the customers at the right time at minimum cost,

the management can align the production activities with its sales

programme.

(ii) Investment in inventories and finished stock can be kept to the minimum.

(iii) The firm can capture and increase its market share by producing the

goods at the lowest cost.

(iv) Profits will improve as increased sales will increase profit.

(v) Production control function guides the management to direct the

production along the lines planned. It evaluates the actual performance

consistently and locates deviations. It also suggests corrective measures

to eliminate the deficiency in planning and operations.

5. The main objective of aggregate planning is to minimize the total cost over

the planning horizon.

6. The term 'chase' denotes that the production plan pattern follows the demand

pattern.

7. A manufacturing plan is a master production schedule. It is one of MRP's

three primary inputs. It quantifies the major processes, components, and

other resources needed to optimise production and predict demands and

finished items. MPS inputs 'drive' MRP, whose success is dependent on the

MPS's validity and realism.

8. An MPS is developed in two phases:

(i) Development Phase

(ii) Implementation Phase

9. The last stage is to develop the exact manufacturing programme that MRP

will process. The component purchase, manufacturing, and subassembly

operations are then planned using MRP. This is the stage of implementation.

The closed loop approach ensures that changes are addressed in a timely

manner and that the final schedule is realistic and feasible.

10. The three prerequisite inputs for making MRP work are:

  (i) Master Production Schedule (MPS)

 (ii)  Bill of Materials (BOM)

(iii) Inventory Records File

11. For an accurate MRP system, it is first and foremost essential to have an

accurate MPS, accurate bill of materials and accurate inventory records.

12. An organization does capacity planning when:

(a) It is starting a new manufacturing unit.

(b) It is increasing volumes of an existing manufacturing unit.

(c) When new products are being introduced.

(d) When there is a change in demand - addition, deletion of products.
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13. Two short-term methods to vary capacity are -

(a) Inventories: Companies may continue to produce during periods of

low demand and pile up stock. This can be used during periods of

increased demand.

(b) Labour: Companies hire manpower during periods of high demand

and lay off during periods of low demand. They may also pay overtime

for extended working hours or allow relaxed working hours during

low demand.

14. When a company feels that its products have entered the decline phase of

their life cycle, it may decide to diversify or discontinue the product. It then

sells off or transfers technology and skill to other companies. The capacity

may also be reduced and allocated to other products of the company.

15. Efficiency, performance, and user satisfaction are almost always

compromised when dealing with capacity issues.

16. MRP systems may be plagued with mistakes when companies with

operations in many countries do not set up by individual location.

17. A cost accounting module conducts the costing and estimates the absorbed

overhead of goods and labour. Financial reports, such as overheads for

each work centre, work-in-process costs, purchase price reports, and so

on, are also created.

18. MRP-II or manufacturing resources planning can be defined as an information

system that integrates all manufacturing and related applications, including

decision support, MRP, accounting and distribution. It is a system which

allows manufacturers to optimize materials, procurement, manufacturing

processes, etc., and provide financial and planning reports.

19. Enterprise Resource Planning (ERP) is a self-contained, tightly knit system

for managing internal and external resources (vendors, etc.) in order to

increase the enterprise's overall efficiency. ERP stands for Enterprise

Resource Planning, and it is a computer-based system that may be used to

manage finances, human resources, and material resources.

20. Layout can be defined as, 'the physical location of the various departments/

units of a facility within the premises of the facility.'

21. The eight different factor categories for a good plant layout are material

factor, personnel factor, machinery factor, movement factor, waiting factor,

service factor, building factor, and change factor.

22. At a high level, an executive can utilise the WSM to consider whether a

system-related investment proposal is really about enhancing a work system

(not simply software), and whether the comparison of the "as is" and "to

be" work systems demonstrates that performance will increase.

23. In finite loading, the work is assigned to a work centre only after careful

consideration of each resource such as capacity of machine, materials

available, manpower available, and so on. If an operation is delayed due to

material shortage, the order will wait for the part to become available from

a preceding operation. Theoretically, all schedules are feasible when finite

loading is used.
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24. The external factors affecting scheduling are:

(i) Customer's demand

(ii) Customer's delivery dates

(iii) Goods in stock with the dealers and retailers

25. Index method is a method of finite job loading and backward scheduling.

The lowest time or cost required by a particular job-machine combination

is considered as the base and the indices for the other combinations are

made based on the base index. While allocating, the capacity of the

respective machines and the time available are considered, which should

not be exceeded under any circumstance.

3.13 SUMMARY

� Six Ms of a business form the input-man, machine, materials, money, methods

and management. Planning the inputs over a specified period of time so as

to get the planned output is the job of 'production planning'.

� The scope of planning for mass production extends beyond the production

system itself. The considerable and uninterrupted flow of goods from the

factory shop floor requires a well-planned distribution and marketing setup

to ensure that the product reaches the consumer.

� Shop floor control (SFC) system is the interface between the two following

stages: pre-production planning and shop floor execution.

� Facility location is the selection of suitable location or site where the factory

or facility will be installed and from where it will function. There are two

fundamental objectives to a facility location exercise. They are as follows:

(a) Minimizing cost

(b) Maximizing revenue.

� When a plant is located near its customers/markets, the cost of transportation

is very less. This reduces the product cost.

� Most of the small ancillary units are located near big automotive factories.

Proximity to markets also allows companies to meet sudden spurt in demand,

thus providing an advantage over competitors located at far-off places.

� The break-even analysis method is based on the concept of break-even

analysis. Cost is constituted of two components: fixed cost and variable

cost.

� The Ardalan Heuristic Model is most effective when we are deciding on the

location of service facilities like schools, hospitals and post offices.

� Warehousing plays a crucial role in the overall distribution design.

� Process planning is a key element in project management that focuses on

selecting resources for use in the execution and completion of a project.

� In a manufacturing setting, this aspect of planning also includes establishing

the general sequence of steps that begin with the acquisition of materials

and end with the creation of finished product.
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� The need for efficient and effective forecasting tools and techniques arises

due to frequent changes in the technology of manufacturing processes,

involvement of local or central government in the economy, and global social

and political changes. The purpose of forecasting technique is also important

to predict macro and micro fluctuations in order to survive and grow in the

dynamic and uncertain market conditions.

� Layout can be defined as 'The physical location of the various departments/

units of a facility within the premises of the facility.'

� The entrance and exit gates are usually critical in the layout planning of

facilities.

� According to the principle of flow, the layout plan organizes the work area

for every process stressing on the size and content of the job using

gravitational force makes the production flow smooth across the plant.

� There are many objectives of a good plant layout such as simplifying good

plant layout, minimising usage cost of material, improved control and

suspension, improved work atmosphere, reduced wastage and increased

usage etc.

� A good layout is one which optimizes all the eight different factor categories

namely material factors, personnel factor, machinery factor, movement factor,

waiting factor, service factor, building factor and change factor.

� There are four phases in the procedure for overall layout design namely

location, basic overall layout, elaborate layout, and implementation.

� Capacity planning is an aspect of Production Planning. Capacity is the ability

to produce and capacity planning is the process of identifying the capacity

of a production unit that is required for producing so as to meet the current

and future demands.

� The capacity bills technique provides a much more direct linkage between

individual end products in the MPS and the capacity required at individual

work centres than does the CPOF. The capacity bills technique also requires

more data than CPOF such as BOM, routing and operation time standard

data are all necessary inputs in order to develop the capacity plan using the

capacity bills technique.

� In a chase plan, the workforce size is varied according to demand, keeping

the utilization of workers and inventory size constant. During periods of low

demand, the workforce size is decreased and the extra workers are laid

off. Similarly, during periods of high demand, more workers are hired. The

hiring and laying off costs are substantial in this plan. Since production is in

tune with demand, inventory is almost negligible. During the period of heavy

demand, overtime may be required on the part of workers, for which the

company incurs overtime cost. The workers' morale could be low due to a

sense of insecurity.

� Backward scheduling starts from some date in the future (generally the due

date) and schedules the required operations in reverse sequence. The

backward schedule tells when an order must be started in order to be done
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by a specific date. The Material Requirements Planning (MRP) system is

an example of an infinite, backward scheduling system for materials.

� In most job shops, there may be more than one workstation available to

perform a job. It then becomes necessary to choose between different

alternatives and jobs are allocated to the most time and cost-effective job-

machine combination. Assignment or job loading technique is a quantitative

method which optimizes our decision on job scheduling.

3.14 KEY TERMS

� Job Sequencing: It is the process of determining which job to start first,

and in what order other jobs should be processed on the machine or in a

work centre.

� Assignment or job loading technique: It is a quantitative method which

optimizes the decision on job scheduling.

� Shop Floor Control (SFC) System: It is a setup of controllers and

computers that schedule, despatch and monitor the progress of work orders

through manufacturing on the basis of specific routings.

� Batch Production: It refers to manufacturing and production of a number

of identical articles with the purpose of meeting a specific order or a

continuous demand.

� Capacity Planning: It is the process of identifying the capacity of a

production unit that is required for production, so as to meet the current

and future demands.

� Materials planning: Once the order is received, the PPC decides on the

raw materials required to manufacture, taking into account the capacity of

various production shops, the Bill of Materials, inventory on hand, and lead

time for procurement.

� Routing (or process planning): Routing means determination of the

sequence of operations for manufacturing a product or service. This path is

determined in advance and forms the basis for most of the scheduling and

dispatching functions.

� Loading: This involves allocating jobs to machines as per the capacity of

machines and priority of jobs to be done, so that the machinery is utilized to

the maximum possible extent.

� Dispatching: Dispatching means preparation and distribution of work

orders and manufacturing instructions to the concerned departments in

accordance with the details worked out under routing and scheduling functions.

� Progressing: This involves controlling the process of production, collection

of data from various manufacturing shops, recording the progress of work

and comparing progress against the plan.
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3.15 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions
1. What are the various elements of production planning?

2. What is the significance of facility location in operations management?

3. What do you understand by the break-even analysis method?

4. What are the long-term methods of modifying capacity?

5. Write a short note on process planning.

6. What are the inputs of the MRP system without which it cannot function?

7. 'What is commonly called "the master production schedule" is really a set of

individual schedules for each item planned at this level.' Explain this statement

with examples.

8. Describe resource requirements planning. How is it used in the MPS?

9. What are the objectives of product design and development?

10. Discuss, in short, the life cycle of a product.

11. Why is scheduling important in production planning and control?

12. What are the common bases on which sequencing is done?

Long-Answer Questions
1. What is mass production? Discuss the basic principles of mass production.

2. Describe the various features of the shop floor control system and batch

production.

3. Discuss the factors that affect a location decision.

4. Explain the long-term methods of modifying capacity of a company.

5. Elaborate on the importance of industrial safety in a business.

6. 'If the required data is not entered into the system properly, MRP will not

produce credible data and errors will destroy the credibility of MRP.' Discuss

critically.

7. How is MPS developed? Describe each of the different stages.

8. Discuss the techniques used in product design and development.

9. Describe the activities that define the scope of production planning and control.

10. Discuss the modules through which the MRP-II system works.
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UNIT 4 MATERIALS MANAGEMENT

Structure
4.0 Introduction

4.1 Objectives

4.2 Functions of Material Management

4.3 Dependent and Independent Demand System

4.4 Material Planning
4.4.1 Factors Influencing Material Planning

4.4.2 Techniques of Material Planning

4.4.3 Moving Average Method

4.4.4 Budgeting

4.5 Value Analysis

4.6 Purchase Functions and Procedure

4.7 Inventory Control
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4.8 Types of Inventory: Safety Stock
4.8.1 Order Point
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4.0 INTRODUCTION

Planning and control of the functions that aid the entire cycle (flow) of materials

and the respective course of information is known as material planning. Materials

requirement planning was the most basic of the integrated information systems

linked to the management of developments in output for businesses with the help

of computers and information technology to supply significant data to managers.

With the arrival of these types of systems, production efficiency could be significantly

enhanced. As the evaluation of data and the technology to record it became more

refined, more wide-ranging systems were created to combine MRP with other

features of the manufacturing process.

Materials requirement planning works in the reverse direction of a production

plan for incomplete goods to create requirements for constituents and raw materials.

MRP starts with a plan and timetable for complete goods, which is transformed

into a plan of requirements for the subassemblies, the constituents and the raw

materials required to manufacture the final product within the decided period.

MRP is aimed at responding to the following three questions: ‘what is needed?

How much is needed? and when is it needed? This unit will discuss all aspects of

materials planning and materials management.
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4.1 OBJECTIVES

After going through this unit, you will be able to:

� Define the objectives, functions and importance of materials management

� Discuss the concepts and scope of materials management

� Describe the duties and responsibilities of materials manager

� Define the factors and techniques associated with material planning

� Explain the salient features of materials requirement planning

� Discuss the role of inventory control

� Describe the concepts of value analysis and cost reduction

� Describe the different types of layout

� Discuss the methodology for layout planning

4.2 FUNCTIONS OF MATERIAL MANAGEMENT

According to Bethel, ‘materials management is a term used to connote controlling

the kind, amount, location, movement and timing of the various commodities used

in and produced by the industrial enterprise.’

Materials are the most important resources for any company because no

goods can be produced without them. Materials management controls the

procurement, storage, amount, movement and consumption of materials that can

be used by a company for its production process.

An Integrated Approach to Materials Management

The basic task of materials management is to improve the productivity of materials.

For this, materials management follows a systematic and an integrated approach

that involves various activities. These activities are as follows:

� Materials planning: It determines the needs of the consumers in advance,

translates sales projection into production requirements and makes accurate

estimation of materials that are required for production.

� Make-or-buy decisions: It decides which items can be produced in the

home plant and which should be obtained from outside sources, based on

the total cost available for production.

� Purchasing: It provides constant supply of raw materials, parts, components

and consumables to meet the target of production.

� Receiving and inspection: It collects materials and inspects them to ensure

that they are of good quality. This helps to decide whether the materials

should be accepted or not for further production.

� Storage: It provides the right place to store materials, uses proper methods

of preservation and also provides proper security against theft and

malpractices. This activity also takes certain steps to ensure that there is

minimum wastage of materials while storing them.

� Inventory control: It maintains optimum investment in inventories and also
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ensures that materials that are required for production are supplied at the

right time.

� Distribution of materials: It ensures the fastest and most efficient supply

of materials to the customers.

� Transportation: It ensures efficient transportation of incoming and outgoing

materials.

� Disposal of surplus, obsolete and scrap materials: It analyses the

requirement of materials and selects the most economical channel to dispose

off surplus materials and those that not required.

� Developing new sources of supply: It locates, selects sand develops

new sources to supply materials for improving the product quality and

reducing the total cost of production.

� Import substitution: It reduces purchasing cost by developing domestic

sources of supply for imported materials and therefore, saves foreign

exchange.

� Materials research: It involves analysis of all the factors, such as economic

analysis, market analysis, price analysis, transportation analysis, lead-time

analysis, etc., that affect the functions of materials management.

� Waste management: It minimizes the wastage of materials by determining

the causes for rejection and scrap of materials.

All the mentioned activities must be properly coordinated to maximize the

effectiveness of materials management.

Objectives of Materials Management

The primary objective of an organization is to reduce the cost that occurs while

buying, storing, handling, insuring, transporting and packaging materials. In addition,

materials management fulfills the following objectives:

� It maintains a steady flow of materials to ensure that the production of the

products does not get interrupted.

� It adopts cost reduction techniques like MRP and value analysis to manage

the total cost required for proper management of materials.

� It provides the right materials, of the right quality, in the right quantity and at

the right time, to ensure the production of high-quality products.

� It implements scientific inventory control techniques to reduce inventory investment.

� It maintains records of purchase and stores.

� It preserves stocks so that any loss of materials caused due to deterioration,

and pilferage can be kept to a minimum.

� It improves the producer–consumer relationship by producing high-quality

products.

� It improves the firm’s strength in the market by producing the best quality

products at the lowest possible cost.

� It minimizes wastage of materials and, therefore, reduces the operating cost.

� It dumps surplus materials that are not required for the production process.
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Figure 4.1 shows the objectives of materials management.
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Fig. 4.1 Objectives of Materials Management

Functions of Materials Management

The main function of materials management is to obtain and control all the materials

and items required by the organization. Following are the functions of materials

management:

Planning and programming of materials: It determines the needs of the

consumers in advance and makes an exact estimation of various materials

that are required and the time when they are required for the production

process.

Purchasing of materials: It ensures an uninterrupted supply of materials

to achieve the goal of production. Purchasing of materials should always be

done after market research.

Inventory control: It maintains the sufficient inventory level of materials to

meet customer needs. It also enables the organization to determine an

appropriate inventory level by keeping in mind the carrying inventory cost.

Store keeping: It manages the physical storage of materials, because the

materials are required to be stored until they are consumed or sold. It is the

responsibility of materials management to receive, store, move and issue

materials until they are consumed.

Stores accounting: It maintains the records of materials to determine the

reorder level. This helps a storekeeper to order the materials when the

stock reaches the reorder level.

Transportation: It manages the proper handling and transportation of

incoming and outgoing materials.

Materials economics: It helps reduce the cost incurred while purchasing,

tendering, packaging, handling, moving, storing and inspecting materials.

Utilizing various cost reduction techniques, such as value analysis, variety
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reduction, critical path analysis and MRP help in reduction of materials cost.

Waste management: It minimizes the wastage of materials by determining

the causes for the rejection of materials.

Figure 4.2 shows the functions of materials management.
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Fig. 4.2 The Functions of Materials Management

Costs Involved in Materials Management

Managing materials involves various costs that are as follows:

� Basic: Cost of materials paid by the company to a supplier

� Government levies and taxes: Cost paid to the government such as

excise duty, sales tax, etc., by the company

� Ordering: Costs such as tendering, stationery, postage, receiving, inspection

and bill payment, payment to staff and the delivery, that are incurred while

purchasing materials

� Inventory carrying: Costs such as losses due to deterioration of materials,

insurance premium and storage and preservation expenditure that are incurred

for maintaining inventory of materials

� Packaging: Cost that is incurred while packaging the products

� Materials handling: Cost that is incurred while moving and storing materials

� Shipment: Cost that is incurred while transporting materials from suppliers

to buyers

� Insurance: Premium cost that is incurred for insuring materials

In addition to these costs, there are certain costs that occur due to the

defects in designing of the product, poor quality of material, rework and rejection

of the product during inspection.
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Benefits of Materials Management

As all the activities regarding materials management are placed under one

department, the materials management department, the coordination between them

is much better and, therefore, all the data related to materials is collected and

analysed at one place. This helps to take optimal decisions and maintains the right

balance among various conflicting issues. It can also lead to the reduction of the

cost of materials. Not only this, it also improves the relationship with other

departments as the staffs from other departments are not required to solve the

materials-related problems.

Check Your Progress

1. How does Bethel define materials management?

2. What is the basic task of materials management?

3. What is the primary objective of an organization?

4.3 DEPENDENT AND INDEPENDENT
DEMAND SYSTEM

The risk of carrying additional inventory depends on the nature of the demand. Each

type of demand carries with it a different type of risk. And this adds to the cost and

quantum of inventory held by the organization.

For example, marketing experts hold  Edsel designed by Ford Motor Co. as a

supreme example of corporate America’s failure to understand the nature of consumer

demand. Edsel was created as an automobile that would meet consumer demands

for a new generation of Americans. It was the hot new car that everybody was

talking about. It turned out to be a major failure. The company suffered greatly

because it did not consider the risks associated with getting the figures wrong.

Inventory items can be divided into two main types:  Independent demand,

and dependent demand items.  In inventory management it is important to distinguish

between dependent and independent demand.

An item has independent demand when we can’t control it or tie it directly

to another item’s demand.  The Ford example was an example of independent

demand. Though Ford tried to manipulate demand through pricing incentives and

other marketing efforts, Edsel failed. As the results of the Edsel show, the firm can

try to predict or influence independent demand, but independent demand for the

product is ultimately determined by the marketplace.

In order to predict independent demand, firms use different types of forecasting

methods. Forecasting looks at the marketplace to determine how much of the product

the consumers want.

In forecasting, both the accuracy of data as well as the method are important.

It is not only important to know where the data comes from but also if it is useful.

There are many different applications to consider when deciding which method is

the best. Not only is the input important but also the quality of the output. Feedback

on the output creates the ability to go back and correct any errors that might have
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been made during the initial input of data. The first item to look at is different methods

used in different situations. We will be looking at this issue in greater detail in the

next unit which is on forecasting.

Manufacturing requirements are primarily derived from dependent demand,

while retailing requirements basically depend on independent demand. Dependent

demand is by far the most common type of demand.  An item has dependent demand
when the demand for an item is controlled directly, or tied to the production of

something else. Continuing with the Edsel example, let us suppose Ford decided to

manufacture 15,000 units of the automobile for the first year based on a forecast of

independent demand. Based on this forecast, Ford knew exactly how many steering

wheels are needed and when. This is because the demand for these items is dependent

on the production schedule of 15,000 automobiles for the year. The steering wheels

are dependent demand items because:

� The firm controls their demand through the production schedule; and

� Their demand is tied to the production of automobiles.

Dependent demand in a manufacturing unit is based on the sub-assemblies

or components or raw materials that are part of the BOM for the end items. The

demand for these items is indirect or comes from the finished products demand

when we explode the BOM (Bills of materials).

4.4 MATERIAL PLANNING

Material planning is the materials management function that tries to correlate the

supply of materials with its demand. In any combined materials management setting,

preparation for procurement of materials is the point of initiation for the entire

material management activity. Material planning establishes the procurement process

and sets the successive material functions into motion.

4.4.1 Factors Influencing Material Planning
The factors that influence materials planning are as follows:

1. Macro factors

Global factors such as price tendencies, business successions, and government’s

import and export rules, are known as macro factors. Credit policy of the

government is a decisive aspect as banks adhere to these guidelines only in cases

where they are required to provide financial support to a business organization.

2. Micro factors

These are basically the factors that are present within the organization, such as

corporate rules and regulations on inventory retainers, production plan, and

investments. For any business entity, factors like lead time of procurement,

satisfactory inventory levels, operating capital, seasonality, entrustment of authority

are micro factors.

4.4.2 Techniques of Material Planning
There are a small number of techniques used for planning material for a specified
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duration. The two most frequently used are:

1. Materials requirement planning (MRP)

2. Requirement based on previous utilization

MRP has, as its initial position, the yearly production plan of the manufacturing

company. As soon as a business organization establishes its yearly production

plan, the total material requirement, to fulfill the stated production plan, is worked

out. It is an elaborate evaluation that covers the materials and proportions available

for consumption, materials with measures not present and therefore require to be

procured, the actual lead time of procurement etc.

Given that, it is always feasible to have a circumstance where a few elements

of an assembly are present and a few others are not available, it becomes the

reason that Bill of Materials is invalidated. It is computes all the materials

(components) required for a variety of compilations; everything that is required

according to the production plan. BOM is therefore, a list showing the code,

categorization of an item, its component and number, site of use and also the

anticipated price of every component. An explosion chart is an array of bills of

materials clubbed together in the form of a matrix so that amalgamation of the

requirements for various components can be carried out.

After preparing the BOM, the same is passed on to the Purchasing department

that kicks off the purchasing activities. Hence, MRP keeps gives due consideration

to the lead time too. With the help of computers, preparation of BOM through the

collapse of lists is fairly simple and effortless.

4.4.3 Moving Average Method
Demand forecasting is done after gathering information about various characteristics

of the market and demand from various sources. Several forecasting methods are

available for the market analyst. In this section, we discuss the moving average

method.

This demand forecasting method forecasts the average demand for the next period

by equating the average demand for several preceding periods. According to this

method:

Moving average (MA) = Sum of demands for periods/Number of periods

For example, to calculate the average demand for the 4th period, the

following formulae can be  used:

MA4 = (D1 + D2 + D3)/3

Where,

D1 = Demand of the 1st period

D2 = Demand of the 2nd period

D3 = Demand of the 3rd period.

Moving average is an extensively used indicator in technical analysis that

facilitates smooth out price activity by sifting out the ‘noise’ from arbitrary price

variabilities. Moving average (MA) is a tendency-following or lagging statistic

since it is calculated according to previous prices. The two fundamental and



Materials Management

NOTES

Self - Learning
Material 105

generally used MAs are the simple moving average (SMA), which is the simple

average of a security over a specified number of time periods and the exponential

moving average (EMA), which gives larger weightage to more latest prices. The

most frequent uses of MAs are in the identification of the course of the trend and

to establish support and resistance levels. At the same time as MAs are sufficiently

helpful on their own, they also are the base for other indicators.

Moving average technique

Moving average technique is also known as the smoothing technique. It involves

the combined averaging of sales information for two or three latest and alike periods.

The average can give rise to a forecast that is more probable to be accurate, since

it is not based exclusively on one period that might have had distinctive situation.

This is another statistical technique to calculate the trend through moving averages.

It can be calculated as follows:

An appropriate period is to be determined for which the moving average is

calculated. While determining the period for varying average, the normal cycle

time of changes in the values of series should be considered so that short-term

fluctuations are eliminated. As far as possible, the period for moving averages

should be in odd numbers such as 3, 5 or 7 years. The period in even numbers will

create a problem in centralizing the values of averages. The calculated values of

moving averages present the basis for determining the expected amount of sale.

4.4.4 Budgeting
Budgeting is the key to financial management. Budgets are the most widely used

control systems, because the plan and control resources and revenues are essential

to a firm’s health and survival.

Budgeting is the formulation of plans for a given future period in numerical

terms. By stating plans in terms of numbers and breaking them into parts of an

organization, budgets correlate planning and allow authority to be delegated without

any loss of control.

Check Your Progress

4. Name five commonly identified types of inventory.

5. List three objectives behind keeping inventory.

6. What is material planning?

7. What are macro factors in material planning?

4.5 VALUE ANALYSIS

Value analysis is almost synonymous with reducing costs. It is an orderly and

creative process that examines procurement items and calculates its total cost of

acquisition, maintenance and handling over its lifetime, and checks if it’s possible

to replace the item with a cost-effective alternative. This process seeks optimum

value for an item. The ‘item’ could be anything: a product, a process, a procedure,

a plan, a machine or a method of working. Figure 4.3 illustrates the procedure.
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Fig. 4.3 Value Analysis

It is not rare to find a materials manager on the lookout for ways and means

to lower costs. In fact, this technique is said to be the most effective in reducing

costs because it pertains to judging whether the material offers value for money,

for the purpose it is required for. Value analysis is a structured approach that aims

to do away with unnecessary expenditure in such a way that the performance,

safety and guarantee of the system is not affected. Value analysis involves the

following:

(i) Finding out the exact function being performed by the product

(ii) Analysing and weighing all other options/alternate ways in which the

same function can be performed

(iii) Selecting the most economical option.

Value analysis is the method of deciding on the right quality, design,

What provides value to the product? A way to consider the customer’s

view in laying out products is by analyzing the value they see in the end product. It

is important that the value be laid out into products.

Value engineering is a function-oriented, disciplined study to provide value

to a product or a service. It helps to achieve the essential functions at the lowest

overall cost consistent with all the requirements, which consists of its value, such

as performance, reliability, maintainability, appearance, etc. Value engineering works

on those topics which are deemed important by the customer.

This process was developed at General Electric Corp. (GE) during World

War II. During the War, there were great shortages of skilled labour, raw materials,

and component parts. So GE started looking for acceptable substitutes and noticed

that the alternatives cut costs, improved the product, or both. The lookout for

substitutes started as a need but turned into a systematic process.

Value, in general, is defined as the ratio of the function and cost. It reflects

what the product, service or system accomplishes and at what cost. Thus:



Materials Management

NOTES

Self - Learning
Material 107

Value = Function/Cost

where, ‘function’ is expressed as units of performance, and ‘cost’ is

expressed as a monetary unit.

Value engineering is used as a generic term and generally includes value

analysis. The objective of  both value analysis (VA) and value engineering (VE) is

to simplify products and processes.

Value engineering starts with the classification and identification of a product,

service or system. The functions of the product, service or system are identified.

Each function is evaluated and compared. The process involved in value engineering

is as follows:

Step 1: Identify each of the functions of the product or service and list them down.

Step 2: Give a weight to the importance of each function, such that the total of

the weights comes to ‘1’. Rearrange the functions on the basis of their

importance.

Step 3: Identify each of the components in the product or service and list its functions

Step 4: The functions of the components have to be related to the product and

the functions of the product. Each component will have to be given a

weight to show how it contributes to the function of the product or service.

There may be some components that have more than one function. This

should be taken into account

Step 5: Identify the cost of each component and convert it to a weight

corresponding to the total cost so that the total of the weights does not

exceed ‘1’, just as it was done in step 2.

Step 6: Compare the weights of the functions with the weights of the cost of

each of the components.

Step 7: Identify those components where the ratio of function/cost is low.

The components with a low ratio of function/cost are identified for further

examination. The VA/VE analysis approach involves taking these identified

components and brainstorming with such questions as:

� Does the item have any layout features that are not essential?

� Can two or more components be clubbed into one?

� How can we reduce the weight?

� Are there non-standards which can be removed?

Relayouted

Fig. 4.4 Value Engineering Effort on a Sub-Assembly
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Figure 4.4 shows a sub-assembly that was used in Escorts in the railway

equipment division. The original sub-assembly had four major components that

were joined together using fasteners. After relayout, using value engineering, it

was reduced to just two components that were fitted together using a push and

snap mechanism. This exercise reduced the cost of the subassembly by nearly 30

per cent. It reduced stocking of 20 components, which were required for fastening.

In case of distribution, the decision on the number of locations is generally

based on cost minimization criteria. The least-total-cost system design includes

both the transportation costs as well as the inventory costs. Figure 4.5 illustrates

the concept. In the figure, ‘the total transportation cost’ curve has a low at eight

facilities. However, the ‘total inventory cost’ curve shows an increase with each

additional distribution point. For the overall system, the optimal system network is

reflected by the ‘total cost network’ which, in Figure 4.5, is shown to be six

locations.

Though a great many problems must be overcome to effectively examine

total cost, particularly the assumptions of single planning period and average size

shipment, the analysis for least-total-cost solution shown in Figure 5.5 illustrates

the trade-offs between cost-generating activities.
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Fig. 4.5 Total Cost of Distribution Network

While transportation costs determine the economically viable number of

locations; the inventory cost modulates both the number and size of the distribution

points. The minimal total-cost point for the system is not at the point of least cost

for either transportation or inventory. The minimal total-cost of the combined system

reflects the approach used for an integrated distribution analysis.

4.6 PURCHASE FUNCTIONS AND PROCEDURE

According to Alford and Beaty, ‘Purchasing is the procuring of materials, supplies,

machine tools and services required for the equipment, maintenance and operation

of a manufacturing plant.’

Purchasing is the process of obtaining the materials, tools and supplies that
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are required for the manufacturing of a product. About 50 to 60 per cent of the

total expenditure of the production organization is expenditure on raw materials,

components and services. Therefore, purchasing should be done in such a manner

so that the total savings of the company increases. Purchase department handles

all the activities related to the purchasing of items for the organization.

Purchase management is the process that includes various responsibilities,

such as buying quality goods in the right quantity, from the appropriate place, at

the right time and of the right price.

Objectives of Purchasing

Purchase management is responsible for purchasing raw materials and other items,

keeping in mind the following objectives:

� To obtain the required materials, tools and services at a competitive price

for production

� To ensure that the supply of material is according to the production

requirement at minimum inventory investment

� To guarantee the production of better-quality goods at a competitive price

� To suggest better-alternative materials for production that help in decreasing

the cost of production and maintaining the quality of the products

� To encourage standardization, variety reduction, value analysis and cost

reduction programmes

� To advise the various departments on  feasible prices, timely deliveries and

improved performance of items, keeping in mind the design, development

and estimated cost of each department

� To maintain the goodwill of the company by fair dealing with the customers

and suppliers

Functions of a Purchase Department

The following are the functions performed by the purchase department:

� It provides sources for the supply of capital goods and equipments, raw

materials, components, spares, etc.

� It studies the market and keeps track of  new developments in production

materials and processes that are of interest to the company.

� It supports engineering and user departments for developing correct and

healthy descriptions and standards of materials.

� It scrutinizes purchase indents and decides on appropriate method of buying.

� It conducts discussions and releases purchase orders.

� It helps in pre-delivery transcription and shortage chasing of purchased

items.

� It coordinates with inward inspection that includes timely return of defective

materials back to suppliers.

� It sanctions suppliers’ statements for payment.
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� It processes suppliers’ requests for increase in price of production materials.

� It attends to suppliers’ representatives and travelling salesmen.

� It arranges discussions and meetings between suppliers’ representatives

and the company’s officials.

� It disposes excess, outdated and leftover materials.

� It handles management of new materials and new products in the market.

� It researches and studies the possibility of substituting native materials for

imported ones.

� It acts as a link between the company’s finance department and suppliers

for timely payments and settlement of suppliers’ bills.

� It attends to journal activities like applying for import license, quota etc.

Methods of Purchasing

The purchase department provides all the production goods and materials that are

required by the company. The stores department or any functional department

can request for goods and materials. Their requests may be received for direct

materials, indirect materials, production items, seasonal items, and low-price items.

As there are ample variations in practices that are followed for the purchase of

items, there is a need to select suitable purchasing methods. In the following section,

we will discuss various methods of purchasing.

1. Hand-to-mouth purchasing
Hand-to-mouth purchasing is also known as ‘buying according to the requirements’.

According to this method, items are often purchased in small quantities.

Following are the important characteristics of hand-to-mouth purchasing:

� Items are purchased only when there is demand for those items.

� Items are purchased so that the immediate requirements can be met.

� Items are generally purchased in small quantities, but can be purchased in

large quantities when required.

� Competitive bids cannot be obtained due to lack of time. Therefore, the

terms of contract are negotiated.

Advantages

There are various advantages of hand-to-mouth purchasing, which are:

� Helps in lowering the inventory investment

� Helps in lowering the carrying charges

� Helps in reducing the worsening and obsolescence of materials

� Helps in reducing losses that occur from price declines

Disadvantages

There are many disadvantages of hand-to-mouth purchasing, which are:

� Leads to high cost of materials due to the loss of quantity discounts and

urgencies
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� Frequent occurrence of losses at different times due to the upward movement

in prices

� Interruptions in production schedules at the time of shortage of materials in

the market

� Higher accounting costs due to frequent purchases

� Needs to accept the substandard goods in case of emergency

Suitability

This method is effective only when items are purchased from a vendor that is

known for quality, reliability and integrity. Such vendors meet the buyer’s order

without taking advantage of the situation. Therefore, a long list of vendors is generally

necessary for buying items. This method is best suited for:

� Sample items and products that are under development.

� Items that are used rarely and not required to be stocked. For example,

machine tools, special building materials, office furniture, etc.

� Items that have a limited shelf life and are not stocked for fear of perishability.

� Items that are bulky and need a lot of space for storage.

2. Scheduled purchasing
The process of buying the items that are in the form of distributed deliveries

according to the delivery schedule provided by the buyer to the supplier is termed

as scheduled purchasing. Following are the prominent characteristics of scheduled

purchasing:

� Purchase order that covers annual requirements of the  company is placed

with the supplier.

� The estimation of the procurement needs is provided to the supplier.

Generally, confirmed and tentative schedules, both of 2-3 months, are

provided to the supplier.

� Fresh delivery schedules are provided to the supplier before the completion

of the previous schedule. These fresh schedules retain the confirmed

schedules and the tentative schedules of the next few periods. Also, they

specify the confirmed as well as tentative schedule for the next few periods.

� Monthly deliveries are generally specified excluding perishable materials,

bulky items and other items that are required in large quantities or where the

supplier has set up production facilities especially for the company. In all

these cases, monthly schedules are further split into weekly schedules.

Advantages

There are various advantages of scheduled purchasing, which are:

� Regularity in production and smaller inventories results in saving time and

money of both the buyer and the seller.

� This method provides security of the supply of goods to the buyer and

security of business to the supplier.
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� The supplier can easily plan the various factors of production while the

company can plan its requirements of finance.

3. Market purchasing

The purchasing of sufficient quantity of items in advance when the prices of these

items are low is termed as market purchasing. This method of purchasing is also

known as forward purchasing.

Following are the significant characteristics of forward purchasing:

� Purchases are made to cover production requirements for a considerable

period.

� Quantity of items purchased is generally large.

� The atmosphere is usually favourable for negotiation.

� Purchases are made when the prices are low. The buyer also gets discount

on large purchases.

Advantages

There are various advantages of the market purchasing, which are:

� Helps in lowering the purchase price.

� Greater margin of profit on finished goods.

� As purchases are usually consolidated, it leads to saving in procurement

expenses.

� Provides security against shortage of required items.

Disadvantages

There are many disadvantages of market purchasing, which are:

� Buying of items in this manner does not serve the needs of the production

department completely.

� The firm may suffer from financial loss if price expectations are not realized.

� Higher inventory holding charges.

� Change in the design of the product can result in large-scale obsolescence

of the goods purchased from the market.

In order to prevent these disadvantages, it is the responsibility of the

purchasing department to keep regular track of the market condition. It must

frequently study the statistics and factors that influence the availability of an item or

its price balances so that it can forecast the changing trends. Purchasing management

should balance the high inventory carrying charges and deterioration against price

advantage. This method of purchasing is applicable to:

� Non-perishable items.

� Items that have stable and usual consumption.

� Materials that are less susceptible to radical changes in specifications.

For example, basic materials such as coal, steel, coke, etc.

� Seasonal items such as fruits and vegetables.
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� Proprietary items that are required to be purchased in advance of the

supplier’s agreement period.

� Pre-budget purchases.

4. Speculative purchasing

The process of buying large quantities of an item, when its price is low so that

tentative profits can be earned by selling them later at a higher price, is called

speculative purchasing. Following are the main characteristics of speculative

purchasing:

� Purchase of items is not related to the company’s production programme.

� Purchasing decisions in this method are not based on quantity.

� The main aim of this method is to earn speculative profits.

� Large quantities are purchased depending upon the financial situation of the

company.

Advantages and disadvantages

The advantages and the disadvantages of speculative purchasing are:

� The main advantage of this method is the probability of earning large

speculative profits. There are disadvantages, such as tying up a large amount

of capital, storage problem, the risk of obsolescence and downfall of the

company, if its predictions go wrong.

� Suitability

� Speculative purchasing is not really a function of the purchasing department.

It should generally be discouraged.

5. Contract purchasing

The process of buying items based on a special contract, which call for deferred

delivery of items over the period of contract, is termed as contract purchasing.

According to Spriegal, ‘Contract purchasing is the purchase made under contract,

usually formal, of needed materials, the delivery of which is frequently spread over

a period of time.’ Following are the important characteristics of contract purchasing:

� Contracts are provided to suppliers for large amount of future requirements

or for a definite period.

� Materials are generally purchased per occasion in small quantities. The

interval of time between two consecutive receipts may be a week, fortnight

or  month or any period considering the value of requirements, distance and

the mode of transport.

� There is sufficient time for the purchasing department to secure competitive

proposals and to discuss the terms of contract.

Advantages

There are various advantages of contract purchasing, which are:

� This method saves the procurement expenses by protecting the company

from the trouble of inviting quotations, preparing comparative statements,

placing of orders, etc.
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� This method assures the reliability of the buyer’s company to supply the

products despite  fluctuations in the market.

� This method reduces the risk of investment and the cost of carrying inventory

to the minimum, as the buyer needs to keep very little working stock and

safety stock.

� This method provides favourable terms of contract to the involved parties.

� This method provides the buyer the flexibility of planning his requirement of

finance as he has an advance idea about the amount he has to pay to the

vendor.

Types of contract purchasing

There are three types of contract purchasing:

� Rate: In this contract, the rate is fixed and not the quantity. Also it indicates

some probable requirements.

� Running: In this contract, both rate and quantity are fixed for the contract

period. The contract comes to an end as soon as the vendor supplies the

specified quantity.

� Service: In this contract, services from the supplier are obtained periodically.

Suitability

This type of purchasing is suitable for the procurement of materials and production

items that are of regular use. Service contract may be signed to obtain periodical

services such as servicing of typewriters, punching clocks, air conditioners, repair

or calibration of measuring instruments and gauges, filtering of oils, etc.

6. Blanket order purchasing

The process of buying a variety of items from a single source is termed as blanket

order purchasing. Following are the important characteristics of blanket order

purchasing:

� It determines the item categories specified by the order.

� It generally covers low unit value items.

� Hold-ups in case of non-availability of an item are avoided by selecting

more than one middleman.

� Market price is generally specified in the order, which may include a specified

method of determining price variations.

� The buyer can contact the seller on phone to get the necessary information.

For example, the buyer can inquire about price from many sellers and buy

from the one who quotes the lowest.

Responsibility of the purchase department

The responsibility of the purchase department with regard to blanket order

purchasing is:

� A large stockist known for his sincerity and consistency is selected as the

middleman. Generally, the stockist in the vicinity of the factory should be

given preference over others.



Materials Management

NOTES

Self - Learning
Material 115

� The purchasing department should check up whether the demand for an

item has risen considerably so that it can be removed from the group and is

purchased as an individual item.

7. Tender purchasing

Tender purchasing is generally followed by government departments and public

sector undertakings in India. This method is applied by the private sector

organizations if the value of the purchase exceeds the prescribed limit fixed by the

management as policy decision. Following are the important characteristics of

tender purchasing:

� The purchasing department, to invite suppliers to submit their bids, creates

a bidders’ list. A bid can be a tender or quotation, which is a written offer

from a supplier to render a specified service or supply materials of the

specified quality at the specified price and within the specified item.

� Bids obtained from different suppliers are compared to select the right

supplier. Generally, the lowest-price criterion is used to compare different

bids, except when the supplier quoting the lowest price has questionable

delivery time, quality, reliability or financial stability.

Advantages

The advantages of tender purchasing are:

� Using this method of buying, we can select the qualified supplier on the

basis of competitive prices.

� This method eliminates the possibility of discrimination and personal

preferences.

Disadvantage

The disadvantage of tender purchasing is that it is expensive and time-consuming.

Responsibility of the purchase department

� A buyer should obtain quotations from at least three potential suppliers for

every new product, material or service.

� Contract of a new item is decided by taking the past performance of old

suppliers in account.

� The capabilities of the competing firm must be considered for evaluating the

quotations. The proposal should be high enough to yield a reasonable margin

of profit to the potential vendor.

Types of tender

Following are the four types of tender:

� Single: The tender system in which the details of the requirements are

communicated only to a single firm is known as the single tender. In this

type of tender, there is no competition and  the price is fixed. This type of

tender is generally used when there is a single supplier for an item.
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� Limited or closed: The tender system in which  enquiry is sent to a limited

number of suppliers who are on the approved list of suppliers, and bids are

received in response to the suppliers is known as  closed tender.

Management makes the buying policies to decide the number of suppliers

to whom enquiry is be sent. Generally, in case of private sector firms enquiry

is sent to three to eight suppliers, depending upon the rupee value of the

order. On the other hand, public sector undertakings restrict the number of

tenders to eight.

� Open: The tender system in which the required enquiry is advertised in the

newspapers or journals of the home country and bids are received in

response is termed as  open tender. This tender system is also known as

advertised tender or unlimited tender. This system of tendering is generally

used for those items that are required in large value and are difficult to

obtain.

� Global: The tender system in which the enquiry is advertised in the

newspapers and trade journals of not only the home country but also of the

foreign country and bids are received in response is termed as  global tender.

This system of tendering is used for purchase, which involves huge

investments such as procurement of plant and machinery.

8. Seasonal purchasing
The process of buying an item as per its annual requirements during its season is

termed as seasonal buying. This method of buying is used for items that are available

in a particular season only. These items are required for food processing and other

similar industries. Following are the important characteristics of seasonal purchasing:

� As the items can be purchased in a particular season only,  they must be

purchased and stocked in sufficient quantity till the next season: for example,

mangoes, sugarcane, apples, etc.

� Items that are purchased are of small size but they are required in large

quantity.

� These items are purchased at the cheapest rates because the market price

is  lowest during the season.

� Generally, these items are purchased directly from the producers of the

goods.

Responsibility of the purchase department

It is the responsibility of the purchase department to achieve the maximum

advantage by locating the producers of these items and discussing the price and

other terms mentioned in the contract.

Suitability

Seasonal method of purchasing is applicable for the items that are either purely

seasonal or items that have decreased market price during off-season.

9. Group purchasing

The process of buying items of insignificant value in a single purchase order is termed
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as group purchasing. Following are the important characteristics of group purchasing:

� In this method of buying, items that are required in small quantities are divided

into some basic groups according to the source of purchase: for example,

drills and taps are placed in one group, plug gauges in another group,

hardware in a third  group, and so on.

� Items of every classified group have fixed inventory levels.

� For every group, there is a purchase order that covers various items that

are present within the group.

� Stocks-on-hand are reviewed at regular intervals, say once a month or

once in two months.

� If the stocks of some items have degraded to the reorder level, then

replenishment action is taken for these items.

Advantages

This method helps in saving accounting and delivery cost because only one order

is placed for multiple small items.

10. Subcontract purchasing

The process of employing another firm to perform some of the manufacturing

operations or to provide certain parts and sub-assemblies that are required to be

incorporated into the buyer’s end product is termed as subcontract purchasing.

These are of three types:

� When a company receives a big order, it may be possible that it produces

some quantity of the final product and buys the remaining from other buyers.

A company buys from other buyers because it may not be possible for it to

complete the order within the defined time of contract.

� In some cases, the company ponders on certain items of the assembly and

buys other items from other buyers.

� In some cases, when a company does not have the required manufacturing

facilities, it gets certain operations done by other firms.

Suitability

Subcontracting is desirable when:

� Different types of machines are required for production.

� Certain operations are required to be performed by a special expertise.

� There is a lack of facility at the home plant that cannot be removed instantly.

� Procurement of particular manufacturing facilities is economically non-viable.

Responsibilities of the purchasing department

The responsibilities of the purchasing department with respect to subcontract

purchasing are:

� It is the responsibility of the purchasing department to establish and choose

subcontractors that can supply parts of good quality, in the right quantities,
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in the required time schedule and at the right price.

� The subcontractors should be within close propinquity to the firm. This

closeness provides many advantages such as less transportation cost, easy

and cheap follow-up and better control on the supplier’s quality.

� For every required component, the purchasing department should select

more than one subcontractor.

� The buyer should keep a detailed quality assurance system with the

subcontractor that is in conformity with the complete manufacturing process

and inspection criteria.

� This department should ensure that its own quality control staff have fully

understood the production specifications and inspection standards related

to the component that is subcontracted.

� Subcontractors should be selected after thorough discussion with them

regarding the capacity requirement of the buyer and the capacity available

with the subcontractors.

� The purchasing department should make the subcontracting decisions on

the basis of cost–benefit analysis.

A central purchase organization

The central purchase organization is a large firm in the public or private sector that

may have section-wise stores at different places. Examples of such organizations

are State Road Transport Corporations (MSRTC and GSRTC), nationalized banks,

cooperative banks.

Following are the two methods that can satisfy the requirements of the central

purchase organization:

� Every store should make its own purchase.

� The central stores should make purchases and in turn, supply material to

the section-wise stores.

Advantages

There are many advantages of the central purchase organization, which are:

� Helps in obtaining quantity discounts, lower rate and better contract terms

due to the large purchases made in the organization.

� Helps in reducing the risk of mismanagement by implementing strict control

on consumption.

� Suitable to obtain the required items according to the specifications by

directly contracting with the manufacturers.

� Avoids purchase at higher price.

The central purchasing organization that enters into contract with various firms for

the supply of certain materials to the government departments during a year at a

settled rate is known as the Directorate General of Supplies & Disposal.
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Purchasing Procedure

Purchasing procedure comprises of several steps. The following section describes

the major steps that constitute the purchasing procedure:

1. Indenting a purchase requirement

The first step in the purchasing procedure is to indent the purchase requirements

that are issued by the purchase department. This purchase indent can be received

from the supplier for the stock items or the production control department for

non-stock items or the maintenance department for machinery spares or from the

head of  department for special items such as filing cabinets, almirahs, other furniture,

etc. Generally, three copies of the purchase indent are issued. The original copy is

issued to the purchase department and the other two copies are issued to the

stores and originating departments.

2. Inspecting purchase indents

The second step is to inspect the purchase indents. Every purchase indent received

in the purchase department is inspected to see whether:

� The indent contains the sign of the authorized signatories so that irresponsible

purchase can be avoided.

� The indent is circulated through the stores department informing that the

stock is not available in the store.

� The indent contains clear and correct description of the required items.

� The indent contains correct and clear description of the last supply of the

stated items.

� The indent contains clear information about the quantity of every item.

� After checking the security of the purchase indent, it is logged into the

purchase indent register and then given to the concerned buyer. The second

copy is initiated, dated and given to the indenter.

3. Market study and selection of sources of supply

The third step is to survey the market for the selection of sources of supply. This

stage involves separating items into groups, checking the available information

from the source register and the previously received catalogues and quotations.

Also in this step, we select a source that can supply goods of the right quality at the

right price and are able to meet the quantity requirements of buyers. The supplier

is are selected on the basis of the buyer’s previous experience with the supplier,

catalogues and price lists and quotations submitted by him in the past. The following

section describes the process involved in the market research and sources selection:

� Telephonic quotations are obtained from the seller and a verbal order is

specified to the supplier for the items to be purchased from him. An official

purchase order is sent later to confirm the transaction.

� Delivery schedules are released to the suppliers as call-offs against the

contract orders raised earlier for the items of regular use. Also enquiry is
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sent to probable sources, and quotations are received from the suppliers. A

relative statement is prepared from the quotations received from the suppliers

that are followed by provisional selection of one or two sources.

� Vendors are called for discussions and exact terms of contract are finalized

with one or two  vendors.

� Enquiry is sent to the manufacturer or  dealer about the replacement and

insurance of spares. After receiving the quotation from the dealer or

manufacturer, a purchase order is raised to authorize him to supply the

spares.

� Enquiries are either mailed to the machine tool manufacturer or  advertised

for procurement of capital equipment. Potential sources are selected on the

basis of the quotations received in response to the tender. Detailed

negotiations are held and finally sources are selected.

� The buyer may choose for petty cash purchase if the amount involved is

less and the item is easily available.

� The purchasing department may have to disclose information on the desired

sources, float enquiries, prepare a comparative statement and select suppliers

for  new items.

� The purchasing department may have to establish, choose and expand

suppliers for new items.

4. Order preparation

The fourth step is the order preparation. It means approval of the selected supplier

for supplying materials by placing a purchase order. A purchase order is the legal

official document that is used to approve the supply of goods in the required

quantities and the services at the time and price specified in the document.

5. Follow-up with suppliers

The fifth step is follow-up with the suppliers. Purchase follow-up is the function of

observing that the suppliers are sending the deliveries on time. Purchase follow-up

is required in two stages, pre-delivery follow-up and shortage chasing.

(i) Pre-delivery follow-up
Pre-delivery follow-up is intended to remind the suppliers about the due

date. Also they are used to make alternate arrangements if the supplier

does not fulfill the delivery commitment.

(ii) Shortage chasing
� It is the universally accepted and most vital part of purchase follow-up.

The main functions that are performed by this follow-up are:

� It orders the materials that are in shortage as soon as possible.

� It also generates a feeling at the supplier’s works that it is easy to have

an effective delivery on time by doing shortage chasing.

� The short chasing follow-up starts when the due date is over. The



Materials Management

NOTES

Self - Learning
Material 121

criticality of items, availability of alternative sources, quantity in hand

and coverage for future period are used to determine the nature of follow-

up and the level at which follow-up is done.

(iii) Receiving materials
After the goods are received,  they are first sent to the receiving stores.

These goods are then unpacked from the packets to verify the contents

according to the details provided in the purchase order. The Goods Receipt

Report (GRR) register is used to store the entries of all the incoming supplies

from the suppliers at the receipt store. For every consignment, a goods

receipt report or goods inward note is raised. Another note known as

discrepancy note is notified to the vendor in case of any inconsistency.

(iv) Inspection of goods
All the items that are purchased from the buyers are subjected to inspection

and testing. Some items that are required to be purchased are inspected at

the vendor’s plant prior to affecting the deliveries by the vendor. These are

generally the items that require use of specific and complicated measuring

instruments whose cost is not justified in lieu of limited purchase. Other

items excluding the above-mentioned ones are inspected by the inward

inspection at the buyer’s plant for one or more of the following checks:

� Conformity to dimensions: Component drawings are generally checked

for  conformity to dimensions. The component is subjected to both visual

as well as dimensional checks using gauges and measuring instruments.

� Conformity to material specifications: Material specification of any

component is checked with the help of chemical and metallurgical tests.

Various tests are performed for checking hardness, material composition,

microstructure and other properties by sending the sample pieces of

components to laboratories.

� Conformity to performance: Performance of items is decided on the

basis of tests and trial runs: for example, machinability test for raw

materials, life test for bearings, r. p.m. test for motors, etc.

(v) Storage and record keeping
Next step that comes after the inspection and testing is to separate the

goods into accepted/rejected or rework categories. The fully accepted

quantity is forwarded to the main store. These quantities are checked and

entered into the ledger or bin cards.

(vi) Invoicing and payment
The supplier immediately prepares the invoices after supplying the goods.

However, sometimes both the buyer and the supplier have discussions and

after the receipt of the goods receipt report, the buyer agrees to raise the

invoice. This system has a number of benefits such as:

� After the receipt of GRRs, invoices are raised. This helps in avoiding the

delay of materials because the buyer links up necessary papers with

invoices.
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� Helps in avoiding the need to raise credit or debit notes for discrepancies

in quantities or rejection.

� Helps in avoiding disputes in quantities to be supplied and rejection etc,

as the paperwork is clear, faster and payment-wise.

� Settlement statements are very easy to be prepared.

(vii) Scrutiny of invoices
Invoices of suppliers are sorted out according to the suppliers and temporarily

filed until the GRRs are received. The accounts department performs this

process of sorting. After receiving the GRRs from the receiving store, these

are entered into the control register, which is maintained by the accounts

department. The same procedure is followed for the linked invoices.

Check Your Progress

8. What is the need for inventory control?

9. What are the different types of inventory control systems?

10. How do Alford and Beaty define purchasing?

11. What is hand-to-mouth purchasing also known as?

12. What is meant by speculative purchasing?

13. What do purchasing activities involve?

4.7 INVENTORY CONTROL

As per the latest research, inventory costs, which represent a percentage of overall

logistics expenditure, have been on the rise. Inspite of this increase, many

organizations have not been successful in utilizing ways to reduce inventory costs.

There are a number of established practices and rules that will help reduce inventory

costs.

Some of these practices involve having fewer inventories while others involve

owning less of the available inventory. MRP and information technology solutions

have been able to provide solutions not only for inventory management, but also

for aggregate planning, material requirement planning and operations scheduling.

E-commerce player Flipkart, after acquiring online fashion retailer Myntra

adopted the Marketplace Model. With this, Flipkart no longer has an inventory of

its own; the buyers can now deal directly with sellers while the delivery will be

done by Flipkart. The model is similar to the one adopted by eBay India. The new

model allows the users to compare sellers and get the best prices at varied service

levels for most products. This model, though, carries the risk of fake or stolen

goods being sold on sites as well as other potential spoilers such as late deliveries

and order cancellations as small businesses are not accustomed to selling online.

To avoid these issues Flipkart hosts only authorized sellers for products such as

electronics and perfumes.
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Regardless of which technique or solution one employs, proactive inventory

management practices make a measurable difference in operations.

Characteristics of Control Systems

An effective inventory control system should provide satisfactory answers to the

following three questions:

1. How often should the assessment of stock on hand be made?

2. When should a replenishment order be placed?

3. What should be the size of the replenishment order?

Event-triggered systems: These are generally fixed-quantity systems. The

parameters that define a reorder quantity system are ‘Q’, the fixed amount ordered

at one time, and reorder point. These systems are especially common where a

perpetual inventory record is kept or where the inventory level is under sufficiently

close surveillance so that notice can be given when the reorder point has been

reached.

Time-triggered systems: In a time-triggered system, the inventory status is

reviewed on a periodic basis, and an order is placed for an amount that will replenish

inventories to a planned maximum level. The reorder quantity therefore varies

from one review period to the next. The economic reorder cycle would then be

EOQ/R, where R is the annual requirement.

Modified control systems: Control systems sometimes combine regular review

cycles and order points. In such systems, stock levels are reviewed on a periodic

basis, but orders are placed only when inventories have fallen to a predetermined

reorder level. Such systems combine the advantages of event-triggered and time-

triggered review systems. These have the lowest total costs.

4.7.1 Classification of Material: ABC Analysis, VED, HML,
FSN, GOLF, SOS

Irrespective of the nature and size of the industry, there are items varying from the

smallest to the largest in terms of value, size, complexity and criticality. It is not

possible and also feasible to exercise strict management control over all these

items. It will only be too much effort with too little benefit. Hence, the principle of

management by exception is applied here. The items are classified based on certain

criteria to facilitate selective control. Such control minimizes waste of efforts as

well as confusions.

The following are the various inventory classification methods.

1. ABC analysis: This is the most commonly used method of

classification. It is based on the annual consumption value of the items

and goes by the principle of ‘vital few, trivial many’. This means that a

small number of items account for a major portion of the total

expenditure, and there are several items which together are many in

number but account for a small portion of the annual expenditure.

The actual percentages vary from one firm to another, but it can
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be taken as a general rule that 10 per cent of the items account for 70

per cent of the cost. They are called the class A items and require

maximum attention. Similarly, around 70 per cent of the items account

for only 10 per cent of the cost. They are called class C items and

should not be given too much attention. The remaining items are called

class B items.

The ABC analysis is also called the Pareto analysis, developed by

the Italian economist Vilfredo Pareto. It can be represented as shown

in Figure 4.6.
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Fig. 4.6 ABC Analysis

The ABC analysis is usually carried out annually. Once the items in the

inventory have been identified, their usage record for the year is built. Then

the items are sorted and ranked in the decreasing order of their consumption

value. The value of each item is then expressed as a percentage of the total.

By going down the list and successively cumulating the individual percentages

of each item, one can determine which items make up the first 70 per cent

of inventory investment, the next 20 per cent and the balance 10 per cent.

The groups are called A, B and C respectively and the items within the

group are called item A, B or C. Separate policies are usually adopted for

class A items and class C items. Class C items need to be monitored on a

daily basis, decision is taken on class C items based on the objectives of

minimizing acquisition cost, maximizing service and reliability, minimizing

inventory investment, minimizing indirect costs associated with inventory

and utilizing personnel and their time effectively.

2. XYZ analysis: This classification is based on the stock value of the items.

Items having a very high stock value are classified as ‘X’. Items with least

stock value are classified as ‘Z’. The method of arriving at the classification

is the same as for ABC classification described above. Only, instead of

taking the annual consumption value into account, the annual stock value

for each item should be taken into account. The rest of the procedure remains

the same.
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3. VED analysis: This classification is based on the relative importance of

the item in the production process. If certain items are not available they

can hold up production and result in high costs of shut down. These items

may or may not be priced high but their stock-out costs are very high.

These items are called vital items, designated by ‘v’. The ‘E’ stands for

‘essential.’ Although these items are not very critical to production their

stock-outs are expensive. The ‘D’ stands for ‘desirable’. It is better to

avoid stock-outs for these items although a stock out for a short period will

not affect production.

4. FSN analysis: Items can also be classified as fast moving, slow moving or

non-moving based on their pattern of issue from the stores. This denotes

how soon a material is consumed after it has been purchased and taken into

stock. This classification helps in controlling obsolescence.

Items which are very fast moving and are used once every week or,

every month are classified as ‘F’. Items which are not consumed even once

in say two or three years are classified as non-moving or ‘N.’ Keeping non-

moving items in the inventory is dangerous. They block useful working capital

and eat into the profitability of the company. The company should declare

them as surplus or obsolete and find alternate uses of the material or else

dispose them off, so that it leads to money realization as well as space

saving. All items which are neither ‘fast’ nor ‘non-moving’ are termed as

‘slow moving’ items. This classification is again of great importance to

companies who need to keep a check on where their money is spent.

5. PQR classification: Besides value and criticality of the items, another

commonly used method to classify items is based on the shelf life of the

item. Shelf life is defined as the useful life of an item that is the time period

within which the item can display the complete characteristics, for which it

is meant. Items having a low shelf life and thus requiring frequent attention

are classified as ‘P’. Items having the longest shelf life and thus requiring the

least attention are classified as ‘R’. All the other items which are not ‘P’ or

‘R’ fall within ‘Q’. The time period in which to define ‘P’, ‘Q’ and ‘R’

varies from industry to industry. This classification is more relevant in industries

producing perishable goods such as confectioneries.

 6. SDE classification: This classification is based on the ease of obtaining an

item. ‘S’ stands for scarce. Such items are not easily available in the market

and might require source development or else it might be an item which is

difficult to manufacture or there are only one or two known manufacturers

who have to be given orders several months in advance, and so on. All

these require special efforts for procurement. ‘D’ stands for difficult to obtain

and ‘E’ for easy to obtain. An organization needs to concertedly focus on

items that are both A as well as S.

7. GOLF classification: This classification is based on the nature of the source

for an item. ‘G’ stands for government, O for open market, ‘L’ for local and

‘F’ for foreign sources of supply. Items which are channeled through the

State Trading Corporations, Minerals and Metals Trading Corporation, etc.,

come under the ‘G’ category. They require special procedures for

procurement and as such common procedures for inventory management

may not be fully applicable to them. The transactions require more
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paperwork and lead times are longer. For ‘O’ items, there are a number of

suppliers. Quality and availability is good. Most big organizations depend

on the local market only for emergency supplies and low value procurement.

For ‘F’ the source of supply is abroad, this involves considerable paperwork

and lead time is high.

8. SOS classification: This classification is based on the nature of the time of

availability for an item. ‘S’ stands for seasonal and ‘OS’ for off-seasonal.

This is more relevant in case of items which are derived from nature, such

as jute and, cotton, which are available more during their harvest time and

less available during the monsoons when it rains. They require separate

purchasing and stocking strategies. The inventory management system will

have to balance out between the stocking cost and lower prices at which it

will be available. ‘OS’ items are ordinary items which are not seasonal and

can be subject to any other classification for selective control.

9. HML classification: This classification is based on the unit price of material.

‘H’ stands for high, i.e., high price per unit of the item, ‘M’ stands for

medium and ‘L’ for low unit price of the item. This classification is particularly

relevant when it comes to deciding the procedure to be followed for

procurement.

Check Your Progress

14. How is the inventory status reviewed in a time-triggered system?

15. How does the SOS classification method work?

4.8 TYPES OF INVENTORY: SAFETY STOCK

To begin a study of the inventories, it is first necessary to classify or group them on

the basis of some parameters. Several methods of classification are practised in

the industry.

Depending on the nature of materials, they can be classified into four broad

groups.

1. Production inventory: This includes the raw materials, parts and

components that are directly used in the production process and go into

making the final product. They may either consist of standard items sourced

‘off the shelf’ or special tailor made items. All raw materials obtained from

the earth fall in this category. Some organizations such as the FMCG and

engineering goods, buy their components/sub-assemblies from other vendors.

They concentrate more on producing and assembling the critical parts only.

Many companies prefer taking this route these days, including Volkswagen,

Dell Computers and General Motors.

2. MRO inventory: This stands for maintenance, repair and operating
supplies. These items are very much required in the production process
although they do not go into making the final product. They include:

(a) Consumables which are usually available off the shelf and are used by

more than one usage departments. Their inventory levels are fixed
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based on past consumption. They include lubricating oils, safety items,

electrical items such as lights, fans.

(b) Spare parts which are the parts of machines used in the production

process. Their requirement is determined by the nature of the spare

and may often lead to a huge loss to the organization if not present.

(c) Packing material is used to give a face lift to the product, to protect it

during transportation and storage. In the pharmaceutical industry,

packing cost is substantial and is considered a part of raw materials.

In some cases, packing materials are a part of consumables e.g.

industries where the finished product is in a liquid form such as juices

and syrups.

3. In-process inventory: Also called work in process (WIP) inventory. It

comprises the semi-finished products formed at various stages of the

production process. Typically, the output of one stage in an assembly line is

the input for the next stage.

4. Finished goods inventory: This comprises all the final products made by

the company, ready for shipment and sale.

In many companies, the production and MRO inventories represent the biggest
segment of the total inventory investment.

Inventory Catalogue
Before beginning any type of classification of inventories, it is necessary to have a
list of all the items in the inventory. This list should ideally contain the following:

� An identifiable individual number or a code for each item. Various methods

of codification are in use in the industry, numeric, alpha numeric, etc.

� The description of the item. This should include the dimensions, weight,

identity of the mother equipment, drawing numbers, part number, etc.

� Annual consumption of at least the previous three years.

� Names of suppliers who have supplied the item in the previous three years.

� Average life of the item.

� Stock of the item.

Such a list of items in the inventory is called the inventory catalogue. It helps to
identify the items in the inventory and helps in standardization and variety reduction.
Cataloguing is mandatory for computerization of the inventory records. By logging
in the catalogue number, the history of an item can be known. The catalogue
number serves the same purpose as a PAN number or a passport number.

Seasonal, Decoupling, Cyclic, Pipeline and Safety

Let us discuss another way in which inventories can be classified.

Season Inventory

Seasonal inventory is stock which is in high demand during particular times of the

year, such as during Diwali or before the onset of summer. These periods of time

often coincide with the different seasons, and managers need to be proactive in

preparing for the waxing and waning of demand during these key times.
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Decoupling Inventory

Very rarely, if ever, will one see a production facility where every machine in the

process produces at exactly the same rate. In fact, one machine may process

parts several times faster than the machines in front of or behind it. Yet, if one

walks through the plant it may seem that all machines are running smoothly at the

same time. It also could be possible that while passing through the plant, one

notices several machines are under repair or are undergoing some form of preventive

maintenance. Even so, this does not seem to interrupt the flow of work-in-process

through the system. The reason for this is the existence of an inventory of parts

between machines, a decoupling inventory that serves as a shock absorber,

cushioning the system against production irregularities. As such it “decouples” or

disengages the plant’s dependence upon the sequential requirements of the system

(i.e., one machine feeds parts to the next machine).

The more inventory a firm carries as a decoupling inventory between the

various stages in its manufacturing system (or even distribution system), the less

coordination is needed to keep the system running smoothly. Naturally, logic would

dictate that an infinite amount of decoupling inventory would not keep the system

running in peak form. A balance can be reached that will allow the plant to run

relatively smoothly without maintaining an absurd level of inventory. The cost of

efficiency must be weighed against the cost of carrying excess inventory so that

there is an optimum balance between inventory level and coordination within the

system.

Cyclic Inventory

The EOQ method, which you will learn about later on, is an attempt to balance

inventory holding or carrying costs with the costs incurred from ordering or setting

up machinery. When large quantities are ordered or produced, inventory holding

costs are increased, but ordering/setup costs decrease. Conversely, when lot sizes

decrease, inventory holding/carrying costs decrease, but the cost of ordering/setup

increases since more orders/setups are required to meet demand. When the two

costs are equal (holding/carrying costs and ordering/setup costs) the total cost

(the sum of the two costs) is minimized. Cycle inventories, sometimes called lot-

size inventories, result from this process. Usually, excess material is ordered and,

consequently, held in inventory in an effort to reach this minimization point. Hence,

cycle inventory results from ordering in batches or lot sizes rather than ordering

material strictly as needed.

Pipeline Inventory

Pipeline inventory results from the need to transport items or material from one

location to another, and from the fact that there is some transportation time involved

in getting from one location to another. Merchandise shipped by truck or rail can

sometimes take days or even weeks to go from a regional warehouse to a retail

facility. Some large firms, such as automobile manufacturers, employ freight

consolidators to pool their transit inventories coming from various locations into

one shipping source in order to take advantage of economies of scale. Of course,

this can greatly increase the transit time for these inventories, hence an increase in

the size of the inventory in transit.
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Safety Inventory

Inventory is sometimes used to protect against the uncertainties of supply and

demand, as well as unpredictable events such as poor delivery reliability or poor

quality of a supplier’s products. These inventory cushions are often referred to as

safety stock. Safety stock or buffer inventory is any amount held on hand that is

over and above that currently needed to meet demand. Generally, the higher the

level of buffer inventory, the better the firm’s customer service. This occurs because

the firm suffers fewer “stock-outs” (when a customer’s order cannot be immediately

filled from existing inventory) and has less need to backorder the item, make the

customer wait until the next order cycle, or even worse, cause the customer to

leave empty-handed to find another supplier. Obviously, the better the customer

service the greater the likelihood of customer satisfaction.

4.8.1 Order Point
There are two ways in which inventories can be managed in an organization. One is

the material requirement method. The other is the order point technique.

Materials requirement planning (MRP) is a time-phased replenishment

approach in which inventory status is reviewed and new shipment plans are generated

periodically. The demand is treated as dependent demand and the requirements are

worked out based on the master schedule.

Forecasting is used to anticipate requirements at the independent demand

level (or echelon), while time-phased logic is used to anticipate requirements for

upstream inventory echelons. Inventory status and planned lead times are therefore

used to time order releases so inventory is minimized while still preventing excessive

shortages. Since inventory is planned throughout the supply chain, it is based on

anticipated demand.

Order point systems, on the other hand, treat demand at all echelons in the

supply chain as independent demand. The theory makes five basic assumptions.

These are as follows:

1. Independent demand can be forecast with reasonable accuracy.

2. Forecasts will normally account for all demands.

3. Safety stocks will protect against forecast errors and unexpected events.

4. Demand will be fairly uniform in the short-term and will constitute a fraction

of reorder quantities.

5. It is desirable to replenish inventories when they are depleted below the

order point quantity.

There is a popular saying that forecasts will be wrong. Forecasts of demand for

components are mostly derived from each item’s past usage and determine only

average amount of demand expected in future time periods, not the time of specific

demands. Order point attempts to protect users against forecast errors and other

unexpected happenings by adding a cushion called safety stock. It uses economic

order quantity computation to specify the size of the replenishment order. How well

order point inventory planning works depends on how closely the assumptions relate

to the actual situations in the inventory.
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The order point assumption of fairly uniform usage in small increments is

very often not valid in many manufacturing environments. Requirements for

components of products occurs in discrete ‘lumps’ caused by parent order lot sizes.

This is often a problem to handle in order point systems.

Control is decentralized and inventory is reviewed at each stage independently.

Under continuous review, orders are placed when the inventory falls below the

reorder point. If inventory falls to zero, backorders are also taken into account in

placing new orders. Reorder points are calculated on the basis of expected demand

during expected replenishment times (actual lead times).

Table 4.1 gives a detailed comparison between the two systems. MRP systems

are known to be practical. Advantages of MRP include inventory reduction, better

customer service, and compatibility with other systems within the supply chain (e.g.

DRP, transportation planning, etc.). It has been proved that MRP works well wherever

supply chain integration is possible, especially in comparison to traditional order

point systems.

Order point systems are know to be reactive, as they frequently use average

information for replenishment decisions and lack result mechanisms to anticipate

the changes in demand. This tends to poor performance in high demand fluctuation

environments.

Table 4.1 Comparison of MRP and Order Point Systems

Attribute MRP Order Point

Demand Dependent Independent

Order philosophy Requirements Replenishment

Deals with Products Parts

Forecast Based on master schedule Based on past demand

Control concept Control all items ABC

Looks at Future Past

Order dates Complete Start

Objectives Meet manufacturing needs Meet customer needs

Lot sizing Discrete EOQ

Replanning Yes No

Demand pattern Lumpy but predictable Random

Future Orders Shows all in the horizon No, except in fixed time models

Types of inventory Work in process and Finished goods and spare parts

raw materials

As the MRP system is based on the concept of centralized planning and

control on global inventory and order information, It performs best with varying

demands which occur through time and whenever a remarkable doubt exists in

regard to demand and replenishment times. It is the MRP’s potential to anticipate

changes which is thought to be responsible for this fine performance, grounded on

forecast information, in demand along the supply chain and release time-phased

orders in anticipation of future needs.

However, MRP also has disadvantages. Data throughout the supply chain

must be accessible, implementation costs are relatively high, and system nervousness

can lead to extremely doubtful environments.
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MRP systems require relatively complex and extensive software information

systems. Besides this, the various nodes in the supply chain or distribution network

must all be able to communicate with the central planning function. This becomes

tough and more challenging when independent enterprises increase.

Less coordination of information is required when order point systems are

used. The use of only inventory and order information local to the upstream

replenishment loop makes implementation cannot the network mode remarkably

effortless. Such issues concerning implementation and operation may act to offset

the advantages of systems when evaluated purely on the basis of planning and

control logic.

4.8.2 Service Level
The metrics by which a specific service is measured are referred to as the service

level. The term “service level” is most commonly used in the service industry. The

service level establishes quality and service type expectations, as well as remedies

when those standards are not fulfilled.

Any vendor contract should include a service level clause. All aspects of

the specific service supplied, as well as the circumstances of service availability,

are included in the service level. The type of service offered, the volume of work,

the quality of work, and the service provider all influence the accurate assessment

of service levels. There are several methods for determining service levels in various

instances.

A service-level agreement, which specifies in detail the degree of service a

client expects from a provider, is frequently used to record service level. Service

levels and standard level agreements are common among service providers. The

dependability, responsiveness, monitoring, and escalation mechanisms linked to

service levels are all covered by a service-level agreement.

Service level measurement aids all parties involved in determining the degree

of service quality. A service-level agreement protects all of the parties engaged in

the agreement. The service level assists in determining the measurements of certain

goals and, as a result, indirectly aids in attaining those goals.

Check Your Progress

16. What is seasonal inventory?

17. Why is safety inventory important?

18. Define service level.

4.9 INVENTORY CONTROL SYSTEMS:
PERPETUAL, PERIODIC

Recent industry reports show that inventory costs as a per cent of total logistics

costs are increasing. Despite this rise, many organizations have not taken full

advantage of ways to lower inventory costs. Much of the cost in inventories is due

to:
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� Too much of wrong stuff

� Not enough of right stuff

� Unawareness of obsolete material

� High shrinkage rate

� Low turnover rate

� Excessive expediting/staging

� Ineffective scheduling

The control systems can also be classified depending on their characteristics.

Based on characteristics, there can be different types of systems. The most common

are the following:

� Classification Models

� Periodic review (fixed-order period)

� Two–bin system

� Perpetual or continuous review (fixed-order quantity)

� Modified control systems

� MRP and DRP Systems and

� Fair share allocation

Classification Models

We have discussed classification systems in an earlier unit. Material items can be

classified based upon their commercial importance, demand patterns (regular,

sporadic, etc.) and supply reliability (of both raw material suppliers and own

manufacturing), sources of supply, modes of handing, etc.

However, the most popular classification method used, especially in small

and medium firms, is ABC Classification. This analysis is based on the historical

stock levels recorded for the different items. The components that are easiest to

control are characterized by high use and low inventories.

As the ABC classification method is generally used in most firms for inventory

control.it is based on usage and cost of the inventory item. The system of control

of this model is described below:

Controls For Class ‘A’ Items: All Class ‘A’ items require close control.

However, where stock-out costs are high, special attention is required. Raw

materials that are used continuously, in extremely high volume, are often purchased

at rates that match usage rates. Contracts are often executed with vendors, with

penalty clauses, for the continuous supply of these materials. Buffer stocks that

provide excellent service levels are justified for such items.

Where purchase of inventory items is not guided by either economical

quantities or cycles, the items need careful monitoring. It is possible to achieve

significant savings by changing the rate of flow periodically as demand and inventory

positions change. Minimum supplies need to be ensured to guard against demand

fluctuations and possible interruptions of supply.

For the balance of Class ‘A’ items, normally reports are generated on a



Materials Management

NOTES

Self - Learning
Material 133

weekly basis, to provide the necessary close surveillance over inventory levels.

Close surveillance reduces the risk of a prolonged stock out. Depending upon the

inventory system used, time-triggered or event-triggered orders are released.

Controls for Class ‘B’ Items: These items are generally monitored and

controlled by a computer-based exception reporting system. Periodic review by

the management is necessary but model parameters are reviewed less often than

with Class A items. Normally, stock out costs for Class B items should be moderate

to low and buffer stocks should provide adequate control for stock outs, even

though, ordering may occur less often.

Controls for Class ‘C’ items: Class C items account for the bulk of inventory

items. In many cases, reorder point system is designed such that it does not require

a physical stock evaluation, for example using a ‘two-bin’ system.

It must be kept in mind that ‘C’ items are not necessarily unimportant.

Therefore, controls should adequately cover the requirements for this class of

inventory. Semiannual or annual review of the system parameters should be

preformed to update usage rates, reestablish supply lead-times and the reorder

points. Cost savings might result in changes in EOQ but they may not be significant.

The major advantages of classification systems are as follows:

� To devise methods for planning and control for materials in a class

� To devise purchasing procedures, inspection methods, issuing and storing

procedures, to all materials in a class

� To devise accounting and evaluation procedures common to all materials

in a class.

Many studies show that companies that use ABC inventory policies or simple

weeks-of–supply rules frequently have 15–30 per cent  more inventory than they

need and lower service levels. Classification models used in combination with

mathematical models or new optimization methods derive 20–30 per cent

reductions in inventory and 10–20 per cent improvements in time to market. These

models are discussed in the rest of this section.

Periodic Review Systems or Time Triggered Systems
Here the inventory is checked at specific points in time. It is a ‘time’ triggered

system, the inventory status is reviewed on a periodic basis and an order is placed

for an amount that will replenish inventories to a planned maximum level.

Fig. 4.7 Periodic Inventory System

The model is shown as Figure 4.7. The Variable demand is reflected by the

slope of the lines. The fixed review period is shown by FH =HJ. The variable
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reorder points are C = B = D and the variable reorder quantities are shown in Figure

4.7. You will see that E–C¹ E–B¹ E–D. Similarly the lead-times are variable as FG¹

HI¹ JK. The reorder quantity is E, the inventory level at review period.

The reorder quantity, therefore, varies from one review period to the next.

The economic reorder cycle would then be EOQ/R, where R is the annual

requirement: for example, if EOQ = 10,000 units and annual requirements are

R=120,000 units, then the economic cycle would be 10,000/120,000 = 1/12 or

1 month.

The safety stock is OB. Safety stock needs to buffer also against uncertainty

in demand over each period. The long planning interval with its associated demand

variation causes more safety stock to be held than in other systems.

Some other advantages of this system are:

� Sometimes makes operating efficiencies possible by reviewing the status

of all items at the same time

� Fewer orders are placed

� Purchase discounts more likely

� Lower shipping and freight costs

The periodic system had more appeal in pre-computer days because it

does not require continuous inventory records. Inventory holding costs are usually

higher than those associated with the continuous review system.

Two-Bin Policy

The two-bin policy can be seen as a variant of the reorder point reorder method

where no demand forecast is needed and the inventory level does not have to be

monitored continuously. This system makes stores clerks happy because no fancy

record keeping is needed. They merely open the second bin and place an order. It

is usually adopted for inexpensive, fast-moving items. In classification models, this

policy is often used for ‘C’ category items.

It works like this: the inventory is physically separated into two bins, one of

which contains an amount equal to the reorder inventory level. Stock is drawn

from the first bin. For each item, action is triggered when inventories in the bin gets

empty, the inventory has fallen to the reorder point Q, an order is placed for Q

units. Stock is now drawn from the second bin. And, the cycle is repeated.

Continuous Review Systems or Event Triggered Systems

These are generally fixed quantity systems. In these systems, we know the inventory

held at all times. A perpetual review system controls inventory by reviewing the

system daily to determine replenishment needs. It compares the sum of the inventory

on-hand and on-order to establish the reorder point.

This is the most robust policy and is optimal under the greatest number of

conditions. When inventory falls to B, an order is placed. The fixed reorder quantity

is AC and the lead-time (DE = FG= HI) is also fixed. However, the time between

orders is variable as you will see that DF � FH. The only uncertainty is the magnitude

of demand during the lead-time. The parameters that define a reorder quantity

system are ‘Q’, the fixed amount ordered at one time and reorder point.
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Fig. 4.8 Perpetual Inventory System

The model is shown as Figure 4.8. In this case also, the demand is variable

which is reflected in the slope of the lines. This is a complex system and its complexity

increases as the operations become larger. It requires accurate accountability and

large computing power. Computer aided systems are normally used for proper

implementation. Despite its complexity, the advantages of perpetual systems are:

� Efficient, meaningful order size

� Safety stock need for lead-time only

� Relatively insensitive to forecast and parameter errors

� Less attention on slow moving items

Some disadvantages arise out of this:

� Clerks may set order quantities

� Lot sizes, reorder points, and safety stocks must be revised

� Delays in posting transactions

� Errors and mistakes in transactions

� High freight and transportation charges

� Fewer chances for dollar value discounts

These systems require the inventory level to be under sufficiently close

surveillance so that notice can be given when the reorder point has been reached.

Material Requirement Planning (MRP I and MRP II)

This has been explained in an earlier unit. It is appropriate when inventory planning

is primarily required for items with dependant demand or for determining inventory

requirements in a multiple plant/warehouse environment.

MRP methods use a common information base to coordinate inventory

requirements across multiple locations or across different stages in the value-added

chain. Planning activities may occur at the plant to coordinate inventory allocation

and delivery to multiple distribution centers or to coordinate inventory requirements

across multiple channel partners, such as manufacturers and retailers.
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There are a number of proven strategies that will provide payoff in the

inventory area, both in customer service and in financial terms. Some of these

strategies involve having fewer inventories while others involve owning less of the

inventory you have. MRP and information technology solutions have been able to

provide solutions, not only for inventory management but also for aggregate

planning, material requirement planning and operations scheduling.

MRP is a three-step process: (i) identifying the requirements and setting the

basic parameters (ii) running the planning (iii) implementing the MRP. If all the

three are synchronized well, the MRP run will give accurate results which can be

implemented.

Distribution Requirements Planning (DRP): DRP is defined as Distribution

Requirements Planning, which includes determining labour, equipment, and

warehouse space requirements.

DRP is usually used with an MRP system, although most DRP models are

more comprehensive than stand-alone MRP models and can schedule

transportation. The underlying rationale for DRP is to more accurately forecast

demand and then use that information to develop delivery schedules. This way,

distribution firms can minimize inbound inventory by using MRP in conjunction

with other schedules.

DRP may be used for both distribution and manufacturing. In manufacturing,

DRP will work directly with MRP. There are some constraints to the use of DRP

systems.

First, DRP systems require accurate and coordinated forecasts for each

distribution center. The forecast is necessary to direct the flow of goods through

the distribution channel with forecasts for each distribution center and SKU as

well as adequate lead-time to allow product movement. Forecast error can be a

significant concern when forecasts are used to guide inventory-planning systems.

Second, DRP requires consistent and reliable performance cycles for

movement between distribution facilities. Variable performance cycles are

accommodated through safety lead-times but performance-cycle uncertainty

reduces planning system effectiveness.

Fair Share Allocation: Fair share allocation is a simplified inventory

management planning method that provides each distribution facility with an

equitable or ‘fair share’ of available inventory from a common source, such as a

plant warehouse.

The first step is to establish business rules that prioritize locations or customers

and define fair share logic. Using fair share allocation rules, the planner determines

the amount of inventory that can be allocated to each distribution center from the

available inventory at the plant warehouse.

The limitation of this system is that while it coordinates inventory levels

across multiple sites, fair share allocation does not consider site-specific factors,

such as differences in performance-cycle time, economic order quantity or safety

stock requirements. Fair share allocation methods are, therefore, limited in their

ability to manage multistage inventories.
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Modified Control or Optional Replenishment Systems

Control systems sometimes combine regular review cycles and order points. In

such systems, stock levels are reviewed on a periodic basis but orders are placed

only when inventories have fallen to a pre-determined reorder level. Such systems

combine the advantages of ‘event’ triggered and ‘time’ triggered review systems.

These have the lowest total costs. Regardless of which technique or solution one

employs, there are two important issues in inventory control: order quantity and

order timing.

Choice of System

The proper choice of control systems is extremely important. Proactive inventory

management practices make a measurable difference in operations and reduce in

inventory costs. In addition, they significantly impact the burden due to:

� Ever-increasing storage space needs

� Slow-moving materials

� Disposition of scrap, obsolete, and surplus materials

� Transaction recording errors

� Misplaced materials

However, in order to be effective, the inventory control system should provide

satisfactory answers to three questions:

1. How often should the assessment of stock on hand be made?

2. When should a replenishment order be placed?

3. What should be the size of the replenishment order?

The answers to these questions should determine the system used to control

inventory.

The following facts describe the important differences that determine the

choice of the system that should be used.

1. Perpetual systems are expensive to operate and maintain but if

economically justified, provide the best control parameters.

2. Periodic systems require less manpower to control compared to

perpetual systems. In perpetual systems, each item must be counted

as it is issued or demanded. In periodic systems, physical inventory

count is taken only at the end of the period. This system is especially

good for fast moving raw materials and supplies.

3. Periodic systems require less calculating time than perpetual systems.

In the event triggered system, each issue or demand from stock must

be recorded and accounted for. Systemic costs, i.e. the costs of running

the system are generally less with the time-triggered system.

4. Periodic systems may require more buffer stock to protect against

uncertain demand and lead-time. The reorder time is often non-optimal

as it is fixed either weekly or monthly and not based solely on

economics, resulting in higher physical inventory costs.

5. Periodic systems run the risk in more stock outs when unusually high

fluctuation in demand occurs. When one or successive periods of
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unusually large demand occur, perpetual systems can react more

quickly because it keeps track of net inventory with each unit

demanded.

6. Materials Requirement Planning is based on several assumptions. When

those assumptions are incorrect, you can have more problems

controlling the system than even if you do manually. While MRP

approaches to inventory management offer significant benefits, there

are some constraints to their effectiveness, primarily based on the

assumptions made in these models:

� Capacity is infinite: It assumes that we can produce anything

as long as we have material at the right time. This is a major flaw.

In a manufacturing set up, capacity is a constraint most of the

times and capacity is always finite. Having enough material at

the right time is no guarantee that schedule can be met without

any delay.

� Lead-times are constant: MPR systems are based on lead-

times schedules that are either forward scheduling or backward

scheduling. The major assumption here is lead-times are constant.

Are the lead-times really constant? How frequently are they

reviewed to validate whether the lead-times are still valid? How

much of safety is loaded into these lead-times? What are the

basic assumptions with which they were initialized? Answers to

some of these questions are necessary as lead-times have a

cascading effect as the material gets converted from raw material

to finished products.

� Accurate stock status/on order status: MRP accuracy depends

on accuracy of stock status. So the assumption is the perpetual

inventory status matches with the actual on hand quantity: for

example, if the purchase orders’ due dates get modified over

phone or fax and the system does not get updated. The problem

gets compounded because of the pegging used in MRP

calculations.

7. MRP starts with independent demand for the end products. If there is

uncertainty, there should be a provision for incorporating that uncertainty

into the planning.

8. The MRP response time is a measure of how quickly the shop floor

can implement changes and update the transactional data. It is not

always easy for the firm or the entire chain of suppliers to respond to

MRP recommendations promptly. Therefore, it is often prudent not

to plan for all materials through MRP. Response time should dictate

how frequently you should run MRP and how many items should be

included for planning run. Each change or response is also a cost to

the company and needs to be taken into account.
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Is Zero Inventory a Myth?: The Toyota Story
More often than not, inventory is vilified as an evil and something that must be

brought down to zero. Inventory blocks cash and makes doing business difficult.

We also hear examples of Japanese companies that supposedly work with zero

inventories and thus achieve high level of operational efficiencies. Several studies

have brought to the fore the premise that higher levels of inventories are inversely

related to profitability.

Toyota does not have zero inventories. Raw material inventories are planned

according to the distance of the vendor. The work-in-progress inventories of the

number of Kanban cards in circulation are calculated according to the process

cycle times. Then there is the material in transit that is also inventory.

Toyota has around fifteen factories in Japan. Of those, twelve are in Toyota

City—in the Aichi Prefecture and east of Nagoya. With such a large concentration

of factories, Toyota has located most of its vendors close to the factory. This is

one of the reasons the plants can work with low levels of inventories. Toyota

factories in the US and in India, however, operate on a significant higher inventory

levels compared to the Toyota City factories.

The beauty of the Toyota Production System (TPS) allows the firm to have

significantly low inventory level. But, even with the best application of TPS, all

Toyota plants have to keep some level of inventory. Talichi Ohno, considered to

be the father of TPS, had identified seven wastes which were eradicated as a part

of TPS. Inventory happens to be just one of the wastes in the list.

Check Your Progress

19. What are the advantages of periodic review System?

20. How does the two-bin policy work?

21. How many steps are involved in the MRP process?

4.10 JIT, KANBAN

JIT stands for just-in-time, a management philosophy that attempts to do away

with sources of manufacturing waste by producing the correct part in the correct

place at the correct time.

JIT can also be defined as an operations management philosophy whose

dual objectives are –

– To reduce waste

– To increase productivity 

JIT (also called lean production system or stockless production
system) helps a company to increase its profits, improve the return on investment

(ROI) by reduction in inventories, increase inventory turnover rates, reduce

variations in products and services, reduce production and delivery lead times,

and reduce waste.

JIT can be easily applied to repetitive manufacturing processes in which the

same products and services are produced over and over again. A streamlined

flow (like we see in an assembly line) is established (even when the facility uses a
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job or batch process layout) by interlinking the work centres so that there is a

balanced and continuous flow of material throughout the production process.

The Textron Automotive Trim Division Plant at Michigan manufactures

several components such as door panels and additional interior components, in

nine different colour combinations and 12 different fabrics, for Daimler Chrysler

cars and mini vans. The company  struggled with very high work in process (WIP)

and finished goods inventories. This created production bottlenecks and occupied

lot of floor space. So the company had to lease space in another facility to make

back side panels for the Chrysler minivans.

The company then adopted JIT. This resulted in a quantum leap in production.

WIP was reduced by more than 60 per cent and average finished goods inventory

was reduced from 10 hours to 2 hours. More than 10,000 sq ft of space was now

available. The company terminated the lease for the back side panels for the

Chrysler minivan and took it into its own production line. Over the years, lot sizes

have reduced by 80 per cent and mold change time has come down by 50 per

cent. Presently, mold change time is 21 minutes and the company has set itself a

target of 15 minutes in two years.

Now, the plant is pursuing new businesses. The company has signed a

contract with GM Motors to supply them with interior trim products. All this within

the same factory premises!

The basic elements of JIT were developed by the Toyota Motor Corporation

in the 1950s, and have come to be known as the Toyota Production System

(TPS). The JIT concept is built around the philosophy that inventory is evil. But it

is not just a method to reduce inventories. It is a method of producing what is
needed, when it is needed, and no more.

JIT is fundamentally based on two tenets –

� Elimination of waste, and

� Respect for humans

Elimination of Waste

Any activity that does not add any value may be referred to as waste. Anything

over the minimum amount necessary is waste. Any activity that adds cost without

adding value results in waste. Shigeo Shingo, a prominent management guru who

promoted the use of JIT in manufacturing listed the ‘Famous Seven Wastes’ as

follows:

� Waste of motion

� Waste resulting from overproduction

� Waste resulting from waiting

� Waste resulting from transportation

� Waste resulting from stocks

� Waste resulting from making defects

� Waste as a result of processing (when the product should not be made or

the process should not be used)
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In other words, waste includes excess inventory, scrap and rejection, excessive

materials handling, movement and time spent waiting for resources to become

available and overheads related to setup times and inspections.

Respect for Humans

This tenet recognizes that for a system to work, humans must be actively involved.

In addition, they must work as a team towards a common goal. In JIT environment,

considerable effort is dedicated to building teams. Work is handled by teams on

the shop floor, rather than by individuals. Instead of having each worker on the

assembly line responsible for a narrowly defined task, teams are charged with the

responsibility of assembling the entire part. Workers are given more responsibility.

Companies that have adopted the JIT philosophy, have embraced the following:

1. Expanded job scope

In addition to performing their tasks, workers suggest ways to improve their

performance; do routine maintenance on their machines and perform their own

housekeeping chores. Often, similar parts are grouped into families, and the

machineries required to manufacture these parts are grouped together to form

work cells. This eliminates queuing (and waiting) time and movement between

operations, reduces both inventory and the manpower required. Workers, however,

will have to run several machines and processes. Hence their skill levels will increase.

This increases their job security and commitment to the company.

2. Factory layout

For JIT to work, the factory layout should encourage communication among team

members by placing successive operations in a compact cell. In addition to making

it easier for workers to communicate, it facilitates materials handling.

Another interesting fact to note is that Japanese build small specialized plants

rather than large vertically integrated manufacturing facilities. Toyota has 12 plants

located in and around Toyota city. They find large operations and bureaucrats

difficult to manage. The bulk of Japanese plants (around 6000 and counting) employ

between 30 and 1,000 workers.

3. Automation and process redesign
Monotonous and repetitive jobs are automated or designed out of the process.

This improves the work environment for the worker.

4. Employee empowerment

Workers are given the authority to stop the line. They thus become inspectors,

personally responsible for the quality of their output. They can also set the pace of

work and thus maintain quality at the source.

These changes require that both management and workers think of their

work differently. The physical changes associated with JIT such as factory layout,

can be implemented within finite time frames. The change to the work culture

takes longer and is an ongoing process.
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4.10.1 Process of JIT
Figure 4.9 shows a normal operation in a factory.

Receiving 

materials 

Receiving 

inspection 
Inventory 

Sub-assembly-1 

inventory 

Work-in 
process 

inventory 

Final assembly 

Fig. 4.9 A Normal Operation in a Factory

In Figure 4.9 we can see that after incoming material is received and counted,

it is inspected for quality and adherence to specification. If acceptable, it is

accounted for and taken into the inventory. This is then sent to subassembly

operation-1 shop floor, where it becomes the shop floor inventory. After sub-

assembly operation-1, is the work-in-process inventory. The material then goes

to sub-assembly operation-2 and so on till the final assembly.

When JIT is implemented, the receiving inspection is completely eliminated

and the responsibility of quality for incoming material rests with the supplier.

Incoming material is delivered directly at the point of use at the shop floor. This

eliminates the duplicate shop floor inventory. JIT calls for a thorough streamlining

of the manufacturing process at the shop floor. Production scheduling should be

based completely on units of the finished product rather than on the production of

sub assemblies. This eliminates pile up of work in process inventory and also helps

in continuous production.

Receiving 

materials 

Final 
Assembly 

In JIT, the management focuses on one goal, which is reducing work-in-

process inventory. The question that is asked over and over again is, ‘Why is

inventory needed’? The answer usually identifies a constraint brought about by

existing production practices such as set-up times, quality or machine availability.

Fixing these problems improves efficiency.

Advantages of Implementing JIT

1. Reduction in set-up times
When the set-up time is high, economics dictates that the lot size must also be

large. Reducing the setup time helps in making the lot sizes smaller and making

more production time available. Several products can be made at shorter intervals

of time. Inventories can be reduced, capacity can be increased and the company

can respond more quickly to changes in demand.
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Set-up time reduction can be accomplished by changing the process,

introducing flexible automation, or by changing the setup procedure. One of the

advantages of short setup times is that it facilitates the early discovery of poor

quality parts, making it possible to correct the root cause of a problem. In fact,

JIT proponents consider the ideal lot size to be one.

2. Improvement in quality
As inventory is reduced, pressure for improving quality increases. When a part is

defective, it may bring the next operation to a halt if there is no inventory to act as

a buffer. The key is to do it right the first time.

The impact of poor quality on the cost of a product is significant. Any good

quality system includes clear specifications and documented tests for conformance.

JIT also emphasizes process capability and design for manufacturability. Process

capability means the ability of the process to make parts with the desired

specifications. Design for manufacturability means that product designers take

into account the manufacturing capabilities, as they design the product. This task

is often done by integrating design and manufacturing activities.

3. Steps in the production process are trimmed
Each step in the production process should be included only if it adds value to the

product and eliminates activities that do not add value. For example, when materials

are moved from a work centre to the stockroom and later from the stock room to

another work centre, the double handling will add to cost with no increase in

value.

4. Emphasis on maintenance
For equipment to produce quality parts consistently, they must be in good condition.

Japanese factories do not have modern equipment; they only have equipment that

has been well-maintained and so runs better.

A JIT factory has the discipline to allocate maintenance time on a regular

basis. Workers are involved in performing the maintenance. Therefore, the operators

understand their equipment better and this reduces the chance of unexplained

defects. It also allows operators to enhance the process’ capability.

5. Reduction in inventory
A reduction in inventory that is brought about due to JIT substantially reduces

throughput time as well as labour productivity for the organization. These will

directly translate into reduction in the manufacturing costs and resultin an increase

in the profit for the company.

6. Consolidating the supplier base
In JIT, the supplier base composes of a manageable few, and communication

between them is encouraged. The aim is to improve the suppliers’ understanding

of the company’s needs, ensuring that the materials supplied have the correct

specifications.

In JIT, the focus is on reducing the supplier base and placing all orders for

an item with a single source. Emphasis is given on developing partnerships and
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longer term relationships to provide better quality products and reliable deliveries

at competitive costs. By reducing the number of suppliers, Purchasing can manage

its suppliers better, and deliveries can be scheduled more easily. For the supplier,

it may yield economies that can be passed on to the buyer in terms of lower costs.

The Japanese have been very successful in using this approach. They have

put together a tightly-knit family of suppliers called Keiretsu and have succeeded

in obtaining better quality at lower costs than their American competitors.

Disadvantages of JIT

Although JIT is very effective in reducing lead times and work-in-process, it has

several disadvantages. These are:

1. JIT has been successful mainly in assembly line manufacturing.

2. JIT requires a stable production plan (that is, one without frequent changes).

3. JIT is more effective when the number of products is less.

4. JIT still requires some work-in-process so that there is ‘something to pull’.

This means that some amount of completed work must be stored at each

workstation, to be pulled by the next workstation.

5. Suppliers need to be located nearby because the system depends on smaller,

more frequent deliveries.

The ‘Kanban’ System

Let us learn about the Kanban system, which is prevalent in factories.

Kanban means ‘signboard’ in Japanese. It is the name given to small
cards attached to containers which hold a standard quantity of a single part
number.

To understand what a Kanban system is, imagine two work centres A and

B. Work centre A produces a part which is kept in a bin. Work centre B uses the

parts from the bin. When the bin gets empty, it is a signal for the Work centre A to

refill it. We say that the empty bin is the Kanban signal.

The following example shows how the Kanban system works in an industrial

setup –

Company A buys parts at the rate of 1000 per day. These are delivered in

containers each carrying 50 parts, i.e., 20 containers per day. The supplier makes

one delivery per day – the truck leaves his premises at 9 a.m., delivers them at

noon and returns to the supplier in the evening.

This means the supplier should be getting 1000 parts ready for supply the

next day. There should also be 20 empty containers available at the supplier’s

factory, by the evening of the day before delivery.

On Day-1, the truck leaves the suppliers’ premises with 20 full containers.

At noon, when it reaches Company A, it delivers the 20 full containers and picks

up the 20 empty containers.  Meanwhile, the supplier has been working at filling

the empty containers and has filled 10 of them. By the end of the day, when the

truck returns, the supplier has completed filling the 20 containers. On Day-2, the

same schedule is repeated.
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This system has 60 Kanban containers. The inventory in the system is 30

full containers.

Hour of Day Supplier Truck Company A
9 a.m. 20 E 20 F 10 F, 10E

12 noon 10F, 10E 20 F 20E

The two-card Kanban system: In practice, companies use systems consisting

of two types of Kanban cards –

– A Move card to authorize the movement of parts from one work centre to

the next.

– A Production card to authorize the production of parts by the work centre.

The Toyota system offers a good illustration of the two card Kanban system.

Each part made in a plant is sourced from a single vendor. Also, the production

inventory is located on the Plant floor. At each work centre, points are established

where incoming inventory is to be delivered. The objective is to have inventory

easily accessible. When the work centre finishes the work, the completed part is

all at one location.

At Toyota, parts are moved in containers or bins. For any pair of work

center, the containers are a standard size, which are fixed lot sizes. The standard

container size also affects the inventory level.

Check Your Progress

22. What is Just-in-Time?

23. What are the 'famous seven wastes' in manufacturing?

4.11 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. According to Bethel, 'Materials management is a term used to connote

controlling the kind, amount, location, movement and timing of the various

commodities used in and produced by the industrial enterprise.'

2. The basic task of materials management is to improve the productivity of

materials.

3. The primary objective of an organization is to reduce the cost that occurs

while buying, storing, handling, insuring, transporting and packaging materials.

4. The five commonly identified types of inventory are: raw material inventory,

supplies inventory, finished goods inventory, replacement parts inventory

and work-in-process inventory.

5. The objectives behind keeping inventory are:

(a) To protect against unpredictable variations in demand and supply

(b) To take advantage of price discounts through bulk discounts

(c) To take advantage of batches and longer production run

6. Material planning is the materials management function that tries to correlate

the supply of materials with its demand.
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7. Global factors such as price tendencies, business successions, government's

import and export rules, etc., are known as macro factors.

8. Inventory control is used to maintain the safety stock of raw materials that

can be used during the delay in the delivery of raw materials.

9. The most commonly used control systems are:

� Classification models

� Periodic review (fixed-order period)

� Two-bin system

10. According to Alford and Beaty, 'purchasing is the procuring of materials,

supplies, machine tools and services required for the equipment, maintenance

and operation of a manufacturing plant.'

11. Hand-to-mouth purchasing is also known as 'buying according to the

requirements'.

12. The process of buying large quantities of an item, when its price is low so

that tentative profits can be earned by selling them later at a higher price, is

called speculative purchasing.

13. Purchasing activities involve management and combination of internal/

external and upstream/downstream supply chain, integrated into the

customer-employer-supplier chain.

14. In a time-triggered system, the inventory status is reviewed on a periodic

basis, and an order is placed for an amount that will replenish inventories to

a planned maximum level. The reorder quantity therefore varies from one

review period to the next. The economic reorder cycle would then be EOQ/

R, where R is the annual requirement.

15. The SOS classification method is based on the nature of the time of

availability for an item. 'S' stands for seasonal and 'OS' for off-seasonal.

This is more relevant in case of items which are derived from nature, such

as jute and, cotton, which are available more during their harvest time and

less available during the monsoons when it rains. They require separate

purchasing and stocking strategies. The inventory management system will

have to balance out between the stocking cost and lower prices at which it

will be available. 'OS' items are ordinary items which are not seasonal and

can be subject to any other classification for selective control.

16. Seasonal inventory is stock which is in high demand during particular times

of the year, such as during Diwali or before the onset of summer. These

periods of time often coincide with the different seasons, and managers

need to be proactive in preparing for the waxing and waning of demand

during these key times.

17. Safety inventory is important because it is sometimes used to protect against

the uncertainties of supply and demand, as well as unpredictable events

such as poor delivery reliability or poor quality of a supplier's products.

Safety stock or buffer inventory is any amount held on hand that is over and

above that currently needed to meet demand. Generally, the higher the level

of buffer inventory, the better the firm's customer service.
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18. The metrics by which a specific service is measured are referred to as the

service level.

19. Some advantages of the periodic review system are:

� Sometimes makes operating efficiencies possible by reviewing the status

of all items at the same time

� Fewer orders are placed

� Purchase discounts more likely

� Lower shipping and freight costs

20. The two-bin policy works like this: the inventory is physically separated

into two bins, one of which contains an amount equal to the reorder inventory

level. Stock is drawn from the first bin. For each item, action is triggered

when inventories in the bin gets empty, the inventory has fallen to the reorder

point Q, an order is placed for Q units. Stock is now drawn from the

second bin. And, the cycle is repeated.

21. MRP is a three-step process:

 (i)  identifying the requirements and setting the basic parameters

 (ii) running the planning

(iii) implementing the MRP

If all the three are synchronized well, the MRP run will give accurate results

which can be implemented.

22. JIT is a management philosophy that strives to eliminate all sources of

manufacturing waste by producing the right part, by the right method, using

the right raw materials, in the right place at the right time. Its aim is to reduce

waste and increase productivity. It improves profits by:

� Reducing inventory levels,

� Reducing variability and thus improving quality

� Reducing lead times

� Reducing all other costs such machine setup cost, equipment breakdown

cost, etc.

23. The 'famous seven wastes' are as follows:

� Waste of motion

� Waste resulting from overproduction

� Waste resulting from waiting

� Waste resulting from transportation

� Waste resulting from stocks

� Waste resulting from making defects

� Waste as a result of processing (when the product should not be made

or the process should not be used)
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4.12 SUMMARY

� Operations management involves a set of activities performed to manage

the available resources in an efficient manner.

� The production and operations of goods and services involve the conversion

of input into output through a transformation process.

� Feedback from the output stage is necessary to adjust the changes required

in the input or the transformation process.

� Production is the primary function of an organization. All other divisions or

activities of an organization exist only if production exists.

� Productivity is a measure of the quantity of output per unit of input.

� The productivity figure of an organization gives a reader an idea of how an

organization is being run.

� There are three parameters that affect the nature of production planning.

These are as follows:

o The number of workers

o The utilization of workers

o Size of inventory

� Aggregate plan is the overall plan of a company for producing a product

over a certain period of time.

� A project process is one in which there is a very high degree of customization

and the job is undertaken to meet specific requirements.

� Flexibility means the ability of a firm to react to customers' changing needs

quickly and efficiently.

� CAD stands for computer-aided design. It is a computer program that

enables engineers, architects and product designers to design everything,

ranging from furniture to airplanes.

� Plant layout is the method of planning and arranging materials and facilities,

so that a steady flow of production is ensured at minimum cost.

� A good plant layout results in better production and less cost.

� There are four basic types of layouts, namely, product layout, process layout,

project layout and cellular layout or group layout.

� As a result of globalization, production and operations managers must extend

their vision and mission beyond their national borders while re-designing

their operations strategies.

� Some of the operations strategic decision to be taken while re-designing

the global operations strategy is location of manufacturing or service plants

due to new labour or raw materials rates, or the establishment of customer

care centres/call centres in developing nation, such as India because of a

combination of economical, educated, English-speaking workforce and the
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essential technological infrastructure.

� Proper location and layout planning go a long way in establishing a successful

organization. Good operating and maintenance practices will enable an

organization to achieve its goals of maximizing profit at minimum cost.

� The term inventory means any stock of direct or indirect material (raw

materials or finished items or both) stocked in order to meet the expected

and unexpected demand in the future. The basic purpose of inventory

management is to control inventory by managing the flows of materials. It

sets policies and controls to monitor levels of inventory and determines

what levels should be maintained, when stocks should be replenished, and

how large orders should be.

� The efficient management of material flow facilitates profitable management

of the company's operations, communication with customers, coordination

of internal activities, and effective utilization of equipment and people.

Depending on the company, its operations and the requirements placed on

it as a result of market conditions, every area is variously emphasized.

� Packing material is used to give a face lift to the product, to protect it during

transportation and storage. In the pharmaceutical industry, packing cost is

substantial and is considered a part of raw materials. In some cases, packing

materials are a part of consumables e.g. industries where the finished product

is in a liquid form such as juices and syrups.

� Where purchase of inventory items is not guided by either economical

quantities or cycles, the items need careful monitoring. It is possible to achieve

significant savings by changing the rate of flow periodically as demand and

inventory positions change. Minimum supplies need to be ensured to guard

against demand fluctuations and possible interruptions of supply.

� One major component of costs associated with inventory is the cost of

replenishing it. If an organization places orders for a given part or raw material

with its supplier three times per year instead of six times per year, the costs

to the organization that would change are the variable costs, and probably

not the fixed costs.

� Irrespective of the nature and size of the industry, there are items varying

from the smallest to the largest in terms of value, size, complexity and

criticality. It is not possible and also feasible to exercise strict management

control over all these items. It will only be too much effort with too little

benefit. Hence, the principle of management by exception is applied. The

items are classified based on certain criteria to facilitate selective control.

Such control minimizes waste of efforts as well as confusions.

� It would not be incorrect to say that no other action a manager takes will

generate improved operations, increased profits and reduced costs so quickly

and with so little effort as the effort towards quality. All organizations have

adopted quality management in some form or the other.
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4.13 KEY TERMS

� Material planning: It is the materials management function that tries to

correlate the supply of materials with its demand.

� Micro factors: They are factors that are within the organization, such as

corporate rules and regulations on inventory retainers, production plan, and

investments.

� Macro factors: They are global factors such as price tendencies, business

successions, and government’s import and export rule.

� Value analysis: It is an orderly and creative process that examines

procurement items and calculates its total cost of acquisition, maintenance

and handling over its lifetime, and checks if it’s possible to replace the item

with a cost-effective alternative.

� Purchase management: The processes of buying quality goods in the

right quantity, from the appropriate place, at the right time and of the right

price is called purchase management.

� Central purchase organization: A large firm in the public or private sector

that may have section-wise stores at different places is known as central

purchase organization.

� Material requirements planning (MRP): It is a computer-based inventory

management system designed to improve productivity for businesses.

Companies use material requirements-planning systems to estimate quantities

of raw materials and schedule their deliveries.

� Distribution Requirements Planning (DRP): It is the practice of

determining the time phased requirements and replenishment of goods for

each location and across multiple locations in a distribution network.

� Just-in-Time: JIT is a management philosophy that strives to eliminate

sources of manufacturing waste by producing the right part in the right place

at the right time.

� Kanban: Kanban means ‘signboard’ in Japanese. It is the name given to

small cards attached to containers which hold a standard quantity of a single

part number.

4.14 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions
1. What are the factors that influence materials planning?

2. What is meant by value engineering?

3. What is the need for inventory to a business?

4. What is the process involved in market research and selection of sources?
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5. What are the operational decisions that are taken by a retail stores manager?

6. What do you mean by energy management?

7. What are the constraints of DRP systems?

8. When are fixed-order quantity models favoured?

9. Why is performance measurement of supply chain important?

10. Why is JIT called the 'stockless production system'?

Long-Answer Questions
1. Discuss the factors and techniques associated with material planning.

2. Explain the salient features of materials requirement planning.

3. Discuss the role of inventory control in an organization.

4. Explain the steps involved in the purchasing procedure.

5. Discuss the functions and types of store management.

6. Elaborate on the duties and responsibilities of a store manager.

7. Discuss the facts that describe the important differences that determine the

choice of the system that should be used to control inventory.

8. Describe the FSN and PQR inventory classification models.
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UNIT 5 TOTAL QUALITY
MANAGEMENT CONCEPT
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Table 5.1 The Differences between Chance and Assignable Causes
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       Fig. 5.1 Control Chart showing Specification Limits for the Diametre of a Pencil
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Fig. 5.2 The Operating Characteristics (OC) Curve
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5.3.1 Parameters of an OC Curve
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5.5 QUALITY MOVEMENT
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Fig. 5.3 Deming’s Concept of Product Quality Assurance through Identifying Sources of
Variation and Improvement
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5.6 QUALITY CIRCLES
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Check Your Progress
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5.7 ISO QUALITY CERTIFICATION AND TYPES
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Box 5.1 Divisions of ISO-9000 Set of Standards as per ISO-9000 of 1994
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Box 5.2 Divisions of ISO-9000 of 2000 Version
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5.7.1 Outline and Applicability of ISO-9000 QMS
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5.7.2 Reasons for Adopting ISO-9000 System
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5.7.3 The Certification of ISO-9000 System
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5.7.4 ISO-9001 of 2000: The Quality Management
System (QMS)
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quality policy and quality objectives are integral parts of this system for
providing the direction.

Table 5.2 ISO-9000 Quality Management Principles
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5.7.5 System Requirements of ISO-9001: 2000
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Table 5.3 Clauses and Sub-clauses of ISO-9001 QMS

Clause Title Subclauses

Clause 4: Quality Management <�3 ����	��6�.�
	������

System (QMS) <�+ Documentation Requirements:
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5.7.6 Implementation of ISO-9001
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Clause 5: Management Responsibility
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5.4  Planning
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5.5  Responsibility, Authority and Communication
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5.5.2 Management Representative and Internal Communication: ����
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Clause 6: Resource Management
6.2 Human Resource: :���+,��������������	
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6.2.2 Competence, Awareness and Training: �������������������	��	
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Clause 7: Product Realization
7.1 Planning of Product realization: ?��������������.��������������������	�
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7.2  Customer-Related Processes
7.2.1 Determination of Requirements related to Products: ��������������
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Clause 8: Measurement, Analysis and Improvement
8.2.1 Customer Satisfaction: �������	
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8.3 Control of Non-conforming Product: �����������������.��������	
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8.5 Improvement
8.5.1 Continual Improvement: ���������	�������������	����������+,������
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Steps in the implementation of ISO–9000

:���������	���	���	�
��������ISO-9001 of 2000 is the only implementable
standard under ISO-9000�������������	�����	
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�����Extensive training of people in the ISO system and communications
about the company’s quality policy, philosophy and customers are the best
instrument to accomplish this objective.
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Like ISO-9000, requirements for documentation, process monitoring,
process capability, use of work instructions and maintenance of records are
built into the QS-9000 standard.� Since QS-9000 is based on ISO-9000
standards, it automatically includes all ISO-9000 requirements, and the
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standard is required to be certified by an accredited agency in the same way
as the ISO-standard.����������
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5.7.7 Concept of ISO-14000 Family of Standards
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The preparatory review itself should be comprehensive
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5.8 QUALITY ASSURANCE
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Fig. 5.4 Six Sigma Process
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5.12 KEY TERMS
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5.13 SELF-ASSESSMENT QUESTIONS AND
EXERCISES
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5.14 FURTHER READING
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6.9 Further Reading

6.0 INTRODUCTION

The actions involved in the production of goods and services are the focus of

operations management. Customer happiness, profitability, creating products at a

low cost, and keeping a high quality are the major goals of operations management.

Supply chain management entails working with a variety of providers to ensure

that things arrive at their intended destination. The primary distinction between

operations management and supply chain management is that the former is

concerned with inside company activities, whilst the latter is concerned with

operations that occur outside the firm.

6.1 OBJECTIVES
After going through this unit, you will be able to:

� Discuss total productive maintenance

� Describe the use of computers in operations management

� Examine advanced manufacturing system

6.2 TOTAL PRODUCTIVE MAINTENANCE
In Japan in 1971, the concept of Total Productive Maintenance (TPM) came

into existence. It is a method for improved machine availability through

better utilization of maintenance and production resources. TPM activity is based

on 5S:
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1. Seiri (Sorting out the required or not required items)

2. Seition (Systematic Arrangement of the required items)

3. Seiso (Cleaniness)

4. Seiketsu (Standardization)

5. Shitsuke (Self Discipline)

Total productive maintenance differs from other production settings by

making the operator a member of the maintenance team. In this type of maintenance,

the operator is trained to perform some of the day-to-day tasks of maintenance

and fault finding. Here the team comprises a technical expert, who is usually an

engineer or maintenance technician, and operators. This kind of set up has the

advantage of the operator being able to understand the machinery. And in so

doing, he or she is able to determine the potential problems and correct them

before they have an impact on production. This helps in reducing the downtime

and the costs of production.

Total productive maintenance is an important aid to lean manufacturing.

The drawback of machine uptime not being unpredictable and the process capability

not sustained are (i) extra stocks need to be kept to buffer against this uncertainty

in the process and (ii) the flow through the process will be interrupted. The uptime

is unreliable because of breakdowns or the maintenance not performed well. When

the maintenance is correct, it not only improves the uptime but also speeds up the

production. This allows the machine to run at its designed capacity of production.

Total productive maintenance method prevents the deterioration of machine.

If a machine is not maintained, then it is natural for it to deteriorate. This is one of

the reasons why TPM is referred to as “total productive manufacturing” or “total

process management”. TPM is a farsighted approach where the problematic issues

are identified as soon as possible and solutions are found that will help in avoiding

any such problems beforehand in the future.

Taken as an extension of TQM, TPM was chiefly developed to improve

productivity. This is achievable only when the process is more reliable and less

wasteful. This maintenance process’s aim is to maintain the plant or equipment in

good condition without hindering the daily process. For TPM to succeed in this

aim it has to do preventive and predictive maintenance. When an organization

follows TPM, it is able to reduce equipment’s unexpected failure.

For a successful implementation of TPM, the production department and

the maintenance department should work hand-in-hand. TPM’s goal is to

“Continuously improve all operational conditions, within a production system;

by stimulating the daily awareness of all employees.” (by Seiichi Nakajima, Japan,

JIPM)
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Garment and Textile Manufacturing, Gokaldas Exports, Ltd., Builds a Lean Culture

and Increases Productivity Gokaldas Exports Ltd. (GEX) is one of India’s largest

apparel exporters. It is a “one-stop shop” for the world’s most preferred apparel

brands, including major casual and sports clothing lines. In 2007, the private

equity firm, The Blackstone Group, became a partner in GEX. GEX’s leaders

determined they would need to improve profits 15 per cent to 20 per cent without

adding resources in order to maintain their leading position. Nike, a key client,

strongly suggested that the company implement lean process improvements,

but GEX’s longtime leadership was skeptical that lean production would work in

the garment industry. Reassured by TBM Consulting Group’s guarantee of

satisfaction and exposure to wideranging success stories at a “CEO Boot Camp,”

Executive Director Dinesh Hinduja invited TBM into the company for an

assessment and subsequent productivity-improvement action plan based on

the LeanSigma® methodology. This included four weeks of lean training for

three chief operating officers, all of whom received lean certification. Initial lean

training and teamwork yielded productivity increases of as much as 35 per cent—

without adding resources. GEX made significant strides in on-time delivery,

first-pass yield and productivity. Plus, sales increased by two percent in spite of

a severe economic downturn. The company’s competitive position within the

industry was strengthened due to improvements in lead time, employee

absenteeism and attrition.  Source: http://www.tbmcg.com/case/tbm-case-study-

gex-improving-productivitythrough- a-leansigma-transformation.html.

The steps involved in starting an effective TPM are as follows:

� The key people have to be identified.

� TPM’s philosophy should be learnt by the management.

� This philosophy should then be promoted by the management.

� All employees should be trained.

� The areas where improvement is required should then be identified.

� An implementation plan should then be drafted.

� An autonomous group should be established.

Figure 6.1 depicts where a TPM can be successfully implemented.

A clear 

business 
culture is 

designed to 

continuously 

improve the 

efficiency of 
the total 

production 

system 

A 

standardized 
and 

systematic 

approach is 

used, where 

all losses are 
prevented 

and/or known. 

All 

departments, 
influencing 

productivity, 

will be 

involved to 

move from a 
reactive- to a 

predictive 

mindset. 

A transparent 

multidisciplin
ary 

organization 

is reaching 

zero losses 

Steps are 

taken as a 

journey, not 
as a quick 

menu 

Fig. 6.1  Successful Implementation of TPM



Emerging Issues in
Production/Operation
Management

NOTES

Self - Learning
206 Material

6.2.1 Implementation
The three major goals of TPM are as follows:

1.  Zero product defects

2.  Zero equipment unplanned failures

3.  Zero accidents

Total productivity management aims to achieve these three goals by doing a gap

analysis of earlier historical records of Product Defects, Equipment Failures and

Accidents. Then by clearly understanding this gap analysis (Fishbone Cause-Effect

Analysis, Why-Why Cause-Effect Analysis, and P-M Analysis), it does an

investigation and finds out new latent fuguai (slight deterioration) during the first

step in TPM Autonomous Maintenance called “Initial Cleaning”.

However, some companies are not able to effectively implement TPM. The two

major reasons are as follows:

1. Inadequate understanding of TPM, especially the linkages between the eight

pillars of activity in TPM. The eight pillars of activity are the following:

a. Focussed improvement (Kobetsu Kaizen) - Continuously even small

steps of improvement.

b. Planned Maintenance - It focusses on increasing availability of

equipment and reducing breakdown of machines.

c. Initial Control - To establish the system to launch the production of

new product and new equipment in a minimum run up time.

d. Education and Training - Formation of autonomous workers who have

skill and technique for autonomous maintenance.

e. Autonomous maintenance (Jishu Hozen) - It means “Maintaining one’s

equipment by oneself”.

f. Quality Maintenance (Hinshitsu Hozen) - It is establishment of machine

conditions that will not allow the occurrence of defects an control of

such conditions is required to sustain Zero Defect.

g. Office TPM - To make an efficient working office that eliminate losses.

h. Safety, Hygiene and Environment - The main role of SHE (Safety,

Hygiene and Environment) is to create safe and healthy work place

where accidents do not occur, uncover and improve hazardous areas

and do activities that preserve environment.

2. To optimally implement TPM, the investment, in terms of time, resources

and efforts, required is more than the companies think they can afford. For

an average TPM implementation, a company-wide participation is needed.

The complete outcome can only be witnessed after three years and

sometimes after five years. The chief reason why TPM requires such a long

time is because of the basic involvement and training required for

Autonomous Maintenance participation. Here the operators participate in

equipment restoration to its original capability and condition and then

improving the equipment.

A quick, effective implementation of TPM has been possible in paper mill
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and electronics industries. In these industries separate project teams were assigned

to do autonomous maintenance. These teams did the (1) initial cleaning and

(2) eliminated sources of contamination and improved equipment accessibility.

The production operators took over after AM Step 3, i.e. once initial maintenance

standards, was established. This has been proven to reduce TPM implementation

time by about 50%.

Total productivity management distinguishes six types of losses. These are:

1. Set-up and initial adjustment time

2. Equipment breakdown time

3. Idling and minor losses

4. Speed (cycle time) losses

5. Start-up quality losses

6. In process quality losses

After identifying the losses, it then works to eliminate them by making

improvements (kaizen).

Apart from the eight pillars mentioned above, there are other pillars also.

These are

Tools management: This meant increasing the availability of equipment by

reducing tool resetting time and tool consumption cost and increasing the tool life.

TPM success measurement: Overall Equipment Effectiveness (OEE) is a set

of performance metrics that is believed to fit well in a TPM environment. However,

for those practicing advanced TPM, OEE cannot be converted to costs using

Target Costing Management (TCM). OEE measurements are used as a guide to

the potential improvement that can be made to equipment. This is done by identifying

out of the six losses which one is greater and the technique applicable to that type

of loss. When the applicable technique is consistently applied to the sources of

major losses, it will have a definite positive impact on the performance of that

equipment.

Check Your Progress

1. What are the 5S of Total Productive Management?

2. What are the three major goals of TPM?

6.3 ADVANCED MANUFACTUIRNG SYSTEM

"The use of novel technologies to generate existing goods and the creation of new

products, including production operations that rely on information, automation,

computing, software, sensing, and networking," according to the definition of

advanced manufacturing. This is a purposefully ambiguous description since

advanced manufacturing in one discipline differs from advanced manufacturing in

another, making it impossible to pin down this notion without discussing particular

examples. Advanced manufacturing is centred on scale, worker skill, research

and development, and dynamic/flexible production, and is often linked to specialised
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cutting-edge industries such as medical, aerospace, pharmaceutical, and other

sectors. Some of the important changes made between traditional and advanced

manufacturing are summarized below in Table 6.1:

Table 6.1 Contrast of Traditional vs Advanced Manufacturing Changes

�������	�
����������	�������

Here are a few instances of advanced manufacturing processes that are being

utilised to create new markets, new technologies, and new approaches for current

items. This list is by no means complete, as we are constantly looking for new

methods to innovate and stay competitive in ever-changing industries:

� Additive Manufacturing: 3-D printing, powder-bed laser printing systems,

fused deposition modelling, and other procedures that build very complex

assemblies from one continuous material are examples of additive

manufacturing methods. Manufacturers can minimise the number of failure

points in a system while also lowering weight, complexity, and thermal

dissipation issues, among other things. Aerospace, medical, prototype,

automotive, consumer products, and many more industries benefit from

additive manufacturing, which will continue to increase as the technology

becomes more affordable and intuitive.

� Advanced Materials: Advanced materials have allowed for the creation

of highly precise blends of metals, plastics, glass, ceramics, etc. that serve

specific applications. Advanced materials such as composite materials are

precisely varied in physical and chemical properties, creating more

performance breakthroughs, and reducing material tradeoff decisions. Some

important composite materials in modern markets include high strength
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alloys, recyclable plastics, advanced ceramics/glass, and many more.

� Robotics: Robotics is unsurprising on the list of modern manufacturing

processes; these automated technologies enable heavy lifting, precise

movement and joining, and increase job uniformity across several production

units. Robotics are particularly beneficial for activities that are historically

dangerous, since they reduce risk, overhead, and waste on the side of

stakeholders, resulting in more consistent, quicker, and less expensive goods.

Automotive, aerospace, forging, consumer products, and a variety of other

industries use robots, and as our understanding of robotics improves, so

does our capacity to integrate automated systems into other industries.

� Nanotechnology: The desire for smaller components grows as our gadgets

become smaller. For this reason, nanotechnology is at the forefront of many

sectors, as designers strive to pack as much functionality into as small a

profile as possible. Nanoscale particles can improve material characteristics,

influence light spectroscopy, and impact chemical reactivity in chemical and

medical applications. Advanced manufacturing systems can use

nanotechnology to minimise their total footprint and increase functionality

across the production line.

Check Your Progress

3. Define advanced manufacturing.

4. Mention the various types of advanced manufacturing.

6.4 COMPUTERS IN PLANNING/OPERATIONS
MANAGEMENT

Technology makes way for fast and efficient operations in manufacturing companies,

as well as facilitates cost-saving measures. Technology brought significant changes

to traditional production systems that have been so beneficial to all industrial players,

including suppliers and customers. A pharmaceutical company, for example, employs

advanced machineries in concocting, capsulizing, and wrapping medicine.

Traditionally, the making of medicine was manually done. However, to prevent

contamination and mitigate errors from human intervention, pharmaceutical

companies have employed robots and computerized machines, resulting in the

mass production of medicine at faster speeds and lower costs.

It is now quite difficult to imagine a world without modern inventions.

Countries in Europe, North America, and some parts of Asia are particularly

experienced at applying modern technology in producing products and services.

The Finnish pharmaceutical sector for instance is characterized by a high-level

know-how, attracting foreign capital to the country.
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Fig. 6.2 Wrapping Machine

The Human–Machine Interface

Human–machine interface refers to the user interface in a manufacturing system or

process control system tools used for incorporating the human factors in the

interface design are developed.

Rapid changes in technology in the last few decades have resulted in creating

machines that are capable of performing tasks that have traditionally been done by
people. Robots, for example, have relieved workers of menial and dangerous

tasks such as welding or lifting heavy objects. In offices, word processors have

broadened the scope of secretaries’ jobs. On the one hand, technological
developments have enhanced the role of the worker in production systems. On

the other hand, increased automation has resulted in a threat to job security; for

instance, totally automated factories are a reality in countries such as Germany
and Japan. This presents a dilemma for operations managers: What should be the

proper balance between human work and machine work?

Automation has significantly changed the nature of the workforce. It has
decreased the need for low skilled, direct factory workers but has increased the

demand for highly trained specialists. There are now a large number of technical,

professional, and managerial workers who are performing complex, long-cycle
activities. A worker’s time is mostly devoted to mental processes, with much less

time being spent on physical work. The degree of human and machine work varies

from industry to industry. Human involvement is generally more in the primary
sector and less as we go into the secondary and tertiary sectors.

The level of automation and use of human labour in an industry should be
selected so as to provide the lowest unit manufacturing cost at highest productivity.

The relative roles that human beings and machines have played in production have

changed during the course of history. Prior to the Industrial Revolution,
manufacturing tasks were performed primarily by people. Activities such as weaving

cloth, forging and bending metal, etc. were labour intensive. As the Industrial

Revolution progressed, machines provided more power for manufacturing, but
workers retained much of the control of the process. For example, lathes and drill

machines required a large amount of operator assistance. Today, numerically

controlled machines and robots permit less human involvement in the production
process. In service organizations, we also see evidence of this evolution in ATMs

of banks, railway bookings, etc.
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The focus has now shifted from issues of human production to human–

machine interface. In order to make effective decisions regarding the introduction

of new technology, managers need to understand the fundamental differences

between machines and people.

Advantages of humans over machines

� They can think creatively and adapt to new and unexpected situations much

better than machines.

� They can take subjective decisions and have reasoning abilities. But humans

tire after some time; their productivity is not uniform over time; due to

boredom, frustration, fatigue, etc., they are not capable of performing heavy-

duty jobs and their memory is short and limited.

Advantage of machines over humans

� They are better suited for complex or repetitive tasks requiring precision

and speed.

� They are accurate, fast and precise and can perform heavy duty tasks which

are beyond the human capabilities.

� They can store and process large amounts of data.

� They are more reliable and consistent than humans.

� They do not cause Industrial relation problems like strikes, lockouts, etc.

� State-of-the-art automated plants increase the market value of the firm and

improve client base in international markets. But their capability is limited to

their programmed instructions. They are less flexible than humans and cause

unemployment/ retrenchment of work force.

The goal of the operations manager is therefore to provide the best synthesis

of technology and people so that the objectives of the organization are met.

Technological changes have occurred in every industry and can be categorized

into two groups - hardware and software.

Hardware technologies have resulted in greater automation of processes.

They perform labour - intensive tasks that were originally performed by humans.

Examples of these major types of hardware technologies are numerically controlled

machine tools, machining centres, industrial robots, automated materials handling

systems, and flexible manufacturing systems. These are all computer - controlled

devices that can be used in the manufacturing of products.

6.4.1 Database Management Reports and Specific Reports
Reports in a database present information in an organized format that can be

printed. A report is very similar to a form, the difference lies in its objective. In a

report we arrange the data for printing, whereas in a form it is arranged for on-

screen display of data.

A report may be needed for various purposes. Marketing personnel may

like to know the data pertaining to the previous sales of a commodity that their

company produces.
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A factory manager may need data that tells about the factory operations.

The report may be for daily monitoring or monthly report, quarterly, half-yearly or

annual reports.

Results that are stored daily in the company’s database is the real data and

any report that is used for the purpose of projecting the real condition on which

business operates must be based on such data. So the database is a source of

factual figures.

A sales department may compare reports of the different years for finding

the causes of decline in sales figure in comparison to the previous year. Such

reports, many a times, serves as the eye-opener to the sales personnel. A report

may also be needed for making certain strategic decision-making by the top

management.

In every area of activity, report is needed, may be on daily transactions, or

yearly performance. An important application of such report is in financial planning

and control. This aids management in making strategic planning.

Human resource department personnel may like to know whose super-

annotation is due in the next six months. They can simply write a query and make

a report for all those whose age is fifty or sixty as on a particular date.

The need for report is various and this is the most effective way of detailed

communication.

6.4.2 Data Requirements and Management
Data consists of a series of facts or statements that have been put together, stored,

processed and/or changed but not organized or put into context. Data turns into

information when it is organized.

Companies need to control the types and quantities of materials they purchase,

plan which products are to be produced and in what quantities, and ensure that

they are able to meet current and future customer demand, all at the lowest possible

cost. Making a bad decision in any of these areas will result in losses.

Material requirements planning (MRP) is a computer-based inventory

management system designed to assist production managers in scheduling and

placing orders for dependent demand items. Computer-based files are the

foundation on which the MRP structure is built.

Companies are becoming increasingly aware that information is a corporate

asset which has an enormous impact on both the top line and bottom line. Therefore,

it is not surprising that successful companies treat information as a valuable asset

to be used for enabling important business processes, and also for decision-making

at different levels within the company.

By moving to an integrated data management environment, companies

enable a security-rich, dependable and available system to help ensure best practices

throughout the firm. Although this sounds like a simple and self-evident strategy

for success, it is increasingly becoming a challenge for many companies faced with

today’s complexity and scale of operations, which creates a flood of information.
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What is true for the business is equally relevant to MRP. All MRP systems

used today are based on computer programs. Computer files constitute the

foundation on which the MRP structure is built. Foundations determine the

soundness and utility of any structure. Just as the best machines cannot produce

high-quality goods from defective raw materials, MRP cannot produce sound

results unless the computer files that form the structure provides consistent, stable

and high-quality information.

Dealing with and managing of data is crucial to ensure the proper working

of the system. It is a major part of the implementation strategy in MRP. Lack of a

sound foundation is a primary reason why many MRP programs installed in the

industry have failed to live up to expectations. Therefore, file data quality and

integrity underlines effective operation of MRP. This means that the file data has to

be accurate, timely and accessible.

Quality lies in these attributes of file-record data which have to be

demonstrated in the two classes of data on which computer programs operate:

� Data input by transactions

� Data in files

In addition to accuracy, timeliness, and accessibility, data needs to be

efficiently organized. This means that duplication of data has to be minimized.

Many of these requirements are conflicting. The first question in data management

is: how can these different objectives be reconciled? Data file management functions

consist of:

1. File creation

2. File organization

3. File access

4. File updating (transaction processing)

5. File maintenance (changes and corrections)

6. Inquiry capability

7. Report generation

The first issue in data management is to remove the inefficiencies in the

traditional manual systems which formed the historical basis of recording data.

The main problem in the traditional system was record or data file duplication.

The dilemma is that files when they are duplicated are self-sufficient for

each application’s use; user access is fast and economical. However, the cost of

storage and maintenance is excessive. On the other hand, if all duplication is

eliminated, either several files must be accessed to retrieve a full set of data required

for a given application, or files must be consolidated and will contain more data. In

this case, sequential processing is less efficient, and random access processing

requires multiple accessing for selective data retrieval.

The dilemma can be resolved by determining the way in which data files can

be organized, such that there is an optimal balance of both the advantages and the

disadvantages. The problem is to organize the data file such that it is not ‘owned’

by any one business function using the file contents, but by everyone who finds or



Emerging Issues in
Production/Operation
Management

NOTES

Self - Learning
214 Material

may find the data useful presently or in the future.

There is a conflict in resolving this issue. The problem is that in addition to

functional departments, different applications also use the common file data.

Database objective called application independence comes into play here.
Application independence implies that changes in application programs (like MRP)

should not cause reorganization of the database, because reorganizing the database

is a major and costly undertaking.

In order to solve this issue, the goal of organizing the database should be

that it should be independent of applications for which it is used, i.e., the database

should be common and serve all applications and sub-systems. This has to be for

the current applications as well as for the applications that may be required in the

future. As the future is equally important, the number, nature and frequency of

applications are not fixed, and it becomes more difficult to tailor file organization

to optimize the overall efficiency without a trade-off.

This is a technical system problem that in practice is solved by compromises

between the conflicting objectives. How best to meet the requirements of efficiency

in storage, file maintenance, and data retrieval, therefore, depends upon the nature

and type of compromises made. Different database software packages have

adopted different approaches to this solution.

What, however, is common is the principle that when files become part of a

system database, they have to serve as a common base for multiple applications.

They can no longer ‘belong’ to individual departments or individual functions where

the data originate or is generated.

File organization and access

A data file is a set of records, each consisting of a number of fields of relevant

data. Each record has a data element that serves as its identification. This is called

the key by which the record is found in the file. An example is the part number in

an inventory record file. Each file is organized in the sequence of its key numbers.

File organization and file access problems arise when some data other than

the key is to be retrieved. Accessing such data directly, in their own right, is not

possible because the data is identified through the key only. It must be accessed

indirectly, through one of the following:

1. A file scan

2. A separately maintained index

3. A linked record or chain

The problem and some solutions can be illustrated using a simple example.

At the start of each class in your institution, perhaps your teacher takes

your attendance. The ‘attendance register’ is a set of records of names. Each of

these records may have at least five fields:

� Student’s name

� Student’s roll number

� Subject
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� Section

� Date

The file could be organized in a number of ways; however, an alphabetical

sequence is generally common. Envision this file residing in computer random-

access storage and pretend to be a computer program retrieving data. To learn

the roll number of a student with the name Nirmal Tiwari, you would know

approximately where to look for the name, perhaps somewhere towards the end

of the list. Starting from there, we can conduct a file scan forward or backward

until the desired record has been located.

The logic of this technique can be programmed for computers by setting up

a subsidiary record or index. The index, in this case the range of storage addresses

(names) for each page of the attendance register, would be the reference. This

index would be consulted first, and therefore the subsequent scan would be limited.

However, the name, the key itself, is not a problem to find directly in computer

systems. There are a number of techniques available for minimizing the scans or

even accessing the record directly.

If we were to want additional data or seek other information, which cannot

be directly accessed from the key itself, there might be a problem. Problems arise

when we seek such data as:

1. Which of the students is specializing in marketing?

2. Whose roll number is PGP 2 – 06 - 1379?

3. What are all the names of those who do not stay in the hostels?

The college may provide a second list that answers Question 1. The names

may be arranged according to the student’s specialization. Computers make

duplication unnecessary; in them, the specialization file would contain only the

storage addresses of the specializations but no names, student’s roll no., or section,

since these can be extracted from name-key records. Such record linkages are

called chaining; the contents of one record are linked to the location of another.

This will be described in more detail later.

If Question 1 was frequent, an index to specializations could be constructed.

This would create another small subsidiary file but would limit the file search time.

Question 3 could be solved similarly. Obviously, more extensive indices limit the

search time, but at the expense of storing a larger number of subsidiary files. This

is also true for data files that serve multiple applications, or files for unspecified

future applications. In all cases, file organization and data retrieval problems are

common and constant, involving a trade-off between the economy of file storage

and efficiency of data retrieval.

In some cases, the problems of data retrieval may be more complex. If you

consider the Georgian calendar, months have uneven number of days, the pattern

of holidays is irregular, and therefore, it is difficult to distinguish workdays from

others. The normal calendar would result in total confusion, if it had to answer any

questions relating to scheduling. This type of problem has to be handled by converting

the data file system into a form amenable to the logic of the computer system.

Good file maintenance is extremely difficult; rarely are adequate resources
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allocated for this function. There are many changes, and some of these affect

literally hundreds of records. People not related to manufacturing processes do

not realize how many components must be planned and controlled for even simple

products. A matchbox, for example, has over fourteen component parts and

materials:

� Cardboard 

� Soft wood

� Ammonium phosphate

� Tapioca flour-paste

� Sulphur

� Red amorphous phosphorous

� Hot paraffin wax

� Antimony trisulfide

� Potassium chlorate

� Bichromate of potash

� Powdered glass

� Inert fillers

� Animal glue

� Labels

Customer preferences require different types of matchboxes. There can be

wood, wax or cardboard matchboxes. Then there are different types of kitchen

matches, drawing room matchboxes, hotel and commercial matchboxes,

presentation matchboxes, etc. The number of varieties can be extensive.

To give an example, a typical sequence of operations for manufacturing

wooden-stick matches includes debarking the logs, cutting the logs into short

lengths, peeling of the short lengths, chopping to match lengths, operations related

to treating the matchsticks, operations related to forming the match heads,

operations relating to formation of the box, treating the sides for the striking strip,

and packaging the matches. Manufacturing a matchbox requires about four hundred

and forty different operations, some manual and some by machines.

If a simple product like a matchbox is really not so simple when it comes to

manufacturing, imagine the complexity involved in complex products. MRP has to

schedule and monitor operations. In addition, data on processing has to be

maintained. The bills of material, for each of the product varieties, have to be

developed and maintained. All of these data files have to be rigorously accurate if

MRP is to function properly.

All computer-based systems require effective file maintenance. Computer

manufacturers and software suppliers have invested heavily in the development of

file management programs (database software) to help users cope with the problem

of maintaining file integrity. Their use requires adequate, competent staffing. Errors

resulting from economizing on file maintenance may not show up immediately but
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will eventually prove very costly in impaired system effectiveness.

The complete record

An MRP program has a set of logically linked item inventory records coupled with

programs that accept data to maintain these records up-to-date. Each record

consists of three portions or segments: item master data (header), inventory status,

and subsidiary data. A full item inventory record consists of:

1. Item master data segment

� Item identity

� Item characteristics

� Planning factors

� Safety stocks

� Pointers to other files

2. Inventory status segment

� Gross requirements

o Control balance or past-due fields

o Time-phased data fields

o Totals

� Scheduled receipts

o Control balance or past-due fields

o Time-phased data fields

o Totals

� On-hand inventory

o Current on-hand fields

o Allocated on-hand fields

o Projected on-hand fields

o Totals (ending inventory or net requirements)

� Planned-order releases

o Control balance or past-due fields

o Time-phased data fields

o Totals

3. Subsidiary data segment

� Order details

o External requirements

o Open (shop and purchase) orders

o Released portion of blanket orders

o Blanket order detail and history

o Other (user’s choice)
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� Records of pending action

o Purchase requisitions outstanding

o Purchase order changes requested (quantity, due date)

o Material requisitions outstanding

o Shop order changes requested (rescheduled due dates)

o Planned (shop) orders held up, material shortages

o Shipment of items requested (requisition etc.)

o Other (user’s choice)

� Counters, accumulators

o Usages to date

o Scrap (or vendor rejects) to date

o Details of demand history

o Forecast errors, by period

o Other (user’s choice)

� Tracking records

o Firm-planned orders

o Unused scrap allowances, by open shop order

o Engineering change actions taken

o Orders held up, pending engineering change

o Orders held up, raw material substitution

o Other interventions by inventory planner

These types of data are collectively termed the logical records (data logically

related) as against the physical records (in computer storage) in possibly different

formats and different locations. Data constituting logical records are not necessarily

stored together; some may not be stored at all, but recreated in the computer’s

memory when needed for computation and/or display.

Table 6.2 Record of an Inventory Item

ITEM MASTER
DATA SEGMENT

INVENTORY
STATUS SEGMENT

SUBSIDIARY
DATA SEGMENT

Part No. Description Lead Time Std. Cost Safety Stock

Class

etc.

TotalsPeriod

Last Year's UsageCycleSetup

PointersCutting DataScrep Allowance

Order Quantity

Allocated Control
Balance

1 2 3 4 5 6

Gross Requirements

Scheduled Receipts

On Hand 120

Planned Order Releases

Order Details

Pending Action

Counters

Keeping Track

A separate time-phased record is established and maintained for every

inventory item. Each record has the three segments as shown in Table 6.2. The

inventory status segment is the middle segment which is either reconstructed

periodically or kept up-to-date continuously. The horizontal format for recording



Emerging Issues in
Production/Operation

Management

NOTES

Self - Learning
Material 219

and displaying time-phased inventory status data consists of four rows of time-

buckets:

1. Gross requirements

2. Scheduled receipts (open orders)

3. On-hand (current and projected by period)

4. Planned-order releases

This format accommodates all information essential for the proper handling

of status data for MRP. It shows inventory status in the summary form. However,

the format can also be expanded to provide more detail and information.

A number of optional fields are often incorporated. An example is the

inventory status segment of the record which may include a field labelled ‘Allocated

on hand’. Another optional field is ‘Past due’. Another optional field in the status

segment of the inventory record is a ‘total’ bucket which appears at the end of

each row. It is used for reconciliation purposes or validity checks.

6.4.3 Updating Inventory Records
Any event that changes the inventory status is called an inventory transaction.

Inventory status data is maintained by processing (posting) inventory transactions
to item inventory records. Inventory transactions modify the inventory status of

items to reflect its true status. Unless the records are maintained and transactions

updated properly, the inventory records in the MRP program will be incorrect and

the MRP will become ineffective. Therefore, proper updating of inventory records

is crucial.

There are several types of entries that are required for the program to process

and update inventory records. These are as follows:

1. Inventory transactions

2. User-controlled exceptions to regular processing logic

3. Pseudo-transactions

4. Final assembly schedule entries

5. Error-correction entries

6. File-maintenance entries

An inventory transaction may report a normal or planned event, such as a

stock receipt, or an unexpected event. The unexpected event could be a stock

return. While both may have the same physical effect, the processing logic for an

unexpected event must be modified to provide correct results. When a transaction

updates the component-item status, it may also cause subsidiary records to be

effected and, on processing, can affect multiple inventory records.

Normal MRP logic can be overridden through user-controlled exceptions.
This option is used when human judgement is required to evaluate and solve

problems. These commands include ‘hold’. This command prevents a planned

order from being issued. A second is the ‘scrap’ command. This is used to avoid

the release of a new order if its quantity is smaller than the scrap allowance of an

existing open order. A third is ‘firm planned order’ command, which freezes a
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planned order in place.

Reports of events that do not affect inventory status but are posted to the

subsidiary data segment of the record are called pseudo-transactions. These are

contrived transactions. Examples are purchase requisition issue or recording a

sub-contractor’s work order. These are termed as pseudo-transactions because,

in the first case, the status will be affected only upon the release of the purchase

order and in the second case, inventory status will change only on receipt of the

material from the work order.

Final assembly schedule entries are used when end products are assembled

to order or the end products have several customer options and do not appear in

the master production schedule. It is also used in Just-in-Time. A day’s or shift’s

end-item production is translated into high-level components consumed, and this

total is entered into each component’s inventory records in lieu of individual stock

disbursement transactions. This is also called backflushing. However, this practice

requires care and should be done only when the processing lead times are short,

bills of material highly accurate, and tight discipline exists in reporting end-item

production promptly and accurately.

Error-correction entries are used to correct errors. Generally, they do not

affect the real status of the inventory as they are distinguished by special transaction

codes. For instance, an order for item A is released but MRP reports it erroneously

as item B. The error to B is corrected with an entry that reverses the previous

transaction. This is used in lieu of an order-cancellation transaction. The effect on

B’s data is the same, but the distinction is made to keep proper records of the

causes of transactions.

File maintenance entries update the item master data. It changes attributes

in the item inventory record. Examples of such changes are description, standard

cost, or ABC classification, or lead time, or scrap allowance, etc. File maintenance

entries do not affect inventory status and do not trigger the standard MRP replanning

process.

Transaction Types and Effects
There are two types of transactions: (a) External inventory transactions, and (b)

Internal transactions. External inventory transactions are reported in the system.

Internal transactions are generated by the MRP system itself. These transactions

can have different impacts on the MRP system, which can be categorized into

three different classes: (a) External transactions affecting one record; (b) External

transactions affecting multiple records, (c) Internal transactions affecting multiple

records.

Several different transaction types will affect inventory status the same way;

for example, a stock receipt of an overrun on a production order, a customer

return, and an upward inventory adjustment resulting from a physical count will all

increase the quantity on hand and reduce the net requirements. Each of the ten

transactions in the following list has only one effect on item inventory status. These

are described as follows:
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1. External transactions affecting one record
Changes in gross requirements: It results when transactions reporting increases,

reduces, or cancels a demand for an external item. This changes the quantity and

either increases or reduces the contents of one or more gross requirements buckets.

An example is in the interplant transfers of components. The timing of a gross

requirement is changed by reducing the quantity in the original bucket and increasing

the quantity in the new bucket and the projected on-hand and planned-order

releases are recomputed.

Change in scheduled receipts: When the quantity in an open order is

increased, reduced, cancelled or rescheduled, it involves reducing the contents of

one bucket and increasing that of another. This could be due to a purchase order

increase, a supplier’s overshipment, and a change in the order due date.

Rescheduling, in this case also, necessitates recomputing the projected on-hand

and planned-order releases.

Shortage in scheduled receipts: This is caused by a full or partial stock

receipt of material ordered. Unless the delivery is premature, neither the projected

on-hand nor the planned-order schedules are re-computed. This applies to a

planned receipt for which an order has been placed previously, but does not apply

to the quantity of an overrun or overdelivery.

Change in the quantity on hand: This is the result of transactions that

increase or reduce the quantity on hand without affecting any open orders. Stock

returns, overdeliveries, inventory adjustments, and unplanned disbursements can

make such changes in the quantity on hand. Here, you have to recompute projected

on-hand and planned-order releases.

Reduction in the quantity on hand or reduction in gross
requirements: These results from a disbursement or shipment of an external service

part or interplant order. These have no secondary effects on the other status data

in the record.

Reduced quantity on hand or reduced quantity allocated: It is a normal

occurrence due to planned disbursement of a component against a parent order.

As material requisitions or picking lists are filled, the reporting transactions reduce

the item quantities on hand.

2. External transactions affecting multiple records

Changed quantity of planned-order release: These changes occur when the

planner, in order to solve a problem, changes the quantity or timing of a planned

order. The recurrence of this problem is avoided by ‘freezing’ this change so that

the MRP system will not recompute or reposition this planned order the next time

net requirements change. The transaction reporting this intervention to the system

is the firm planned order that affects more than one record. The change in the

planned-order schedule affects the gross requirements of all components of

manufactured items and causes their status to be recomputed. This type of change

is not applicable to purchased items unless the customer supplies material to the

supplier.

Reduction in quantity of planned-order release or increase in
scheduled receipts in parent records: This action is initiated when a planned
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order is released. The transaction converts this action into an open order (scheduled

receipt) in the parent item’s inventory record. This transaction changes component

records so that the gross requirements are reduced and the allocated quantities

are increased.

Increased quantity of planned-order release and reduction in
scheduled receipts in the parent record: This increases the gross requirements

and reduces the quantity allocated in component records and nullifies a previous

under-release transaction. This happens when inventory planners decide to cancel

or change a previous release of an order.

6.4.4 Internal Transactions Affecting Multiple Records
Changes in the quantity of planned-order release in the parent record and
changes in the quantity of gross requirements in the component record:
This is the only internal transaction affecting multiple records. It is caused by MRP

replanning, which changes a parent planned-order schedule requiring different gross

requirements of component items. The change is carried out by the system internally

in the requirements planning explosion.

There are almost no limits to the number of different transaction types that

may be used; they have only a limited number of effects on inventory status as has

been described earlier. MRP program designers and users are free to create,

without limit, any number and type of transaction sets best suited to their needs.

V. Computer-Integrated Manufacturing/Production

Computer-integrated manufacturing (CIM) was first introduced by General Electric

Corporation in the USA as a factory of the Future Terminology. The CIM system

is a computer information system that utilizes a shared database of manufacturing

for the development of engineering design, manufacturing engineering, factory

production and information management. In other words, you can say that CIM is

an integration of Product Designing and Process Design (PDPD), Production

Planning and Control (PPC) and Production Process (PP).

Figure 6.3 shows the components of CIM.

Information Technology 

Product Designing 

& Process Design 

Production Planning

& Control 

Production Process 

Fig. 6.3 CIM

The different important constituents of PDPD are as follows:

� Computer-Aided Design (CAD)

� Computer-Aided Manufacturing (CAM)

� Computer-Aided Engineering (CAE)
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Computer-Aided Design (CAD)

CAD is a computer programme that enables engineers, architects and product

designers to design everything from furniture to airplanes. CAD can also be used

for preparing drawings, blueprints, specifications, parts lists and other design-

related elements with the help of special graphics and calculations-intensive

computer programs. CAD is basically a procedure that implements functions of

geometric design, drafting and documentation. A CAD system consists of hardware

and software, and it requires high-quality graphics monitor, mouse, light pen or

digitized table for drawing blueprints. CAD also allows you to design, modify and

simulate a three-dimensional part or assembly. It enables the user to produce

accurate drawings.

CAD allows you to view a design from any angle just with the push of a

button. It helps in increasing the drafting productivity by enough ratios. CAD also

allows design engineers to access manufacturing database to explore new shapes

from pre-existing design and modify them as per the requirements as well as save

them for further use in database. CAD supports assembly modelling, which is a

technology used by product visualization software systems in order to handle

multiple files that represents components within a product. In a manufacturing

organization, CAD software can be used for the following purposes:

� CAD allows engineers to create highly precise, realistic and distinct product

designs and images easily and quickly.

� CAD allows the transformation of existing physical products into digital

models.

� The use of CAD tools in the product development helps to increase the

productivity of the distributed teams.

� CAD provides a complete solution for the documentation of electrical and

mechanical systems.

� CAD allows automatic generation of standard components required for the

design of a product and also permits the reuse of design components.

� CAD software can be used for validation and verification of the design

against specifications and design rules.

� CAD provides simulation of designs for a product without creating a physical

prototype.

� CAD allows engineers or designers to maintain libraries of parts and

assemblies of a product.

� CAD can also be used for calculating the mass properties of various parts

and assemblies of a specific product.

� CAD can also be used for kinematics, interference and clearance checking

of assemblies.
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Computer-Aided Manufacturing (CAM)

CAM can be defined as a process of using specialized computers to control,

monitor and adjust machine tools used in manufacturing. A machine is an essential

unit of the manufacturing division that performs different activities with the help of

CAM. CAM involves the use of computers to program, direct and control various

types of production equipment used in the fabrication of manufactured items. The

integration of CAM and CAD produces quicker and more efficient manufacturing

process. CAM is very useful in electronic design automation, which can be defined

as a category of tools used for designing and producing various types of electronic

systems ranging from printed circuit boards (PCBs) to integrated circuits (ICs).

CAM is also used in the field of mechanical engineering. In a manufacturing

organization, CAM can be used for the following purposes:

� CAM enables engineers to uncover problems related to a specific product.

It also proposes various methods that can be used to overcome these

problems.

� CAM allows digital inspections of machine parts and assemblies in order to

provide quality assurance.

� CAM provides a full solution for the creation of all types of programs for

Configurable Network Computing (CNC) machines.

� The use of CAM allows engineers to increase the productivity by

automatically creating and optimizing toolpaths with the help of standard

tools.

� CAM allows the toolmaker to work in a two-dimensional environment while

employing all the powers and benefits of three-dimensional environments.

� CAM combines all features of tool design and expert moldbase.

Computer-Aided Engineering (CAE)

CAE can be defined as a process, that uses computer-based tools to assist in

solution of different types of engineering problems. CAE enables engineers to

execute complex engineering analysis on a computer. CAE involves the use of

information technology to support engineers in performing various tasks such as

manufacturing, simulation, design, analysis and planning. The tools, that are used

to provide support for these activities are known as CAE tools. CAE tools can be

used on various types of computers such as mainframes and superminis, engineering

workstations and personal computers. The following are the applications of CAE

tools:

� CAE tools can be used to simulate effects of environmental conditions such

as wind, temperature, weight and stress on product designs and materials.

For example, CAE tools can be used to test the stress on bridges or on

airplane wings even before they are built.
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� CAE tools can also be used in the auto industry. They reduce the development

cost and time required for the development of the product. They help the

automakers in improving the quality, comfort and durability of vehicles.

� CAE tools are useful for analysing the robustness and performance of

components and assemblies.

� CAE software allows virtual simulation of reactions related to the

accelerations and weight of moving components.

� CAE enables engineers to evaluate and optimize the product design during

the early stages of product development process.

� CAE helps to increase the product reliability by enabling engineers to predict

and improve the fatigue performance of their product designs.

� The use of CAE as a testing software assists product designers to predict

or calculate product performance.

� CAE allows you to insert real-world design requirements in a digital model.

� CAE can be used to carry out stress analysis on the components and

assemblies of a product.

� CAE provides analysis tools that help in-process simulation for various

operations such as casting, molding and die and press forming.

Check Your Progress

5. Why would a factory manager need database management reports?

6. Give three examples of entries that are required for programs to update

and process inventory records.

7. What are the three classifications of inventory transactions?

6.5 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The 5S of TPM are as follows:

I. Seiri (Sorting out the required or not required items)

II. Seition (Systematic Arrangement of the required items)

III. Seiso (Cleanliness

IV. Seiketsu (Standardization)

V. Shitsuke (Self-Discipline)

2. The three major goals of TPM are as follows:

a. Zero product defects

b. Zero equipment unplanned failures

c. Zero accidents
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3. According to the definition of advanced manufacturing, it is the application

of novel technologies to manufacture current commodities and the creation

of new products, including industrial activities that rely on information,

automation, computation, software, sensing, and networking.

4. Types of advanced manufacturing are as follows: additive manufacturing,

nanotechnology, robotics, composite materials and advanced materials.

5. A factory manager may need data that tells about the factory operations.

The report may be for daily monitoring or monthly report, quarterly, half-

yearly or annual reports.

6. Three examples of entries that are required for programs to update and

process inventory records are (a) inventory transactions, (b) psuedo-

transactions, and (c) error-connection entries

7. Inventory transactions are classified as:

(a) External transactions affecting one record

(b) External transactions affecting multiple records

(c) Internal transactions affecting multiple records

6.6 SUMMARY

� Operations management involves a set of activities performed to manage

the available resources in an efficient manner.

� The production and operations of goods and services involve the conversion

of input into output through a transformation process.

� Feedback from the output stage is necessary to adjust the changes required

in the input or the transformation process.

� Production is the primary function of an organization. All other divisions or

activities of an organization exist only if production exists.

� Productivity is a measure of the quantity of output per unit of input.

� The productivity figure of an organization gives a reader an idea of how an

organization is being run.

� There are three parameters that affect the nature of production planning.

These are as follows:

(i) The number of workers

(ii)  The utilization of workers

(iii) Size of inventory

� Aggregate plan is the overall plan of a company for producing a product

over a certain period of time.

� A project process is one in which there is a very high degree of customization

and the job is undertaken to meet specific requirements.

� Flexibility means the ability of a firm to react to customers’ changing needs

quickly and efficiently.
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� CAD stands for computer-aided design. It is a computer program that

enables engineers, architects and product designers to design everything,

ranging from furniture to airplanes.

� Plant layout is the method of planning and arranging materials and facilities,

so that a steady flow of production is ensured at minimum cost.

� A good plant layout results in better production and less cost.

� There are four basic types of layouts, namely, product layout, process layout,

project layout and cellular layout or group layout.

� As a result of globalization, production and operations managers must extend

their vision and mission beyond their national borders while re-designing

their operations strategies.

� Some of the operations strategic decision to be taken while re-designing

the global operations strategy is location of manufacturing or service plants

due to new labour or raw materials rates, or the establishment of customer

care centres/call centres in developing nation, such as India because of a

combination of economical, educated, English-speaking workforce and the

essential technological infrastructure.

6.7 KEY TERMS

� Overall Equipment Effectiveness (OEE): It is a set of performance

metrics that is believed to fit well in a TPM environment.

� Productivity: It is a measure of the quantity of output per unit input.

� Production process: It is the process that businesses follow to create

products and services

� Transformation process: The process by which inputs are converted into

outputs.

� Storage: It means preserving goods in a protected environment so that

they can be made available at a later date.

6.8 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions
1. Describe the six types of losses in total productivity management.

2. What are the objectives of production and operations management?

3. Describe the process for updating inventory records.

Long-Answer Questions
1. Describe the reasons for company’s inability to implement TPM effectively.

2. Describe the working procedure of a production process.

3. Describe the importance of technology in production.
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