MODULE | Introduction to Production & Operations Management (07
Hours)

Nature, scope and objectives of POM. Evolution of production systems
(craft, mass, lean production). Interface with marketing, finance, HR,
R&D, and supply chain. Characteristics of manufacturing vs service
operations. Role of operations manager; decision types In operations.
Trends: Industry 4.0, sustainability, Al in operations. Basics of

Operations Research and its application in decision-making.



Introduction

Among different functions in any organization, production and operation function is a
vital function which does the job of value addition to products / services respectively.

Maximizing the value addition automatically results in productivity improvement.
An organization consists mainly of four functional subsystems,

v"Marketing,
v Production,
v'Finance and

v"Human resource management



A functional subsystem of an organization refers to a specific area or department that
performs a distinct function contributing to the overall goals of the organization.

Each subsystem focuses on a particular set of tasks and works in coordination with
other subsystems.

Marketing Finance

Production

Personnel

Functional Syétem of Organization




(a) Marketing function of an organization aims to

1 Develops strategies to promote the organization’s products/services.

0 Handles market research, advertising, branding, and customer relationships.
(b) Production/Operations Subsystem

. Responsible for producing goods or delivering services.

. Functions: scheduling, quality control, maintenance, inventory management.

(To manufacture the product as per the specifications, the production function needs
to organize its resources (raw material, equipments labour and working capacity)

according to predetermined production plans.)



(c) Finance and Accounting Subsystem

. Manages the organization’s financial resources.

. Functions: budgeting, financial planning, accounting, investment decisions

(The finance function provides authorization and to control to all other subsystems to

utilize money more effectively through a well-defined finance plan.)
(d) Human Resource (HR) Subsystem

. Manages employee-related activities.
. Functions: recruitment, training, performance evaluation, compensation, labour
relations. (The human resource management function plans and provides

manpower to all other subsystems of the organization by proper recruitment and



training programs. It also monitors the performance of the employees by proper

motivation for targeted results.)

All the subsystems of an organization are mutually interlinked. They cannot work

in isolation. A complete integration of all the functions /subsystems of an

organization are absolutely essential for the effective functioning and

achievement of desired results.

The concern of any organization today is the pursuit of creating more value for the

customer. This value end focus provides the competitive advantage that has become of

necessity today.



v'Production and operation management provides the means to explore and
implement initiatives on
How to avoid waste,
How to create value? and

How the organization can differentiate itself from its competitors?

v This differentiation has become the means to survive in this brutal world of
competition. In fact, “Operations” greatly influences, directly or indirectly, the value

creation logic of the organization.

v'Production and operation management is the science-combination of techniques

and systems — that guarantee production of goods and services of the right quality,



In the right quantities and at right time with the minimum cost within shortest

possible time.

v’ The essential features of a production and operation function is to bring together
people, machines and materials to provide goods and services for satisfying

customer needs.

Production and Operation Management is not independent of marketing, financial, and
personnel management due to which it is difficult to formulate some single appropriate

definition of Production and Operation Management.

The following definitions try to explain main characteristics of Production and Operation

Management:



In the words of Mr. E.L. Brech: “Production and Operation Management is the process
of effective planning and regulating the operations of that section of an enterprise
which is responsible for the actual transformation of materials into finished products”.
This definition limits the scope of operation and production management to those
activities of an enterprise which is associated with the transformation process of inputs
into outputs. The definition does not include the human factors involved in production

process. It lays stress on materialistic features only.

* Production and Operation Management deals with decision making related to
production processes, so that the resulting goods and services are produced in
accordance with the quantitative specifications and demand schedule with minimum
cost. According to this definition design and control of the production system are two

main functions of production and operation management.



* Production and Operation Management is a set of general principles for production
economies, facility design, job design, schedule design, quality control, inventory
control work study and cost band budgeting control. This definition explains the main
areas of an enterprise where the principles of production and operation management
can be applied. This definition clearly points out that the production and operation

management is not a set of techniques,

Production and Operations Management (POM) refers to the administration of
processes that transform inputs (such as raw materials, labour, and technology) into

finished goods or services efficiently and effectively.
It focuses on:

. Production Management — planning, organizing, and controlling the production of

goods.



. Operations Management — managing the overall processes, including both
manufacturing and service operations, to ensure optimal resource utilization,

quality, and customer satisfaction.

Difference between Production Management and Operation Management

Production management focuses specifically on manufacturing processes

and the production of goods, whereas

Concept of Manufacturing Products/Providing Services is called as

Production/Operation Management.




Production management deals more with the technical aspects of production

processes and resource utilization, while operations management deals with both

strategic and tactical aspects of operations across the organization.

In essence, production management can be seen as a subset of operations

management, focusing specifically on the production processes within manufacturing

contexts, whereas operations management encompasses a wider range of activities

across manufacturing and service sectors.

Production Management

Operation Management

Focus

Managing the production or
manufacturing processes within an

organization.

Encompasses a broader spectrum of
activities beyond just production,

Including service operations.

Scope

Includes planning, organizing,

Covers all activities involved in




directing, and controlling all

activities involved in the production

of goods.

designing, managing, and improving
the entire operations process that

creates goods and/or services.

Key Involves managing resources such | Includes strategic planning,
Responsibilities [as materials, machines, and|forecasting, capacity planning, quality
manpower to ensure efficient assurance, inventory management,
production. logistics, and  supply  chain

management.

Goals Emphasizes on  maximizing |Aims at optimizing the overall
productivity, minimizing costs, and |operations to achieve efficiency,
ensuring  timely  delivery  of | effectiveness, and customer
products. satisfaction




Manufacturing customer-made
products like boilers with specific
capacity, constructing flats,
structural fabrication,
manufacturing standardized
products like car, bus, motor cycle,

radio, television etc

Customer-made services like
developing  standard  computer
softwares, providing standard
insurance policies, i.e. produces
intangible items,

Quality of output is highly variable.
Production and consumption occur
simultaneously.

No inventory is accumulated




EVOLUTION OF PRODUCTION SYSTEMS

The evolution of production systems can be broadly classified into three major

stages:

1. Craft Production (Pre-Industrial Era)

. Time Period: Before the 18th century.

. Characteristics:
- Products made by skilled craftsmen.

- Low production volume.



- Customized goods with high quality.
- Manual tools, no machines.
- High cost per unit.

. Example: Handmade furniture, tailoring, blacksmithing.
2. Mass Production (Industrial Revolution Era)

. Time Period: Late 18th century to mid-20th century.
. Characteristics:

. Standardized products.

- High-volume production using assembly lines.

- Use of machines and division of labour.

- Lower cost per unit due to economies of scale.

- Less flexibility; products lacked customization.



. Example: Ford's moving assembly line for Model T cars
3. Lean Production (Modern Era)

. Time Period: Late 20th century to present.
. Characteristics:
- Focus on efficiency and waste reduction (from Toyota Production System).
- Just-in-Time (JIT) inventory management.
- High quality with lower costs.
- Flexible systems to produce customized products quickly.
- Employee involvement and continuous improvement (Kaizen).

. Example: Toyota, Honda production systems.



Tabular comparison of Craft Production, Mass Production, and Lean Production:

Aspect Craft Production Mass Production Lean Production
Time Period |Pre-18th century 18th—20th century Late 20th century—present
Volume Very low High Moderate to high
Product Type |Customized Standardized Mix of standard & customized
T Machines & assembly |Advanced automation & flexible
echnology |Manual tools ines tech
Labour Skill |Highly skilled Semi-skilled Multi-skilled
Cost per Unit |Very high Low Low to moderate
Flexibility Very high Very low High
Quality Very high (artisanal) ggrgzlﬁgir;t(?t not High & consistent
Inventory Made-to-order Large stock Just-in-Time (minimal inventory)
Waste High material use High waste Minimal waste




Interface with marketing, finance, HR, R&D, and supply chain.

Detailed explanation of how Production and Operations Management (POM)
interfaces with other key functions:

1. POM and Marketing

. Demand Forecasting & Production Planning: Marketing analyzes customer
demand trends; POM uses this data to plan production quantities and schedules.

. Product Specifications: Marketing conveys customer requirements (design,
quality, packaging), which POM integrates into manufacturing processes.

. Pricing & Cost Structure: POM provides production cost data to marketing,
influencing pricing strategies.

. Delivery Commitments: Marketing sets delivery dates for customers, and POM

ensures production aligns to meet those timelines.



2. POM and Finance

. Budgeting & Resource Allocation: Finance determines available funds for
production, machinery, labour, and inventory.

. Cost Control: POM works with finance to reduce operational costs (labour,
materials, energy) while maintaining quality.

. Investment Decisions: For expansion or automation, POM provides technical
data, and finance evaluates the financial feasibility.

. Working Capital Management: Finance ensures adequate liquidity to maintain

inventory, pay suppliers, and manage operational expenses



3. POM and Human Resources (HR)

. Manpower Planning: HR ensures the right number of skilled employees are
available for production shifts.

. Training & Skill Development: POM communicates required competencies; HR
organizes training programs to enhance workforce capabilities.

. Employee Relations & Safety: HR establishes policies for labour relations,
health, and safety, which affect operational continuity.

. Performance Evaluation: HR supports POM in setting productivity targets and

evaluating employee performance.

4. POM and Research & Development (R&D)

. Product Development: R&D designs prototypes, and POM determines how to

produce them efficiently at scale.



. Process Innovation: R&D suggests new technologies or processes; POM tests
and implements them for efficiency.

. Quality Standards: R&D sets performance and quality benchmarks; POM
enforces them on the shop floor.

. Sustainability & New Materials: R&D develops eco-friendly materials or

methods, which POM integrates into production.

5. POM and Supply Chain / Procurement

. Material Planning: POM forecasts raw material requirements; procurement

ensures timely sourcing.

. Vendor Management: POM specifies quality standards; supply chain teams

select and manage suitable suppliers.



. Logistics Coordination: POM relies on the supply chain to move raw materials in
and finished goods out efficiently.
. Inventory Management: Supply chain teams help POM maintain optimal

inventory levels to avoid both shortages and excess.
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CHARACTERISTICS OF MANUFACTURING VERSUS SERVICE
OPERATIONS, SYSTEM VIEW OF OPERATIONS

Manufacturing vs Production = Tangible product- goods/ nontangible intangible- services

Product

1-tangible, durable products.

2- Output can be inventoried.

3-consumption/use takes more time.

4-low costumer’s involvement.

5-long response time.

6-Available at regional,
international market.

7-Reqire large facilities.

8-Capital intensive.

9-Quality easily measured.
10-Demand variable on weekly, monthly,
seasonally.

national and

Services

1- Intangible, perishable products.

2- Output can’t be inventoried.
3-Immidiate consumption.

4- High costumer’s involvement.
5- Short response time.

6-local market.

/- Require small facilities.
8-Labour intensive.

9- Quality not easily measured.
10- Demand variable on hourly, daily,
weekly basis.




ROLE OF OPERATIONS MANAGER; DESIGN TYPES IN OPERATIONS

The role of an operations manager is crucial in ensuring efficient production and
delivery of goods and services within an organization. They typically oversee the entire
production process, from planning and scheduling to manufacturing and quality control.

Here are some key responsibilities:

1.Planning and Strategy: Operations managers develop operational strategies
aligned with the organization's goals, considering factors like resources, market
demand, and technological advancements.

2.Resource Management: They manage resources such as manpower, materials,

and equipment to optimize production efficiency and minimize costs.



3.Quality Control: Ensuring that products meet quality standards through
continuous monitoring and improvement processes is a critical part of their role.

4.Process Improvement: They identify inefficiencies and implement process
iImprovements to enhance productivity and reduce waste.

5.Supply Chain Management: Operations managers coordinate with suppliers and
distributors to ensure timely delivery of materials and products, optimizing the
supply chain.

6.Risk Management: They assess and mitigate operational risks to maintain
continuity and minimize disruptions in production.

/. Team Leadership: Managing and motivating teams to achieve operational goals,

ensuring clear communication and fostering a collaborative work environment.



To manage various subsystem of the organization, executives at different levels of the
organization need to take several management decisions. Decisions are typically

categorized into three main types, based on their level of impact and time horizon:

Management decisions are classified as
(1) Strategic decisions
(2) Tactical decisions

(3) Operational decisions

1. Top-Level Management

Examples: CEO, Managing Director, Board of Directors

. Type of Decisions: Sirategic
. Scope: Long-term, organization-wide
. Frequency: Low



. Reason: Strategic decisions are complex, long-term, and made less frequently
(e.g., mergers, entering new markets).

2. Middle-Level Management

Examples: Department Heads, Division Managers

. Type of Decisions: Tactical

. Scope: Medium-term, department-specific

. Frequency: Moderate

. Reason: Middle managers translate strategic goals into departmental plans;
decisions are more frequent than top level, but less routine than operational level.

3. Lower-Level (Operational) Management

Examples: Supervisors, Foremen, Line Managers

. Type of Decisions: Operational
. Scope: Day-to-day tasks, team or unit-specific
. Frequency: High



. Reason: They handle routine, repetitive decisions related to daily operations like

assigning tasks, handling breakdowns, etc.

Strategic
decisions
(Top level)

Tactical decisions
(Middle level)

/

AN

Operational decisions
(Bottom level)

il

AN

Relative Frequencies of decisions
management

at different

level

of




Mahz\;e;rﬁint Type of Decision Scope Frequency of Decision
Top-Level Strategic Organization-wide Low
Middle-Level Tactical Department/Unit Moderate
Lower-Level Operational Daily operations High

Matrix of functional subsystems and management activities is shown in Table below
(different examples under each combination). Information requirements at the
operational level will be largely internal, well defined, narrow and detailed. On the
contrary, information requirements at the strategic level will be external, very wide and
aggregate in nature. The information requirements at the tactical level will be in

between these two extremes.



Management

Functional Subsystems

Activity

Level Marketing Production/Operations Finance Personnel

Strategic Consideration of new  Alternative manu- Long-run strategy to  Strategies for
markets and new facturing approaches ensure adequate recruitment, salary,
marketing strategies. The and alternative financing, a long-run training, and
information requirements approaches to tax accounting policy benefits. Analysis
for strategic planning automation. to minimize the of shift pattern of
include customer impact of taxes, and employment, educa-
analysis, competitor planning of systems tion and wage rate
analysis, consumer for budgeting. etc.
survey, income
projection, demographic
projections and
technology projections.

Tactical Comparison of overall Summary reports Information on Variance analysis
performance against a  which compare budgeted versus on hiring and firing,
marketing plan. It overall planned or actual cost of cost of recruitment,
concerns data on standard performance financial resources, composition  of
customers, competitors, for such classi- cost of processing skills inventory, cost
competitors’ products fications as cost per accounting data and of training, salary
and sales force unit and labour used. error rates. paid, distribution of
requirements. wage rates.

Operational Hiring and firing of sales Reports comparing Daily error and Decision on hiring,

force, the day-to-day
scheduling of sales and
promotion efforts and
periodic analysis of sales
volumes by region,
product, customer, etc.

actual performance to
production schedule
and highlighting areas
where bottlenecks
occur.

exception reports,
records of processing
delays, reports of
unprocessed transac-
tions, etc.

training, termi-
nation, changing
pay rates and
issuing benefits.




SYSTEMS CONCEPT OF PRODUCTION/OPERATION
System is a collection of interrelated entities.

Inputs to the system are

Materials

Labour

Equipment's

Capital.

The types of inputs used vary from one industry to another.

These inputs are combined and converted into goods and /or services by a suitable
process technology.

Figure below explains the systems aspect of production/operation function of an
organisation.



Organization receives several inputs on LHS and converts them into useful
products/services using the facilities (manufacturing facilities). To cope up the
deviations arise (quality, size, shape / no. of units produced), Feedback is essential
and putted to the input stage for making necessary corrections.

A sample list of corrections is presented below:

Tight quality check on the incoming raw materials.

Adjustment of machine settings.

Change of tools.

Proper allocation of operators to machines with matching skills.

Change in the production plans like increase or decrease in volume of production.

Rigid in-process quality performance to avoid rework.



Based on this feedback, the system once again tries to produce the product/service
with modified parameters, in order to meet the specifications. The feedback
mechanism is a continuous exercise to monitor the status of the system. The system
operates in an environment. So, the system has to take feedback from its environment
and adjust its parameters accordingly. The environment can be classified into internal
environment and external environment. The top management may be treated as the
internal environment and its instructions and expectations will form internal feedback.

The system must respond to these modifications for achieving better results.
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System aspects of production/operation function

A detailed schematic diagram of the production/operations subsystem is shown in
figure below, wherein the different components of the production/operations system are
indicated. This system receives different inputs as indicated in the figure and converts

them into useful products/services by utilizing the equipment at the transformation



stage. This is usually achieved with the help of required manpower and by applying

suitable techniques and procedures.
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Schematic representation of production/operations
subsystem




The techniques and procedure used in the production/operations system are as

follows:

1. Forecasting
2. Location and Layout techniques
3. Product Design and analysis, work study
4. Production control techniques

(a) Aggregate planning
(b) Master Production Schedule
(c) Materials requirements planning
(d) Capacity planning
(e) Scheduling and control

e Line Balancing



e Line of balance
¢ Single machine scheduling
e Flow shop scheduling
e Job shop scheduling
5. Maintenance Management
6. Feedback and control techniques
(a) Quality Control

(b) Inventory Control

The finished product/services produced by the system are to be checked for
conformance with quality specifications and other design specifications. These are
done at the output stage and corresponding feedback are given to the input stage for

necessary corrections. This feedback mechanism is a continuous process, but the



degree of corrections required depends on the materials quality, equipment’s condition,

employees’ skill and their commitments.



Trends in Operations Management

1. Industry 4.0

Industry 4.0 represents the fourth industrial revolution, where digital technologies are integrated

with manufacturing and operations to create smart and connected systems.
Key Technologies:

. Internet of Things (loT)

. Cyber-Physical Systems (CPS)
. Big Data analytics

. Cloud computing

. Automation and robotics



. Digital twins
Impact on Operations:

. Real-time production monitoring
. Predictive maintenance
. Mass customization

. Improved productivity and quality
2. Sustainability in Operations

Sustainability in operations focuses on environmentally and socially responsible production

while maintaining economic viability.

Key Aspects (Triple Bottom Line):



. Economic: Cost efficiency, long-term profitability
. Environmental: Reduced emissions, energy efficiency, waste minimization

. Social: Worker safety, ethical sourcing, community impact
Sustainable Practices:

. Lean and green manufacturing
. Use of renewable energy
. Sustainable supply chain management

. Recycling and circular economy models
Benefits:

. Compliance with regulations



. Cost reduction

. Enhanced corporate image
3. Artificial Intelligence (Al) in Operations

Al involves the use of machine learning, data analytics, and automation to improve operational

decision-making and efficiency.
Applications:

. Demand forecasting
. Inventory optimization
. Predictive maintenance

. Quality inspection using vision systems



. Production scheduling
Advantages:

. Faster and more accurate decisions
. Reduced operational costs

. Increased efficiency and flexibility

Basics of Operations Research (OR) and Its Application in Decision-Making

Introduction to Operations Research

Operations Research (OR) is a scientific and quantitative approach to decision-making that

seeks to determine the best possible course of action in complex situations. It uses



mathematical models, statistical analysis, and optimization techniques to analyze systems and

improve efficiency, productivity, and effectiveness.

OR is widely used in engineering, management, economics, defense, healthcare,

transportation, and manufacturing.
Objectives of Operations Research
The main objectives of OR are to:

. Optimize the use of limited resources (men, machines, materials, money)
. Minimize costs, time, or risks
. Maximize profit, efficiency, or service level

. Support rational and scientific decision-making



Basic Features of Operations Research

. System orientation: Considers the entire system rather than isolated parts

. Interdisciplinary approach: Combines mathematics, statistics, economics, and
engineering

. Model-based analysis: Uses mathematical and simulation models

. Optimization focus: Seeks the best solution among alternatives

. Data-driven: Relies on quantitative data and analysis
Steps in Operations Research Methodology

1. Problem formulation — Clearly define the decision problem
2. Model construction — Develop a mathematical or logical model

3. Data collection — Gather relevant and accurate data



4. Model solution — Apply appropriate OR techniques
5. Validation — Check model accuracy and reliability
6. Implementation — Apply the solution in real situations

7. Monitoring and control — Review and update the solution if needed
Common Operations Research Techniques
Some widely used OR techniques include:

. Linear Programming (LP) — Optimal allocation of resources

. Transportation and Assignment Models — Cost-effective distribution and task
allocation

. Queuing Theory — Analysis of waiting lines

. Inventory Models — Optimal stock levels



. Game Theory — Competitive decision-making

. Decision Theory — Decisions under certainty, risk, and uncertainty

. Simulation — Modeling complex real-world systems
. Network Models (PERT/CPM) — Project planning and scheduling

Table: Major OR Techniques (with purpose)

Technique

Application

Linear Programming (LP)

Optimal resource allocation

Transportation Model

Minimum-cost distribution

Assignment Model

Best task-to-person allocation

Queuing Theory

Waiting line problems

Inventory Models

Stock level optimization




Game Theory

Competitive decision-making

Decision Theory

Decisions under risk/uncertainty

Simulation

Complex system analysis

PERT / CPM

Project planning & scheduling

Role of Operations Research in Decision-Making

OR plays a crucial role in decision-making by:

. Providing a scientific basis for decisions

. Evaluating multiple alternatives objectively

. Reducing uncertainty and risk

. Improving accuracy and consistency in decisions




. Supporting strategic, tactical, and operational decisions
Applications of Operations Research in Decision-Making
a) Business and Management

. Production planning and scheduling
. Supply chain and logistics optimization

. Marketing strategy and pricing decisions
b) Manufacturing and Engineering

. Machine utilization and maintenance planning

. Quality control and process optimization

c) Transportation and Logistics



. Route optimization

. Fleet management
d) Healthcare

. Hospital resource allocation

. Staff scheduling and patient flow management
e) Defense and Public Systems

. Military logistics and strategy planning

. Disaster management and emergency response
f) Finance

. Portfolio optimization



. Risk analysis and capital budgeting
Advantages of Operations Research

. Improves decision quality

. Ensures optimal use of resources

. Enhances organizational efficiency
. Reduces operational costs

. Supports long-term planning
Limitations of Operations Research

. Depends on accurate data and assumptions

. Complex models may be difficult to understand



. High computational and implementation cost

. Human and qualitative factors may be overlooked

Operations Research is a powerful tool that transforms decision-making from intuition-based
to scientific and systematic. By applying OR techniques, organizations can achieve optimal
solutions, improve efficiency, and make better decisions in complex and uncertain

environments.



MODULE Il

Module-ll Production & Operation Systems (09 Hours)

Types of production systems: job shop, batch production, mass production, continuous
flow. Characteristics, advantages, and limitations of each system. Automation in
production: types, role of robotics and loT. Overview of Computer Aided Design (CAD)
and Computer Aided Manufacturing (CAM). Facility location decisions: qualitative and
quantitative models, break-even analysis. Capacity planning: definition, types (design,

effective, actual), tools and capacity requirement planning (CRP).



TYPES OF PRODUCTION SYSTEM

The production system of a company mainly uses facilities, equipment’s and operating
methods (called the production system) to produce goods that satisfy customers
demand. The above requirements of a production system depend on the type of
product that the company offers and the strategy that it employs to serve its customers.
The classification of production system is summarized in Table below and is explained

in the following sections.

Production systems refer to the methods and processes used to produce goods and
services. They can be broadly classified into several types based on the nature of the

production process, volume, and variety of products.

Here are the main types of production systems:



Table: Clasification of Production System

Basis
Types of output

Types of flow

Classifications
Products

Services

Projects

Job shop

Flow shop

Examples

Consumer goods like
furniture, TV, radio etc.
Producer goods like lathe,
milling machine etc.

Transportation, health,
entertainment, banking
services, education system
etc.

Construction of bridge,
dam, road etc.

Hospital, auto repair,
machine shop, furniture
company etc.

High volume TV factory,
auto factory etc.




Continuous process Postal services, telephone
company, power
corporation, oil refinery,
chemical plant

Types of specification  Customized Medical care, legal
under service type services
Standardized Insurance, wholesale
stores

Flow shop |Producing large volumes of standardized products using assembly lines.
(Mass

Production) (Successive units of output undergo same sequence of operation using

specialized equipment positioned along a production line.)
Examples-

Auto assembly,

assembly of television sets,




assembly of electric motors,
packaged foods
smart phones

assembly of keyboards.
Features:

- High efficiency
- Low unit cost
- Less flexibility

- Requires heavy investment in machinery
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Continuous | Extreme flow shop is treated as a Continuous Production /continuous
Production | process (An uninterrupted, 24/7 production system for highly standardized

/continuous | products) in which there is constant flow of materials, as in




process Example-
QOil refining,
Chemical processing

Electric generation
Features:

. Very high volume
. Automated and efficient
. High initial investment

. Minimal human intervention




Job shop
Production

Definition: Producing a single product or a small batch of different

products based on specific customer requirements.

. In this system, products are made according to specific customer
orders. Each product requires unique processing, and the workflow is
flexible to accommodate varying specifications.

. This is conversation process in which units of different types of products

follow different sequences through different shops.

. This system has more flexibility but this system results into more set-up

time, more in-process inventory, complex scheduling, varying quality

and so forth.
Examples:

. Custom furniture,




. Tailored suits,
. Shipbuilding.

. Features:

- High customization
- Okilled labour
- High unit cost

- Low production volume
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Batch
Production:

Here, products are produced in groups or batches.
Batch manufacturing produces some intermediate varieties of products with
intermediate volume.

Volume of any single product may not be sufficient to justify the use of a

dedicated set of equipment’s for its production. Under this condition a few or

several products will have to share the production resources to balance their
utilization.

Each batch goes through the whole production process before moving to the
next stage.

It allows for moderate customization while benefiting from economies of
scale within each batch.

Production equipment in batch manufacturing must be capable of performing




a variety of tasks, but the range of possible operations is much narrower

than in a job shop.
Examples: Bakery items, clothing, pharmaceuticals.
Features:

. Moderate volume
. Flexibility in product variety
. Downtime between batches

. Lower cost per unit than job production

Project-
Based

. A project refers to the process of creating a complex one of a kind

product/ service with a set of well-defined tasks in terms of resources




Production

required and time phasing.

. Definition: Production of a one-time, large-scale project typically carried

out on-site.

. Examples:

Construction of bridges
Dames,

Software development.

. Features:

- Long duration
- Unique output
- High planning and coordination

- High cost




FACILITY LOCATION
Introduction

Business systems utilize facilities like plant and machineries, warehouses etc while

performing the task of producing products/services.

Proper planning of these facilities would definitely reduce their cost of operation and

maintenance.

Plant location decisions are very important because they have direct bearing on factors
like financial, employment and distribution patterns. In long run, relocation of plant may

even benefit the organisation but on the other hand involves stoppage of production and



also cost for shifting facilities to a new location, which introduce inconvenience in the

normal functioning of the business.

Hence at the time of starting an industry, one should generate several alternate sites for

locating the plant.

After critical analysis, the best site is to be selected for commissioning the plant.
Reasons for Plant Location Study

The following events are quite common in any business venture.

Establishment of a new venture.

Expansion of existing business.



Significant change in existing demand supply and marketing locations.
Significant change in the cost structure.
Government policies.

Because of these events, an organization will be keen in additional or alternate sites for

its production activities. So the plant location becomes an important decision which in

turn influences plant layout and facilities needed. Also it influences capital investment

and operating costs.

For example, in steel industry, if we integrate the units from ore extraction to final steel

formation in a nearby area, the transportation cost would be substantially reduced and



also, the reliability of supplies to the final stages of production in the integrated plant

would be improved. This in turn, improves the productivity of the plant.
What is Facility Location?

Facility Location refers to the process of identifying the most suitable geographical site

for a company's operations—such as a factory, warehouse, retail store, or office.

Definition: Facility location is the strategic process of determining the best physical
location for a facility to optimize operational efficiency, minimize costs, and maximize

service to customers.




Objectives of Facility Location:

1. Minimize cost (transportation, labour, utilities, etc.)
2. Maximize customer service and accessibility
3. Ensure smooth supply chain and logistics

4. Support business growth and expansion

5. Leverage local advantages (e.g., tax benefits, skilled labour, infrastructure)

Factors Influencing Facility Location:
The factors which influence plant location can be classified into General Factors and
specific Factors.



General Factors

1. Availability of land for present and future needs and cost of land and land
development and building etc.

2. Availability of inputs such as labour, raw materials etc.

3. Closeness to the market places.

4. Stability of demand.

5. Availability of communication facilities.

6. Availability of necessary modes of transportation like road, rail, airport and water
ways.

7. Availability of infrastructure facilities such as power, water, financial institutions, banks

etc.



8. Disposal of waste and effluent and their impact on the environment.
9. Government support, grant, subsidy, tax structure.
10.  Availability of housing facilities and recreational facilities.
11. Demographic factors like population, trained manpower, academic institutions,
standard of living, income level etc.
12.  Security, culture of society.
13.  Fuel cost.
Specific Factors

Desiring to set up plant should consider the following aspects in addition to the normal
factors.



1.Economic stability of the country and the concern of the country towards outside

investments are to be considered.

2. The success of operation of the factory depends on the cultural factors, language and

cultural differences which can present operating, control and even policy problems.

Units of measurement is also very important in international business.

3. Analysis must be based on the factors like wage rate, policy, duties efc.

4. The company can setup joint venture with any leading local giants that will solve many

operational problems.

Factor Explanation
Proximity to market To reduce delivery time and improve customer service
Access to raw materials To minimize transportation cost and ensure timely supply
Availability of labour To access skilled and affordable workforce
Transportation facilities Efficient road, rail, port, or air connectivity




Factor Explanation

Infrastructure Power, water, internet, and waste disposal
Government policies Tax incentives, legal regulations, industrial zones
Environmental impact Pollution control, sustainability, and legal compliance

Land cost and availability Affordability and suitability of land

Example: A manufacturing company may choose to set up a plant in an industrial zone
close to:

. Suppliers of raw materials

. Major highways or railroads

. Markets for finished goods

. An area with low labour costs.



Facility Location Decisions

Purpose: To choose the best location for a facility (factory, warehouse, retail unit, etc.)
to balance cost, convenience, and operational efficiency.

1. Quantitative Models

These are mathematical, data-based models used to evaluate alternatives objectively.

Model Description Key Features

Scores locations based on

Factor Rating Method weighted factors

Simple, flexible, widely used

Finds central location to minimize|Useful for warehouses or

Center-of-Gravity Method transportation cost distribution centers

Calculates weighted distance|Minimizes travel distance or

Load-Distance Method between sources and facility time




Model

Description

Key Features

Break-even Analysis

Compares fixed and variable
costs of different sites

Helps in  cost-volume
analysis

Transportation Model

Optimizes shipping costs from
multiple sources to destinations

Linear programming
approach

2. Qualitative Models

These involve subjective assessments based on experience, judgement, and

strategic fit.

Model

Description

Used When

Delphi Method

Group of experts reach consensus|\When factors are

through rounds of questioning

uncertain or subjective




Model

Description

Used When

SWOT Analysis

Evaluates Strengths, Weaknesses,

Opportunities, and Threats of locations

Strategic-level

making

decision-

Checklist Approach

Uses a checklist of required criteria

Quick  screening  of

location suitability

4. Location Rating

Scales

Rates qualitative features like lifestyle,

climate, laws, etc.

Evaluates

factors

intangible
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Capacity planning: definition, types (design, effective, actual), tools and

capacity requirement planning (CRP).

e Capacity planning is a crucial aspect of operations management, aimed at ensuring

that a business has enough capacity (resources, facilities, etc.) to meet current and

future demands efficiently.

Capacity planning involves determining the capacity required by an organization
to meet changing demands for its products or services. It ensures that the

organization can meet customer demand without over- or under-utilizing

resources.




or
Capacity planning in Production and Operations Management (POM) is the
process of determining the production capacity needed by an organization to meet
changing demands for its products or services. It ensures that a business can
produce enough output to satisfy demand without excessive delays or idle

resources.

Importance / Objectives of Capacity Planning in POM

1. Meet customer future demand: Ensure products or services are delivered on time

and efficiently.




2. Optimize resource utilization: Prevent over- or under- utilization of resources such
as labour, machines, space.

3. Minimize production costs: Minimize production downtime and operational
inefficiencies.

4. Avoid bottlenecks in the production system.

5. Plan for Growth: Prepare and support future and long-term growth and expansion/

changes in demand.



Types of Capacity Planning

1. Design Capacity: This refers to the maximum output that can be achieved under
ideal conditions, such as full utilization of resources without any downtime.

2. Effective Capacity: This is the capacity that the organization can realistically
achieve, considering factors like equipment maintenance, downtime, and employee
breaks.

3. Actual Capacity: This represents the capacity that the organization achieves in
practice, which may vary due to factors such as unexpected downtime, quality

issues, or other operational inefficiencies.



The actual output may be even less than the system capacity since it is affected

by short-range factors such as actual demand, equipment breakdowns, and

personal absenteeism or productivity.

Actual Output

System Ef ficiency = System Capacity

Type Description
Design Capacity |Maximum output under ideal conditions (theoretical limit).

Expected output under normal working conditions (accounts for
maintenance, breaks, etc.).

The real output achieved over time (includes inefficiencies,
breakdowns).

Effective Capacity

Actual Capacity




Tools/Techniques for Capacity Planning

1. Capacity Requirement Planning (CRP):

- CRP is a technique used to determine the amount of capacity needed to meet
future production requirements. It considers factors like customer demand
forecasts, lead times for materials, and production schedules.

. Itis a detailed process to determine work center capacity needs based on the
Master Production Schedule (MPS) and Bill of Materials (BOM).

- Helps identify over-loaded or under-loaded resources.



2.Rough-Cut Capacity Planning (RCCP):

. Early-stage capacity check based on aggregated data.
- Used before CRP to ensure feasibility of master schedules.

3. Overall Equipment Effectiveness (OEE):
- Measures equipment performance based on availability, performance, and
quality.
4. Simulation Modeling: Simulation modeling is used to analyse different capacity

planning scenarios by creating virtual models of the production process.

It helps in evaluating the impact of changes in demand, resource constraints, and

production schedules.



Virtual modeling of operations to test different capacity strategies.

5.Resource Planning Software: Various software tools are available to assist in
capacity planning, including enterprise resource planning (ERP) systems and

specialized capacity planning software.

These tools help in modeling different scenarios, optimizing resource allocation, and

forecasting capacity needs.

ERP Software (like SAP, Oracle) Integrated tools for tracking and planning capacity

across departments.



Steps in Capacity Planning Process

1. Forecast Demand — Estimate future product or service needs.

2. Determine Capacity Available — Analyse current resource capability.

3. ldentify Gaps — Compare available capacity vs. required capacity.

4. Develop Alternatives — Add shifts, outsource, purchase new machines, etc.
5. Evaluate and Select Best Option — Cost-benefit analysis.

6. Implement and Monitor — Execute the plan and track performance.



Capacity Planning Strategies

Capacity is a measure of the ability to produce goods and services or, it may be
called as the rate of Output.
Capacity Planning is the task of determining the long- and short-term capacity need

of an organization and then determining how these needs will be satisfied.

LONG TERM CAPACITY STRATEGIES:

Top management may have the following strategies to cope up with major

changes in products and services that it can provide to customers in the long run



which will have significant impact on the capacity. The major changes will altogether
revise the demand and resource requirements.

These are:
e Develop new product lines
e Expand existing facilities.

e Construct or phase out production plants.

Technological obsolescence may force some industries to use phase-in strategy for
introducing the next model of the same product or service to retain and/or improve its

market segment.

The phase-in strateqy is nothing but the planninq for the next model even when the

present model is moving well.




Especially, in electronics industry, any company should do continuous research and
development to improve the operational features of the product through advanced
technology so that the company will be in a position to bring out products into the market

with the latest technology without any time lag.

At the same time, all the products will not have continued demand for ever. Moreover,
continuing the production of some products will be uneconomical over a period of time.
This will force a company to diversify and/or phase out some of the existing products.
Phasing out of a product should be done over a period of time properly by taking the re-

employment features into account.



SHORT-TERM CAPACITY STRATEGIES:

In short-term planning horizon, capacity decisions are taken by considering the

fluctuations in demand caused by seasonal and economic factors. The purpose of short-

term capacity planning is to respond to variations in demand during short-term planning

horizon.

Strategies like overtime, subcontracting, hiring, firing etc. can be used to cope up with

fluctuations in demand.

Another aspects



Capacity Planning

Strategies
e 2 w

_ead Lag Match
Strategy Strategy Strategy
Adding capacity Adding capacity Adding capacity

before an after an incrementally

increase in increase in in response to cha-
demand demand ngos in demand
_J \ _J \_ _J

Types of Capacity Planning Strategies




Capacity planning strategies help organizations align their production capacity with
customer demand. The right strategy ensures efficient resource use and prevents both
underutilization and overloading. Here are the three main capacity planning

strategies:

1. Lead Strategy (Proactive Approach)

Definition: Adding capacity before the demand actually increases.
Purpose:

. Stay ahead of demand.
. Capture market share.

. Avoid lost sales due to stock-outs.



Advantages:

. Reduces the risk of not meeting demand.
. Helps improve customer service.

. Prepares the firm for sudden demand spikes.
Disadvantages:

. Higher capital investment upfront.

. Risk of excess capacity if demand doesn't rise as expected.

Best for: Growing markets, competitive industries, or when first-mover advantage is

critical.



2. Lag Strategy (Reactive Approach)
Definition: Adding capacity after the demand has already exceeded current capacity.
Purpose:

. Reduce investment risk.

. Avoid underutilized resources.
Advantages:

. Lower initial cost.

. Capacity expansion only when there is clear demand.

Disadvantages:



. Risk of losing customers due to long waiting times or stockouts.

. May lead to overburdened systems and poor service quality.
Best for: Stable or low-risk markets, or when cost minimization is a priority.
3. Match Strategy (Incremental/Hybrid Approach)

Definition:

Adding capacity in small increments to match demand trends more accurately.
Purpose:

. Balance between risk and investment.

. Flexibility in responding to market changes.

Advantages:



. Lower risk of over- or under-capacity.

. Flexible and adaptive.
Disadvantages:

. May involve frequent adjustments and planning.

. Medium response time to unexpected demand spikes.

Best for: Moderate growth environments, or when demand is uncertain or fluctuating.



Strategy Timing Risk Investment Use When

Before demand  |Overcapacity | . _ .
Lead . . High upfront cost|Demand is growing rapidly

Increases risk

After demand | o Demand is stable or cost is
Lag _ Lost sales risk  [Lower initial cost

increases a concern

Gradual/in Demand is unpredictable
Match Balanced Moderate

response to trends or seasonal
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PLANT LAYOUT TYPES: PRODUCT, PROCESS, CELLULAR, FIXED
POSITION

Plant layout is a floor plan of the physical facilities which are used in production.

Plant layout is the physical arrangement of machines, workstations, storage areas, utilities and
people in a factory or service facility so that material, information and people flow smoothly and
efficiently from start to finish of a process. A good layout reduces cost, improves productivity, and

improves safety and working conditions.

Hence layout planning refers to the generation of several possible plans for the spatial
arrangement of physical facilities and select one which minimized the distance between the
departments.

Why plant layout matters

. Reduces material handling & transit time, which lowers cost and damage.



. Improves workflow and throughput (faster production).
. Raises equipment and labour utilization.

. Improves safety, ergonomics and morale.

. Makes supervision, control and maintenance easier.

. Supports flexibility and future expansion.

Main objectives
1. Minimize total material handling cost and movement.
2. Ensure smooth, uninterrupted workflow i.e. facilitate the manufacturing process and
organizational structure.
3. Minimize work-in-process inventory and production lead time.
4. Maximise utilization of space, equipment and labour.

5. Ensure safety, comfort and ease of supervision.



6. Provide flexibility for changes in product mix, capacity and technology.

Fundamental design principles
. Flow continuity: Layout should match product/process flow with minimal backtracking.
. Minimise material movement: Shortest, simplest routes between operations.
. Use space efficiently: Vertical and horizontal space both.
. Flexibility/modularity: Able to handle product changes and expansion.
. Accessibility & visibility: Easy access for maintenance, inspection and supervision.
. Safety & ergonomics: Adequate clearance, lighting, safe aisles.
. Balance: Balance workloads and avoid bottlenecks.

. Standardization: Use standard workstations and fixtures where possible.



TYPES OF PLANT LAYOUT

1. Process layout or Functional layout (similar processes grouped together (departments

by function)).

Definition: Machines of similar type are grouped together to perform similar operations. In a
process layout, similar machines and services are located together. Therefore, all drills will be
located in one area of the plant. Process layout is normally used when the production volume is
not sufficient to justify a product layout. Typically, job shops employ process layouts due to the

variety of products manufactured and their low production volumes.
Used when: Production is intermittent or job-type (variety of products, small quantity).
Example: Machine shops, hospitals, custom furniture manufacturing.

Advantages:



e Machines are better utilized; fewer machines are required.
¢ A high degree of flexibility in terms of task allocation to machines exists.
e Comparatively low investment in machines is required.

e The diversity of tasks offers a more interesting and satisfying occupation for the operator.
Disadvantages:

e Material handling cost will be high.

e Production planning and control systems are more involved.
e Throughput time is longer.

e Large amounts of in-process inventory will result.

e Space and capital are tied up by work in process.

e Higher grades of skill are required.



2. Product Layout or Line Layout (equipment arranged in sequence of operations)

Definition: Machines and equipment are arranged in the sequence of operations required
to manufacture a product. Product layout is used when machines and auxiliary services are
located according to the processing sequence of the product. The product layout is selected
when the volume of production of a product is high such that a separate production line to
manufacture it can be justified. In a strict product layout, machines are not shared by different
products. Therefore, the production volume must be sufficient to achieve satisfactory

utilization of the equipment.

Used when: Production is continuous or mass (large volumes of standardized products)

and low variety products

Example: Automobile assembly line, bottling plant.



Advantages:

- The flow of product will be smooth and logical in flow lines.

- In-process inventory is less.

- Throughput time is less.

- Material handling cost is minimum.

- Operators need not be skilled.

» Simple production planning and control systems are possible.

- Less space is occupied by work in transit and for temporary storage.
Disadvantages:

- A Breakdown of one machine in a product line may cause stoppages of machines in
the downstream of the line.

- A change in product design may require major alterations in the layout.



- The line output is decided by the bottle neck machine.

- Comparatively high investment in equipments is required.

3. Cellular layout or Group-technology Layout (machines grouped into cells to process a

family of similar parts)

Definition: Machines are grouped into cells, each dedicated to processing a family of parts with
similar characteristics. A group layout is a combination of the product layout and process layout.
It combines the advantages of both layout systems. If there are m machines and n components,
in a group technology layout, the m-machines and n-components will be divided into distinct
number of machine-components cells (groups) such that all the components assigned to a cell
are almost processed within that cell itself. Here the objective is to minimize the intercell

movements. The basic aim of a group technology layout is to identify families of components that



require similar processing on a set of machines. In turn, these machines are grouped into cells.

Each cell is capable of satisfying all the requirements of the component family assigned to it.
Used when: Production is medium volume and medium variety.
Example: Electronic component manufacturing/ assembly, CNC machine cells.

Advantages:

. Group technology layout can increase the items given in List A and it can decrease the
items given in List B.

. List A: Component standardization and rationalization. Reliability of estimates. Effective
machine operation. Productivity. Costing accuracy. Customer service. Order Potential.

. Lis B: Planning effort. Paper work. Setting time. Down time. Work in progress. Work

Movement. Overall Production times. Finished part stock. Overall cost



. Combines flexibility of process layout and efficiency of product layout.
. Reduced material handling and setup time.

. Improved quality and teamwork.
Disadvantages:

. Costly initial setup.
. Requires detailed part family analysis.
. This type of layout may not be feasible for all situations. If the product mix is completely

dissimilar then we may not have meaningful cell information.



4. Fixed-position layout or Project Layout (product stays in place; resources brought to it)

Definition: The product remains stationary, and workers, materials, and equipment are

brought to it. This fourth type of layout is the static product layout, or layout by fixed position, in
which the physical characteristics of the product dictate as to which type of machines and men
are to be brought to the product. The ship building industry commonly employs a static product
layout. Since, the static product layout is not justified except in unusual situations, it has limited

scope.

Used when: Product is large, bulky, or heavy and cannot be easily moved (immobile

products).
Example: Shipbuilding, aircraft assembly, construction sites.

Advantages:



. Minimal material movement.
. Suitable for large projects.

. High product customization.
Disadvantages:

. Low equipment utilization.
. Difficult supervision and coordination.

. High material handling cost (to bring tools and parts to the site).

The layout design process considers mostly a single objective while designing layouts. In process
layout, the objective is to minimize the total cost of material handling. Because of the nature of
the layout, the cost of equipments will be minimum in this type of layout. In product layout the cost
of materials handling will be at the absolute minimum. But the cost of equipments would not be at

the minimum if the equipments are not fully utilized. In group technology layout, the objective is



to minimize the sum of the cost of transportation and the cost of equipments. So this is called as

multi-objective layout.



Turning Shaping Drilling
Milling Grinding
Fig. 6.1 Process layout.
Turning Shaping Milling Drilling
Fig. 6.2 Product layout.
Milling Painting
Boring Fitting
Drilling Welding
_ Turning Welding
Grinding Slotting

Group Layout with Two Cells

Fig. 6.3 Group layout.




Factors to consider when designing a layout

. Types of products and production volume.

. Process flow and operation sequence.

. Material handling methods (conveyors, forklifts, AGVs).
. Space availability and building constraints.

. Safety, environmental and regulatory requirements.

. Worker requirements, human factors and ergonomics.
. Machine characteristics (size, utility needs, noise).

. Future expansion and product mix flexibility.

. Cost constraints (capital and operating).

. Maintenance, cleaning and waste disposal needs.



Steps in plant layout planning (practical workflow)

1. Define objectives & constraints (capacity, budget, safety).

2. Collect data: process sequences, equipment sizes, material flows, volumes, frequencies.
3. Analyse flows: prepare flow process charts and material flow matrices.

4. Develop alternatives: sketch block layouts and then detailed layouts.

5. Evaluate alternatives using criteria (material handling cost, throughput, safety).

6. Select best layout and create detailed drawings (floor plan, utilities, clearances).

7. Implement (move equipment, set up workstations, train staff).

8. Monitor & improve (measure KPIs and refine).
Tools & techniques used

. Flow process charts (operation, transportation, inspection symbols).

. Material flow analysis / flow matrix (quantifies movement between departments).



. Relationship chart (REL chart) — qualitative closeness ratings (A, E, |, O, U, X).

. String diagram / spaghetti diagram — traces actual movement to spot inefficiencies.

. Block layout & detailed layout drawings.

. Line balancing (for product layout) to balance work across stations.

. Systematic Layout Planning (SLP) — structured approach: data — activity relationships
— space requirements — layout alternatives — evaluation.

. Computer simulation / discrete-event simulation — test throughput, bottlenecks and
variability.

. Heuristic/optimization algorithms (e.g., CRAFT — Computerized Relative Allocation of

Facilities Technique) for facility arrangement.



LAYOUT DESIGN PROCEDURES

Layout design procedure can be classified into manual methods and computerized methods.

Manual Methods: Under this category, there are some conventional methods like travel chart and

systematic layout Planning (SLP).

Computerized Methods: Under this method, again the layout design procedure can be classified

into constructive type algorithms and improvement type algorithms.
Construction type algorithms

e Automated Layout Design Program (ALDEP)
e Computerized Relationship Layout Planning (CORELAP)

Improvement type algorithms



. Computerized Relative Allocation of Facilities Technique (CRAFT)
SYSTEMATIC LAYOUT DESIGN PROCEDURE

An organized approach to layout planning has been developed by Muther and has received
considerable publicity due to the success derived from its application in solving a large variety
of layout problems. This approach is referred to as systematic layout planning or simply SLP.
This procedure is shown in figure below. From the figure, it is clear that once the appropriate
information is gathered, a flow analysis can be combined with an activity analysis to develop the
relationship diagram. The space-relationship diagram is constructed by combining space
considerations with the relationship diagram. Based on the space-relationship diagram,
modifying considerations and practical limitations, a number of alternative layouts are designed
and evaluated. In comparison with the steps in the design process, SLP begins after the problem

is formulated.
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COMPUTERIZED RELATIVE ALLOCATION OF FACILTIES TECHNIQUES (CRAFT)

CRAFT algorithm was originally developed by Armour and Buffa. CRAFT is more widely used
than ALDEP and CORELAP. It is an improvement algorithm. It starts with an initial layout and
improves the layout by interchanging the departments pairwise so that the transportation cost is
minimized. The algorithm continues until no further interchanges are possible to reduce the
transportation cost. The result given by CRAFT is not optimum in terms of minimum cost of
transportation. But the result will be good and close to optimum in majority of applications.
Hence, CRAFT is mainly a heuristic algorithm. Unfortunately, plant layout problem comes under
combinatorial category. So, usage of efficient heuristic like CRAFT is inevitable for such

problem.



CRAFT requirements

1. Initial layout

2. Flow data

3. Cost per unit distance

4. Total number of departments
5. Fixed departments

Number of such departements
Location of those departments
6. Area of departments.

CRAFT Procedure

The steps of CRAFTS algorithm are summarized below:

Step 1.



Input 1. Number of departments.

Input 2. Number of interchangeable departments.

Input 3. Initial layout.

Input 4. Cost matrix

Input 5. Flow matrix

Input 6. Area of departments

Step 2. Compute centroids of departments in the present layout.
Step 3. Form distance matrix using the centroids.

Step 4. Given date on flow, distance and cost, compute the total handling cost of the present
layout.



Step 5. Find all the possible pairwise interchanges of departments based on common border or
equal area criterion. For each possibilty, interchange the corresponding centroids and compute
approximate costs.

Step 6. Find the pair of departments corresponding to the miniumum handling cost from among
all the possible pairs of interchanges.

Step 7. Is the cost in the previous step less than the total cost of the present layout? If yes, go
to Step 8. If not, go to Step 11.

Step 8. Interchange the selected pair of departments. Call this as the NEW LAYOUT. Compute
centroids, distance matrix and total cost.

Step 9. Is the cost of new layout less than the cost of the present layout?
If yes, go to Step 10. If not, go to Step 11.

Step 10. The new layout is here after considered as the PRESENT LAYOUT. Its data on
centroids, layout matrix and the total cost is retained. Go to Step 5.



Step 11. Print the present layout as the FINAL LAYOUT.
Step 12. Stop.

Performance measures (what to track)

. Material handling cost (% or $ per unit).

. Throughput / output per time.

. Work-in-progress (WIP) inventory level.

. Cycle time / lead time.

. Machine and labour utilisation (%).

. Number of touches per unit (lower is better).

. Shipping accuracy / defect rates (quality impacts layout indirectly).

. Space utilisation (m? used vs available).



Advantages & disadvantages (general)
Advantages

. Lower operating cost, faster production, improved safety, better supervision, higher capacity

utilisation.
Disadvantages

. Initial redesign/rearrangement cost, possible downtime during changeover, sometimes less

flexibility (esp. product layouts).
Special considerations

. Service layouts (banks, hospitals, restaurants) emphasize customer flow, waiting area

design, privacy and ergonomics. Often blend process and fixed layouts.



. Lean & cellular layouts aim to reduce waste (transport, inventory) and often use U-shaped
cells for flexibility and worker interaction.

. Sustainability: plan for waste handling, energy efficiency, daylighting and material recycling.

. Automation: conveyors, AGVs and robots change space and utility needs — must be

planned early
Practical checklist before finalizing a layout

. Have you mapped actual material flows and peak loads?

. Are clearances, maintenance access and safety routes included?

. Is utility routing (power, compressed air, water) feasible?

. Have you planned for future expansion and changes in product mix?
. Have staff, supervisors and maintenance given input?

. Is there a contingency plan for machine breakdowns?



. Has a small-scale simulation or pilot test been run?

Example (toy problem)

Imagine a small metal shop with three operations: cutting — drilling — finishing. Demand is

moderate and product families are similar. Options:

. Process layout: group all cutting machines together, all drills together — flexible but more

movement between departments.
. Cellular layout: create one cell with one cutting, one drilling, one finishing machine

dedicated to that family — reduces movement, faster throughput, easier supervision.



Production Planning and Control (PPC): functions, phases (pre-planning, planning,

control).

Production Planning and Control (PPC) is an essential function in manufacturing and
operations management that ensures the right quantity of products is produced at the

right time, using the right resources, and at minimum cost.

It integrates planning, routing, scheduling, dispatching, and follow-up activities to

achieve smooth and efficient production flow.

It involves determining what to produce, when to produce, how much to produce, and how

to ensure that the production plan is executed effectively.



According to Buffa, “Production control is the process of planning and regulating the
operations of that part of an enterprise which is responsible for the actual transformation of

materials into finished products.”
Objectives of Production Planning and Control

. Ensure smooth and uninterrupted production flow.

. Optimize resource utilization (man, machine, and materials).
. Maintain optimum inventory levels.

. Meet delivery schedules on time.

. Achieve cost efficiency and quality assurance.

. Coordinate different departments (design, purchase, production, dispatch).

Functions of Production Planning and Control



Main Function

Description

1. Planning Deciding in advance what, when, and how production should be
carried out.

2. Routing Determining the exact path or sequence of operations for each
product or component.

3. Scheduling Establishing the start and finish times for each operation or job.

4. Loading Assigning specific jobs to machines or work centers based on

capacity.

9. Dispatching

Giving authorization to start work as per the schedule — includes

Issuing materials and instructions.




6. Follow-up / Monitoring progress of work and removing bottlenecks to maintain

Expediting workflow.

7. Inspection  Ensuring quality standards are met in every stage of production.

8. Corrective  Taking remedial steps to eliminate deviations and improve

Action performance.

Phases of Production Planning and Control
PPC operates in three main phases — each with distinct roles and responsibilities:
A. Pre-Planning Phase

This is the preparatory stage — before actual production planning begins.



Main Activities:

1. Product Design and Development:

- Determine specifications, drawings, and standards.
2.Process Design:

- Decide manufacturing methods, equipment, and tools.
3. Forecasting Demand:

- Estimate customer demand using past data and market trends.
4. Capacity Planning:

- Evaluate available resources (manpower, machines, materials).
5. Facilities Planning:

- Ensure layout, workspace, and utilities are sufficient for production.



Output: Clear idea of what can be produced and available capacity.
B. Planning Phase

This is the core stage of PPC — where actual plans are formulated for smooth

production.
Main Activities:

1.Routing:

. ldentify the best route and sequence of operations.
2.Loading:

- Allocate specific jobs to machines or work centers.
3. Scheduling:



- Fix timing for operations (start and completion dates).
4. Dispatching:

- Authorize production to start as per the schedule.
Output: A detailed production plan and timetable.

C. Control Phase

This phase ensures that production follows the plan and corrective actions are taken

for deviations.
Main Activities:

1.Progress Reporting & Follow-up:

- Monitor actual performance vs planned schedule.



2.Inspection and Quality Control:
. Check whether standards and tolerances are maintained.
3. Corrective Actions:

- Reschedule jobs, adjust resources, or remove bottlenecks if needed.
Output: Controlled, efficient, and quality-oriented production process.

Elements of PPC

. Design and Routing of processes.
. Forecasting and capacity planning.
. Inventory and material control.

. Scheduling and sequencing.

. Monitoring and feedback systems.



Importance of PPC

. Increases production efficiency.

. Reduces idle time of machines and workers.

. Helps in timely delivery of products.

. Minimizes wastage of resources.

. Improves coordination between departments.

. Enhances customer satisfaction and profitability.
Limitations of PPC

. Requires accurate data and continuous monitoring.
. Difficult to manage in small-scale industries.

. Complex in multi-product or job-order systems.



. Dependent on external factors like supplier delays or machine breakdowns.

Conclusion

Production Planning and Control (PPC) acts as the nervous system of the
manufacturing process. It ensures that resources are utilized efficiently, operations are
well-coordinated, and production targets are achieved on time with minimum cost and

maximum quality.
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Introduction

Aggregate Planning (AP) is a medium-term production planning process that
determines the optimal production, inventory, and workforce levels over a specific

period (usually 3 to 18 months).

The goal is to balance supply and demand in the most cost-effective way while meeting

organizational objectives.

Aggregate Production Planning (APP) is a medium-term production planning

process that determines the optimal quantity and timing of production to meet



fluctuating demand while minimizing costs.

It bridges the gap between long-term strategic planning and short-term scheduling.

Time Horizon: Usually 3 to 18 months

Objective: To balance demand and production capacity efficiently.
Definition
According to APICS,

‘Aggregate planning is the process of developing, analyzing, and maintaining a preliminary,

approximate schedule of the overall operations of an organization.”

It translates the company’s long-term strategic plans into short-term operational plans.



Objectives of Aggregate Production Planning

Objective

Description

1. Balance Demand and Match production rates, workforce, and inventory with

Capacity

customer demand.

2. Minimize Production
Cost

Reduce total cost, including labour, inventory, and

subcontracting.

3. Maintain Workforce
Stability

Avoid frequent hiring and layoffs by planning manpower

needs efficiently.

4. Optimize Inventory

Levels

Keep sufficient inventory to meet demand without

overstocking.




5. Ensure Smooth

Production Flow

Avoid bottlenecks and maintain steady operations.

6. Improve Customer

Service

Meet delivery schedules and maintain quality.

7. Utilize Resources

Efficiently

Maximize use of plant, equipment, and manpower.




Main objectives of Aggregate Planning

. To meet customer demand on time.

. To minimize total production cost (including labor, inventory, and hiring/firing).
. To utilize resources efficiently.

. To stahilize employment and production rates.

. To plan for changes in demand and manage capacity accordingly.

Inputs to Aggregate Planning

1. Demand Forecasts: Predicted customer demand over the planning horizon.
2. Capacity Constraints: Available manpower, machines, and materials.
3. Inventory Levels: Stock on hand and storage capacity.

4. Workforce Data: Hiring, firing, and training capabilities.



5. Cost Information: Costs of labor, production, inventory holding, and shortages.

6. Organizational Policies: Overtime limits, subcontracting rules, etc.
Outputs of Aggregate Planning

. Production schedule for each period.
. Inventory levels to be maintained.
. Workforce plan (hiring, layoffs, overtime).

. Subcontracting decisions.
Strategies for Aggregate Planning
A. Demand (Output) Options:

Used to influence or manage customer demand.



1. Promotion and advertising.

2. Pricing adjustments.

3. Backordering (delaying delivery).

4. Demand shifting to off-peak periods.

B. Supply (Capacity) Options:
Used to adjust production capacity.

1. Hiring and layoffs.

2. Overtime or idle time.

3. Subcontracting.

4. Part-time or temporary workers.

5. Inventory buildup during low demand.



C. Mixed Strategy:

Combination of both demand and capacity options for flexibility and cost balance.

Strategy Description Advantages Disadvantages

Chase  |Match production rate to demand |Low inventory High hiring/firing cost;

Strategy |by hiring/firing workers. cost. worker morale issues.
Maintain constant production rate
_ Stable workforce; |
Level and workforce; use inventory or . High inventory or
predictable
Strategy |backorders to absorb demand ot backorder costs.
output.

fluctuations.




Strategy Description Advantages Disadvantages

Hybrid  |Combine both to achieve a cost-  |Flexible; Complex to plan and

Strategy |effective balance. moderate cost.  |control.

Methods / Techniques of Aggregate Planning

1. Graphical and Charting Methods: Simple trial-and-error visual approach.
2. Mathematical / Optimization Techniques:

- Linear Programming (LP)

. Transportation Model

- Simulation Models

. Heuristic Methods



Planning Horizon

Aggregate planning typically covers 3 to 18 months—the time required to adjust

production levels, workforce size, and inventory without drastic changes.
Benefits of Aggregate Planning

. Minimizes cost of operations.

. Ensures timely fulfilment of demand.

. Reduces overproduction and stockouts.
. Balances workforce levels.

. Improves resource utilization and efficiency.

Limitations



. Based on forecast accuracy — any error affects planning.
. May not handle sudden market changes.
. Requires coordination across departments (marketing, HR, production).

. Complex when dealing with multiple products or uncertain demand.
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Conclusion

Aggregate Planning serves as a bridge between long-term strategic planning and

short-term scheduling.
It aligns resources and production levels with market demand in the most economical

way, ensuring stability and efficiency in operations.

Basis of Aggregate Planning (AP) Material Requirement Planning
Comparison (MRP)
1. Meaning  Itis a medium-term planning It is a detailed planning system

process that determines overall that determines what materials are

production, inventory, and required, in what quantity, and

when to produce a product.




workforce levels to meet

demand.
2. Focus Focuses on aggregate (overall) Focuses on detailed component-
output levels and capacity. level planning for materials and
parts.
3. Planning  Macro-level planning (total Micro-level planning (individual
Level production and resources). items and components).
4. Time Medium-term (3 to 18 months).  Short-term (daily to weekly
Horizon planning).
5. Inputs - Demand forecast

Required




6. Output | Aggregate production plan, inventory levels, workforce plan, subcontracting
decisions. | Material order schedules, planned order releases, and purchase orders. |
| 7. Objective | To balance demand and supply at the lowest possible cost while
maintaining stable operations. | To ensure materials are available for production
and final products are available for delivery. |
| 8. Nature of Demand | Deals with independent demand (for finished goods). |
Deals with dependent demand (for components and subassemblies). |
| 9. Decision Variables | Total production rate, workforce size, inventory level,
overtime, and subcontracting. | Order quantity, timing of orders, inventory
replenishment schedules. |
| 10. Tools/Techniques Used | Graphical methods, Linear programming, Heuristics.

| Computer-based MRP software systems. |



| 11. Relationship | Provides the overall production plan. | Uses the master
production schedule (derived from aggregate plan) to plan materials. |
| 12. Goal | To create a feasible and cost-effective aggregate production plan. | To

create a detailed and time-phased material requirement schedule. |

In Summary

. Aggregate Planning = “How much to produce and when.”

. MRP = “What materials are needed and when.”




Explanation:

. Aggregate Planning determines overall production levels and capacity.
. MPS converts the aggregate plan into specific product schedules.

. MRP breaks down those schedules into detailed material and component

requirements



Master Production Schedule (MPS)

Introduction

The Master Production Schedule (MPS) is a central planning document in production
management that specifies what end items are to be produced, in what quantities, and
at what time.
It converts the Aggregate Production Plan (APP) into specific, time-phased production

schedules for individual products.

MPS acts as a link between strategic planning and operational execution, and serves as

a key input to Material Requirement Planning (MRP) and capacity planning.



Definition
According to APICS:

“The Master Production Schedule is a statement of what the company expects to

manufacture, expressed in specific configurations, quantities, and dates.”
Objectives of Master Production Schedule
The main objectives of MPS are:

1. To meet customer demand and delivery commitments
2. To translate aggregate plans into detailed schedules
3. To provide a basis for material requirement planning (MRP)

4. To ensure efficient utilization of production capacity



5. To minimize inventory holding and stock-out costs

6. To coordinate activities of production, marketing, and procurement
Position of MPS in Production Planning Hierarchy

Long-term planning — Aggregate Production Planning (APP)
!
Medium-term planning — Master Production Schedule (MPS)

!
Short-term planning — MRP, shop-floor scheduling, dispatching

Thus, MPS bridges aggregate planning and detailed material planning.

Inputs to Master Production Schedule



The accuracy and effectiveness of MPS depend on reliable inputs:

1. Aggregate Production Plan — overall production targets
2.Demand Forecasts — expected future demand

3. Customer Orders — confirmed and priority orders
4.Inventory Status — available finished goods stock

5. Production Capacity — machine and labor availability

6. Lead Times — manufacturing and procurement lead times

7.Company Policies - lot sizes, safety stock, service level
Outputs of Master Production Schedule

MPS generates the following outputs:



1. Time-phased production quantities for each end product
2. Delivery schedules and commitments

3. Input to MRP system for material planning

4.Input to capacity planning (RCCP & CRP)

5. Management control information

Time Fences in MPS

Time fences divide the planning horizon into zones with different levels of flexibility.

Time Fence Description

Frozen Schedule cannot be changed; materials and capacity already

Zone committed




Slushy Limited changes allowed with management approval

Zone

Liquid Zone Schedule can be changed freely

Time fences help maintain schedule stability while allowing flexibility.
Types of Demand in MPS

1.Independent Demand - demand for finished products

2.Dependent Demand - demand for components (handled by MRP)
MPS deals only with independent demand.

MPS and Capacity Planning



Before finalizing MPS, a feasibility check is essential:
Rough-Cut Capacity Planning (RCCP)

. Verifies whether key resources (labor, machines) can support the MPS

. Prevents overloading or underutilization of capacity
If capacity is insufficient, MPS must be revised by:

. Changing production quantities
. Using overtime or subcontracting

. Revising delivery dates

MPS and Available-to-Promise (ATP)



Available-to-Promise (ATP) indicates how much inventory is available for new

customer orders.

ATP = Projected Available Balance- Customer Orders

ATP improves customer service and order commitment accuracy.
Benefits of Master Production Schedule

. Improves production planning accuracy

. Enhances customer satisfaction

. Reduces inventory and production costs

. Improves coordination between departments

. Provides a realistic input for MRP and capacity planning



Limitations of MPS

. Highly dependent on forecast accuracy
. Requires continuous updating and monitoring
. Difficult to manage in highly uncertain environments

. Ineffective without accurate inventory and BOM data
Example

If a company plans to produce 500 units of Product A in Week 4, this quantity and
timing are specified in the MPS.
MRP then determines how many components and raw materials are needed and

when.



Conclusion

The Master Production Schedule is the heart of production planning.
It ensures that production activities are customer-oriented, capacity-feasible, and
cost-effective, while providing a strong foundation for material planning and shop-

floor control.
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Module-IV Operations Management Processes (09 Hours)

Process selection strategies and process lifecycle. Work study: Method study: process
chart symbols, flow process charts. Time study: stopwatch method, standard time
calculation.

Value engineering and value analysis: definition, procedure, benefits. Materials
Requirement Planning (MRP 1) and MRP II: logic and structure. TOC (Theory of
Constraints) and Critical Chain Project Management (CCPM). Line balancing: objectives,
heuristics, practical examples. Forecasting: types (qualitative vs quantitative), methods

(moving average, exponential smoothing, regression models).



Process Selection Strategies

Process selection is the strategic decision of choosing the type of production process
that best fits the product volume, variety, and demand characteristics.

The objective is to achieve low cost, high quality, flexibility, and timely delivery.
Job Shop Process

. Low volume, high variety
. Customized products

. General-purpose machines
. Skilled labour

Examples: Tool rooms, hospitals, repair workshops
Strategy used when:

. Demand is uncertain
. High customization required



Batch Process

. Moderate volume, moderate variety
. Production in batches
. Some standardization

Examples: Pharmaceuticals, garments, bakery products
Strategy used when:

. Products have similar processing needs
. Demand is periodic

Assembly Line (Mass Production) Process

. High volume, low variety
. Standardized products
. Specialized equipment

Examples: Automobile assembly, consumer electronics



Strategy used when:

. Demand is stable and high
. Low unit cost is critical

Continuous Process

. Very high volume, very low variety
. Continuous flow of material
. Highly automated

Examples: QOil refining, cement, steel, power plants
Strategy used when:

. Demand is continuous
. Shutdowns are costly

Project Process

. One-time, large-scale activities



. Fixed location
. High customization

Examples: Construction of bridges, ships, power plants

Hybrid Process

. Combination of two or more processes

Examples:

. Automobile manufacturing (assembly line + job shop)
. Hospitals (job shop + batch)

Process—-Product Matrix

Product Volume Product Variety Suitable Process
Low High Job Shop
Medium Medium Batch
High Low Assembly Line




Very High Very Low Continuous

Process Life Cycle

The process life cycle explains how manufacturing processes evolve as the
product moves through its product life cycle.

Introduction Stage

. Low demand
. High product variety
. Flexible processes

Process Used:
Job shop / Project process

Characteristics:

. High cost



. Frequent design changes
. Skilled labour

Growth Stage

. Increasing demand
. Some standardization
. Improved efficiency

Process Used:
Batch process

Characteristics:

. Moderate cost
. Increased automation
. Better scheduling

Maturity Stage



. Stable, high demand
. Standardized product
. Cost minimization focus

Process Used:
Assembly line / Mass production

Characteristics:

. Low unit cost
. High efficiency
. Specialized equipment

Decline Stage

. Falling demand
. Reduced variety
. Excess capacity

Process Strategy:



. Process simplification
. Automation reduction
. Possible shutdown or product replacement

Product-Process Life Cycle Relationship

Product Life Cycle Stage Process Type
Introduction Job Shop

Growth Batch

Maturity Assembly Line

Decline Continuous / Rationalized

Product Life Cycle

Product life cycle (PLC) defines the stages that products moves through as they enter,

get established in and ultimately leave the market place.



The life cycle of a product is associated with marketing and management decisions within
businesses, and all products go through five primary stages: development, introduction,
growth, maturity, and decline. Each stage has its costs, opportunities, and risks, and
individual products differ in how long they remain at any of the life cycle stages.

1. Development

The product development stage is often referred to as “the valley of death.”
At this stage, costs are accumulating with no corresponding revenue.

Some products require years and large capital investment to develop and then test their

effectiveness.

Since risk is high, outside funding sources are limited.



While existing companies often fund research and development from revenue generated
by current products, in start-up businesses, this stage is typically funded by the
entrepreneur from their own personal resources.

2. Introduction

The introduction stage is about developing a market for the product and building product

awareness.

Marketing costs are high at this stage, as it is necessary to reach out to potential

customers.
This is also the stage where intellectual property rights protection is obtained.

Product pricing may be high to recover costs associated with the development stage of

the product life cycle, and funding for this stage is typically through investors or lenders.



3. Growth
In the growth stage, the product has been accepted by customers, and companies are

striving to increase market share.

For innovative products there is limited competition at this stage, so pricing can remain

at a higher level.

Both product demand and profits are increasing, and marketing is aimed at a broad
audience.

Funding for this stage is generally still through lenders, or through increasing sales
revenue.

4. Maturity

At the mature stage, sales will level off.



Competition increases, so product features may need to be enhanced to maintain market

share.

While unit sales are at their highest at this stage, prices tend to decline to stay

competitive.

Production costs also tend to decline at this stage because of more efficiency in the

manufacturing process.

Companies usually do not need additional funding at this stage.
5. Decline
The decline stage of the product life cycle is associated with decreasing revenue due to

market saturation, high competition, and changing customer needs.



Companies at this stage have several options: They can choose to discontinue the
product, sell the manufacturing rights to another business that can better compete or
maintain the product by adding new features, finding new uses for the product, or tap

Into new markets through exporting.

This is the stage where packaging will often announce “new and improved.”



SALES/PROFITS ($)

PROFITS
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PRODUCT LIFE CYCLE

PRODUCT LIFE CYCLE

Product Life Cycle Examples

The traditional product life cycle curve is broken up into four key stages. Products first

go through the Introduction stage, before passing into the Growth stage. Next comes



Maturity until eventually the product will enter the Decline stage. These examples
llustrate these stages for particular markets in more detail.

3D Televisions: 3D may have been around for a few decades, but only after considerable
investment from broadcasters and technology companies are 3D TVs available for the
home, providing a good example of a product that is in the Introduction Stage.

Blue Ray Players: With advanced technology delivering the very best viewing
experience, Blue Ray equipment is currently enjoying the steady increase in sales that's
typical of the Growth Stage.

DVD Players: Introduced a number of years ago, manufacturers that make DVDs, and
the equipment needed to play them, have established a strong market share. However,
they still have to deal with the challenges from other technologies that are characteristic

of the Maturity Stage.



Video Recorders: While it is still possible to purchase VCRs this is a product that is
definitely in the Decline Stage, as it's become easier and cheaper for consumers to
switch to the other, more modern formats.

Another example within the consumer electronics sector also shows the emergence and
growth of new technologies, and what could be the beginning of the end for those that
have been around for some time.

Holographic Projection: Only recently introduced into the market, holographic projection
technology allows consumers to turn any flat surface into a touchscreen interface. With
a huge investment in research and development, and high prices that will only appeal to

early adopters, this is another good example of the first stage of the cycle.



Tablet PCs: There are a growing number of tablet PCs for consumers to choose from,
as this product passes through the Growth stage of the cycle and more competitors start
to come into a market that really developed after the launch of Apple’s iPad.

Laptops: Laptop computers have been around for a number of years, but more advanced
components, as well as diverse features that appeal to different segments of the market,
will help to sustain this product as it passes through the Maturity stage.

Typewriters: Typewriters, and even electronic word processors, have very limited
functionality. With consumers demanding a lot more from the electronic equipment they
buy, typewriters are a product that is passing through the final stage of the product life

cycle.
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Value Engineering (VE) and Value Analysis (VA)
Value
In POM, Value is defined as:
Value = Function/Cost
Value can be increased by:

. Improving function
. Reducing cost
. Improving function at the same cost

Value Engineering (VE)

Value Engineering is a systematic and creative technique applied during the
design stage of a product or process to improve value by achieving the required
functions at the lowest life-cycle cost, without affecting quality, reliability, or
performance.



Key focus: Pre-production stage
Procedure of Value Engineering
Step 1: Information Phase

. Study product, drawings, specifications
. ldentify functions and costs

Step 2: Function Analysis

. ldentify basic and secondary functions
. Use verb-noun format (e.g., support load)

Step 3: Creative Phase

. Brainstorm alternative ways to perform functions
. No criticism during idea generation

Step 4: Evaluation Phase



. Evaluate ideas based on:
. Cost
- Feasibility
- Performance

Step 5: Development Phase

. Develop selected ideas into workable solutions
. Cost-benefit analysis

Step 6: Implementation Phase

. Apply approved alternatives
. Monitor performance

Benefits of Value Engineering

. Reduction in product cost
. Improved product quality and reliability
. Better material utilization



. Enhanced competitiveness
. Encourages innovation
. Reduced manufacturing time

Value Analysis (VA)

Value Analysis is the application of value engineering techniques to existing
products or processes to improve value by eliminating unnecessary costs without
reducing functional performance.

Key focus: Post-production / existing products
Procedure of Value Analysis
The procedure is similar to VE, but applied to products already in use.
Step 1: Selection of Product
. Choose high-cost or high-volume products

Step 2: Information Gathering



. Collect data on materials, processes, and costs
Step 3: Function Analysis

. ldentify essential and non-essential functions
Step 4: Creative Alternatives

. Generate cost-effective alternatives
Step 5: Evaluation

. Compare alternatives for cost, quality, and feasibility
Step 6: Implementation

. Introduce improvements and monitor savings
Benefits of Value Analysis

. Cost reduction in existing products
. Improved profitability



. Elimination of unnecessary features

. Better standardization

. Increased customer satisfaction

Difference Between VE and VA

Aspect Value Engineering Value Analysis

Stage Design stage After production

Product status New product Existing product

Cost reduction potential | High Moderate

Design flexibility High Limited

Objective Prevent unnecessary cost | Eliminate unnecessary cost
Applications

. Product design

. Manufacturing processes

. Packaging
. Construction projects




. Service industries

Value Engineering and Value Analysis are powerful cost-reduction techniques that
improve value by focusing on functions rather than components. VE prevents
unnecessary costs during design, while VA eliminates unnecessary costs in existing
products, helping organizations achieve cost leadership and customer satisfaction.
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Materials Requirement Planning (MRP-I)
MRP-l is a computer-based information system used to determine:

. What materials are required
. How much is required

. When they are required
It ensures right material, right quantity, right time for production.

Objectives of MRP-I

. Minimize inventory levels
. Avoid production delays

. Improve customer service



. Optimize material planning
Logic of MRP-I

The logic of MRP-I works on backward scheduling.

Steps:

1. Start with Master Production Schedule (MPS)

2. Explode product structure using Bill of Materials (BOM)
3. Check inventory status

4. Offset requirements using lead time

5. Generate:
. Planned order releases



- Planned order receipts
Structure of MRP-I
Inputs:

1. Master Production Schedule (MPS)
2. Bill of Materials (BOM)

3.Inventory Records File
Processing:

. BOM explosion
. Netting

. Lot sizing



. Time phasing
Outputs:

. Planned order releases
. Purchase orders
. Rescheduling notices

. Inventory reports
MRP-| Flow Diagram (Textual)
MPS — BOM — Inventory Status — MRP Processor — Planned Orders

Manufacturing Resource Planning (MRP-II)



MRP-Il is an extension of MRP-| that integrates all manufacturing resources,

including:

. Materials
. Machines
. Manpower

. Finance
Objectives of MRP-II

. Integrate business planning with production
. Improve capacity utilization

. Enhance coordination across departments



Logic of MRP-II

. Begins with business planning
. Converts business plan into:

. Sales plan

- Production plan

. Capacity plan

. Uses feedback loops to adjust plans
Structure of MRP-lI
Core Modules:

1. Business Planning



2. Sales & Operations Planning (S&OP)
3. Master Production Scheduling

4. Material Requirements Planning

5. Capacity Requirements Planning (CRP)
6. Shop Floor Control

/. Purchasing

8. Financial Interface

Difference Between MRP-l and MRP-II

Aspect MRP-I MRP-II

Focus Materials All resources




Scope Production | Entire organization

Capacity planning | Not included | Included

Financial link No Yes

Feedback Limited Closed-loop

Theory of Constraints (TOC)

TOC is a management philosophy developed by Eliyahu M. Goldratt, stating that:
“Every system has at least one constraint that limits its performance.”

Goal of TOC

Maximize Throughput while minimizing:



. Inventory

. Operating expense
Types of Constraints

. Physical (machine, labor)
. Policy (rules, procedures)
. Market (demand)

. Supply (materials)

. Behavioral (people)
Five Focusing Steps of TOC

1. Identify the constraint



2. Exploit the constraint
3. Subordinate everything else
4. Elevate the constraint

5. Repeat (continuous improvement)
TOC Performance Measures

. Throughput (T)
. Inventory (I)
. Operating Expense (OE)

Critical Chain Project Management (CCPM)

CCPM is a TOC-based project management technique that focuses on:



. Resource constraints
. Eliminating multitasking

. Buffer management
Logic of CCPM

. Traditional CPM ignores resource constraints

. CCPM identifies the critical chain (longest chain considering resource
dependencies)

. Safety times removed from individual tasks

. Aggregated into buffers

Structure of CCPM



Key Elements:

1. Critical Chain
2. Project Buffer
3. Feeding Buffers

4.Resource Buffers
Buffer Management

. Monitors project progress
. Controls uncertainty

. Protects delivery date

Benefits of CCPM



. Reduced project duration
. Better on-time delivery
. Less multitasking

. Improved resource utilization

TOC vs Traditional Project Management

Aspect CPM/PERT CCPM

Focus Task sequence | Resource constraints

Safety time |Ineachtask | Centralized buffers

Multitasking | Common Eliminated

Control Activity-based |Buffer-based




ASSEMBLY LINE BALANCING

In a production or assembly line, the total work required to manufacture a product is divided
into several small tasks. These tasks are assigned to different workstations arranged in a
sequence. If the tasks are not properly distributed, some stations may have more work

(bottleneck) while others remain idle. To avoid this imbalance, line balancing is used.

An assembly line is a manufacturing process in which a product moves along a conveyor or line
through a sequence of workstations. Each workstation performs a specific task, and the product

becomes more complete as it moves down the line. However, if tasks are not properly distributed



among the stations, some workers may be idle while others are overloaded. This problem is

solved by Assembly Line Balancing (ALB).

Definition

Assembly Line Balancing is the process of assigning individual tasks to workstations so
that all workstations have nearly equal workloads, and the total idle time of the line is
minimized. It aims to balance the work content at each station to achieve a smooth, continuous

flow of production.



Objectives of Assembly Line Balancing

. To minimize idle time and maximize productivity.

. To achieve the desired rate of output.

. To ensure a smooth flow of materials through the production system.
. To reduce bhottlenecks and waiting time between stations.

. To make optimum use of manpower and machines.

. To minimize production cost and increase efficiency



Importance / Need

. Increases line efficiency and production rate.
. Ensures uniform workload distribution.

. Reduces work-in-progress (WIP) inventory.

. Improves quality and scheduling accuracy.

. Facilitates better supervision and control.

. Essential for mass production systems (automobiles, electronics, etc.).



Basic Terms

Term Description
Work Element / Task A specific operation performed at one workstation.
Workstation A physical location where tasks are carried out.

The time interval between completion of two consecutive
Cycle Time (CT) or (Tc)> or = Tsi max

products.
Task Time (Ti) Time required to complete a specific task.
Total Work Content (T.W.C= XTs)) Total time to assemble one complete product.

Precedence Relationship Logical order in which tasks must be performed.




Term

Description

Idle Time

Time when a workstation remains unutilized.

Line Efficiency (Line n)

Ratio of productive time to total available time.

Balance Delay (B.D)

Percentage of time lost due to imbalance.




6. Formulas Used

1.

Cycle Time (CT):

Theoretical Minimum

Line Efficiency:

Balance Delay:

Idle Time:

Awailable Time per Shift

Required Output per Shift
MNMumber of Workstations:

CT =

>_ 1
Nmi'rt -

D>t
2% q00
N < CT

P
D — (1 —mn) = 100

IT = (N < CT) — > ¢



Methods of Assembly Line Balancing

1. Largest Candidate Rule (LCR):
- List tasks in descending order of time.
- Assign tasks to stations until the cycle time limit is reached.
2. Ranked Positional Weight (RPW) Method:
- Compute the positional weight of each task (its own time + all following tasks).
- Assign tasks based on rank and precedence.
3. Kilbridge and Wester Method:
- Use a precedence diagram divided into columns and assign tasks from left to right.

4. Heuristic and Computerized Methods:



- Use software algorithms for complex systems (e.g., COMSOAL, genetic algorithms)

Steps in Assembly Line Balancing

1. Identify all tasks and their times.

2. Establish precedence relationships among tasks.
3. Draw a precedence diagram.

4. Calculate cycle time (Tc) and Nmin.

5. Assign tasks to workstations using a suitable method.
6. Ensure each station’s total time < CT.

7. Compute line efficiency, balance delay, and idle time.




8. Rearrange tasks if necessary to improve balance.

Advantages

. Increases production rate and throughput.
. Reduces idle time and bhottlenecks.

. Improves equipment and labor utilization.
. Reduces cost and WIP.

. Enables steady, continuous production.

. Simplifies management and control.




Limitations

. Perfect balance is often difficult to achieve.
. Task time variation can disturb balance.

. Product design changes require rebalance.
. Some tasks cannot be divided or shared.

. Requires accurate data on task times and sequence.

Applications

. Automobile assembly lines (cars, bikes).




. Electronics manufacturing (TVs, mobile phones).
. Consumer goods (washing machines, refrigerators).
. Food packaging and bottling plants.

. Any mass production system with sequential operations.

HEURISTICS IN ASSEMBLY LINE BALANCING

Introduction
In assembly line balancing, we aim to distribute tasks among workstations so that each
workstation has (almost) equal total task time without violating precedence constraints

and cycle time.



However, for real-world problems with many tasks, finding the perfect or optimal balance
is very complex (NP-hard problem). Hence, industries use heuristic methods —
practical rules or algorithms that give good, near-optimal solutions quickly.

Definition

A heuristic is a rule-of-thumb method or approximation technique used to find a feasible
and reasonably good solution to a problem, especially when an exact solution is too

time-consuming or difficult to compute.
In the context of assembly line balancing, heuristic methods are used to:

. Assign tasks to workstations efficiently.

. Achieve high line efficiency.



. Satisfy all precedence and time constraints.

Need for Heuristics

. Exact optimization requires mathematical models (like integer programming),
which are time-consuming for large lines.

. Heuristics provide fast and practical results.

. Easy to implement manually or through simple computer programs.

. Allow adjustments when product designs or demands change.

Objectives of Heuristic Line Balancing

. 1o minimize the number of workstations.

. To maximize line efficiency.



. To reduce idle time and balance delay.

. To maintain precedence relationships among tasks.
Common Heuristic Methods
Below are the main heuristics widely used in industry and academic practice:
(a) Largest Candidate Rule (LCR)

Idea: Assign the longest task first to fill the workstation up to the cycle time.

Steps:

1. List all tasks in descending order of task time.
2. Assign tasks one by one to a workstation without exceeding cycle time and while

respecting precedence.



3. Move to the next workstation and repeat.

7 Simple and fast

X May not always give the best solution

(b) Ranked Positional Weight (RPW) Method

Idea: Tasks that influence many other tasks (downstream) are given higher priority.

Steps:
1. Compute positional weight for each task:
PWi =t + sum of times of all successor tasks.

2.Rank tasks in descending order of PW.



3. Assign tasks to workstations based on precedence and cycle time.

 Considers overall influence of tasks
X Requires precedence diagram

(c) Kilbridge and Wester Method

Idea: Uses a column-based approach on the precedence diagram.

Steps:

1. Divide tasks into columns based on their position in the precedence diagram.
2. Start from the first column and assign tasks to stations without exceeding CT.

3. Move to next column and repeat.



 Visually clear and easy to use

X Less accurate for complex diagrams

(d) COMSOAL (Computer Method of Sequencing Operations for Assembly Lines)

Idea: Randomized heuristic; computer assigns tasks in different random feasible
sequences to find a good balance.

Steps:

1. Identify all possible tasks that can be assigned next.
2.Randomly select one and continue until all tasks are assigned.
3. Repeat several times and select the best (lowest number of stations or highest

efficiency).



< Good for large problems
X Requires computer and multiple iterations

(e) Incremental or Probabilistic Heuristics
These use improvement-based approaches, like:

. Genetic algorithms
. Simulated annealing

. Tabu search

These are modern metaheuristic methods, used for large-scale assembly line

balancing.

Evaluation Parameters



After applying a heuristic, solutions are evaluated using:

. Line efficiency (1)
. Balance delay (D)
. Number of stations (N)

. ldle time per cycle

Best heuristic = one that gives the highest efficiency and minimum stations

while satisfying all constraints.

Advantages of Heuristic Methods

«/ Fast and easy to use

< Provide good (near-optimal) solutions



7 Flexible and adaptable
7 Require less computational effort

< Can be applied manually or using simple software

Limitations

X Do not always give the best (optimal) solution
X Sensitive to task order and precedence structure
X Some heuristics require trial and error

X Effectiveness depends on problem type

Conclusion



Heuristic methods are practical and efficient tools for solving assembly line balancing
problems.
They provide quick, feasible, and near-optimal solutions suitable for real-world

manufacturing systems where time and flexibility are critical.

In modern industries, heuristics are often combined with computerized optimization

and metaheuristic algorithms for better results.
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Smoothness Index Numerical

The smoothness index is calculated numerically to measure
the workload balance across stations. Here's a simple

example calculation:

Suppose an assembly line has 4 workstations with the

following workloads (in minutes):

e Station 1: 5 minutes
e Station 2: 7 minutes
e Station 3: 6 minutes
e Station 4: 4 minutes

Assume the cycle time C is the maximum station time, which

IS 7 minutes.

Using the smoothness index formula:

SI=(7=52+7—=7)24(7—6)%+ (7 —4)?

Calculating each term:



e (7—5)2=2%2=4
e (7—-7)"=0%=0
e (7—-6)2=1%2=1
e (7—4)2=32=9
Sum:

44+0+1+9=14

Square root:

SI =v14 = 3.74

S0, the smoothness index of this line is approximately 3.74.
A smaller number would indicate a more balanced line, while

a larger number indicates more imbalance.

This numerical example shows how the formula quantifies

workload distribution smoothness across workstations.
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Inventory functions, types and classification. Inventory models: EOQ (Economic Order
Quantity), reorder point, safety stock. Inventory management techniques: ABC, VED,
FSN, JIT (Just-in-Time).

Inventory refers to the stock of goods, materials, and supplies that an organization

holds for production, resale, or day-to-day operations.
It acts as a buffer between supply and demand.
Inventory is essential to provide flexibility in operating a system.

Inventory management is the process of planning, controlling, and monitoring
inventory levels so that the right materials are available at the right time, in the right

quantity, and at minimum cost.



Importance of Inventory

. Ensures smooth production flow.
. Meets customer demand on time.
. Helps manage uncertainty in supply & demand.

. Supports bulk purchasing advantages.

Main objectives of inventory management are:

1 Ensure continuous supply of materials and finished goods.
I Minimize investment in inventory (avoid excess stock).

I Reduce wastage, pilferage, and obsolescence.

1 Balance between carrying cost and ordering cost.

I Improve customer service by avoiding stock-outs.



Classification of inventory/ Types of Inventory

(A) Based on Stage of Production:

Raw Materials inventory: Basic inputs used for production (steel, cotton, chemicals).

Remove dependency between suppliers and plants.

Work-in-Progress inventory: Semi-finished products still in process. Remove

dependency between machines of a product line.

Finished Goods inventory: Completed products ready for sale. Remove dependency

between plant and its customers/market.

Miscellaneous inventory (Consumables /| MRO Supplies): Items needed for

operations but not part of the final product (lubricants, cleaning materials, office

supplies).



(B) Based on Function

. Cycle Stock:

CLASSIFICATION OF INVENTORY
BASED ON STAGE OF PRODUCTION

l

Raw Materials (RM)
steel, cotton, chemicals

l

4 )

Work-in-Progress (WIP)
semi-finished products

l

J

Finished Goods Consumables / MRO
(FG) Supplies
completed products lubricants, cleaning naterials,

office supplies

Regular stock held to meet normal demand.



. Safety Stock:

Extra stock to cover uncertainties in demand/supply.

. Pipeline (Transit) Stock:

Stock moving through supply chain (in transit from supplier to buyer).
. Anticipation Stock:

Built up in advance to meet seasonal demand or price hikes.

. Decoupling Stock:

Buffers between different stages of production to avoid stoppages.



TYPES OF INVENTORY

A. Based on Stage of Production B. Based on Function

¢ Raw Materials (RM): Inputs used
in production (steel, cotton)

¢ Work-in-Progress (WIP): Semi-
finished goods (car chassis, dough)

¢ Finished Goods (FG): Completed
products ready for sale

¢ MRO Supplies: Maintenance, repair,
operating items (lubricants, tools)

¢ Packing Materials: Cartons,
bubble wrap, etc.

¢ Cycle Stock: Regular stock to meet
normal demand.
Example: Weekly stock of groceries
in a store

o Safety Stock: Extra stock for
uncertainties in supply/demard.
Example: Extra medicines in a
pharmacy during flu season

¢ Pipeline (Transit) Stock: Inventory
in transit or between stages
Example: Goods being shipped
from supplier to warehouse

¢ Decoupling Stock: Buffers betwien
different processes to avoid delays




Classification of Inventory
(i) By Usage Value (ABC Analysis)

. A-items: High-value, low-quantity — strict control.
. B-items: Moderate value & control.

. C-items: Low-value, high-quantity — simple control.
(ii) By Criticality (VED Analysis)

. Vital: Must-have items.
. Essential: Needed but not as critical.

. Desirable: Can be substituted/optional.
(i) By Movement (FSN Analysis)

. Fast-moving — sold/used frequently.



. Slow-moving — used less often.

. Non-moving — obsolete/rarely used
(iv) By Demand

. Independent Demand: Customer-driven (finished goods).

. Dependent Demand: Based on other items (raw materials, parts)
(v) By Nature

. Perishable: Food, medicines.

. Non-perishable: Machinery, spare parts.
So, in short:

. Stage — RM, WIP, FG, MRO

. Function — Safety, Cycle, Pipeline, Anticipation, Decoupling



. Usage Value — ABC
. Nature — Perishable / Non-perishable

. Demand — Independent / Dependent



Functions of Inventory ’

|

v

Based on Stage [ Types of Inventory

of Production

« Raw materials
(RM)

» Work-in-Progress
(WIP)

e Finished Goods
(FG)

* MRO Supplies
» Packing Materials

l |

l

Classification of
Inventory

Based on Function

« Cycle Stock

« Safety Stock

¢ Pipeline (Transit) Stock
« Anticipation Stock

» Decoupling Stock

(iv) By Demand

* Decemodent
Demand

» By Nature

 Independent Demand: Customer-driven
(flnisned goods)

» Dependent Demand: Based on other items
(raw materials, parts)

(i) By Usage Value (ABC Analysis)

. A—items; High-value, low-
quantity

« B-items: Moderate value

e C-items: Low-value

(ii) By Criticality (VED Analysis)

« Vital: Must-have items

» Essential: Needed but not
critical

¢ Desirable: Can be
substituted/optiornal

(v) By Nature

 Perishable: Food, medicines




Inventory Decisions:

The following two basic inventory decisions are generally taken by managers.
When to replenish the inventory of that item.

How much of an item to order when the inventory of that item is to be replenished?

COST ASSOCIATED WITH INVENTORY

Purchase cost (C) |Ordering  Cost|Holding Cost (Cn) or|Back-order Cost (Cy)

(Co) Carrying Cost (C¢)

Or Nominal cost or Or Shortage Cost (Cs)

material cost Or Set up Cost | Cost associated with
storing an item in the

or Unit cost of item
inventory. Expressed




(Cost incurred in
buying from outside
sources. Cost may
vary according to
the

purchased.)

quantity

Ex- Unit price Rs 20
for upto 100 units,
Rs 19.50 for more
than 1000 units)

Or Procurement
Cost

Independent to

the order size.

Set

means

up  cost
when
internally

produced.

Procurement
cost means if

ordered or

in terms of rate per

unit.

Rent

Cost

customers are not being

incurred  when

served. Shortages.
Loss of profit
Loss of reputation

Rescheduling cost




procured  from
outside. During
outsourcing

employees cost,
documentation

cost, inspection

Ccost,
Transportation
cost , reject-
delay cost

included.




COSTS ASSOCIATED WITH
INVENTORY

ORDERING COST

— ] Cost of placing and receiving an order.

C = Example: 500 spent each time a company orders
raw materials

CARRYING (HOLDING) COST

Cost of keeping inventory in storage.

Example: Warehousing rent, Insurance & taxes
Depreciation & obsolescence

SHORTAGE (STOCKOUT) COST

[= T
X Cost when dernand cannot be met due
to lack of inventory.

Example: Lost sales & goodwill, Production
stoppage, Emergency purchases at higher cost

PURCHASE COST
(OR PRODUCTION COST)

Cost of buying or producing inventory items.

Example: 50 per unit purchase price of raw material

SETUP COST
(FOR PRODUCTIONSYSTEMS)

Cost of preparing machines/equipment
for production runs.

TRANSPORTATION COST

Cost of moving gsoods from supolier to




On the other hand, if the order quantity is more, the ordering cost will be less, but the

carrying cost will be more. These are shown in figure below.

In figure, the total cost curve represents the sum of ordering cost and carrying cost for
each order size. The order size at which the total cost is minimum is called Economic

Order Quantity (EOQ) or Q" (optimal order size).



Total cost
Costs

TC* L - _ _ Carrying cost

Ordering cost

Qt
Order quantity

Fig. 9.1 Trade-off between costs.




INVENTORY MODELS

Inventory models are mathematical approaches used to determine optimal order
quantity (i.e. how much quantity is required), reorder point i.e. lead time, and safety

stock for minimizing total inventory cost and meet customer demand effectively.

Deterministic Models Probabilistic Models Special Inventory
(Ideal Case) (Real World Situation) Models

When demand is known and | When demand IS

constant unknown/uncertain/random

1. Economic Order Quantity|1. Fixed Order Quantity|1. Single Period Model
(EOQ model) System (Q-System) (Newsvendor Problem):
2. EOQ with Price Break 2. Fixed Period System (P-|Used for

System) Perishable/seasonal




3. Production or Build-up model
4. Shortage Model

3. Safety Stock Model

4. Service Level Model

goods (ex-
Newspapers, Fashion
items).

Balances  cost  of
understocking VS
overstocking

2. ABC/FSN/VED
based Models:

Analytical models used
for controlling specific
categories of items.
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Inventory Management Techniques: ABC, VED, FSN and JIT

Inventory management refers to the systematic control of materials such as raw
materials, work-in-process and finished goods to ensure uninterrupted production at
minimum cost. Since inventories involve huge capital investment, scientific techniques
are required to control them efficiently. Commonly used inventory management
techniques include ABC analysis, VED analysis, FSN analysis and Just-in-Time
(JIT). Each technique focuses on a different dimension such as cost, criticality,

movement and timing.



ABC Analysis (Always Better Control)

ABC analysis is based on the Pareto principle (80-20 rule), which states that a small
percentage of items accounts for a large percentage of inventory value. ltems are

classified according to their annual consumption value.
Annual Consumption Value = Annual demand x Unit cost
Classification

. Aitems

Small in number but very high in value. They require tight control, accurate

forecasting and frequent review.



. Bitems
Moderate in number and value. These require reasonable control and periodic
review.

. Citems

Large in number but low in value. Simple control methods and bulk purchasing are

sufficient.
Control Policy

. Aitems: Top management control, low safety stock
. B items: Middle management control

. C items: Minimum control, higher safety stock

Advantages



. Better utilization of managerial efforts
. Reduction in inventory carrying cost

. Improved decision-making
Limitations

. Does not consider the criticality of items

. Low-value items may still be essential for production
VED Analysis

1. Introduction

VED Analysis is an important inventory control and classification technique used to

prioritize materials, spare parts, and components based on their criticality to



operations.
The term VED stands for:

. V-=Vital
. E - Essential

. D -Desirable

This method is widely used in manufacturing, maintenance engineering, hospitals,
defense, supply chain management, and production planning. The objective is to ensure

that highly critical items are always available while optimizing inventory cost.

2. Need for VED Analysis



Companies often handle thousands of items. All items do not have equal importance.

Some items are critical for machine operation, while others are optional.
VED analysis helps in:

. Avoiding stockouts of critical items
. Reducing machine downtime

. Improving reliability of systems

. Planning budgets intelligently

. Reducing idle inventory cost

Thus, VED is a decision-making tool for inventory prioritization.

3. Categories of VED Analysis



A. Vital (V) ltems

. These items are absolutely critical for the functioning of a plant, machine, or system.

. Stockout leads to complete breakdown, high production loss, safety risks, and
customer dissatisfaction.

. Must be stocked in sufficient quantity.

Examples: Bearings of main motors, critical circuit breakers, turbine blades, ICU

medical equipment.

B. Essential (E) ltems

. Important items that affect performance but do not cause immediate shutdown.

. Delay can be tolerated for short periods, but not for long.



. Moderate monitoring required.

Examples: Lubricants, secondary control relays, non-critical gaskets.
C. Desirable (D) Items

. Low criticality items used mainly for aesthetics, comfort, or non-core functions.
. Stockout does not disturb operations.
. Ordered only when required.

Examples: Paints, covers, decorative panels, indicator bulbs.
4. Procedure of VED Analysis

1. Identify all items or spare parts used in the system.

2. Assess the criticality of each item based on:



- Impact on machine downtime
. Safety considerations
- Replacement difficulty
- Lead time and availability
3. Classify each item into V, E, or D category.
4. Set inventory policies:
- High safety stock for Vital items
- Moderate stock for Essential items
- Minimal or no stock for Desirable items
5.Review and update regularly based on machine changes, failures, or operational

priorities.



5. Applications of VED Analysis

. Maintenance Engineering: Spare part planning to avoid machine failures.
. Production Management: Ensuring smooth production flow.

. Hospital Management: Availability of life-saving medicines/equipment.

. Supply Chain: Efficient procurement planning.

. Mechanical & Electrical Engineering: Critical components identification.
6. Advantages of VED Analysis

. Ensures no shortage of critical items.
. Reduces machine downtime and increases productivity.
. Minimizes inventory carrying cost.

. Helps in efficient budgeting and resource allocation.



. Enhances reliability and safety of systems.

. Supports scientific decision-making.

Item Name Function Criticality V/E/D Category
Motor Bearing Main drive rotation | Very High Vital

Lubricant QOil Reduces friction Medium Essential
Display Panel Shows values Low Desirable

VED analysis is an effective and systematic tool for classifying inventory based on
criticality. It helps industries ensure the availability of important components while

optimizing overall inventory cost. For engineering students, understanding VED analysis



is essential for roles related to production, maintenance, supply chain, and

operations management.

FSN Analysis (Fast-Slow-Non-moving)
FSN analysis classifies inventory based on frequency of usage or movement over a

specific period.
Classification

. Fast moving (F)
Frequently issued items with high turnover.
. Slow moving (S)

ltems used occasionally.



. Non-moving (N)

ltems not issued for a long time; may become obsolete.
Importance

. Helps in identifying dead and obsolete stock

. Supports effective warehouse space management
Advantages

. Reduction of inventory holding cost

. Improves stock utilization
Limitations

. Based on past consumption



. Seasonal demand variations may distort classification

JUST-IN-TIME (JIT) MANUFACTURING

1. Introduction

Just-In-Time (JIT) is a production and inventory management philosophy developed in
Japan, primarily by Toyota.

The principle of JIT is simple:

“Produce the right item, in the right quantity, at the right time, with minimum waste.”

|t focuses on eliminating waste, reducing inventory, improving quality, and creating a smooth

production flow. JIT is a core component of Lean Manufacturing.

2. Objectives of JIT

. To produce only what is needed, when it is needed.



. To eliminate non-value-adding activities (waste).
. To reduce inventory levels.

. To improve product quality and reliability.

. To enhance flexibility and responsiveness.

. To reduce production lead times.

3. Key Principles of JIT
(a) Elimination of Waste

JIT aims to remove the seven major wastes:

1. Overproduction
2. Waiting time
3. Transportation

4. Excess Inventory



5. Motion
6. Over-processing
/. Defects

(b) Continuous Improvement (Kaizen)
Small, incremental improvements to processes for efficiency and quality.
(c) Pull System

Production IS based on customer demand, not forecasts.

Workstations pull materials only when required.
(d) Small Lot Sizes

JIT prefers small batches for:



. Reduced inventory
. Faster detection of defects

. Quick response to changes
(e) High-quality Processes
Quality must be built into the process, not inspected at the end.
(f) Stable and Skilled Workforce
Workers must be trained in multiple skills and problem-solving.
(g) Reliable Suppliers
Frequent and timely deliveries from suppliers ensure smooth flow.

4. JIT Tools and Techniques



1. Kanban System
Visual signal (card, tag, board) used to trigger production and material movement.

Kaizen is a Japanese philosophy meaning “continuous improvement.” It focuses on making
small, incremental improvements in processes, products, and work culture. Kaizen aims to
remove waste, increase productivity, and create long-term organizational efficiency. It is widely
used in Lean Manufacturing, Total Quality Management (TQM), and Toyota Production
System (TPS).

Meaning of Kaizen

The word Kai means  “change” and Zen  means  “for  better.”

Thus, Kaizen means “change for the better” or “continuous betterment.”



Kaizen is a mindset where employees at all levels—from workers to managers—contribute ideas

regularly to improve efficiency.

Key Principles of Kaizen

1. Continuous Improvement

Improvement is never-ending; even small changes make a big difference over time.
2. Elimination of Waste (Muda)

Reducing the seven wastes:

. Overproduction
. Waiting
. Transportation

. Extra processing



. Defects
. Motion

. Over inventory
3. Involvement of Everyone

Employees are encouraged to suggest improvements through suggestion schemes, meetings,

and workshops.

4. Standardization

Once improvement is successful, it becomes the new standard procedure.
5. Gemba Philosophy

“Go to the actual place” — managers observe processes directly at the shop floor before making

decisions.



6. Teamwork

Improvement is done through small teams, quality circles, and cross-functional groups.
Kaizen Cycle (PDCA Cycle)

Kaizen uses the PDCA cycle, which includes:

P - Plan

Identify a problem, collect data, and plan for change.

D -Do

Implement the change on a small scale.

C - Check



Analyze results and compare them with the target.

A - Act

Standardize the improved method or adjust and repeat the cycle.
This cycle promotes systematic and continuous improvement.
Tools Used in Kaizen

Kaizen relies on several tools such as:

. 58 Method: Sort, Set in order, Shine, Standardize, Sustain
. Value Stream Mapping (VSM)

. Root Cause Analysis (RCA)

. Fishbone Diagram

. Pareto Chart



. Standard Operating Procedures (SOPs)
. Kanban boards

. Checklists and visual controls
Benefits of Kaizen

. Increased productivity

. Improved product quality

. Reduction in waste and cost

. Better employee morale and involvement

. Improved safety and workplace organization
. Shorter production time

. Enhanced teamwork and communication

. Builds a culture of continuous improvement



Limitations of Kaizen

. Requires long-term commitment

. Improvements are slow and incremental

. Employees may resist change

. Not effective without management support

. Results take time to become visible
Real Industry Example

Toyota uses Kaizen as the foundaton of its  production  system.
Each employee suggests improvements regularly.
For example, small changes like redesigning tool arrangements reduced assembly time by 10-
20%.



Such continuous small improvements made Toyota one of the world's most efficient

manufacturing companies.

Kaizen is a powerful and practical system of continuous improvement.
It encourages small, daily changes that collectively bring major benefits over time.
For B.Tech students, understanding Kaizen is essential for careers in manufacturing, production

engineering, industrial engineering, and quality management.
2. 5S System
A workplace organization method:

. Sort
. Setin Order
. Shine



. Standardize

. Sustain
3. SMED (Single Minute Exchange of Die)
Reduces setup time to single-digit minutes.
4. Total Productive Maintenance (TPM)
Ensures that machines run with zero breakdowns and zero defects.
5. Poka-Yoke
Mistake-proofing techniques to prevent errors.
5. Advantages of JIT

. Reduced inventory cost



. Lower storage and handling cost
. Improved product quality

. Reduced waste and defects

. Higher productivity

. Greater customer satisfaction

. Faster production and delivery

. Better supplier relationships
6. Limitations of JIT

. Highly dependent on reliable suppliers
. Any disruption (strikes, transport delays) stops production
. Requires trained workforce

. Not suitable for highly volatile demand



. High initial cost of implementation
7. JIT in Toyota — A Real Example

Toyota uses a Kanban-based JIT system where every workstation produces only when the next
process demands. This eliminates overproduction, keeps inventory low, ensures high quality, and

makes Toyota one of the most efficient automotive manufacturers in the world.

Just-In-Time is a powerful production philosophy that focuses on waste elimination, continuous
improvement, and demand-driven manufacturing. It ensures higher efficiency, reduced costs, and

improved customer satisfaction.



KANBAN SYSTEM

1. Introduction

Kanban is a visual scheduling and inventory control system developed by Toyota as part of
the Toyota Production System (TPS).
The word  Kanban in  Japanese  means  “signboard” or  “card.”
It uses visual signals (cards, tags, bins, or digital boards) to control the flow of materials and
production based on actual customer demand instead of forecasts.

Kanban is a key tool in Lean Manufacturing and Just-In-Time (JIT) systems.
2. Meaning and Concept
Kanban ensures that:

. materials are supplied only when needed,



. production happens only when the next process demands,

. inventory levels remain minimum.

It is a pull-based system, meaning production is triggered by demand from downstream

processes.
3. Objectives of Kanban

. To control production quantity and timing

. To reduce excess inventory

. To eliminate overproduction (biggest waste)

. To maintain a continuous and smooth flow of materials
. To improve production flexibility and responsiveness

. To simplify communication between processes



4. How the Kanban System Works

Kanban typically uses cards or signals attached to containers, pallets, or products.

When materials are consumed, the card is sent back as a signal to produce or supply more.
Basic Steps:

1. Workstation uses materials from a bin.

2. Empty bin + Kanban card is sent to the supplier/previous process.
3. The card acts as an authorization to produce.

4. Supplier restocks the bin and returns it with the card.

5. The cycle continues, ensuring flow without excess inventory.
5. Types of Kanban

1. Production Kanban (P-Kanban)



Authorizes the production of a specific quantity of items.

2. Withdrawal Kanban (W-Kanban)

Authorizes the movement/withdrawal of items from one process to another.
3. Supplier Kanban

Used to request raw materials from outside suppliers.

4. Emergency Kanban

Used when there is unexpected demand or defect.

5. Signal Kanban

Used in batch production to trigger large-lot manufacturing.



6. Rules of Kanban (Toyota’s Six Rules)

1. Downstream processes withdraw items only as needed.
2. Upstream processes produce only the quantity withdrawn.
3. Defective items are never sent downstream.

4. Kanban must always accompany the product.

5. Number of Kanban cards must be minimized.

6. Improve Kanban system continuously.
7. Benefits of Kanban

. Reduced inventory and storage cost
. Lower manufacturing lead time
. Improved process visibility and control

. Reduction in defects and waste



. Smooth production flow
. Faster response to customer demand
. Improved coordination between departments

. Encourages continuous improvement (Kaizen)
8. Limitations of Kanban

. Requires stable and predictable demand

. Highly dependent on reliable suppliers

. Any disruption halts the entire production

. Not suitable for highly customized or variable products

. Requires disciplined workforce and accurate data

9. Real Industry Example



Toyota uses Kanban cards for all components, from nuts and bolts to engines.
When an assembly worker removes the last part from a bin, the Kanban card triggers the supplier
to refill it.

This reduces inventory drastically while maintaining a smooth, uninterrupted production line.

Companies like Honda, Ford, Dell, Amazon, and Walmart also use Kanban to manage

materials and logistics.

Kanban is a powerful visual tool for work control, production scheduling, and inventory
management. |t ensures that materials flow smoothly through the factory based on demand while
minimizing waste. Mastering the Kanban system is crucial because it forms the backbone of Lean

Manufacturing and JIT production in modern industries.

Difference Between Kaizen and Kanban System



Kaizen and Kanban are two important components of Lean Manufacturing and the Toyota
Production System, but they serve different purposes. Kaizen focuses on continuous

improvement, while Kanban focuses on visual workflow and inventory control.
1. Meaning

. Kaizen: A Japanese philosophy meaning continuous improvement through small,
incremental changes.
. Kanban: A visual signaling system used to manage workflow and control inventory based

on demand.
2. Focus Area

. Kaizen: Improving processes, quality, productivity, and eliminating waste.

. Kanban: Managing the flow of materials and information using a “pull system.”



3. Objective

. Kaizen: To create a culture of continuous improvement involving all employees.

. Kanban: To control production and inventory levels and avoid overproduction.
4. Nature

. Kaizen: Philosophical and cultural; long-term mindset.

. Kanban: Operational and tactical; day-to-day production control tool.
5. Implementation Method

. Kaizen: Done through Kaizen events, PDCA cycle, 5S, root cause analysis, and teamwork.

. Kanban: Implemented using cards, bins, boards, signals, and rules to regulate production.

6. Tools Used



. Kaizen: 35S, Value Stream Mapping, Pareto Chart, Fishbone Diagram, PDCA.

. Kanban: Kanban cards, bins, Kanban boards, pull signals.
7. Impact

. Kaizen: Improves quality, reduces waste, increases employee involvement.

. Kanban: Reduces inventory, smoothens production flow, improves scheduling.
8. Worker Involvement

. Kaizen: Involves all employees at all levels in improvement activities.

. Kanban: Involves mainly operators and supervisors for material flow control.
9. Time Frame

. Kaizen: Long-term and continuous.

. Kanban: Real-time and continuous during production.



10. Outcome

. Kaizen: Better processes and work culture.

. Kanban: Optimized production scheduling and minimal inventory.

Comparison

Basis of Difference | Kaizen Kanban

Meaning Continuous improvement | Visual workflow & inventory control
philosophy system

Purpose Improve processes and eliminate | Maintain  smooth flow using pull
waste system

Nature Cultural and long-term Operational and short-term

Focus Process improvement Production scheduling & inventory




Implementation PDCA, 5S, teamwork Cards, boards, bins, signals

Employee All levels of employees Mainly operators & supervisors

Involvement

Output Improved productivity & quality Reduced inventory & lead time

Core Principle Small, continuous improvements | Produce only when demanded

Type of System Management philosophy Material control technique

Example Reducing setup time through|Using Kanban cards to request
Kaizen materials

Kaizen builds a culture of continuous improvement, while Kanban ensures smooth, demand-
driven production. Both systems complement each other in Lean Manufacturing but serve

different roles—Kaizen improves the process, and Kanban controls the flow.



Inventory management techniques such as ABC, VED, FSN and JIT play a vital role in
reducing costs, ensuring availability of materials and improving operational efficiency.
Each technique focuses on a different aspect of inventory control, and their combined
application provides a comprehensive and effective inventory management system

suitable for modern industrial environments.
Integration of Techniques
In practice, organizations often use a combination of techniques. For example:

. ABC-VED matrix is used to control high-value and critical items effectively.
. FSN helps identify obsolete items among ABC or VED classes.

. JIT complements these techniques by minimizing overall inventory levels.



Introduction to ERP Systems and Production Modules

Enterprise Resource Planning (ERP) is an integrated information system that enables
organizations to manage and coordinate all business processes using a single,
centralized database. ERP systems integrate functions such as production,
procurement, inventory, finance, human resources, sales and quality management,
thereby improving efficiency, transparency and decision-making. In production
management, ERP plays a vital role in planning, scheduling, controlling and

monitoring manufacturing activities.

What is an ERP System? ERP is a software framework that integrates various

functional departments of an organization into a unified system. It ensures real-time



information flow across departments, eliminating data duplication and improving

operational control.
Key Characteristics of ERP

. Integrated and centralized database
. Modular architecture

. Real-time information processing

. Standardized business processes

. Scalability and flexibility
Objectives of ERP in Production

. Efficient planning and utilization of resources



. Reduction in production lead time
. Improved inventory and material control
. Accurate demand forecasting

. Enhanced coordination between departments
ERP Architecture
ERP systems generally consist of:

1. Database layer — Centralized data storage
2. Application layer — Business logic and processing

3. User interface layer — Interaction with end users

Production-Related ERP Module



1. Production Planning (PP) Module
The Production Planning module is the core ERP module for manufacturing.
Functions:

. Demand management and forecasting
. Master Production Scheduling (MPS)

. Material Requirements Planning (MRP)
. Capacity planning

. Production order creation and control
Benefits:

. Balanced demand and supply



. Reduced stock-outs and excess inventory
2. Materials Management (MM) Module
This module ensures availability of materials at the right time and quantity.
Functions:

. Procurement and vendor management
. Inventory management
. Goods receipt and issue

. Invoice verification
Benefits:

. Reduced material cost



. Improved supplier coordination
3. Inventory Management Module
Often integrated with MM and PP modules.
Functions:

. Stock level monitoring
. ABC, VED, FSN analysis
. Warehouse management

. Stock valuation
Benefits:

. Reduced carrying cost



. Improved inventory turnover
4. Shop Floor Control (SFC) Module
SFC focuses on real-time monitoring of production activities.
Functions:

. Work order tracking
. Machine and labor utilization
. Production progress reporting

. Bottleneck identification

Benefits:

. Improved production efficiency



. Better control over shop floor operations
5. Quality Management (QM) Module
This module integrates quality planning and control with production.
Functions:

. Incoming material inspection
. In-process and final inspection
. Quality documentation and reporting

. Corrective and preventive actions
Benefits:

. Improved product quality



. Reduced rework and rejection
6. Plant Maintenance (PM) Module
Ensures reliable operation of production equipment.
Functions:

. Preventive and breakdown maintenance
. Equipment history tracking
. Maintenance scheduling

. Spare parts management
Benefits:

. Reduced downtime



. Increased equipment life
7. Sales and Distribution (SD) — Production Link

Though not a core production module, SD provides demand input to production

planning.
Functions:

. Customer order processing
. Delivery scheduling

. Demand forecasting
Integration of ERP Production Modules

All production-related modules are fully integrated:



. SD provides demand — PP plans production
. PP generates material requirements — MM procures materials
. SFC executes production — QM checks quality

. PM maintains machines — Ensures uninterrupted production
This integration leads to smooth and coordinated manufacturing operations.
Advantages of ERP in Production

. Improved production planning accuracy
. Reduced lead time and WIP inventory

. Enhanced visibility and control

. Better coordination among departments

. Data-driven decision making



Limitations of ERP

. High implementation cost
. Time-consuming customization
. Requires employee training and change management

. Dependence on accurate data entry

ERP systems play a crucial role in modern production management by integrating
planning, execution and control functions. Through various production-related modules
such as PP, MM, Inventory, SFC, QM and PM, ERP enables organizations to achieve
efficient resource utilization, cost reduction and improved customer satisfaction.
Successful implementation of ERP leads to enhanced productivity and competitiveness

in today’s dynamic manufacturing environment.



Maintenance Strategies: Preventive, Predictive and Breakdown

maintenance

Equipment is an important resource which is constantly used for adding value to
products. So it must be kept at the best operating condition. Otherwise, there will be
excessive down time and also interruption of production if it used in a mass production
line. Poor working of equipment’s will lead to quality related problems. Hence it is an
absolute necessity to maintain the equipment's in good operating conditions with
economical cost. Hence, we need an integrated approach to minimize the cost of
maintenance. In certain cases, the equipment will be obsolete over a period of time. If a
firm wants to be in the same business competitively, it has to take decision on whether
to replace the equipment or to retain the old equipment by taking the cost of maintenance

and operation into account.



Maintenance Strategies

Maintenance strategies are systematic approaches adopted to ensure that equipment
and facilities operate efficiently, safely, and reliably throughout their intended life. The
three most commonly used strategies are Preventive Maintenance, Predictive

Maintenance, and Breakdown (Corrective) Maintenance.
1. Preventive Maintenance (PM)

Preventive maintenance (PM) is the periodical inspection and service activities which are
aimed to detect potential failures and perform minor adjustments or repairs which will

prevent major operating problems in future.

Preventive maintenance is a planned and scheduled maintenance activity carried out at
predetermined time intervals or usage levels to reduce the probability of equipment

failure.



It is based on the assumption that equipment failure can be prevented by regular

inspection, servicing, lubrication, and replacement of parts before breakdown occurs.
Key Activities

. Periodic inspection
. Cleaning and lubrication
. Adjustment and calibration

. Scheduled replacement of worn-out parts
Advantages

. Reduces unexpected breakdowns
. Improves equipment reliability and life
. Ensures consistent production quality

. Enhances safety and working conditions



Limitations

. May result in unnecessary maintenance
. Higher planned maintenance cost

. Requires proper scheduling and skilled manpower
Applications

. Production machines
. Power plants
. Automotive systems

. Manufacturing industries
2. Predictive Maintenance (PdM)

Predictive maintenance is a condition-based maintenance strategy in which maintenance

is performed only when monitoring data indicates a potential failure.



This approach uses real-time data and diagnostic tools to predict when equipment failure

IS likely to occur, allowing maintenance just in time.
Techniques Used

. Vibration analysis

. Thermography (infrared analysis)
. Oil and wear debris analysis

. Ultrasonic testing

. Acoustic emission monitoring

Advantages

. Minimizes maintenance costs
. Avoids unnecessary preventive tasks

. Reduces downtime significantly



. Improves asset utilization
Limitations

. High initial investment
. Requires advanced monitoring equipment

. Skilled technical expertise needed
Applications

. Rotating machinery (motors, turbines)
. Critical process equipment

. Continuous process industries

3. Breakdown Maintenance (Corrective Maintenance)



Breakdown maintenance is the repair which is generally done after the equipment has
attained down state. It is often of an emergency nature which will have associated penalty

in terms of expediting cost of maintenance and down time cost of equipment’s.

Preventive maintenance will reduce such cost up to a point. Beyond that point, the cost
of preventive maintenance will be more when compared to the down time cost. Under
such situation, a firm can opt for break-down maintenance. These concepts are shown

In Figure below.

Breakdown maintenance is a reactive maintenance strategy where maintenance is

performed only after equipment failure occurs.

It follows a “run-to-failure” approach and is suitable when the cost of maintenance is less

than the cost of preventive actions.



Key Characteristics

. No scheduled maintenance
. Repair or replacement after failure

. Emergency maintenance actions
Advantages

. Low initial maintenance cost
. Simple to manage

. No planning or monitoring required
Limitations

. High downtime and production loss
. Risk of severe equipment damage

. Safety hazards



. Unpredictable repair costs

Applications

. Non-critical equipment

. Low-cost or easily replaceable items

. Light bulbs, small tools, fans

Aspect Preventive Predictive Maintenance | Breakdown Maintenance
Maintenance
Nature Planned & time- Condition-based Reactive
based
Failure Moderate High None
Prevention
Cost Medium High initial, low long-term | Low initially, high later
Downtime  |Low Very low High
Equipment | Medium to high Very high Low

Criticality




An effective maintenance system often uses a combination of all three strategies
depending on equipment criticality, cost, and operational importance.

. Preventive maintenance reduces failure probability.
. Predictive maintenance optimizes maintenance timing.
. Breakdown maintenance is economical for non-critical assets.

—»>

total cost

optimum
cost

Maintenance Costs

preventive/predictive :
maintenance costs § breakdown costs

>

Maintenance Commitment



Introduction to Total Quality Management (TQM)

Nowadays, customers demand products/services with greater durability and
reliability at the most economic price. This forces producers to strictly follow
quality procedures right from design till shipment and installation of the products.
So the goal of any competitive industry is to provide a product or service at the
most economical costs, ensuring full customer satisfaction. This can be achieved
through Total Quality Management (TQM); because quality is not a technical
function, but a systemic process extending throughout all phases of the business,
e.g., marketing, design, development, engineering, purchasing,

production/operations.

As per Feigenbaum, it is an effective system for integrating the quality

development, quality maintenance and quality improvement efforts of various



groups in an organization so as to enable marketing, engineering, production and

service at the most economical levels which allow for full customer satisfaction.
Scope of Total Quality Management

Total quality management guides the coordinated actions of people, machines
and information to identify and fulfil customer quality requirements. The total
quality management is applied to many stages of industrial cycle which are listed

below:
Marketing
Engineering
Purchasing

Manufacturing



Mechanical

Shipping

Installation and product service.

Benefits of TQM

The benefits of TQM can be classified into the following two categories:
Customer satisfaction oriented benefits

Economic improvement oriented benefits

Customer satisfaction oriented benefits. The benefits under this category are

listed below:
Improvement in product quality.

Improvement in product design.



Improvement in production flow.

Improvement in employee morale and quality consciousness.
Improvement in product service.

Improvement in market place acceptance.

Economic improvements oriented benefits.

The benefits under this category are as follows:

Reduction in operating costs.

Reductions in operating losses.

Reductions in field service costs.

Reductions in liability exposure.



Fundamental Factors Affecting Quality

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

product requirements.

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

(i)  Money: The increased global competition necessitates huge outlays for new

equipments and process. This should be rewarded by improved productivity.



This is possible by minimizing quality costs associated with the maintenance
and improved of quality level.

(i) Management: Because of the increased complex structure of business

organization, the quality related responsibilities lie with persons at different levels in
the organization.

(iv) Men: The rapid growth in technical knowledge leads to development of
human resource with different specialization. This necessitates some groups like,
System Engineering group to integrate the idea of all specialization.

(v)  Motivation: If we fix the responsibility of achieving quality with each individual

In the organization with proper motivation techniques, there will not be any

problem in producing the designed quality products.



(vi)  Materials: Selection of proper materials to meet the desired tolerance limit is

also an important consideration. Quality attributes like surface finish,
strength, diameter etc. can be obtained by proper selection of material.

(vii) Machines and Mechanization: In order to have quality products which will

lead to higher productivity of any organization, we need to use advanced
machines and mechanize various operations.

(viii) Modern information _methods: The modern information methods help in

storing and retrieving needed data for manufacturing, marketing and
servicing.

(ix)  Mounting product requirements: Product diversification to meet customers

taste leads to intricacy in design, manufacturing and quality standards. Hence,

companies should plan adequate system to tackle all these requirements.



Quality Control Activities During Product Cycle:

The quality control activities during production cycle can be classified into

the following three categories:
New design control

Incoming materials control
Product control

New design control.

This has the following tasks:
Selling quality products
Engineering quality products

Planning quality products.



Incoming materials control.

This accounts for the following three tasks:
Buying quality materials

Receiving and inspecting quality materials.
Manufacturing quality parts and products.
Product control.

This involves the three important activities:
Inspecting and testing quality products.
Shipping quality products

Installing and servicing quality products.



Operating Quality Costs:

Quality cost in companies can be classified into the following two

categories:

Cost of control

Costs of failure to control
Cost of control.

The costs of control can be divided into cost of prevention and cost of

appraisal.

Costs of prevention. The costs incurred to avoid defects and
nonconformities from occurring are accounted under cost of prevention.

The following activities involve the costs of prevention.



e Quality planning

e Process control

¢ Design and development of quality information equipment
e Quality training and work force development

e Product-design verification

Cost of appraisal. Costs of maintain quality level by means of evaluation
procedures like, inspection, test, quality audits, etc. are accounted under cost of

appraisal. These are mentioned below:

= Test and inspection of purchased materials
= Laboratory acceptance testing
= Laboratory or other measurement services.

= |nspection



= Testing

= Checking labour

= Setup for test or inspection

= Test and inspection equipment and material and minor quality equipment

= Quality audits

» Maintenance and calibration of quality information test and inspection
equipment

» Product engineering review and shipping release

* Field testing

Costs of failure to control.



These are nothing but the costs due to defects and nonconformities of products.
This can be further classified into internal failure costs and external failure

costs.

Cost of internal failure: Internal failure costs include costs which are incurred
within the company such as scrap cost, spoilage cost, rework cost, material-

procurement cost and factory contact engineering.

Cost of external failure. External failure costs are the costs due to

unsatisfactory quality the company such as:

= Complaints in warranty
= Complaints out of warranty
= Product service

= Product liability



= Product recall.

Six Sigma



Six Sigma as a management standard 1n product variation (presently even for service variation) can
be traced back to the work during 1920°s when Walter Shewhart showed that three Sigma from the
mean 1§ the point where a process requires correction. Many measurement standards such as zero
defects, later came into force but credit for coming the term “Six Sigma” goes to a Motorola
engineer named Bill Smith. “Six Sigma” 15 a federally registered trade mark of Motorola.

In the early and mid 1980’s, Motorola engineer felt that the traditional quality levels of
measuring defects 1n thousands of opportunities did not provide enough depth of mformation. They
decided to measure the defects per million opportunities. This helped Motorola to achieve bottom
lin results in their organization which resulted in a savings more than §16 million.

Since then, hundreds of companies around the world, most notably General Electric Company,
have adopted Six Sigma as a way of doing business.



Definition.  Six Sigma is a disciplined data-driven approach and methodology for eliminating
defects which amounts to driving towards six standard deviations between the mean and the nearer
specification limit in any process (manufacturing/transactional) of products/services. A Six Sigma
defect 1s defined as any flaw that inhibits the attainment of customer expectations and specifications.

As defined by General Electric company, Six Sigma 1s a vision of quality which equates with
only 3.4 defects per million opportunities for each product or service transaction and it strives for
petfection.

Six Sigma level indicates that we are 99.99966% confident that the product/service delivered
by us is defect free. This means that only 0.00034% of the times the product/service delivered is
defect prone. When 0.0000034 is multiplied by one million, it comes to 3.4 defects per million
opportunities (DPMO).

An “opportunity” 1s defined as a chance for nonconformance or not meeting the required
specifications. This means that we need to be nearly flawless in executing our key processes.

Actual Sigmalevel = Actual number of defects 100

Total number of opportunities for
the organization to make mistakes
from the customer angle




A process 18 said to be at Six Sigma level provided that the process 1s not producing more
than 3.4 defects per million opportunities.

The fundamental objective of Six Sigma methodology 1s the process improvement and reduction
of variation through 1ts application.

At its core, Six Sigma revolves around the following few concepts:

e It is critical to attributes which are most important to the customers.

o It focuses on the process more specifically what it can deliver.

o It aims for stability of the process which means that it ensures consistent and predictable
processes to improve product quality which is the utmost expectation of the customer.

o It focuses on the design for Six Sigma to meet customer needs and process capability.
Design for Six Sigma is a systematic methodology, utilizing tools, training and measurements,
to enable us to design products and processes that meet customer expectations and can be
produced at Six Sigma quality levels.



18.10.1 Approaches for Six Sigma

There are two approaches for achieving Six Sigma which are as listed below:

e DMAIC
e DMADV

DMAIC. DMAIC means Define, Measure, Analyze, Improve and Control. The Six Sigma DMAIC
process is an improvement system for existing processes falling below specification and looking for
incremental improvement. It is systematic, scientific and fact based. This closed-loop process eliminates
unproductive steps, often focuses on new measurements and applies technology for improvement.

DMADV. DMADV means Define, Measure, Analyze, Design, and Verify. The Six Sigma DMADV
process 1s an improvement system used to develop new processes or products at Six Sigma quality
levels. This can be used even for existing processes if they require more than just incremental
improvement.



Both DMAIC and DMADV are executed by Six Sigma Green Belts and Six Sigma Black Belts
and these are overseen by Six Sigma Master Black Belts.

Steps of Six Sigma DMAIC.  As already mentioned, DMAIC means Define, Measure, Analyze,
Improve and Control. These are explained in this section.

Step 1: Define

This step establishes a leadership team which will decide on the project on which it will work.
It also identifies key considerations like, cost benefits, customer expectations, product quality
enhancement and ability of the team to have a positive impact on the process. The specific actions
of this step are listed below:

e Define all your products by making a list of them along with corresponding end results.

e Identify your customers of each end product, make assumptions about what they expect,
survey customers to validate assumptions and select a product/project for continuous
improvement process.

Step 2: Measure

In this step, the team examines all aspects of the project, develops a thorough understanding
of it and 1identifies the critical requirements and processes. Once this is done, the team defines
performance measures for key characteristics and establishes an effective means of measuring them.
Then, the measurements of the process to determine current performances are done.

The sub-steps are as listed below:



o Define your needs in terms of essential inputs for products/projects selected.
o Set-up quality measures.

o Define the method of computing errorsfunit, errors/million and actual Sigma level.

» Measure the current performance of the process.

Step 3 Analyze
In this step, the team analyzes the results of this collected data and lays the groundwork for improving
the process. This analysis includes identification and quantification of the sources and locations of
efect causing variables within the process,

These are achieved through defining the work process by flow charting existing process,
\dentifying error/defect-producing steps and determining present error rate.



Step 4: Improve
In this step, the team performs the following,

o [dentification of process improvements based on the collected data and analysis.
o Designing a plan of action.

o Performing risk assessments on the potential changes.

o [mplementing the plan,

Monitoring the results for the recommended changes.



The improvement of the work process can be achieved by doing the following:

o Lowering the probability of occurrence of mistakes by using suitable statistical quality
control tools.

Simplification of the process wherever possible.

Elimination of non-value adding tasks.

Highlighting the importance of Six Sigma and developing necessary skills,

Flowcharting the revised process

Step 3: Control

In this step, the team reviews the entire process to ensure that the appropriate changes have been
made and to identify the actions that will permanently maintain those changes. Further, steps are
taken to control future process performance.

Steps of Six Sigma DMADV.  The first three steps of DMAIC and DMADYV are one and the same
except the last two steps. The steps of DMADV are listed below. Though the first three steps of
DMADYV are same as that of DMAIC, they are fine-tuned with respect to application of Six Sigma
to new products or services.



Step 1: Define the project goals and customer (internal and external) deliverables.
Step 2: Measure and determine customer needs and specifications.

Step 3. Analyze the process options to meet the customer needs.

Step 4. Design detailed process to meet the customer needs.

Step 5. Verify the design performance and ability to meet customer needs.



18.10.2 Types of Six Sigma Belts
The Six Sigma Belts are classified into the following categories:

o (Green Belts
¢ Black Belts
o Master Black Belts

In addition to these belts, there is one more category known as Six Sigma Champions.

Green Belts.  Six Sigma Green Belts are Six Sigma team leaders capable of forming and facilitating
Six Sigma teams and managing Six Sigma projects from concept to completion. Typically, Green
belt training consists of five days of classroom training and it is conducted in conjunction with Six
Sigma team projects. Training covers facilitation techniques and management of meetings, project
management, quality management tools, quality control tools, problem solving and exploratory data
analysis. Their activities are centred around increasing customer satisfaction levels and business
productivity, Green Belts are not full time positions. A Green Belt should be focusing on 1 to 2
projects. Usually, Black Belts help Green Belts in choosing their projects prior to the training, attend
training with their Green Belts and assist them with their projects after the training.

The desirable skills of Green Belts are good problem solving ability, experience in leading a
team, expertise in project management, competence to apply basic improvement tools, etc.



Black Belts. Six Sigma Black Belts are leaders of teams responsible for measuring, analyzing,
improving and controlling key processes that influence customer satisfaction and/or productivity
growth,

Black Belts are full time positions. They should focus on I to 3 projects. Direction and
leadership for them should come from a Master Black Belt.

They are technical leaders who are technically oriented individuals held in high regard by their
peers. They should be actively involved in the organizational change and development process.
These candidates may come from a wide range of disciplines and need not be formally trained
statisticians or engineers. However, because they are expected to master a wide variety of technical
tools in a relatively short period of time, technical leader candidates will probably possess a background
in college-level mathematics—the basic tool of quantitative analysis. College-level course work in
statistical methods should be a prerequisite. Black Belts coach Green Belts and receive coaching and
support from Master Black Belts.

The desirable skills of Black Belts are customer advocacy, self motivation, positive personality,
good communication, project management expertise, technical aptitude, leadership, deep process
knowledge, good problem solving ability, result orientation, etc.



Master Black Belts. Master Black Belts are the persons with highest level of technical and
organizational proficiency. Because Master Black Belts train Black Belts, they should be sound on
mathematical theory on which the statistical methods are based. They must be able to assist Black
Belts in applying the methods correctly in unusual situations. Whenever possible, statistical training
should be conducted only by Master Black Belts. If it is necessary for Black Belts and Green Belts
to provide training, they should only do so under the guidance of Master Black Belts.

Because of the nature of the master’s duties, communications and teaching skills should be
considered as important as technical competence 1n selecting candidates. Master Black Belts are full
time positions. The desirable skills of Master Black Belts are experience in different areas, analytical
and technical competence, advanced statistical knowledge, ability to coach six sigma leaders.

Six Sigma Champions. In addition to different sigma belts, there is one more quality agent who
also contributes to Six Sigma efforts, who 18 known as Six Sigma Champion,

Business leaders who lead Six Sigma by sponsoring projects are called “Champions”. Champions
are trained in the essentials of the Six Sigma methodology focusing on selecting the projects that are
aligned with business goals. Champions must select and mentor Six Sigma project leaders called
‘Belts”. Champions must support, align and integrate the Six Sigma launch into their organizations.



18.10.3 Benefits of Six Sigma

The benefits of Six Sigma are as listed below:

o It ensures enhanced product quality,
o [t enables predictable delivery of the products.

o It helps to achieve productivity improvement,

o [t helps to have rapid response to changing needs of customers.

o It also facilitates the development and ntroduction of new products into the
marketplace.



KAIZEN - CONTINUOUS IMPROVEMENT

Introduction

Kaizen Is a Japanese management philosophy that emphasizes continuous,
incremental improvement in all aspects of an organization. The word Kaizen is derived
from two Japanese words:

. Kai - Change
. Zen — Better
Thus, Kaizen means “change for the better.”

It focuses on improving processes, quality, productivity, cost, safety, and employee
morale through small, systematic improvements involving everyone.

Definition of Kaizen

Kaizen is a continuous improvement approach that involves all employees in
identifying, analyzing, and implementing small improvements in processes to enhance
overall organizational performance.



Philosophy and Principles of Kaizen
The core philosophy of Kaizen is based on the following principles:

1. Continuous improvement — Improvement is never-ending.

2.Employee participation — Every employee contributes ideas.

3. Process orientation — Focus on improving processes, not blaming people.
4. Standardization — Improved methods are standardized.

5. Waste elimination — Eliminate non-value-added activities (Muda).

6. Customer focus — Improvements aim at higher customer satisfaction.

Objectives of Kaizen

. Improve product quality

. Reduce manufacturing cost

. Increase productivity

. Improve workplace safety

. Reduce defects and rework

. Improve employee involvement and morale



Types of Kaizen

Point Kaizen

Small improvement at a single workstation.

Line Kaizen

Improvements across an entire production line.

System Kaizen

Improvements in complete systems such as inventory or logistics.
Kaizen Blitz (Event)

Short-term focused improvement activity (usually 3-5 days).



Kaizen Process — PDCA Cycle
PDCA Cycle Diagram

What is the PDCA Cycle?

The PDCA Cycle is a structured, four-step process that organizations
use to achieve continuous improvement.

Do

Implement the solution 7
on a small scaleto test ' )
its effectiveness. '

Plan

Identify problems, analyze
‘2." root causes, & set clear
improvement goals.

Act

Standardize successful
changes or revise plans
L for further improvement.

Check

@ Measure results,

| =% compare with
objectives, & evaluate success.

Explanation:

Plan: Identify problem and propose improvement
Do: Implement solution on a small scale
. Check: Measure and analyze results



. Act: Standardize successful improvements
Kaizen Tools and Techniques
5S System

The 35S system creates an organized workplace.

S Meaning

Sort Remove unnecessary items
Set in Order | Arrange items properly
Shine Clean the workplace
Standardize | Establish standards
Sustain Maintain discipline

5S Diagram
5S — Organized — Efficient — Safe — Productive Workplace



Quality Circles

Small groups of employees who meet regularly to identify and solve work-related
problems.

Poka-Yoke (Mistake Proofing)
Devices or methods that prevent errors before they occur.
Example:
. Electrical plug that fits only in one direction.
Waste (Muda) in Kaizen
Kaizen aims to eliminate 7 wastes:

1. Overproduction
2. Waiting
3. Transportation



4. Over-processing
5. Inventory

6. Motion

7. Defects

Waste Reduction Diagram
Input — Process — Output

T
Waste

(Removed by Kaizen)
Kaizen in Manufacturing — Example
Example: Reducing Setup Time

Problem: Machine setup time = 60 minutes
Kaizen Action:

. Organize tools (5S5)
. Standardize setup steps



. Train operators
Result:

. Setup time reduced to 35 minutes
. Increased machine utilization
. Reduced production cost

Kaizen vs Innovation

Kaizen Innovation
Small improvements | Major changes
Continuous One-time

Low cost High cost
Involves all employees | Involves experts
Low risk High risk

Advantages of Kaizen



. Continuous quality improvement

. Reduced cost and waste

. Increased productivity

. Improved teamwork

. Sustainable long-term improvement

Limitations of Kaizen

. Slow results for major changes
. Requires cultural commitment
. Less effective without management support

Kaizen is a powerful philosophy that promotes continuous improvement through
employee involvement and systematic problem-solving. By focusing on small,
Incremental changes, organizations can achieve long-term excellence in quality,
productivity, and competitiveness.



Lean Manufacturing

Lean manufacturing 1s a systematic approach to identify and eliminate wastes of all non-value added
activities through continuous improvement that 1s being adopted by world class, high performance
firms to produce remarkable results. It 1s also called as a manufacturing system in which friction 1s
absent. Masaaki Imai calls this friction as muda (waste) which consists of all non-value-adding
activities.

Global competition 1s forcing companies to improve quality, reduce delivery time and lower
costs. The traditional manufacturing way of thinking has been “Cost + Profit = Selling Price”. But,
in the competing global environment, customers more or less influence the selling price of a product.
Hence, the lean way of thinking is “Selling Price - Cost = Profit”. Under this redefined scenario,
the only way to survive in the market 1s to decrease cost by eliminating all forms of wastes.



The essence of lean manufacturing 1s to compress the time from the receipt of an order to the
receipt of payment for that order.
In specific terms, lean manufacturing achieves the following:

o Reduction in cycle times

o On time deliveries

o Reduction in work-n-process inventory
o [mprovement in quality

o Increase in the availability of machines
o Reduction in scrap/rework

Lean manufacturing which 1s often called Just in Time (JIT) or Agile Manufacturing 1s an
operating strategy that seeks to maximize operational effectiveness by creating value in the eyes of
the end customers. The focus i$ not on a department, area or process, but on the optimization of the
entire value stream which 1s the series of processes between receipt of customer order and delivery
of finished product.



Steps of Lean Manufacturing

The steps of lean manufacturing are as listed below:

(1) Precisely specify value by specific product
(1) Identify the value stream for each product
(111) Make the value flow without interceptions
(iv) Let the customer pull value from the producer
(v) Pursue perfection

(i) Specify value. Value is defined by the customer and is only meaningful when expressed in terms
of a specific product, which means the customers’ needs at a specific price and at a specific time.
S0, the value from the perspective of the final customer should be specified.

(i1) Identify value stream. The value stream is all the steps and processes required to bring a
specific product, from raw materials to finished product, in the hands of the customers. Analyzing
the entire flow of a product will almost reveal enormous amount of waste and non-value-adding
sequences. This 1s frequently referred to as process reengineering.

The value stream analysis will always show three types of actions which occur along the value
stream, as listed below:




o Steps that create value

o Steps that create no value but they are unavoidable due to current technologies or production
methods or assets

o Steps that create no value and they are avoidable

S0, a map of the value stream should be identified.

(1ii) Make value flow. The value flow is a flow of raw materials through a dedicated arrangement
of facilities with distinct value addition at each stage of the value stream, to produce products
continuously which may result in less cost, decreased delivery time and other benefits of lean
system, though other types of production are possible. So, make the value flow without interceptions.




(iv) Pull, Pull is defined as designing the production system based on customer needs. Here, customers
pull thetr required product from a producer as and when they need that product. The implementation
of value stream automatically reduces the product lead time to a greater extent. This enables the
producers to provide the products as and when they are needed by the customers which helps the
customer to pull their products on their necessity for those products. So, the value stream and pull
are complementary to each other,

(v) Perfection. Perfection is defined as achieving all the required system performance measures at
the highest levels. If an organization begins to accurately specify value, identify the entire value
stream, and make the value-added steps for specific enterprise, achieving perfection is trivial,

Components of Lean Manufacturing




The components of lean manufacturing are as listed below:

1. Standardized production. This production involves setting, documenting and maintaining standards
for three major areas of production.

o Cycle time (the time within which each operator has to complete a given task or tasks)

o Work process (layout of work area, required tools/equipments and steps/sequences)

o Work-in-process (daily number of units or pieces required in between workstations for a
smooth operational flow)

To maintain standardized production, lean manufacturing rely heavily on documentation. This
documentation 1s typically posted at all workstations and constantly revised to reflect current procedures
and processes.

2, Continuous improvement (Kaizen) as explained earlier.

3. Just-in-Time (JIT) production. In this type of production, as explained at the beginning of this
chapter, each station makes only the item in the required quantity when it 1s needed.

4. Design for manufacturing (DFM). In a product, after careful examination, all useless parts
should be eliminated and the parts which are retained/newly designed and added in that product must
be easily made with the existing infrastructure of the company or its supplier firms.




5. Poka yoke (Error-proofing). As explained earlier,
6. Cellular manufacturing. As explamed in Chapter 6.

7. Single-Minute Exchange Die (SMED). This enables the operator to minimize the setting time
and also the processing times on a machine with the aid of jigs and fixtures. The jigs and fixtures
will factlitate the operator to load more than one component on a machine or to drill more than one
hole simultaneously on the job mounted on a machine.

8. Flexible workforce. This is necessary because lean manufacturers do not maintain a pool of back
upirelief workers. In the event of absence of workers, retooling or changing production needs,
workers must be able to perform varying tasks.




Supply Chain Management

A Supply Chain Network (SCN) is a system of organizations, people, activities,
information, and resources involved in moving a product or service from raw material
suppliers to final customers.
Unlike a simple linear supply chain, a supply chain network has multiple suppliers,
manufacturers, distributors, and customers, connected through material,
information, and financial flows.

Definition

A Supply Chain Network is a complex, interconnected structure consisting of
suppliers, manufacturers, warehouses, distribution centers, retailers, and customers that
work together to efficiently produce and deliver goods and services.

Components of a Supply Chain Network

1. Suppliers — Provide raw materials and components

2. Manufacturers — Convert raw materials into finished goods
3. Warehouses — Store raw materials and finished goods

4. Distribution Centers — Break bulk and distribute products
5. Retailers — Sell products to end customers



6. Customers — Final users of the product
Types of Flows in Supply Chain Network

1. Material Flow — Movement of raw materials and products
2.Information Flow — Demand data, forecasts, order status
3. Financial Flow — Payments, credit terms, invoices

Basic Supply Chain Network Diagram (Hand-Drawn Style)
SUPPLIERS
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(3 Linear representation (simplified view)
Supply Chain Network (Multiple Nodes — Exam Diagram)
Supplier 1 Supplier 2
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(3 Network structure showing multiple paths
Objectives of Supply Chain Network Design

. Minimize total supply chain cost

. Improve customer service level

. Reduce lead time

. Optimize inventory levels

. Improve flexibility and responsiveness

Supply Chain Network Design Decisions



8.1 Strategic Decisions

. Number and location of facilities
. Capacity of plants and warehouses
. Supplier selection

8.2 Tactical Decisions

. Transportation modes
. Inventory policies
. Distribution planning

8.3 Operational Decisions

. Order processing
. Scheduling
. Dispatching

Factors Affecting Supply Chain Network Design

. Demand uncertainty
. Transportation cost
. Service level requirements



. Infrastructure and location
. Government policies
. Risk and sustainability

Push and Pull in Supply Chain Network

Push—Pull Boundary Diagram

SUPPLIER — MANUFACTURER — WAREHOUSE || RETAILER — CUSTOMER
(PUSH) | (PULL)

(3 Push based on forecast, Pull based on actual demand
Advantages of an Efficient Supply Chain Network

. Reduced operational cost
. Faster delivery

. Improved coordination

. Better demand fulfillment
. Competitive advantage



Challenges in Supply Chain Networks

. Demand variability

. Bullwhip effect

. Coordination among multiple players
. Risk and disruptions

. Information sharing issues

Example: Supply Chain Network of FMCG Product

Raw material suppliers — Manufacturer — Regional warehouses — Distributors
— Retailers — Consumers

Benefits:

. Reduced stock-outs
. Faster replenishment
. Lower transportation cost

A supply chain network plays a crucial role in ensuring the smooth flow of goods,
information, and finances across organizations. Effective design and management of
supply chain networks lead to cost efficiency, customer satisfaction, and long-term
sustainability.
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