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different types of scheduling
methods  of

process  and

inventory control
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of Production Control - Methods of Inventory control-EOQ, ABC analysis.

CO3: Examine the scheduling process and

methods of inventory control

CEO4: To study about methods Unit 4 Work Study CO4: Outline the concept of work measurement
of work measurement and Method Study - Work measurement - Work Design - Work Sampling - and productivity
productivity Industrial Engineering Techniques. Productivity: Basic Concepts -
Productivity Cycle - Total Productivity Model.
CEQO5: To discuss about Unit 5 Quality management COS5: Explain quality control techniques
various quality control Economics of Quality Assurance - Inspection and Quality Control -
techniques Acceptance Sampling - Theory of control charts, control charts for variables

and control charts for attributes - Total quality management and ISO 9000

series standards, Six Sigma.




UNIT -1
INTRODUCTION TO PRODUCTION AND OPERATIONS MANAGEMENT (POM)

“Operations management is where the real value of an organization is
created by transforming inputs into useful goods and services.”

— Jay Heizer & Barry Render

1.1 Introduction to Production and Operations Management

Every organization, whether manufacturing or service-oriented, exists to
create value. This value is created through a systematic process of transforming inputs
such as materials, labour, capital, information, and technology into outputs that satisfy
customer needs. The management of this transformation process is known as
Production and Operations Management (POM).

Traditionally, the term production was associated with manufacturing
industries where physical goods were produced. However, in modern business
environments, services constitute a significant portion of economic activity. Hence,
the broader term “operations” is used to encompass both manufacturing and service
activities.

Production and Operations Management can therefore be defined as the
design, operation, and improvement of systems that create and deliver the firm’s
primary products and services. It focuses on efficiency, effectiveness, quality, cost,

delivery speed, flexibility, and customer satisfaction.
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According to E. S. Buffa, “Production management deals with decision-making
related to production processes so that the resulting goods or services are produced according
to specifications, in the amounts and by the schedule demanded, and at minimum cost.”

According to James L. Riggs, “Production management is the planning, design,
direction, and control of the conversion process that transforms resources into finished
goods.”

According to Joseph G. Monks, “Production management is the activity of managing
the resources used in the production process to create goods and services.”

According to Everett E. Adam Jr. and Ronald J. Ebert, “Production management
refers to the activities involved in producing goods and managing the transformation process
that converts inputs into outputs.”

According to S. N. Chary, “Production management is the process of planning,
organizing, directing and controlling the activities of the production function.”

According to Jay Heizer and Barry Render, “Operations management is the set of
activities that creates value in the form of goods and services by transforming inputs into
outputs.”

According to Adam Jr. Everett E. and Ronald J. Ebert, “Operations management
is the management of an organization’s production system, which converts inputs into the
organization’s products and services.”

According to Joseph G. Monks, William J. Stevenson, “Operations management

refers to the management of systems or processes that create goods and/or provide services.”

Key Terminologies

Term Meaning

Production Creation of goods

Operations Activities producing goods and services
Productivity Output/Input ratio

Transformation Process Conversion of inputs into outputs




Conceptual Illustration
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1.2 Nature and Scope of POM

Nature of Production and Operations Management

The nature of POM can be understood through its fundamental characteristics and

features.

1. Transformation Process

The core nature of POM lies in the transformation of inputs into outputs.

Inputs
.
.
.
.
.

()

Materials
Labor
Capital
Information
Technology
Energy

Transformation Process

The conversion process may involve:

()

Physical transformation (manufacturing)
Locational transformation (transportation)
Storage transformation (warehousing)

Informational transformation (banking, IT services)




Outputs
e Goods (tangible products)
e Services (intangible offerings)
Thus, POM focuses on designing and controlling this transformation system
efficiently.
2. Decision-Oriented Discipline
POM is primarily a decision-making function. Managers must take decisions related to:
e Product design
e Process selection
e Capacity planning
o Layout design
e Scheduling
e Inventory management
e Quality control
These decisions are both strategic (long-term) and operational (short-term).
3. Integrative Function
POM is closely linked with other functional areas:
e Marketing (demand forecasting, product features)
o Finance (capital investment, budgeting)
e Human Resource Management (workforce planning)
e Supply Chain Management (procurement and distribution)
The effectiveness of POM depends on coordination among these departments.
4. System-Oriented Approach
Production and operations are viewed as a system consisting of:
o Inputs
e Transformation processes
e Outputs
o Feedback mechanism
Feedback helps in performance evaluation and corrective action.
This systems approach ensures continuous improvement and adaptability.
5. Goal-Oriented Activity
The primary objectives of POM include:
o Cost minimization
e Quality improvement

o Timely delivery




e Flexibility
o Customer satisfaction
e Optimal resource utilization
Thus, POM aims at achieving organizational goals through operational excellence.
6. Applicable to Both Manufacturing and Services
Earlier, production management was limited to factories. Modern POM applies equally
to:
e Hospitals (patient treatment process)
o Banks (transaction processing)
o Airlines (flight operations)
o Educational institutions (knowledge delivery)
Hence, POM has universal applicability.
7. Continuous Improvement Orientation
Modern POM emphasizes:
e Total Quality Management (TQM)
e Lean Production
e Six Sigma
e Just-In-Time (JIT)
It is dynamic and continuously evolving in response to technological and competitive
changes.
Scope of Production and Operations Management
The scope of POM refers to the range of activities, decisions, and responsibilities
covered under this function.
The scope can be divided into strategic, tactical, and operational areas.
1. Product Selection and Design
Scope includes:
e Designing new products
o Standardization and simplification
e Value engineering
e Product life cycle management
Product design influences cost, quality, and customer satisfaction.
2. Process Planning and Selection
POM determines:
e Choice of technology

e Type of production process (job, batch, mass, continuous)




e Automation level
o Workflow design
This affects productivity and operational efficiency.
3. Facility Location
Scope includes selecting the most suitable geographical location for production facilities
based on:
e Availability of raw materials
e Transportation cost
o Labor availability
o Market proximity
e Government policies
Location decisions are strategic and long-term in nature.
4. Facility Layout
Layout planning involves arranging machines, equipment, and workstations to ensure
smooth workflow.
Types include:
e Process layout
e Product layout
o Fixed position layout
e Cellular layout
A well-designed layout reduces material handling cost and bottlenecks.
5. Capacity Planning
Scope covers:
e Determining production capacity
o Expansion decisions
e Managing seasonal demand
e Balancing demand and supply
Capacity planning affects cost structure and competitive advantage.
6. Production Planning and Control (PPC)
Includes:
e Aggregate planning
e Master production scheduling
e Routing
e Loading
e Scheduling




e Dispatching
o Follow-up
PPC ensures smooth production flow and adherence to delivery schedules.
7. Inventory Management
Scope includes:
e Raw material management
e  Work-in-process control
o Finished goods inventory
o Stock level decisions

Techniques used:

e EOQ
e ABC analysis
o« JIT

Inventory management directly influences working capital requirements.
8. Quality Management
Covers:
e Quality planning
e Quality assurance
o Statistical quality control
o Continuous improvement programs
Quality management ensures customer satisfaction and competitive strength.
9. Maintenance Management
Includes:
e Preventive maintenance
e Breakdown maintenance
e Predictive maintenance
e Replacement decisions
Proper maintenance ensures uninterrupted operations.
10. Supply Chain and Logistics Management
Modern POM extends beyond internal operations to include:
e Supplier selection
e Procurement
e Distribution
e Warehousing

o Transportation




This integrated view enhances overall efficiency.
11. Operations Strategy
At the strategic level, POM defines:
o Competitive priorities (cost, quality, delivery, flexibility)
e Technology adoption
e Process innovation
o Sustainability practices

Operations strategy aligns production capabilities with corporate goals.

III. Differences between Production and Operations Management

Basis Production Management | Operations Management
Focus Manufacturing Goods and services
Scope Narrower Broader
Application | Factory system All organizations
Nature Product-oriented Process-oriented

Operations Management is therefore an expanded concept.

Applications
Sector Application
Manufacturing Automobile, electronics, etc.
Services Banking, healthcare, etc.
Retail Inventory management

Example: Amazon uses advanced logistics and warchouse operations.

1.3 Objectives of Production and Operations Management

The primary objective of Production and Operations Management is to produce goods

and services that meet customer requirements in terms of quality and reliability while

minimizing cost.

The fundamental operational objectives are:

1. Quality — Producing goods and services that meet or exceed customer

expectations.

2. Cost — Achieving efficiency in resource utilization to reduce operational

expenses.




3. Delivery — Ensuring timely production and distribution.

4. Flexibility — Adapting to changing customer demands.

5. Sustainability — Managing environmental and social responsibilities.

1.4 Functions of POM

Production Management is concerned with the planning, organizing, directing, and
controlling of production activities to ensure the efficient transformation of inputs into
finished goods and services. It seeks to achieve organizational objectives by
optimizing the use of resources such as men, machines, materials, money, and

methods.

Control

b, Quaiity
and Cost

The major functions of Production Management include:
1. Selection of Product and Design

Selection of Production Process

Selection of Right Production Capacity

Production Planning

Production Control

Quality and Cost Control

Inventory Control

e A o

Maintenance and Replacement of Machines
Each function plays a vital role in ensuring operational -efficiency and
competitiveness.

1. Selection of Product and Design




Product selection and design constitute the foundation of production activity. The
nature of the product determines the production process, plant layout, type of
machinery, labor skill requirements, and cost structure.
Key Decisions
e  What product should be manufactured?
o What features and specifications should it have?
o What level of quality should be offered?
o What materials and technology are to be used?
Importance
A well-designed product:
e Reduces production cost
o Enhances customer satisfaction
o Simplifies manufacturing
o Improves standardization and interchangeability
2. Selection of Production Process
Once the product is finalized, the next decision concerns the process through which it
will be produced. The production process determines how inputs are converted into
outputs.
Types of Processes
e Job Production
o Batch Production
e Mass Production
o Continuous Production
Key Considerations
e Nature of demand
e Volume of production
o Degree of customization
o Availability of technology
The process selection directly influences cost, flexibility, productivity, and quality.
3. Selection of Right Production Capacity
Production capacity refers to the maximum output that can be produced under given
conditions in a specified period.
Capacity Decisions Involve
e Determining plant size

e Deciding on number of machines




o Estimating labor requirements
o Evaluating future expansion possibilities
Importance
Under-capacity leads to lost sales and customer dissatisfaction.
Over-capacity leads to idle resources and higher costs.
Capacity planning is therefore a strategic decision affecting long-term profitability.
4. Production Planning
Production planning involves deciding in advance what, how much, and when to
produce.
Objectives
e Ensure smooth production flow
e Avoid bottlenecks
e Meet delivery schedules
o Optimize utilization of resources
Components
e Routing (path of work)
e Scheduling (timing of operations)
o Loading (assignment of work to machines)
Production planning bridges the gap between demand forecasts and manufacturing
operations.
S. Production Control
Production control ensures that actual production conforms to planned production. It
involves monitoring and correcting deviations.
Functions
o Dispatching: Issuing production orders
e Follow-up: Monitoring progress
o Expediting: Removing delays
o Corrective action: Adjusting schedules
Production control minimizes delays, reduces idle time, and ensures adherence to
delivery commitments.
6. Quality and Cost Control
Quality Control
Quality control ensures that products meet predetermined standards and customer
expectations.

Techniques




e Inspection
o Statistical Quality Control (SQC)
e Total Quality Management (TQM)
Maintaining quality reduces customer complaints, returns, and rework costs.
Cost Control
Cost control aims at reducing production expenses without compromising quality.
It involves:
o Standard costing
o Budgetary control
e Variance analysis
Together, quality and cost control enhances competitiveness and profitability.
7. Inventory Control
Inventory control involves maintaining optimum levels of raw materials, work-in-
progress, and finished goods to avoid excess stock or shortages.
Objectives
e Minimize carrying costs
e Avoid stock-outs
e Ensure smooth production
Techniques
e Economic Order Quantity (EOQ)
o ABC Analysis
e Just-In-Time (JIT)
Effective inventory control improves cash flow and operational efficiency.
8. Maintenance and Replacement of Machines
Maintenance ensures that machinery and equipment function efficiently and reliably.
Types of Maintenance
o Preventive Maintenance
o Breakdown Maintenance
e Predictive Maintenance
Replacement Decisions
Replacement analysis determines whether to repair existing equipment or invest in
new machinery based on cost-benefit evaluation.
Proper maintenance:
e Reduces downtime

e Extends asset life




o Improves safety
e Maintains production continuity
1.5 Types of Production Processes

Production processes can be classified based on volume and variety characteristics.

Types of Production Processes
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1. Job Production
Job production involves manufacturing customized products according to specific
customer requirements.
Characteristics
e Low volume
o High variety
o Highly skilled labor
o Flexible equipment
Examples
Shipbuilding, specialized machinery, construction projects
Advantages
e High customization
o Customer satisfaction
Limitations
e High cost
o Complex scheduling
2. Batch Production
In batch production, products are manufactured in groups or batches.
Characteristics

¢ Moderate volume




e Moderate variety
o Intermittent production

o Changeover between batches

Examples
Pharmaceuticals, garments, bakery items

Advantages

e Better equipment utilization

o Flexibility
Limitations

e Setup time between batches

e Work-in-process inventory

3. Mass Production

Mass production involves manufacturing standardized products in large quantities

using assembly-line techniques.
Characteristics
e High volume
e Low variety
e Specialized equipment
o Continuous workflow
Examples
Automobiles, electronic appliances
Advantages
o Low unit cost
o High efficiency
o Economies of scale
Limitations
o Lack of flexibility
e High initial investment

4. Continuous Production

Continuous production operates without interruption and is used for producing

homogeneous products.

Characteristics

e Very high volume




e Highly automated

e Standardized products

o Continuous flow
Examples

Petroleum refining, cement manufacturing, steel production.

Advantages

e Very low cost per unit

o Efficient resource utilization
Limitations

e Very high capital requirement

o Difficult to modify process

Process Selection Matrix (Volume—Variety Relationship)

Process selection is often based on the relationship between product volume and

variety

Volume Variety Suitable Process

Low High Job Production

Moderate | Moderate | Batch Production

High Low Mass Production

Very High | Very Low | Continuous Production

Conceptual Illustration of Types of Production systems
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1.6 Evolution and Historical Development of POM
The development of Production and Operations Management is closely tied to the
evolution of industrial systems.

Craft Production Era
Before the Industrial Revolution, goods were produced by skilled artisans who
handled the entire production process. Production was customized, and output
volumes were low. Although quality was high, cost and production time were
significant.

Industrial Revolution
The introduction of mechanization in the 18th century marked a shift from manual
craftsmanship to machine-based production. Factories emerged, and production
volumes increased substantially.

Scientific Management
In the early 20th century, Frederick W. Taylor introduced the concept of Scientific

Management. His approach emphasized standardization of tasks, time study, division

of labour, and performance measurement. This period marked the beginning of

systematic productivity improvement.

Mass Production
Henry Ford revolutionized manufacturing through assembly-line production.
Standardized products were produced in large volumes at low cost, making goods
affordable to a wider population.

Human Relations Movement

Later, scholars like Elton Mayo highlighted the importance of worker motivation and

social factors in productivity. This expanded the scope of operations management
beyond machines and processes to include human behaviour.

Modern Developments
In recent decades, globalization and technological advancement have reshaped
operations. Concepts such as Lean Manufacturing, Just-in-Time (JIT), Total Quality
Management (TQM), and Six Sigma have gained prominence. Today, digital
technologies, automation, artificial intelligence, and Industry 4.0 are transforming

operational systems worldwide.




1.7 Contemporary Scenario of POM
In the modern business environment, operations management has become strategic in
nature. Companies operate in highly competitive global markets, where speed, cost
efficiency, and innovation determine survival.
Technology plays a crucial role. Automation, robotics, and enterprise systems have
improved accuracy and reduced manual intervention. Digital supply chains enable
real-time tracking of inventory and shipments.
Sustainability has also become an important consideration. Organizations are
increasingly adopting eco-friendly practices, reducing waste, and optimizing energy
usage.
Moreover, service operations have become equally significant. For example,
managing patient flow in hospitals or customer service processes in banks requires
careful operational planning.
Thus, Production and Operations Management today is not merely about
manufacturing efficiency; it is about delivering value in a dynamic and competitive
environment.
1.8 Product Design and Development
Product Design refers to the process of defining the features, specifications,
appearance, and functional characteristics of a product so that it satisfies customer
expectations while remaining economically feasible to manufacture.
Objectives of Product Design
The primary objectives of product design include:
1. Customer Satisfaction — To meet or exceed customer expectations.
Cost Effectiveness — To ensure economical manufacturing and pricing.
Quality Assurance — To maintain reliability and performance standards.
Standardization — To reduce complexity and variability.

Maintainability — To ensure ease of repair and servicing.

S A

Safety — To comply with safety standards and regulations.
7. Environmental Sustainability — To reduce environmental impact.
Product Development Process
The product development process generally follows systematic stages:
1. Idea Generation
Ideas may originate from:
o Customer feedback

e Research and Development (R&D)




e Competitor analysis
o Employees and sales force
e Technological innovation
The objective is to create a pool of potential product ideas.
2. Idea Screening
All ideas are evaluated based on:
o Technical feasibility
e Market potential
o Financial viability
e Alignment with corporate strategy
Non-viable ideas are eliminated at this stage to reduce risk.
3. Concept Development and Testing
Selected ideas are converted into product concepts, which are then tested with target
customers to measure acceptability.
Concept testing helps identify:
o Customer preferences
o Desired features
o Willingness to pay
4. Business Analysis
This stage evaluates:
e Demand forecast
o Cost estimation
o Profitability analysis
e Break-even analysis
e Investment requirements
A financial assessment determines whether the product should move forward.
5. Product Design and Prototype Development
The technical design of the product is prepared, including:
e Engineering drawings
e Material specifications
e Functional testing
A prototype is developed to test performance under real conditions.
6. Pilot Production and Testing
Small-scale production is conducted to identify:

e Production bottlenecks




e Quality issues
e Cost variations
Necessary modifications are made before full-scale production.
7. Commercialization
The product is launched in the market, supported by marketing and distribution
strategies.
Product Design Considerations
While designing a product, the following factors must be considered:
1. Functional Design - Ensures that the product performs its intended function effectively.
2. Production Design - Focuses on ease of manufacturing, minimizing complexity and cost.
3. Standardization and Simplification - Reduces product variety and component
complexity.
4. Ergonomics - Design should consider user comfort and convenience.
5. Reliability and Durability - Ensures long service life and consistent performance.
6. Environmental and Legal Considerations - Compliance with environmental laws and
sustainability standards.
1.9 Process Design
Process Design refers to the selection and arrangement of production methods,
technology, workflow, equipment, and manpower required to transform raw materials
into finished goods or services.
It involves deciding:
e The type of production system
o The level of automation
o The sequence of operations

o The integration of resources

While product design determines what is to be produced, process design determines how it
will be produced.
Factors Influencing Process Design
The choice of process depends on several interrelated factors:

1. Nature of Product

o Customized or standardized

e Complex or simple

e Durable or perishable

2. Volume of Production




e Low volume — flexible processes
e High volume — standardized processes
3. Degree of Variety
Greater product variety requires more flexible processes.
4. Technology Availability
Advances in automation and digital technology influence process design.
5. Capital Investment
Highly automated processes require significant capital.
6. Skill Availability
Labor-intensive processes require skilled manpower.
7. Market Demand Stability
Stable demand supports standardized processes, whereas fluctuating demand requires
flexibility.
Steps in Process Design
The process design procedure generally includes the following steps:
1. Analyze Product Requirements - Understand product specifications and quality
standards.
2. Determine Production Volume - Estimate demand through forecasting.
3. Identify Available Technology - Select appropriate machinery and automation
level.
4. Develop Process Flow - Prepare process flow diagrams showing sequence of
operations.
5. Evaluate Alternatives - Compare cost, efficiency, flexibility, and risk.

6. Finalize Process Plan - Select the most suitable production process.

Key Terminologies

Term Meaning
Product Design Development of product specifications
Process Design Determining manufacturing process
Standardization Using uniform components

Simplification Reducing variety of products




" Define Product
; Requirements

Identify customer needs

and market requirements
C) Concept Generation

o =7 Brainstorm and develop product ideas

I Prototyping and Testing

Build prototypes and conduct tests

b== |ntroduce the product to the market

1.8 Manufacturing Process Technology
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Manufacturing involves various technological processes to transform raw materials

into usable products.

Common manufacturing processes include:

o Casting
e Machining
e Forming

e Joining

Advancements in manufacturing technology have improved precision, speed, and cost

efficiency. Automation and robotics have reduced human error and increased output

consistency.

1.9 Computer-Aided Design and Computer-Aided Manufacturing (CAD/CAM)

In modern production systems, the use of computer technology has significantly

improved the efficiency and effectiveness of manufacturing operations. Two

important technological tools used in production and operations management are

Computer-Aided Design (CAD) and Computer-Aided Manufacturing (CAM). These

systems help organizations design products more accurately and manufacture them

more efficiently.




CAD/CAM systems support various production management activities such as
product design, process planning, production scheduling, quality control, and
automation. As organizations face increasing competition and demand for high-
quality products, the integration of CAD and CAM has become an essential part of
modern manufacturing systems.

Computer-Aided Design (CAD)
Computer-Aided Design refers to the use of computer systems to assist in the
creation, modification, analysis, and optimization of product designs.
CAD software enables engineers and designers to develop detailed drawings and
three-dimensional models of products. These digital models help designers visualize
the product, test design alternatives, and make modifications easily.

Role of CAD in Production and Operations Management
In the context of Production and Operations Management, CAD plays a crucial role in
improving product design and supporting production planning activities.

1. Product Design
CAD helps designers create accurate and detailed product designs using computer
software. It allows the development of both two-dimensional drawings and three-
dimensional models.
Through CAD systems, organizations can design complex products with high
precision and reduce design errors.

2. Design Modification
One of the major advantages of CAD is the ease with which designs can be modified.
Designers can quickly alter product dimensions, materials, or features without
recreating the entire drawing.
This flexibility reduces the time required for design changes and improves
productivity.

3. Design Standardization
CAD systems help organizations maintain standardized product designs and
components. Standardization simplifies production processes and improves
efficiency.

4. Engineering Analysis
CAD allows engineers to test and analyze product designs before actual production
begins. Various performance tests such as stress analysis, thermal analysis, and
motion simulation can be conducted using CAD software.

This reduces the risk of design failures during production.




5. Documentation
CAD systems automatically generate engineering drawings, specifications, and
documentation required for manufacturing. These documents can be easily stored and
retrieved for future use.

Computer-Aided Manufacturing (CAM)
Computer-Aided Manufacturing refers to the use of computer systems to plan,
manage, and control manufacturing operations.
CAM uses the design information created in CAD systems and converts it into
instructions that guide manufacturing machines and equipment.

Role of CAM in Production and Operations Management
CAM plays a significant role in improving manufacturing efficiency and supporting
production management activities.

1. Process Planning
CAM systems help determine the sequence of manufacturing operations required to
produce a product. The system identifies appropriate machines, tools, and processes
needed for production.

2. CNC Machine Control
CAM systems generate instructions that control Computer Numerical Control (CNC)
machines. These instructions guide machines in performing operations such as
cutting, drilling, milling, and shaping.

3. Production Automation
CAM enables automation of manufacturing processes. Automated production systems
increase productivity and reduce manual intervention.

4. Production Scheduling
CAM systems assist production managers in scheduling manufacturing activities
efficiently. Proper scheduling ensures better utilization of machines and labor.

5. Quality Improvement
CAM systems ensure consistency and accuracy in manufacturing operations, which
leads to improved product quality.

Integration of CAD and CAM in Production Management
CAD and CAM are often integrated into a unified system known as CAD/CAM. This
integration connects product design directly with manufacturing operations.
Once a product is designed using CAD software, the design data is transferred to
CAM systems, which automatically generate manufacturing instructions.

This integration provides several advantages for production management:




o Faster transition from design to production
e Reduced design errors
o Improved coordination between design and manufacturing departments

e Greater production efficiency

Advantages of CAD/CAM in Production and Operations Management

The use of CAD/CAM systems offers several benefits to organizations.

1. Reduction in Product Development Time - Computer-based design allows faster
creation and modification of product designs.

2. Improved Design Accuracy - CAD eliminates many manual drafting errors and
ensures precise product designs.

3. Higher Production Efficiency - CAM automates manufacturing operations and
increases production speed.

4. Better Product Quality - Computer-controlled manufacturing processes ensure
consistency and accuracy.

5. Reduced Manufacturing Costs - Efficient design and automated production
reduce waste, rework, and production costs.

6. Better Resource Utilization - CAD/CAM systems enable effective utilization of

machines, materials, and labor.

Limitations of CAD/CAM

Although CAD/CAM systems provide several advantages, they also have certain

limitations.

e High initial investment in hardware and software
o Requirement of skilled personnel to operate the systems
e Need for continuous system maintenance and updates

o Dependence on computer systems for production activities

Application of CAD/CAM in Industries

CAD/CAM technology is widely used in various industries, including:

e Automobile manufacturing
e Aecrospace engineering
e Electronics manufacturing
e Machinery production

e Medical equipment manufacturing

These industries rely on CAD/CAM systems to design complex products and maintain

high levels of manufacturing precision.




“The essence of management is to make knowledge productive.”

— Peter Drucker

Questions
A. Short Questions (2 Marks)

1.

2
3
4
5
6.
7
8
9

Define Production and Operations Management.

What are the main functions of Production Management?

What is meant by product design?

Define process design.

What is manufacturing process technology?

What is CAD?

What is CAM?

State two objectives of Production and Operations Management.

What is product development?

10. Mention two benefits of CAD/CAM in manufacturing.

B. Essay Questions (10 Marks)

1.

2
3.
4

A e AN

Explain the concept and scope of Production and Operations Management.
Discuss the historical development of Production and Operations Management.
Explain the functions of Production and Operations Management.

Discuss the current scenario of Production and Operations Management in global
industries.

Explain the stages involved in product development.

Discuss the importance of process design in manufacturing.

Explain manufacturing process technology with examples.

Discuss the role of CAD/CAM in modern manufacturing systems.

Explain the relationship between product design and process design.

10. Discuss the impact of technology on production management.

C. Design/Application-Oriented Questions

1.
2.
3.

Analyze how modern technology has transformed production systems.
Design a product development process for a new electronic product.

Evaluate the role of CAD/CAM in improving manufacturing efficiency.




Analyze how companies can improve product innovation through process design.

Evaluate the impact of globalization on Production and Operations Management.

4
5
6. Propose strategies for improving product development efficiency in organizations.
7. Design a production system for a small-scale manufacturing company.

8. Analyze the relationship between product design and customer satisfaction.

9. Evaluate the role of automation in modern production systems.

10. Propose ways organizations can adopt digital manufacturing technologies.

Case Title : Modernizing Production Systems at Tata Motors

Background

Tata Motors is one of India’s largest automobile manufacturers, producing passenger cars,
trucks, and electric vehicles. Over the past decade, the company faced increasing competition
from global automobile firms such as Toyota and Hyundai Motor Company.

To remain competitive, Tata Motors needed to improve product development speed,
production efficiency, and product quality. Traditional manufacturing processes were

time-consuming and relied heavily on manual design processes.

Situation
The management decided to introduce digital manufacturing technologies, including:
o Computer-Aided Design (CAD)
o Computer-Aided Manufacturing (CAM)
o Digital product development platforms
These technologies were expected to reduce product development time and improve
manufacturing accuracy.
However, implementing CAD/CAM required:
o High capital investment
o Skilled engineers

« Employee training programs

The Dilemma
Senior management had to decide whether to:
1. Fully adopt CAD/CAM across all production units
2. Implement the technology gradually in selected plants

3. Continue with traditional production systems while improving existing processes




The decision would significantly affect the company’s product innovation capability and

global competitiveness.

Discussion Questions

1.
2.
3.

What are the advantages of adopting CAD/CAM in manufacturing?
How can digital technologies improve product development?
What risks are associated with implementing advanced manufacturing technologies?

What strategy should Tata Motors adopt for technology implementation?




UNIT - 11
FACILITIES MANAGEMENT AND AGGREGATE PLANNING

“Plans are nothing; planning is everything.”

— Dwight D. Eisenhower

2.1 Introduction to Facilities Management
Facilities Management in the context of Production and Operations
Management refer to the planning, design, and effective utilization of physical
resources such as plant location, plant layout, buildings, machinery, and supporting
infrastructure. Decisions relating to facilities are strategic in nature because they
involve long-term commitments of capital and influence operational efficiency for
many years.
An organization’s physical setup determines how smoothly materials flow,
how efficiently employees perform, and how effectively customer needs are satisfied.
Poor facility decisions may lead to high transportation costs, delays, congestion, and
low productivity. Therefore, facilities management is not merely a technical function;
it is a strategic managerial responsibility.
2.2 Location of Facilities
Meaning and Importance

Facility location refers to the selection of a geographical area where a plant,

warehouse, office, or service center will operate. Location decisions are among the
most critical strategic decisions because they affect cost structure, supply chain
efficiency, and market accessibility.

A well-chosen location provides access to markets, raw materials, skilled
labor, transportation networks, and infrastructure. Conversely, an improper location
can permanently disadvantage a company.

Factors Influencing Location Decisions
Location decisions differ for manufacturing and service organizations; however, certain
common factors include:
1. Proximity to markets — reduces distribution costs and delivery time.
2. Auvailability of raw materials — crucial for resource-based industries.
3. Availability and cost of labour.
4

Transportation facilities and logistics connectivity.




Infrastructure such as power, water, communication.

Government policies, taxation, and industrial regulations.

N s W

Social and environmental considerations.

8. Community acceptance and quality of life.
For service industries such as banking or retail, accessibility and customer traffic become
primary determinants. For heavy manufacturing industries, proximity to raw materials

and energy sources may be more important.
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2.3 Layout of Facilities

Facility layout refers to the arrangement of machines, departments, workstations,
storage areas, and service areas within a plant or building. The objective of layout
planning is to ensure smooth material flow, minimize handling cost, reduce delays,
and maximize space utilization.
An effective layout reduces bottlenecks, improves safety, and enhances
communication among employees.
Objectives of a Good Layout

e Minimize material handling cost.

o Ensure efficient utilization of space and equipment.

o Provide flexibility for future expansion.




o Facilitate supervision and communication.

o Improve employee morale and safety.

2.4 Classification of Layouts
1. Process Layout (Functional Layout)
In a process layout, similar machines or operations are grouped together. This layout
is suitable for job production and batch production systems where product variety is
high and production volume is relatively low.
Advantages include flexibility and better utilization of specialized equipment.
However, material movement may be complex and costly.

Example: Machine shops, hospitals.
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2. Product Layout (Line Layout)
In a product layout, machines are arranged according to the sequence of operations
required to produce a product. It is suitable for mass production where output is
standardized and volumes are high.
It ensures smooth material flow and low handling cost but lacks flexibility.

Example: Automobile assembly lines.




Turning Millin Drilliny ; ackage
Operations Machinis Ei Machir?e Eha e Eis;:itgh
(B) Product Lc:ycut
Materials and componen
Receiwng\ / \ / \ / 5
and staging Subassembly
1 \___ feeder line
Inspection 6\* 7
station  Owen
]_ w E __,I. ;: — %
r 2‘* -— — 5
— “3'
Storage cmd 2l o %
shipping

3. Fixed Position Layout

This is also called the project type of layout. In this layout, the product remains

stationary, and workers, materials, and equipment move to the product. It is suitable

for large, bulky products.

Example: Shipbuilding, aircraft manufacturing, construction projects.

A = Workstation, B,C,D,E = Jobs or Processes

4. Cellular (Group) Layout

Cellular layout groups machines into cells based on product families with similar

processing requirements. It combines features of process and product layouts and is

widely used in modern manufacturing systems.

It reduces setup time and improves workflow efficiency.
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5. Combination Layout
A combination of process and product layouts combines the advantages of both types
of layouts. A combination layout is possible where an item is being made in different
types and sizes. Here machinery is arranged in a process layout but the process
grouping is then arranged in a sequence to manufacture various types and sizes of
products. It is to be noted that the sequence of operations remains same with the

variety of products and sizes.
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Summary of Facility Layout types and its application
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2.5 Aggregate Planning
Introduction

In the world of business, making plans that work well is crucial, and one key
player in this game is aggregate planning. It’s like the conductor of an orchestra,
helping businesses coordinate their production, staff, and inventory to match what
people want to buy.

Aggregate planning is an intermediate-term planning activity, typically
covering a period of 3 to 18 months. It determines the overall production level,
workforce size, inventory levels, and subcontracting requirements to meet forecasted
demand at minimum cost.

It is called “aggregate” because it deals with product groups rather than
individual products.

Aggregate planning serves as a bridge between long-term strategic planning and
short-term scheduling.
What is Aggregate Planning?

Aggregate planning is a strategic process businesses employ to synchronize
production, workforce, and inventory levels with anticipated demand over a specified
timeframe, typically ranging from a few months to a year.

Aggregate planning serves as a vital link between strategic and operational
planning, aiming to optimize resources while minimizing costs. Key components
include forecasting demand, adjusting production capacity, managing inventory,
planning workforce needs, and creating production schedules.

The primary goal of aggregate planning is to strike a balance between
production capabilities and customer demand. By aligning these factors, organizations
can effectively navigate seasonal fluctuations or changes in the market, ensuring they
meet customer requirements in a cost-efficient manner. This process enables
businesses to adapt their operational strategies to varying conditions, enhancing
overall efficiency and competitiveness.

How does aggregate planning work?

Aggregate planning aligns production, staffing, and inventory with anticipated
demand. The process involves demand forecasting, adjusting production capacity,
managing inventory, planning workforce needs, and creating production schedules.

The goal is to optimize resources, minimize costs, and effectively respond to

market fluctuations, ensuring efficient fulfillment of customer demand. By balancing




production capabilities and customer needs, organizations can adapt to changing
conditions, enhancing overall efficiency and competitiveness in the market.
2.6 Preparation of Aggregate Demand Forecast
Forecasting: Concepts and Common Approaches
Forecasting is the systematic estimation of future events based on past and present
information. In the context of Production and Operations Management, forecasting provides
the foundation for decisions relating to capacity planning, aggregate production planning,
inventory control, manpower planning, and financial budgeting. Since the future is uncertain,
forecasting does not eliminate uncertainty; rather, it reduces it and enables more rational
decision-making.
Forecasting methods are broadly classified into two major categories:
1. Qualitative (Judgmental) Methods
2. Quantitative Methods
o Time Series Methods
o Causal (Associative) Methods
I. Qualitative Forecasting Methods
Qualitative methods rely on human judgment, experience, intuition, and market
knowledge rather than numerical historical data. These methods are particularly
useful when past data are unavailable or when environmental conditions are highly
uncertain.
a. Jury of Executive Opinion
e This method involves a group of experienced managers who collectively
develop a forecast based on discussion and consensus. Typically, executives
from marketing, production, finance, and procurement participate in the
process.
e The underlying assumption is that managerial experience and strategic
awareness can provide reasonably accurate estimates of future demand.
Because the forecast emerges through discussion, it integrates multiple
functional perspectives.
e This method is widely used for short-term planning and strategic decision-
making. However, it is inherently subjective and may be influenced by

dominance, optimism, or conservatism among participants.




Features:
e Quick and inexpensive.
o Based on managerial experience.

e Used for short-term planning.

Limitations:
e Subjective bias.

e Dominance of senior executives may distort accuracy.

Example:
A new FMCG product forecast made by marketing and production managers together.
b. Delphi Method

e The Delphi method is a structured and systematic approach to obtaining expert
opinions. Unlike the jury method, experts do not meet face to face. Instead,
they respond to a series of questionnaires anonymously. After each round,
responses are summarized and shared with the panel, allowing participants to
revise their earlier opinions.

e The objective is to move toward consensus through iterative refinement.

e The strength of the Delphi technique lies in its ability to reduce the influence
of dominant personalities and group pressure. It is particularly suitable for
long-term forecasting, technological predictions, and policy analysis where
precise historical data do not exist.

c. Sales Force Composite Method

e Under this method, individual salespersons estimate future sales in their
respective territories. These estimates are then consolidated at the regional and
national levels.

e Because sales personnel maintain close contact with customers, they possess
first-hand knowledge of market conditions, competitor activity, and customer
preferences. This makes the method highly relevant in consumer goods
industries.

e However, forecasts may be biased due to deliberate underestimation (to make

targets easier to achieve) or overestimation (to demonstrate optimism).

d. Market Research Method




Market research forecasting is based on systematic data collection from
consumers through surveys, interviews, observation, or experiments. It aims to
estimate future demand by assessing customer purchase intentions and market
trends.

This approach is particularly useful in new product introductions where
historical data are absent. Although it provides valuable consumer insight, the

method can be expensive and time-consuming.

I1. Quantitative Forecasting Methods

Quantitative methods are based on historical numerical data and statistical
techniques. These methods assume that patterns observed in the past can be
used to estimate future behavior.

Quantitative methods are further divided into:

1. Time Series Methods
2. Causal (Associative) Methods
A. Time Series Methods

Time series forecasting is based on the premise that historical data contain identifiable

patterns that are likely to continue in the future. A time series may exhibit four

components:

Trend: Long-term upward or downward movement
Seasonal Variation: Repetitive patterns within a year
Cyclical Variation: Long-term oscillations related to economic cycles

Irregular Variation: Random and unpredictable fluctuations

Time series methods analyze these patterns to generate forecasts.

1. Naive Method

The naive method assumes that the forecast for the next period will be equal to
the most recent observed value. It requires no computation beyond copying the
latest data point.

Conceptually, this method assumes stability in the immediate future. Although
simplistic, it serves as a useful benchmark against which more sophisticated

methods can be evaluated.

Example:

If this month’s sales = 1000 units, next month forecast = 1000 units.

2. Moving Average Method




The moving average method calculates the forecast as the arithmetic average

of a specified number of past observations.

Sum of last n observations

T

The central idea is smoothing. By averaging multiple past values, random
fluctuations are reduced, resulting in a more stable forecast. However, because
it treats all selected observations equally, it may lag when a consistent upward

or downward trend exists.

3. Weighted Moving Average

The weighted moving average modifies the simple moving average by
assigning greater weight to more recent observations. The logic is that recent
data better reflect current market conditions than older data.

By adjusting the weights, management can control the sensitivity of the
forecast to recent changes. Higher weights on recent data make the forecast

more responsive.

= w1A1 + ‘L{.-'g:'-lg + 'U'-‘.'}Ail

4. Exponential Smoothing

Exponential smoothing is a refinement of the weighted moving average
method. It adjusts the previous forecast by incorporating a proportion of the
forecast error (the difference between actual and forecasted value).

The degree of adjustment is controlled by a smoothing constant, usually
denoted by alpha (o)), which ranges between 0 and 1.

Conceptually, exponential smoothing works as follows:

If the actual demand differs from the forecast, the forecast is corrected slightly
in the direction of the error. A higher value of o results in greater
responsiveness to recent changes, whereas a lower value produces a more
stable forecast.

The method is termed “exponential” because the weights assigned to past
observations decline exponentially over time. This ensures that recent data
receive more importance while still retaining information from earlier periods.
Exponential smoothing is widely used due to its simplicity, low data storage

requirement, and balanced responsiveness.




Forecast is calculated by:
Ff_l = F,_l - G:(Ag — Fg)

Where:

¢ o (alpha) = smoothing constant (0 to 1)

If ais high:

More responsive to recent changes.

If ais low:

Stable but slow response.

5. Trend Projection (Least Squares Method)

e Trend projection is used when data exhibit a consistent long-term upward or

downward movement. The method fits a straight line to historical data using

the principle of least squares.

e The fitted line represents the average rate of change over time. By extending

the line into future periods, forecasts are obtained.

e This method is particularly useful in long-term planning, capacity expansion

decisions, and sales growth analysis.

Used when data shows long-term upward or downward trend.
Equation:
Y=a+bX

Where:
¢ Y = Forecast
e X=Time
* a = Intercept
e b =Slope
Application:

Long-term sales forecasting.

B. Causal (Associative) Methods

Causal forecasting methods assume that demand is influenced by one or more

independent variables. Rather than relying solely on past demand patterns, these

methods examine cause-and-effect relationships.

1. Simple Linear Regression




e Simple linear regression analyzes the relationship between one dependent
variable (e.g., sales) and one independent variable (e.g., advertising
expenditure, price, or income).

o The method estimates how much the dependent variable changes when the
independent variable changes. It is useful when a clear and measurable

relationship exists between the two variables.
Y=a+bX

Where:

s Y = Dependent variable (Sales)

e X = Independent variable (Price, Income, Advertising)

Example:

Sales increase as advertising expenditure increases.

2. Multiple Regression

e Multiple regression extends the simple regression model by incorporating two
or more independent variables.

e For example, sales may depend simultaneously on price, advertising,
consumer income, and competitor strategies. Multiple regression quantifies the
combined influence of these variables and provides a more comprehensive
forecast.

e This method is widely used in strategic planning and policy evaluation.
Y=a+ lel + ngz + EJ;;X;;

Example:

Sales influenced by:
e Price
s Income
e Advertising

e Competitor strategies

3. Econometric Models
e Econometric models are large-scale statistical models that integrate economic
theory with mathematical equations. These models simultaneously estimate

relationships among numerous variables.




e They are commonly used by governments and large corporations for
forecasting macroeconomic indicators such as GDP, inflation, employment

levels, and industry growth rates.

COMPARISON OF FORECASTING APPROACHES

Basis Qualitative Time Series Causal
Data Required No historical data Past historical Historical data + related
necessary data variables

Mathematical Low Medium High

Complexity

Accuracy Moderate High (if stable Very high (if relationship
pattern) strong)

Use New products Short to medium | Long-term & strategic
term

2.7 Strategies of Aggregate Planning
Organizations adopt various strategies to balance demand and supply:
The strategies are broadly classified into capacity-related strategies and demand-

related strategies.

Types of
Aggregate Planning Strategies

Chase Demand
Strategy

‘ Level Production 0
Strategy
( Hybrid Strategy o
. Backordering °
i Strategy j,-'

Subcontracting
Strategy




1. Capacity-Based Strategies
Capacity-based strategies focus on adjusting the production capacity of the
organization to match demand fluctuations. These strategies involve modifying the
workforce, production rate, or working hours.
1.1 Level Production Strategy
e The level production strategy maintains a constant production rate and workforce
level throughout the planning period regardless of variations in demand.
e Under this strategy, the organization produces at a steady rate and builds inventory
during periods of low demand, which is later used to meet demand during peak

periods.

Example
A refrigerator manufacturing company may produce 5,000 units every month
even though monthly demand fluctuates between 4,000 and 6,000 units.

Excess production during low-demand periods is stored as inventory.

Advantages
o Stable workforce levels
« Efficient utilization of machinery and facilities

e Reduced hiring and training costs

Limitations
o High inventory holding costs
e Risk of inventory obsolescence
e Requires sufficient storage space
1.2 Chase Demand Strategy
e The chase demand strategy attempts to match production with actual demand by
adjusting the workforce or production rate.
e Under this strategy, production levels are increased during high demand and reduced

during low demand periods.

Example




A garment manufacturing firm increases the number of workers during festive

seasons and reduces workforce during off-season periods.

Methods Used
o Hiring and layoffs
e Overtime work

e Temporary labor

Advantages
e Minimal inventory holding costs

e Production closely matches demand

Limitations
o High hiring and firing costs
o Workforce instability
e Possible decline in employee morale
1.3 Mixed Strategy
e The mixed strategy combines elements of both level production and chase demand
strategies. Instead of relying on a single approach, organizations use a combination of

capacity adjustments and inventory management.

Example
A company may maintain a stable workforce but use overtime and subcontracting to

meet peak demand.

Advantages
e Greater flexibility
o Balanced inventory and workforce levels

e Reduced operational risk

Limitations
e More complex planning process
e Requires careful coordination

2. Demand-Based Strategies




Demand-based strategies attempt to influence or manage demand so that it matches
the organization's production capacity.
2.1 Pricing Strategy

Organizations adjust product prices to influence demand.

Example

Airlines reduce ticket prices during off-peak seasons to increase demand.

Advantages
o Helps balance demand with production capacity

e Improves resource utilization

Limitations
o Price changes may affect brand perception
o Customers may delay purchases expecting discounts
2.2 Promotion Strategy
Promotional activities such as advertising, discounts, and sales campaigns are used to

stimulate demand during low-demand periods.

Example:

Retail stores offer discount sales during non-festival seasons.

Advantages
e Increases demand during slack periods

o Improves sales revenue

Limitations
e Additional marketing costs
o Demand may only increase temporarily
2.3 Backordering Strategy
Backordering refers to accepting customer orders even when the product is

temporarily out of stock and delivering them later when production is completed.

Example




An electronics manufacturer may accept orders for a new Smartphone even if

immediate delivery is not possible.

Advantages
e Avoids loss of sales

e Maintains customer relationships

Limitations
o Customers may become dissatisfied with delays
o Risk of order cancellation
3. Capacity Adjustment Strategies
Organizations may also adjust production capacity using different operational
techniques.
3.1 Overtime and Idle Time
Production can be increased through overtime work during peak demand

periods and reduced during low demand periods.

Advantages
o Flexible production adjustment

e Avoids hiring new employees

Limitations
e Overtime increases labor costs
e Excessive overtime may reduce productivity
3.2 Subcontracting
Subcontracting involves outsourcing part of the production process to external

suppliers.

Example

An automobile manufacturer may subcontract the production of certain components.

Advantages
e Allows quick response to demand fluctuations

o Avoids investment in additional capacity

Limitations

o Reduced control over production quality




o Dependence on external suppliers
3.3 Use of Temporary Workers
Organizations may hire temporary workers during periods of high demand and release

them when demand decreases.

Advantages
o Flexibility in workforce management

o Reduced long-term labor costs

Limitations
o Training requirements
o Possible quality issues

Comparison of Major Aggregate Planning Strategies

Strategy Main Idea Inventory Level | Workforce Stability
Level Strategy | Maintain constant production | High High

Chase Strategy | Match production with demand | Low Low

Mixed Strategy | Combination of strategies Moderate Moderate

Factors Affecting Aggregate Planning
Several factors influence aggregate planning, impacting how businesses align production
with demand:
1. Demand Variability:
Fluctuations in customer demand can significantly affect the production planning

process.

2. Production Flexibility:
The adaptability of production processes to changes in volume or product mix plays a
vital role.
3. Lead Time:
The time required to make adjustments in production levels or receive new inventory
influences planning.
4. Capacity Constraints:
Limitations on resources, such as machinery, labour, or facilities, impact overall
production capabilities.

5. Inventory Levels:




The amount of stock on hand affects the need for production adjustments.
6. Workforce Considerations:

The availability, skills, and costs associated with the workforce influence production
planning.
7. Supply Chain Disruptions:

External factors like raw material shortages or transportation issues can disrupt
planning.
8. Government Regulations:

Compliance with regulations may impact production and inventory decisions.
9. Cost Factors:

Production, labor, and inventory costs play a significant role in planning
considerations.
10. Market Conditions:

Changes in the market, including competition and pricing, can impact planning

strategies.

Taking these factors into account enables businesses to develop effective aggregate

planning strategies that adapt to their operational and market realities.
Importance of Aggregate Planning Strategies

Effective aggregate planning strategies help organizations:

e Balance supply and demand

e Reduce production and labor costs

e Improve customer service levels

o Utilize resources efficiently

e Maintain stable production operations

For production managers, selecting an appropriate aggregate planning strategy is essential

to achieve operational efficiency and long-term competitiveness.




UNDERSTANDING AGGREGATE PLANNING

2.8 Determination of Optimal Production Strategy

Aggregate planning is the process of determining the optimal production levels, workforce, and inventory

management to meet fluctuating demand over a specific period.
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Determination of Optimal Production Strategy

In production and operations management, organizations must decide how to produce
goods in order to meet demand efficiently while minimizing costs. Demand for
products often fluctuates due to seasonal variations, market conditions, and consumer
preferences. Therefore, firms must determine the most suitable production strategy
that balances production capacity with forecasted demand.

The determination of an optimal production strategy involves selecting the best
combination of production rate, workforce size, inventory levels, overtime,
subcontracting, and other operational factors to achieve organizational objectives. The
primary objective is to minimize the total cost of production while ensuring timely
delivery of products and efficient utilization of resources.

Optimal production strategy is usually determined during the process of aggregate

planning, which covers a medium-term planning horizon.

Meaning of Optimal Production Strategy

An optimal production strategy refers to the best production plan that minimizes the
total operational cost while satisfying demand requirements and maintaining efficient

use of resources.




It involves identifying the most economical combination of production alternatives such
as:
e Regular production
e Overtime production
e Subcontracting
e Inventory carrying
o Hiring and layoffs
e Backordering
The strategy that results in the lowest total cost while meeting demand is considered the
optimal production strategy.
Objectives of Determining Optimal Production Strategy
The determination of an optimal production strategy aims to achieve the following
objectives:
1. To balance production capacity with demand.
2. To minimize total production and operational costs.
3. To ensure efficient utilization of resources such as labor, machines, and materials.
4. To maintain stable workforce levels where possible.
5. To avoid excessive inventory or shortages.
6. To ensure timely delivery of products to customers.
Factors Affecting Optimal Production Strategy
Several factors influence the selection of an optimal production strategy.
1. Demand Forecast
The accuracy of demand forecasts plays a crucial role in determining
production strategies. Fluctuating demand requires flexible production plans.
2. Production Capacity
The availability of machines, equipment, and labor determines the maximum
production output that can be achieved.
3. Cost Factors
Different production alternatives involve different costs, including:
e Production costs
e Inventory holding costs
e Hiring and training costs
e Layoff costs
e Overtime costs

o Subcontracting costs




These costs must be carefully evaluated when selecting the best strategy.
4. Workforce Considerations
Organizations often attempt to maintain workforce stability to avoid the
negative effects of frequent hiring and layoffs.
5. Inventory Policies
The ability to store products during low-demand periods and use them during
high-demand periods affects production planning.
Methods for Determining Optimal Production Strategy
Several analytical techniques are used in production management to determine the
optimal production strategy.
1. Graphical Method
The graphical method is a simple technique used to compare different
production strategies and identify the most economical option.
In this method:
e Production costs and demand are plotted on a graph.
o Different strategies such as level production and chase strategy are analyzed.
o The total cost for each strategy is calculated.

The strategy with the lowest total cost is selected as the optimal production plan.

Advantages
e Simple and easy to understand

o Useful for small-scale planning problems

Limitations
e Not suitable for complex production systems
o Limited analytical capability
2. Linear Programming Method
e Linear programming is a mathematical technique used to determine the optimal
allocation of limited resources.
e In production planning, linear programming helps determine the best combination of

production levels, workforce size, inventory, and subcontracting.

Steps in Linear Programming
1. Define decision variables (production quantity, workforce level, etc.).

2. Formulate the objective function (minimize total cost).




3. Identify constraints such as labor capacity, machine capacity, and demand
requirements.

4. Solve the model using optimization techniques.

Advantages
e Provides an optimal solution for complex problems

o Considers multiple constraints simultaneously

Limitations
e Requires mathematical expertise
o Assumes linear relationships between variables
3. Transportation Method
e The transportation model is another optimization technique used to determine
the most cost-effective production and distribution plan.
e In this method, production sources and demand destinations are treated as
supply and demand nodes in a transportation table.
e The objective is to minimize total transportation or production costs while
satisfying demand requirements.
4. Simulation Method
e Simulation involves creating a model of the production system and
experimenting with different production strategies.
e Managers can test various scenarios such as changes in demand, production

capacity, or labor availability to determine the best production plan.

Advantages
o Useful for analyzing complex systems

e Allows evaluation of multiple scenarios

Limitations

e Requires specialized software and expertise

Steps in Determining the Optimal Production Strategy
The process of determining an optimal production strategy generally involves the
following steps:
1. Forecast future demand for the planning period.

2. Identify available production capacity and resources.




Determine possible production alternatives.

Estimate costs associated with each alternative.

w»okw

Evaluate different production strategies using analytical methods.

6. Select the strategy that minimizes total cost while meeting demand requirements.

Importance of Optimal Production Strategy

Determining the optimal production strategy provides several benefits to organizations.

e Reduces overall production costs

o Improves resource utilization

o Ensures timely delivery of products

e Maintains stable production operations

o Enhances organizational competitiveness

Effective production planning enables organizations to respond efficiently to changes in

market demand.

Questions
A. Short Questions (2 Marks)

1.

2
3
4
5
6.
7
8
9

Define facility location.

What is facility layout?

List two factors affecting plant location.
What is product layout?

What is process layout?

Define aggregate planning.

What is demand forecasting?

What is capacity planning?

Define production strategy.

10. What is cellular layout?

B. Essay Questions (10 Marks)

1.

A o

Explain the concept and importance of facility location decisions.
Discuss the factors influencing facility location.

Explain different types of facility layouts with examples.

Discuss the advantages and limitations of product layout.
Explain process layout and its applications.

Discuss the objectives of aggregate planning.

Explain the steps involved in preparing aggregate demand forecasts.




8. Discuss different strategies of aggregate production planning.
9. Explain the importance of facility layout in production efficiency.

10. Discuss the relationship between facility planning and aggregate planning.

C. Design/Application-Oriented Questions
1. Design a facility layout for a manufacturing plant producing consumer goods.
Evaluate the role of location decisions in organizational success.
Analyze the impact of poor facility layout on productivity.
Design an aggregate production plan for a seasonal product company.

Evaluate the role of forecasting in production planning.

2
3
4
5
6. Analyze the importance of strategic facility location in global markets.
7. Propose an optimal facility location for a new manufacturing firm.

8. Design a layout for a modern automated manufacturing system.

9. Evaluate the role of technology in facility planning.

10. Analyze the relationship between facility management and operational efficiency.

Case Title: Choosing the Right Location for a New Manufacturing Plant

Background
Samsung Electronics planned to expand its smartphone manufacturing operations in Asia.
Due to increasing global demand for smartphones, the company needed a new production
facility to increase capacity.
Three potential locations were shortlisted:

e Vietnam

o India

o Indonesia
Each location offered different advantages in terms of labor cost, infrastructure, logistics,

and government incentives.

Situation
The company’s operations team conducted a detailed analysis.
Key factors considered:

o Transportation costs

e Availability of skilled labor

e Government policies




e Supply chain infrastructure
o Market accessibility
India offered a large consumer market and government incentives under the “Make in

India” initiative, while Vietnam provided lower labor costs.

The Dilemma
The management team had to decide the optimal location for the new facility.
The decision would affect:

e Production cost

e Supply chain efficiency

e Market expansion strategy

Discussion Questions
1. What factors should Samsung consider in facility location decisions?
2. How does facility location influence production efficiency?
3. What are the advantages of locating a manufacturing plant in India?

4. Which location would you recommend and why?




UNIT- 111
SCHEDULING

“Until we can manage time, we can manage nothing else.”

— Peter Drucker

1. Introduction to Scheduling
Scheduling is a critical function in Production and Operations Management concerned
with the allocation of resources—such as machines, labour, materials, and facilities—
over time to perform a collection of tasks. While planning determines what should be
done and how much should be produced, scheduling decides when and in what
sequence operations must be carried out.
An effective scheduling system ensures:
e Optimum utilization of resources
e Reduction of idle time
e Minimization of production delays
e Timely delivery of products
o Improved customer satisfaction
Scheduling decisions vary depending on the type of production system. Therefore, the
nature of scheduling differs in job shop, mass, continuous, and project-type
production.
2. Scheduling in Job Shop Production
Meaning
A job shop production system is characterized by low volume and high variety
production. Each product may follow a different sequence of operations. Machines
are arranged according to functions (process layout).
Examples include:
o Custom furniture manufacturing
e Tool rooms
e Repair workshops
o Printing presses
Nature of Scheduling in Job Shop
Scheduling in job shops is complex because:
e Each job has a unique route.

e Processing times vary.




e Frequent changes in orders occur.
e Machine capacity constraints exist.
The objective is to determine the best sequence of jobs on each machine to minimize:
e Makespan (total completion time)
o Waiting time
e Idle time
e Delays
Priority Rules in Job Shop Scheduling
Common sequencing rules include:
1. FCFS (First Come First Serve) — Jobs are processed in arrival order.
2. SPT (Shortest Processing Time) — Job with least processing time is processed
first.
3. EDD (Earliest Due Date) — Job with the nearest due date is given priority.
4. LPT (Longest Processing Time) — Job with longest time is processed first.
Ilustration

Suppose three jobs must be processed on one machine:

Job | Processing Time (hrs)

A |5
B 2
C 3

Using SPT rule = B - C — A
This reduces average waiting time compared to FCFS.
Thus, job shop scheduling focuses on sequencing efficiency under variability.
3. Shop Loading
Meaning
Shop loading refers to assigning work to machines or work centres in a way that
balances workload and avoids bottlenecks.
It answers the question:
How much work should be assigned to each machine?
Types of Loading
1. Finite Loading
Work is assigned only up to available capacity.

No overload permitted.




2. Infinite Loading
Work is assigned without considering capacity limits.
Overloads are adjusted later.
Finite loading is more practical and realistic in modern manufacturing.
Objectives of Shop Loading
e Prevent machine overloading
o Balance resource utilization
e Improve throughput
e Reduce work-in-process (WIP)
Example:
If Machine A has 40 hours capacity per week and is assigned 55 hours of work,
overload occurs, resulting in delivery delays.
4. Scheduling in Mass Production
What is Scheduling in Mass Production?
It is the process of deciding:
e When each task should be done
e Where it should be performed
o In what sequence operations should occur
Mass production typically uses assembly lines, so scheduling focuses on keeping the line
running smoothly without interruptions.
Key Characteristics
e High volume, standardized products
» Fixed sequence of operations
e Specialized machines and labor
o Continuous material flow
Types of Scheduling Used
1. Line Scheduling
o Assigns tasks to different stations on an assembly line
o Ensures each station completes work within a fixed time (cycle time)
2. Flow Scheduling
o Maintains smooth movement of materials from one stage to another
e Avoids bottlenecks and idle time
3. Master Production Schedule (MPS)
e Overall plan of what to produce and when

e Based on demand forecasts




Important Concepts
Cycle Time
o Time allowed to complete one unit at each station
e Must be balanced across the line
Line Balancing
o Distributing tasks evenly so no station is overloaded
o Prevents delays and idle workers
Takt Time
o Rate at which products must be produced to meet demand

e Formula

3 Available Production Time
Takt Time —

Customer Demand

Objectives
e Maximize production efficiency
e Minimize idle time and delays
e Ensure timely delivery
o Reduce work-in-progress inventory
e Optimize resource utilization
Common Problems
e Machine breakdowns
o Bottlenecks
o Unbalanced workloads
e Supply delays
Example
In a car manufacturing plant:

o Each station (engine fitting, painting, inspection) has a fixed time

e Scheduling ensures every car moves smoothly from one station to the next without

waiting

Scheduling in mass production ensures continuous, balanced, and efficient workflow so

that large quantities of identical products are produced on time.




Scheduling in Continuous Production
Scheduling in continuous production refers to planning and controlling operations in
industries where production runs non-stop (24/7) and output flows continuously rather than
in discrete units.
What is Continuous Production?
It is a system where:

e Products are produced continuously in a steady flow

e Processes are highly automated

e Output is usually liquids, gases, or bulk materials

Examples: oil refining, cement, chemicals, power generation

What is Scheduling Here?
Scheduling focuses on:
o Maintaining uninterrupted production
e Planning machine operations and maintenance
o Ensuring steady input of raw materials
o Managing shift operations
Key Features
e 24/7 operation (no frequent stops)
o Fixed process sequence
o Highly automated systems
e Very high production volume
 Difficult and costly to stop/restart
Types of Scheduling in Continuous Production
1. Process Scheduling
o Plans the sequence of operations in continuous flow
o Ensures each stage runs smoothly without interruption
2. Maintenance Scheduling
o Preventive maintenance is critical
e Scheduled during planned shutdowns to avoid breakdowns
3. Shift Scheduling
o Workers are assigned in rotating shifts
o Ensures continuous supervision and operation
4. Material Supply Scheduling

o Ensures uninterrupted supply of raw materials




e Avoids stoppages due to shortages
Objectives
o Ensure continuous flow of production
e Minimize downtime and interruptions
e Maximize plant utilization
o Maintain consistent product quality
o Reduce operating costs
Challenges
o Equipment failure can stop entire production
o High cost of shutdown and restart
o Complex coordination required
e Demand fluctuations are harder to adjust
Example
In a petroleum refinery:
e Crude oil flows continuously through processing units
e Scheduling ensures:
o No interruption in supply
o Regular maintenance planning
o Continuous monitoring by workers in shifts
Scheduling in continuous production ensures smooth, uninterrupted, and -efficient
operation of a nonstop production system, focusing heavily on maintenance, flow

stability, and resource availability.

6. Scheduling in Project Type Production
Meaning of Project-Type Production Scheduling
Project-type production refers to one-time, unique, and large-scale activities such as
construction projects, research projects, event management, or shipbuilding.
Scheduling in project production is the process of: Planning activities

o Determining their sequence

e Allocating time and resources

to ensure the project is completed on time and within budget.

Key Characteristics

o Non-repetitive work (each project is unique)

o Definite start and end points

o Complex interdependent activities




e High uncertainty and risk

e Requires coordination across multiple teams
Objectives of Scheduling

o Ensure timely completion

o Optimize resource utilization

o Identify critical activities

e Reduce delays and cost overruns

e Improve coordination and control
4. Techniques of Scheduling in Project Production
1. Gantt Chart (Bar Chart)

e Visual representation of project timeline

o Shows start and finish dates of activities

o Easy to understand and monitor

Limitation: Does not show interdependencies clearly

PROJECT SCHEDULE TEMPLATE WITH GANTT CHART EXAMPLE

PROJECT NAME
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Not Started Schedule kickaffmeetfing | BrentW. = O3/31/25 O 4 33®
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InProgress Pl Tok 3 Jurie T 5 S0%
In Progress = P Tosk 4 | 7 am
On Hold d FiTasks 8 100%
Needs Review Pl Task & Cdf18/28 2 08
Naads Update INITIATION 04/22/25 4 | 1
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Ir Progren PaTotk 4 4 3%
In Progress PaTask § 2 100%
In Progress F3Task & 1 0%

Menday. March

START DATE

END DATE OVERALL P

MM/DDSTY

2. PERT (Program Evaluation and Review Technique)

o Used for uncertain projects
o Uses three time estimates:
o Optimistic (O)
o Most likely (M)

o Pessimistic (P)




o Calculates expected time

Best for R&D and innovative projects

Typical PERT diagram

Example of PERT Chart

*1In days

cr_eate

Diagramming




3. CPM (Critical Path Method)

o Used for predictable projects

o Focuses on time-cost trade-off

o Identifies the critical path (longest path in the network)
Helps answer:

e What activities cannot be delayed?

e What is the minimum project duration?

CPM Example

Critical Path

Steps in Project Scheduling
1. Define project activities
2. Determine sequence of tasks
3. Estimate time for each activity
4. Construct network diagram
5. Identify critical path
6. Allocate resources
7. Monitor and control progress
Important Concepts

e Critical Path: Longest path; no delay allowed




o Slack/Float: Extra time available for non-critical activities

e Milestones: Key checkpoints in the project

e Lead & Lag Time: Overlapping or delaying activities
Advantages

v Better planning and coordination
v/ Improved time management
v Early identification of delays
v Efficient resource allocation
v’ Helps in decision-making
Limitations
® Requires accurate data
® Complex for very large projects
¥ Time estimation may be uncertain
® Needs continuous monitoring
Example
A construction project:
e Activities: Foundation — Framing — Roofing — Finishing
o Some tasks run parallel, others sequential
o CPM identifies critical tasks like foundation work
e PERT helps when weather or supply uncertainty exists
Conclusion
Scheduling in project-type production is crucial for managing complex, one-time activities.
Techniques like PERT and CPM provide a scientific approach to planning; ensuring

projects are completed efficiently and successfully.

Line Balancing
Meaning of Line Balancing
Line balancing is the process of assigning tasks to workstations in a production line so
that:
o Each workstation has equal or nearly equal workload
e Idle time is minimized
e Production flows smoothly without delays

It is mainly used in mass and continuous production systems.




Station 1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Station 3

Incoming Inspection | | e

Base (10 sec)

Incoming Inspection PCB Testing

(60 sec) | Station 2 . | Screw PCB with Plastic

(60 sec) 3 (20 sec) Attach Battery
‘ : (10 sec)

Incoming Inspection
(60 sec)

Station 6 Station 5 i | Close Top Cover
(10 sec)

Packing Final Testing

Wiring
(30 sec)

(20 sec) (20 sec)

Close Top Cover
(10 sec)

Wiring
(30 sec)

Cycle Time - 3 minutes
Takt Time - 20 sec Balanced
Total Operators - 9

Objectives of Line Balancing
o Ensure uniform distribution of work
e Minimize idle time of workers/machines
o Achieve desired production rate
e Reduce bottlenecks
o Improve efficiency and productivity
Key Concepts
Cycle Time (CT)

Time available to produce one unit

Available Production Time

Cycle Time =
yee S Required Output

Workstation

A location where a group of tasks is performed
Task Time

Time required to complete a specific task

Idle Time

Unused time at a workstation

Line Efficiency

3 Total Task Time
Efficiency = - : x 100
No. of Workstations x Cycle Time




Fravear:

v Arkls sorie ol e Solodeg aleTan m e i ki brics

T T T
Al w e e b |u mefs
[
(I I R T sk i [P0 RS0 FINE T B (2 W £ [ )
Teaprns
e ey

P ET E ——_—
el e R R e S (e
e L S,




Steps in Line Balancing

1.

2
3
4.
5
6
7

List all tasks required for production

Determine task sequence (precedence relationships)
Calculate cycle time

Assign tasks to workstations

Ensure no workstation exceeds cycle time

Evaluate efficiency and idle time

. Adjust and improve balance

5. Methods of Line Balancing
1. Largest Candidate Rule (LCR)

Assign tasks with largest time first

Simple and widely used

2. Ranked Positional Weight (RPW)

Tasks ranked based on importance + following tasks

More accurate than LCR

3. Kilbridge and Wester Method

Uses precedence diagram columns

Systematic task assignment

Example (Simple)

Suppose:

Total task time = 40 minutes
Cycle time = 10 minutes
Minimum workstations required:

40/10= 4 workstations

Tasks are distributed so each station = 10 minutes.
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b) Two-sided assembly line configuartion
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Advantages
v’ Reduces idle time

v/ Improves productivity
v’ Ensures smooth workflow
v/ Minimizes bottlenecks

v’ Better utilization of resources

Limitations

® Difficult with highly variable tasks
® Requires accurate time data
¥ Changes in demand affect balance

¥ Not suitable for job or project production
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| ASSEMBLY LINE IN AUTOMOBILE MANUFACTURING]

An assembly line is a mass production system where a car moves through a sequence of workstations,
each performing a specific task to build the vehicle step-by-step.

1. STAMPING 2. BODY SHOP 3. PAINT SHOP 4. ENGINE &
(PRESS SHOP) (WELDING) TRANSMISSION

W [ ASSEMBLY

1 D (o

Steel sheets pressed Parts welded together Cleaning = Coating Engine and gearbox
into body parts to form the car body — Painting — Drying assembled separately
(doors, hood, roof, etc.) (mostly by robots) (for finish & protection) and prepared for fitting

Conveyor SN
Belt BODY SHELL [ PAINTED BODY ) ( ENGINE FITTING J INTERIOR & FINAL TESTING & FINISHED
ASSEMBLY INSPECTION CAR

|

5. FINAL ASSEMBLY 6. INSPECTION & TESTING |

Stelanon oilmappan s ' Quality checks & performance tests

seats, dashboard, electrical +
systems, wheels & tires (road test, safety, alignment, etc.) o

( FLOW SEQUENCE: Stamping — Body Shop — Paint Shop = Engine Assembly — Final Assembly = Inspection — Finished Car )
| ADVANTAGES: + High output + Consistent quality + Lower cost per unit LIMITATIONS: X High investment X Low flexibility X Breakdown stops flow |

Applications
e Automobile assembly lines
e Electronics manufacturing
o Food processing industries

e Garment production

ASSEMBLY LINE IN AUTOMOBILE MANUFACTURIN

1. STAMPING 2. BODY SHOP 3. PAINT SHOP 4. ENGINE & 5. FINAL 6. INSPECTION
(PRESS SHOP) (WELDING) TRANSMISSION ASSEMBLY & TESTING

ASSEMBLY
By

* Steel sheets pressed = Parts welded together = Cleaning —» Coating = Engine, gearbox & « Installation of seats, = Quality checks &
into parts (doors, to form car body (anti-rust) —» Painting components dashboard, electrical performance testing
hood, roof, etc.) * Mostly done by + Ensures durability assembled systems, wheels & tires « Includes road test

. H:a\ry gﬂ:hmas robots for precision and appearance « Later fitted into « Components fitted and safety checks
:ofnp;on?an)trs the car body into the body

FINISHED CAR &8s

ADVANTAGES

Body (Welding)

® High production rate > High initial investment
& Uniform product quality ¥ Lack of flexibility Paint Shop

o v taat
& Reduced manufacturing X Breakdown can stop Engm% Fitting
cost entire line Interior & Wheels
s

& Efficient use of labor K Worker fatigue Testing & Inspection
& hi titi k
e e s FINISHED CAR @

+J} Continuous flow production
& Use of automation & robotics

@ Fixed cycle time
& Highly repetitive tasks
| High efficiency & output




Production Management Concepts

Scheduling Shop Loading Line Balancing

What is the best order How much work'should'be How can\we equalize the
and timing of tasks? assigned to each machine? workload across the line?

©O00O0/00O0OlO0 O

Balanced Workload ~ Balanced Workload  Balanced Workload

[ SCHEDULING, SHOP LOADING & LINE BALANCING J

© SCHEDULING © SHOP LOADING

Planning timing and sequence 3 Allocating jobs to machines/work- Distributing tasks evenly across
of project or production activities.| : | centers in a job shop production envi: i | workstations on an assembly line.
KEY QUESTIONS KEY QUESTIONS KEY QUESTIONS

=3 What is the best order ¢ | => Which job goes towhich == How to balance tasks
and timing of tasks? : machine? E at each station?

==> Which tasks are critical == How to avoid overloading | ==5 How to minimize idle time
for completion? : or underloading? < and maximize output?

Example: Construction projects, Example: Machine shops, 7E§5mple Automobile assembly,
new product launcheu : custom manufacturing y electronics production
- ' : <
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[ PRODUCTION MANAGEMENT EXAMPLE IN FRUIT PULP MANUFACTURING ]

N =g (A o
: —0  FRUIT PULP MANUFACTURING "qu
SCHEDULING SHOP. LOADING LINE BALANCING

o7 Determining the best order o7 Allocating fruit pulp processing jobs M7 Distributing tasks evenly for
and timeframe for processi to specific machines. efficient bottling andipackaging.

Example: Schedule mangoes first Example: Assign mango pulp to Large Example: Balance filling, capping, and
due to ripeness, then pineapples, Processor, pineapple pulp to Mixer B. labeling tasks for consistent output.

| Mon | Tue | Wed [ Thu | Fri

1 Strawberries

Filling Capping  Labeling 1

L N0 1§
ITIMTINT

L Balanced Tasks ~ Balanced Tasks  Balanced Tasks.

¥ Example: Schedule mangoes first due to ripeness, then pineapples, followed by « Example: Balance filling, capping,
strawberries. and labeling tasks for constant output

Methods of Production Control

Production control ensures that manufacturing activities are carried out efficiently, on time,

and with optimum use of resources. The following are the major methods used:

1. Routing
e Meaning: Determining the path or sequence of operations that raw materials follow.
e Purpose: Ensures smooth workflow and minimizes delays.

o Example: Deciding whether a product goes first to cutting — shaping — finishing.

Key Benefits:
e Avoids unnecessary movement
o Improves efficiency

e Reduces production time

2. Scheduling
e Meaning: Fixing the time for each operation.
o Types:
o Master Schedule
o Detailed Scheduling




e Purpose: Ensures timely completion of tasks.
Example: Assigning specific start and end times for each production stage.

3. Dispatching
e Meaning: Giving orders to start production activities.
e Includes:
o Issuing work orders
o Providing materials and tools

o Assigning workers
Purpose: Converts plans into actual production.

4. Follow-Up (Expediting)
e Meaning: Monitoring the progress of production.

o Purpose: Ensures work is proceeding as per schedule.

Activities:
e Checking delays
e Identifying bottlenecks

o Taking corrective actions

5. Inspection
e Meaning: Checking the quality of products.
o Types:
o Incoming inspection
o Process inspection

o Final inspection

Purpose:
e Maintain quality standards

e Reduce defects and rework

6. Inventory Control
e Meaning: Managing raw materials, work-in-progress, and finished goods.
e Techniques:
o EOQ (Economic Order Quantity)




o ABC Analysis
o Just-In-Time (JIT)

Purpose:
e Avoid stockouts and overstocking

e Reduce carrying costs

7. Maintenance Control
e Meaning: Ensuring machines and equipment are in good condition.
e Types:
o Preventive maintenance

o Breakdown maintenance

Purpose:
e Reduce machine downtime

e Improve productivity

8. Cost Control
e Meaning: Monitoring and reducing production costs.
o Methods:
o Standard costing

o Budgetary control

Purpose:
o Ensure production within budget

o Improve profitability

9. Quality Control
e Meaning: Maintaining desired product quality.
e Techniques:
o Statistical Quality Control (SQC)
o Total Quality Management (TQM)

Purpose:
e Customer satisfaction

o Consistency in output




10. Production Reporting
e Meaning: Recording and analyzing production data.
e Includes:
o Daily production reports

o Performance reports

Purpose:
e Helps in decision-making

o Improves future planning

Quick Summary Table

Method Purpose

Routing Sequence of operations
Scheduling Time allocation
Dispatching Start production
Follow-up Monitor progress
Inspection Ensure quality

Inventory Control | Manage materials

Maintenance Machine efficiency

Cost Control Reduce expenses

Quality Control | Maintain standards

Reporting Analyze performance

Methods of Inventory Control
Inventory control ensures that the right quantity of materials is available at the right time,
minimizing costs while avoiding shortages.

1. Economic Order Quantity (EOQ)

Economic order quantity is an inventory management technique that helps make efficient
inventory management decisions. It refers to the optimal amount of inventory a company
should purchase in order to meet its demand while minimizing its holding and storage costs.
One of the important limitations of the economic order quantity is that it assumes the demand
for the company’s products is constant over time.

Economic Order Quantity (EOQ) is a scientific inventory control technique used to
determine the optimal order quantity that minimizes the total cost of inventory.




It balances:

e Ordering Cost (cost of placing orders)
o Carrying/Holding Cost (cost of storing inventory)

EOQ = ,/ 25
Where:
¢ D =Demand

e §=0Ordering cost
e H=Holding cost
Purpose:
e Minimizes total inventory cost

o Ensures efficient ordering

Teia

Least Total Cost KRS
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Order quantity

Example:
Assume, for example, that a retail clothing shop carries a line of men’s jeans, and the shop
sells 1,000 pairs of jeans each year. It costs the company $5 per year to hold a pair of jeans

in inventory, and the fixed cost to place an order is $2.

The EOQ formula is the square root of (2 x 1,000 pairs x $2 order cost) / (85 holding cost) or
28.3 with rounding. The ideal order size to minimize costs and meet customer demand is
slightly more than 28 pairs of jeans. A more complex portion of the EOQ formula provides

the reorder point.




2. ABC Analysis

o Meaning: Classifies inventory based on importance and value.
Categories:

o A items: High value, low quantity (strict control)

o B items: Moderate value and quantity

o Citems: Low value, high quantity (simple control)
Purpose:

o Focus on critical items

e Better resource allocation
» Expensive Inventory
» Accurate Control Required

ABc B * Moderate Value Inventory

- * Moderate Control Required
Analysis

» Low Cost Inventory
*» Minimum Control Required

ABC analysis is a method used in inventory management and business decision-making to

categorize items or products into three categories based on their importance or value to the

organization. The ranking or categorization of inventory items is dependent on their

consumption value regarding material and distribution management.

The purpose of ABC analysis is to help organizations allocate their resources more efficiently

by focusing their efforts and resources on managing the most critical and valuable items

(Category A) while requiring fewer resources for the less important ones (Category C). This

approach allows for better inventory control, reduced carrying costs, and improved inventory

turnover.




Category A: These are the most valuable and important products of a company. They
typically represent a small percentage of the total items but contribute to a significant portion
of the overall value or revenue. Managing these items effectively is crucial to the business’s
success, as these items produce the greatest output with a small input. Category A

commodities often require closer attention, tighter control, and more frequent monitoring.

Category B: Category B items are moderately important. They have a moderate impact on the
overall value and are neither as critical as Category A items nor as insignificant as Category
C items. These items are managed with a moderate level of attention, and inventory policies
for B-Items may involve less frequent review and replenishment than A-Items. However,
certain products may turn into Category A items with some effort, as B-items contain lots of

potential.

Category C: These are the least valuable or important items in the inventory, often
constituting a large portion of the total number of items but contributing minimally to the
overall value or revenue. C-Items are typically low-cost, low-value, or slow-moving items.
These may be hundreds of small transactions that don’t individually contribute a significant

amount to revenue. Category C items are managed with the least amount of attention.

3. Just-In-Time (JIT)
e Meaning: Materials are purchased and produced only when needed.
Features:
e Zero or minimal inventory
o Continuous production flow
Purpose:
¢ Reduces holding cost
o Eliminates waste
4. Minimum-Maximum Stock Level Method
e Meaning: Fixes minimum and maximum stock limits.
Levels:
e Minimum level — Avoid stockout
e Maximum level — Avoid overstocking
Purpose:
e Maintains balance in inventory
5. Reorder Level (ROL)

e Meaning: The level at which new stock should be ordered.




Formula:

e ROL = Maximum usage x Maximum lead time
Purpose:

e Prevents stockouts

o Ensures continuity of production
6. Safety Stock (Buffer Stock)

o Meaning: Extra stock kept to handle uncertainty.
Purpose:

o Protects against demand fluctuations

e Avoids production stoppages
7. VED Analysis (Vital, Essential, Desirable)

o Meaning: Classifies items based on criticality.
Categories:

e Vital: Must always be available

o Essential: Important but manageable

o Desirable: Least critical
Used in: Hospitals, spare parts inventory
8. HML Analysis (High, Medium, Low Cost)

e Meaning: Classification based on unit price.
Purpose:

o Focus on high-cost items

e Cost control
9. FSN Analysis (Fast, Slow, Non-moving)

e Meaning: Classification based on movement of items.
Categories:

o Fast-moving

e Slow-moving

e Non-moving
Purpose:

o Identifies obsolete stock

o Improves inventory turnover
10. Perpetual Inventory System

e Meaning: Continuous recording of inventory levels.
Features:

o Real-time stock tracking




o Regular stock verification
Purpose:
e Accurate inventory control
e Reduces pilferage
11. Two-Bin System
e Meaning: Inventory is stored in two bins.
Process:
o First bin used for current consumption
e Second bin acts as reserve
Purpose:
o Simple control method

e Suitable for small items

Quick Summary Table

Method Focus Area

EOQ Optimal order size

ABC Analysis Value-based classification
JIT Zero inventory system
Min-Max Stock level control
Reorder Level Timely ordering

Safety Stock Uncertainty handling
VED Criticality

HML Cost-based classification
FSN Movement of stock

Perpetual System | Continuous tracking

Two-Bin System | Simple stock control

10. Integration of Scheduling and Inventory
Scheduling decisions affect inventory levels.
e Poor scheduling — High WIP
o Efficient scheduling — Reduced storage cost
e Balanced production — Stable inventory

Thus, scheduling and inventory control must work together for operational efficiency.




Questions
A. Short Questions (2 Marks)

1.

Define scheduling.

2. What is job shop production?
3. What is shop loading?

4. Define line balancing.

5. What is mass production?

6.
7
8
9

What is production control?

. What is EOQ?
. What is ABC analysis?

. Define continuous production.

10. What is project scheduling?
B. Essay Questions (10 Marks)

1.

o © N N kWb

Explain the concept and objectives of scheduling.

Discuss scheduling in job shop type production systems.

Explain shop loading and its importance in production control.
Discuss scheduling in mass production systems.

Explain line balancing and its importance in assembly line production.
Discuss the methods of production control.

Explain the Economic Order Quantity (EOQ) model.

Discuss the importance of inventory control in production systems.

Explain ABC analysis and its advantages.

10. Discuss scheduling techniques used in project production.

C. Design/Application-Oriented Questions

1.

Design a scheduling system for a job shop manufacturing company.

. Analyze the impact of improper scheduling on production efficiency.
. Evaluate the role of line balancing in assembly line productivity.
. Design an inventory control system for a manufacturing firm.

. Analyze how production control improves operational efficiency.
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Evaluate the importance of EOQ in inventory cost management.

. Propose strategies to improve production scheduling in industries.
. Design a project scheduling plan for a construction company.

. Analyze the relationship between scheduling and resource utilization.

10. Evaluate the role of digital tools in modern production scheduling.




Case Title: Managing Inventory and Production Scheduling at Dell Technologies

Background

Dell Technologies is known for its build-to-order manufacturing system. Instead of
maintaining large inventories, the company produces computers only after receiving
customer orders.

This system allowed Dell to reduce inventory costs and customize products for customers.

Situation

However, during periods of high demand, Dell faced challenges in:
e Scheduling production orders
e Managing supplier deliveries
o Balancing assembly line workloads

Unexpected fluctuations in component supply caused delays in production schedules.

The Dilemma
The operations team needed to redesign the production scheduling and inventory control
system.
Options included:
1. Increasing inventory levels
2. Implementing advanced scheduling software
3. Diversifying suppliers
The decision would impact the company’s production efficiency and customer delivery

times.

Discussion Questions
1. How does scheduling affect production efficiency?
2. What are the advantages and disadvantages of the build-to-order model?
3. How can inventory control techniques such as EOQ and ABC analysis help Dell?
4. What scheduling strategy should Dell adopt?




UNIT 1V
WORK STUDY

“Productivity is never an accident. It is always the result of commitment to excellence,

intelligent planning, and focused effort.”

— Paul J. Meyer

WORK STUDY

Work Study

Introduction

Work study is an important technique used in production and operations
management to improve productivity and efficiency in organizations. It
involves the systematic examination of work methods and the measurement of
work in order to develop more effective and efficient ways of performing
tasks.

In manufacturing as well as service organizations, work study helps
management utilize human and material resources more efficiently. By
analyzing existing work procedures and eliminating unnecessary activities,
organizations can reduce production time, minimize costs, and improve
overall performance.

Work study is widely used in industrial engineering and operations
management to increase productivity without requiring major investments in

new machinery or equipment.

Meaning of Work Study

O
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Work study refers to the systematic analysis and evaluation of work

processes in order to improve the efficiency of operations and establish
standard times for performing tasks.
According to the International Labour Organization (ILO), work study is

defined as: “the systematic examination of the methods of carrying out

activities so as to improve the effective use of resources and to establish
standards of performance.”
Work study primarily focuses on two major aspects:

e Method Study

e Work Measurement




o Together, these techniques help improve productivity and establish efficient

work standards.

Objectives of Work Study

The main objectives of work study are:

1.
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To improve productivity by developing efficient work methods.
To eliminate unnecessary movements and operations.

To reduce production costs.

To ensure better utilization of manpower, machines, and materials.
To establish standard time for performing tasks.

To simplify work procedures and improve workflow.

To enhance workplace efficiency and employee performance.

Components of Work Study

Work study consists of two major techniques:

1.
2.

Method Study

Work Measurement

Both techniques are complementary and together contribute to improving operational

efficiency.

METHOD STUDY

Meaning

e Method study refers to the systematic recording and critical examination

of existing and proposed methods of performing work in order to develop

simpler and more efficient procedures.

o It focuses on improving the way a job is done by eliminating unnecessary

activities and simplifying work processes.

Objectives of Method Study

The main objectives of method study are:

To eliminate unnecessary operations.
To simplify work procedures.

To improve workflow and work layout.
To reduce fatigue among workers.

To enhance productivity.

Procedure of Method Study

Method study generally follows a systematic procedure consisting of several steps.




1. Select
The first step is to select the work or process that requires improvement. Usually, jobs

with high cost, long production time, or frequent delays are selected.

2. Record
In this step, all relevant information about the existing method is recorded. Various
tools such as process charts, flow diagrams, and operation charts are used to record

the current process.

3. Examine
The recorded data is critically examined to identify inefficiencies, unnecessary

movements, and delays.

4. Develop
Based on the examination, improved methods are developed that simplify the process

and eliminate waste.

5. Install

The improved method is implemented in the organization.

6. Maintain
The final step involves maintaining the new method and ensuring that employees

follow the improved procedure.

WORK MEASUREMENT
Work measurement refers to the process of determining the time required for a
qualified worker to complete a specific task under defined conditions and at a
standard level of performance.
It helps in establishing standard time for tasks and assists in planning, scheduling, and

controlling production activities.

Objectives of Work Measurement
The objectives of work measurement include:

e Determining standard time for jobs.




Planning production schedules.
Estimating labor requirements.
Measuring employee performance.

Developing incentive wage systems.

Techniques of Work Measurement

Several techniques are used to measure work and determine standard time.

1. Time Study

Time study involves observing and recording the time taken by a worker to perform

each element of a task using a stopwatch.

This technique is commonly used in repetitive manufacturing operations.

Standard Time = (Observed Time x Rating Factor) + Allowances

2. Work Sampling

Work sampling is a statistical technique used to estimate the proportion of time spent

on various activities during a work period.

It involves observing workers at random intervals to determine how their time is

utilized.

3. Predetermined Motion Time Systems (PMTS)

In this method, standard times for basic human movements are predetermined. These

standard times are used to estimate the total time required to complete a task.

Examples include systems such as Methods-Time Measurement (MTM).

4. Analytical Estimating

This method is used for non-repetitive or complex jobs where direct time

measurement is difficult. Experienced analysts estimate the time required for various

elements of the task.

Advantages of Work Study

Work study provides several benefits to organizations.

1.
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Improves productivity and operational efficiency.
Reduces unnecessary work and waste.

Improves utilization of resources.

Helps establish fair wage and incentive systems.

Reduces production costs.




6. Improves workplace organization and workflow.

7. Enhances employee performance and job satisfaction.
Limitations of Work Study

Despite its advantages, work study has certain limitations.

o Workers may resist changes in work methods.

e Requires trained specialists to conduct studies.

e Time-consuming process.

e Implementation may require organizational adjustments.
Importance of Work Study in Production Management

e Work study plays a crucial role in production and operations management. It
helps managers design efficient work systems and improve production
processes.

e By analyzing work methods and measuring performance standards,
organizations can achieve higher productivity, lower costs, and better
utilization of resources.

e In competitive business environments, work study helps organizations
maintain efficiency and improve operational performance.

WORK DESIGN
Definition
Work Design involves planning jobs and tasks to improve efficiency, safety, and
employee satisfaction.
Objectives:

1. Reduce fatigue: Ergonomically design tasks to minimize physical strain.

2. Increase motivation: Job rotation, enlargement, and enrichment reduce
monotony.

3. Improve performance: Match worker skill with task requirements.

Techniques/Approaches:

o Job Simplification: Break complex tasks into simpler operations

o Job Rotation: Move workers between tasks to reduce monotony

o Job Enlargement: Increase task variety

o Job Enrichment: Increase responsibility and decision-making authority

e Ergonomic Design: Optimize workstation and tools for worker comfort

Advantages:

e Reduces absenteeism




e Improves morale
o Enhances productivity
WORK SAMPLING
Definition
Work Sampling is a statistical technique used to estimate the proportion of time spent
on various activities by taking random observations.
Steps:
1. Define the purpose and activities
2. Determine sample size
3. Conduct random observations
4. Record and categorize observations
5. Analyze results and calculate proportion of time

Formula

Number of Observations of Activity

Proportion of Activity — Pkl Db vatione
Applications:

e Measure idle time

o Estimate utilization of equipment or labor

e Determine allowance for delays
Advantages:

o Less costly than continuous observation

o Suitable for indirect work

e Can handle multiple jobs
Limitations:

o Less precise than time study

o Requires random sampling for accuracy

INDUSTRIAL ENGINEERING TECHNIQUES
Definition
Industrial Engineering aims to optimize complex systems involving people, machines,
materials, and information to improve efficiency and productivity.
Techniques:

1. Method Study




Work Measurement
Value Engineering
Operations Research

Line Balancing
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Plant Layout Planning
7. Inventory Control (EOQ, ABC Analysis)
Objectives:
o Reduce costs
o FEliminate waste
o Increase productivity and efficiency
Advantages:
e Supports better decision-making
o Improves operational performance
PRODUCTIVITY - BASIC CONCEPTS
Definition:

Productivity is a measure of the efficiency of input use in producing output.

Output
Productivity = oo
Input

Types:
o Partial Productivity: Output / Single Input (e.g., labor productivity)
o Total Factor Productivity: Output / Multiple Inputs
e Total Productivity: Output / Total Input (all resources)
Importance:
e Drives economic growth
e Increases profits
e Provides competitive advantage
PRODUCTIVITY CYCLE
Definition
A systematic approach to continuously improve productivity.
Steps:
1. Measurement: Determine current productivity levels.
2. Evaluation: Compare performance with standards or benchmarks.

3. Planning: Identify areas for improvement.




4. Improvement: Implement corrective actions (technology, training, layout).
5. Control: Monitor and standardize new processes.
Importance:
o Identifies inefficiencies
e Supports continuous improvement
TOTAL PRODUCTIVITY MODEL (TPM)
Definition
Total Productivity Model evaluates overall productivity by considering all inputs and outputs

of an organization.

Total Output
Total Input (Labor + Material + Energy + Capital + Overheads)

Total Productivity =

Advantages:
o Comprehensive performance measurement
e Supports benchmarking
e Helps in strategic resource allocation
Limitations:
e Requires extensive data collection

e Complex to calculate

Questions

A. Short Questions (2 Marks)
1. Define work study.
What is method study?
What is work measurement?
Define work sampling.

What is work design?

2

3

4

5

6. Define productivity.
7. What is productivity cycle?

8. What is total productivity model?
9. What is motion study?

10. What is industrial engineering?

B. Essay Questions (10 Marks)
1. Explain the concept and objectives of work study.




Discuss the steps involved in method study.

Explain work measurement techniques.

Discuss the importance of work design in productivity improvement.
Explain the concept of work sampling.

Discuss industrial engineering techniques used in production systems.
Explain the concept of productivity and its importance.

Discuss the productivity cycle in organizations.
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Explain the total productivity model.

10. Discuss methods for improving productivity in organizations.

C. Design/Application-Oriented Questions
1. Analyze how work study improves operational efficiency.
Design a work measurement system for a manufacturing company.
Evaluate the role of industrial engineering in productivity improvement.

Analyze the relationship between work design and employee performance.

2
3
4
5. Propose strategies to improve productivity in manufacturing industries.
6. Evaluate the importance of productivity measurement for organizations.
7. Design a productivity improvement program for a factory.

8. Analyze the impact of work sampling in production planning.

9. Evaluate how automation affects work design.

10. Propose innovative industrial engineering techniques for modern industries.

Case Title: Productivity Improvement at Toyota

Background
Toyota is globally recognized for its efficient production system known as the Toyota
Production System (TPS).
The company continuously focuses on improving productivity through:
e Method study
o  Work measurement
e Process improvement

o Employee involvement

Situation

In one manufacturing plant, Toyota noticed that productivity levels had declined due to:




e Inefficient work methods
e Poor workstation layout
o Worker fatigue
The industrial engineering team conducted work study and work measurement analysis to

identify inefficiencies.

Findings
The study revealed:
o Excessive worker movements
o Unbalanced assembly line tasks

o Poor workstation design

The Dilemma
Toyota needed to redesign work processes to improve productivity without increasing labor
costs.
Possible solutions included:
e Redesigning workstations
e Introducing automation

e Training employees in improved work methods

Discussion Questions
1. How does work study improve productivity?
2. What role does work design play in employee efficiency?
3. How can industrial engineering techniques improve production systems?

4. What productivity improvement strategies should Toyota implement?




UNIT V
QUALITY MANAGEMENT

“Quality is everyone’s responsibility.”

— W. Edwards Deming

“If you cannot measure it, you cannot improve it.”

— Peter Drucker

1 ECONOMICS OF QUALITY ASSURANCE
Definition
Quality Assurance (QA) is the systematic process of ensuring that products and
services meet predefined quality standards and customer expectations.
Economics of Quality Assurance
Quality has a direct impact on costs, profits, and customer satisfaction. Economically,
poor quality increases rework, scrap, warranty claims, and customer
dissatisfaction, while good quality reduces defects and improves productivity and
market reputation.
Key Concepts:
1. Cost of Quality (CoQ)
o Prevention Costs: Training, planning, process improvement
o Appraisal Costs: Inspection, testing, audits
o Internal Failure Costs: Rework, scrap
o External Failure Costs: Warranty, returns, loss of goodwill
Example
investing in inspection and preventive measures may increase short-term costs but
reduces long-term losses from defects and recalls.
Importance
e Reduces waste and rework
o Improves customer satisfaction

o Increases profitability and competitive advantage




2 INSPECTIONS AND QUALITY CONTROL
A. Inspection
Definition
Inspection is the process of measuring, examining, or testing products to ensure they
meet quality standards.
Types of Inspection:
1. Incoming Inspection: Raw materials
2. In-Process Inspection: During manufacturing
3. Final Inspection: Before shipment
Advantages:
o Detects defects early
o Ensures compliance with specifications
Limitations:
o Does not prevent defects
e Can be costly if overused
B. Quality Control (QC)
Definition
Quality Control is the application of techniques to monitor, measure, and correct
deviations in the production process to maintain desired quality.
Techniques of QC:
o Statistical Process Control (SPC)

o Control Charts
e Acceptance Sampling
e Process Audits
Objectives:
o Maintain consistent quality
e Reduce variation in production
e Minimize defective products
3 ACCEPTANCE SAMPLING
Definition
Acceptance Sampling is a statistical method to determine whether a batch of products
meets quality standards based on a sample rather than inspecting the entire lot.
Key Terms:
o Lot: Batch of products
o Sample: Subset of the lot




e Acceptance Number (c): Maximum defective units allowed
Types of Sampling:
1. Single Sampling Plan: One sample is tested
2. Double Sampling Plan: Two samples may be tested if first is inconclusive
3. Multiple Sampling Plan: Multiple stages before acceptance
Advantages:
e Reduces inspection cost
o Faster than 100% inspection
o Useful for large production batches
Limitations:
o May accept defective batches
o Requires statistical knowledge
THEORY OF CONTROL CHARTS
Definition
Control charts are graphical tools used in Statistical Process Control (SPC) to monitor
process variation and maintain quality.
Purpose:
e Detect variations (common and special causes)
o Ensure process remains in control
Components:
e Center Line (CL): Average value
o Upper Control Limit (UCL): Maximum allowable variation
e Lower Control Limit (LCL): Minimum allowable variation
Types:
A. Control Charts for Variables (Continuous Data)
1. X-bar Chart: Monitors the mean of samples
2. R Chart: Monitors range of samples
3. S Chart: Monitors standard deviation
B. Control Charts for Attributes (Discrete Data)
1. p-Chart: Proportion of defective items
2. np-Chart: Number of defective items
3. c-Chart: Count of defects per unit
4

. u-Chart: Defects per unit when units vary

Steps to Use Control Charts:




1. Select quality characteristic
2. Collect sample data
3. Calculate mean and control limits
4. Plot data points and monitor for signals outside limits
Advantages:
e Detects variation early
o Helps improve process quality
e Reduces scrap and rework
TOTAL QUALITY MANAGEMENT (TQM)
Definition
TQM is a management approach that focuses on long-term success through customer
satisfaction by involving all employees in continuous improvement of processes,
products, and services.
Key Principles:
1. Customer-focused

The main objective of Total Quality Management is customer satisfaction. Every
organization exists to meet the needs and expectations of its customers. Therefore,
companies must understand what customers want and ensure that products and
services meet or exceed those expectations.

Customer requirements may include quality, price, reliability, durability, and
timely delivery. Organizations must regularly collect feedback through surveys,
complaints, and market research to improve their offerings.

Example

Companies like Toyota focus heavily on customer feedback to improve product

quality and reliability.

2. Continuous improvement (Kaizen)

Continuous improvement refers to the comstant effort to improve products,
services, and processes. Instead of making large changes occasionally, TQM
encourages small and regular improvements over time.

This philosophy is known as Kaizen, a Japanese concept meaning “change for the
better.”
Continuous improvement helps organizations:

e Reduce defects

e Improve efficiency

e Lower production costs




o Increase customer satisfaction
Example
Manufacturing companies often review production processes regularly to
eliminate waste and improve efficiency.
3. Employee involvement
TQM emphasizes the participation of all employees in improving quality.
Employees at every level—from top management to workers—must
contribute to quality improvement.
Employees are encouraged to:
o Share ideas for improvement
o Participate in quality circles
o Identify problems in processes
e Suggest solutions
When employees are involved, they feel more responsible for product
quality and organizational success.
4. Process-centered approach
In TQM, organizations focus on improving processes rather than blaming
individuals. A process is a series of steps that transform inputs into outputs.
If the process is well designed and controlled, the final product will automatically
meet quality standards.
Process management helps organizations:
o Reduce errors
o Improve efficiency
e Maintain consistent quality
Example
Standard operating procedures (SOPs) help maintain consistent production quality.
5. Strategic and systematic approach
Quality improvement should be part of the organization’s long-term strategy.
TQM requires proper planning, clear policies, and commitment from top
management.
Organizations must:
e Set quality objectives
o Develop quality policies

o Integrate quality with business strategy




Top management plays an important role in creating a culture of quality
in the organization.
Techniques of Total Quality Management
1. Benchmarking
Benchmarking is the process of comparing an organization’s performance with the
best-performing companies in the industry.
The objective is to learn from successful organizations and adopt best practices to
improve performance.
Types of benchmarking include:
o Internal benchmarking
o Competitive benchmarking
o Functional benchmarking
Example:
A company may study the logistics system of Amazon to improve its own delivery
process.
2. Quality Circles
Quality circles are small groups of employees who meet regularly to identify and
solve work-related problems.
These groups usually consist of workers from the same department who discuss issues
related to:
e Productivity
e Quality improvement
o Costreduction
o Workplace safety
Quality circles encourage teamwork, creativity, and employee participation in
decision-making.
3. PDCA Cycle (Plan—Do—Check—Act)
The PDCA cycle, developed by W. Edwards Deming, is a systematic method used
for continuous improvement.
The four stages are:
Plan — Identify problems and develop improvement strategies.
Do — Implement the plan on a small scale.
Check — Evaluate the results and compare them with expected outcomes.
Act — If successful, implement the improvement on a larger scale.

This cycle helps organizations continuously monitor and improve processes.




4. Six Sigma
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Six Sigma is a quality improvement technique aimed at reducing defects and
improving process performance.

It uses statistical methods to identify causes of errors and eliminate them. The
goal of Six Sigma is to achieve only 3.4 defects per million opportunities.

The Six Sigma process follows the DMAIC approach:

* Define

= Measure
*  Analyze
» Improve
= Control

Companies like Motorola and General Electric successfully implemented Six Sigma

to improve quality and productivity.

5. ISO Standards

ISO standards are international quality standards developed by the International

Organization for Standardization.

The ISO 9000 series provides guidelines for maintaining quality management

systems in organizations.

Benefits of ISO certification include:

Improved product quality
Increased customer trust
Better documentation of processes

Improved international market access

Advantages:

Consistent quality improvement
Higher customer satisfaction

Competitive advantage

ISO 9000 SERIES STANDARDS

Definition

ISO 9000 is a series of international standards for quality management systems

(QMS) ensuring that organizations meet customer and regulatory requirements.

Key Features:

e Focus on customer satisfaction




o Continuous improvement
e Documentation and standardization of processes
o Emphasis on management responsibility
Benefits:
o Improves organizational credibility
» Reduces errors and waste
o Facilitates global trade
ISO 9000 Family:
o ISO 9001: Quality management systems — Requirements
o ISO 9004: Quality management — Guidelines for performance improvement
o ISO 19011: Guidelines for auditing QMS
SIX SIGMA
Definition
Six Sigma is a data-driven methodology to improve quality by reducing defects and
variation in processes, aiming for near perfection (3.4 defects per million
opportunities).
Phases (DMAIC):
1. Define: Identify problem/process to improve

2. Measure: Collect data on current performance

3. Analyze: Identify root causes of defects

4. Improve: Implement solutions

5. Control: Maintain improved process
Advantages:

o Reduces defects and errors

o Improves customer satisfaction
o Cost reduction

e Data-driven decision-making

Application: Manufacturing, IT, services, healthcare, supply chain

Questions
A. Short Questions (2 Marks)

1. Define quality assurance.
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What is quality control?

What is inspection?

Define acceptance sampling.

What is a control chart?

What are control charts for variables?

What are control charts for attributes?

What is Total Quality Management (TQM)?
What is ISO 9000?

10. What is Six Sigma?

B. Essay Questions (10 Marks)

1.
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Explain the concept and importance of quality assurance.
Discuss the economics of quality assurance.

Explain inspection and quality control in manufacturing.
Discuss acceptance sampling and its applications.
Explain the theory of control charts.

Discuss control charts for variables with examples.
Explain control charts for attributes.

Discuss the principles of Total Quality Management.
Explain the ISO 9000 series standards.

10. Discuss the concept and benefits of Six Sigma.

C. Design/Application-Oriented Questions

1.

Analyze how quality management improves organizational competitiveness.

. Design a quality control system for a manufacturing company.
. Evaluate the role of ISO standards in global business.

. Analyze the impact of Six Sigma on operational efficiency.

2
3
4
5.
6
7
8
9

Propose strategies to reduce product defects in manufacturing.

. Design a quality assurance program for a service organization.
. Evaluate the importance of statistical quality control tools.
. Analyze how quality management improves customer satisfaction.

. Design a control chart system for monitoring product quality.

10. Evaluate the role of continuous improvement in quality management.

Case Title: Quality Improvement at Motorola




Background
In the 1980s, Motorola faced serious quality problems in its electronic products. High defect
rates led to customer dissatisfaction and declining market share.

To address this issue, the company introduced the Six Sigma methodology.

Situation
Six Sigma aimed to reduce defects in production processes by applying statistical quality
control techniques.
The program involved:
o Employee training in quality improvement
o Data-driven decision making

o Continuous process monitoring

Results
Within a few years, Motorola achieved:
o Significant reduction in product defects
e Improved customer satisfaction
o Higher operational efficiency
The success of Six Sigma later influenced many global companies, including General

Electric.

The Dilemma

Many companies considering Six Sigma implementation face challenges such as:
o High training costs
o Organizational resistance

o Complex statistical tools

Discussion Questions
1. What are the key principles of Six Sigma?
2. How does Six Sigma improve quality management?
3. What challenges do organizations face when implementing Six Sigma?

4. Should all organizations adopt Six Sigma? Why or why not?
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