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Unit 1: Introduction to Production Management

Learning Outcomes:

e Students will be able to define the term Production Management.

e Students will be able to identify the primary functions of Production Management.

e Students will be able to outline the historical development of Production
Management.

¢ Students will be able to describe the responsibilities of a Production Manager.

e Students will be able to compare Production Management practices in different

sectors.

Structure:
1.1 Meaning and Definition of Production Management
1.2 Functions of Production Management
1.3 Historical Development of Production Management
e Knowledge Check 1
e Outcome-Based Activity 1
1.4 Concept of Production System
1.5 Responsibilities of a Production Manager
1.6  Production Management in Different Sectors
e Knowledge Check 2
e QOutcome-Based Activity 2
1.7 Summary
1.8 Keywords
1.9 Self-Assessment Questions

1.10 References / Reference Reading



1.1 Meaning and Definition of Production Management

Production Management refers to the process of arranging, directing, and regulating the

tasks involved in the production of goods and services. To produce the required quantity

and quality of the finished product, they maximize the utilization of input resources

such as labour, materials, and equipment.

Definitions

o American Production and Inventory Control Society (APICS): Production
Management is defined as the directing process of creating goods and services,
which involves the coordination of operations.

o E. S. Buffa: Production Management is responsible for making choices on
production activities to ensure that the intended goods, services, and products

are produced as required for their quality, quantity, and production needs.

1.2 Functions of Production Management

Production management involves a number of processes to facilitate the easy running

of the production line. These functions include:

Planning

Analysis of production processes is the first stage of Production Management,
where detailed strategies are developed to ensure production meets set goals. This
involves identifying what should be made, how it should be made, and at what time
production is acceptable. Management can adopt a proper understanding of
demand, resources, and time horizons during the planning process.

Organizing

In order to meet production goals, organization is the process of placing labour,
supplies, and equipment in a logical and effective manner. This function helps the
organization allocate its obligations and responsibilities to its employees and helps
to accomplish the smooth flow of the production process.

Directing

Directing is the management of the workforce in order to deliver the production
goals and objectives. It refers to making recommendations, giving directions, and
inspiring workers to do their work effectively. Coordinating the show means
making sure that the overall production process is efficient and that any problems

are identified early on.



Controlling

Controlling involves supervising the process of production to ensure it meets the
intended objectives. This function comprises the setting of performance measures,
review of performance, identification of any gaps and appropriate corrective
measures. Controlling is a process that ensures product quality, minimizes wastage,
and speeds up delivery time.

Scheduling

Scheduling is another important function that works towards determining the time
required to carry out manufacturing activities. It ensures that production activities
are done according to the required time, thus meeting set production delivery
deadlines. Scheduling also assists in preventing wasteful utilization of resources
and occurrences of production delays.

Quality Control

Quality control involves the supervision of products and processes to guarantee they
meet the expected quality. In order to identify imperfections or variations, this
function involves examining the physical attributes of the products at a number of
production stages. Quality control measures, when established and strictly

followed, assist in increasing customer satisfaction and decreasing returns.

1.3 Historical Development of Production Management

Due to the industrial revolution and technological advancements, Production

Management has undergone a significant amount of variation over time.

Pre-Industrial Revolution

Prior to the Industrial Revolution, manufacturing mainly involved physical labour
using tools, and the basic structure of manufacturing was home-based. Artisans
produced goods using simple tools and techniques, and the focus was on
craftsmanship and quality.

Industrial Revolution

The Industrial Revolution in the late 18th and early 19th centuries marked a
significant turning point in production. The introduction of machinery and the
establishment of factories led to mass production and increased efficiency. Key

developments during this period include:



Steam Engine: The invention of the steam engine by James Watt revolutionized
production by providing a reliable source of power for machinery.
Factory System: The factory system replaced the cottage industry, centralizing

production and enabling large-scale manufacturing.

Scientific Management

The principles of scientific management were introduced by Frederick Winslow

Taylor in the early 20th century, emphasizing efficiency and output. His approach

focused on:

@)

Time and Motion Studies: Analyzing and optimizing work processes to reduce
waste and improve efficiency.
Standardization: Implementing standardized procedures and tools to ensure

consistency and quality.

Modern Production Management

The mid-20th century saw further advancements in Production Management with

the introduction of new methodologies and technologies. Key developments

include:

@)

Lean Manufacturing: Originating from Toyota's production system, lean
manufacturing focuses on eliminating waste, improving quality, and reducing
costs.

Total Quality Management (TQM): Emphasizes continuous improvement and
customer satisfaction through a systematic approach to quality control.
Just-In-Time (JIT) Production: A strategy that aims to reduce inventory costs

by producing goods only when needed.

Knowledge Check 1

Fill in the Blanks.

1. Production Management involves the process of and controlling the
activities involved in the production of goods and services. (planning)

2. The primary function of Production Management is to ensure that production
goals are achieved with minimal . (waste)

3. Frederick Winslow Taylor is associated with the principles of
(scientific management)

4. The factory system replaced the (mass production, cottage industry)

during the Industrial Revolution. (cottage industry)
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e Outcome-Based Activity 1
Identify and list three modern Production Management techniques used in today’s

manufacturing industry.

1.4 Concept of Production System
A set of connected parts and processes that transform inputs into outputs is known as a
production process system. Starting with raw materials and ending with completed
products, it covers the whole production process.
e Types of Production Systems
Based on the nature and scale of production, production systems may be classified into
numerous types:
o Job Production
Job production involves the manufacture of customized products based on
specific customer requirements. Each product is unique, and production
processes are tailored to meet individual specifications. These include
purchasing furniture made to order and made-to-measure outfits such as suits
and dresses.
o Batch Production
Batch production is characterized by the time of output in a single operation
where a specified quantity of output is specified at one time. During the
production process, it becomes very easy to switch production from one batch
to another. For example, this type of production process is ideal for industries
that deal with products that are produced in batches, such as the food or
pharmaceutical industries.
o Mass Production
Mass production is the process whereby organisations produce identical
products in enormous quantities. It is well known that this type of production is
extremely productive, has a low cost, and is uniform in quality. Some of the
industries that can be cited in this example include the automobile industry and
the consumer electronics industry.
o Continuous Production
Continuous production deals with the consistency in production of goods over

a long period. This type of production is prevalent in businesses that experience



steady production that has limited interruptions, like oil refining businesses and

chemical manufacturing companies.

e Components of a Production System
In order to achieve production goals, a production system comprises many key
components that work together:
o Inputs
They are the things that go into the production process, including materials,
people, machines, and money. The management of inputs is another important
area that is vital to minimizing costs when managing a production line.
o Processes
The transformation of inputs into outputs takes place through activities. Among
these are several production stages: assembling, machining, and quality control.
As it makes production smooth, standardised, and of high quality, efficient
process management may be stated to be a crucial factor in effective production.
o Outputs
Information outputs are the final goods and services which are produced after
going through the production process. Production Management aims to deliver
the quality goods required by buyers in the right quantities and at the right times.
o Feedback
The knowledge obtained through the assessment or observation of the
production process may also be referred to as this. This information is used to
locate areas that require improvement, introduce corrections, and improve

production capacity.

1.5 Responsibilities of a Production Manager
In order to achieve the intended production objectives, a Production Manager's role is
to plan and manage operations inside the Production Line. Among a Production
Manager's key responsibilities are:
e Planning and Scheduling

The Production Manager must be involved in making schedules that will ensure that

production goals are achieved. This implies predicting demand, which involves
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working out resources needed and coming up with time horizons for production
activities.

Resource Management

For manufacturing processes to be improved, a proper method of managing scarce
resources is essential. Supply management, which involves coordinating the
availability of raw materials, labour resources, and machinery for use in production,
is the responsibility of the Production Manager.

Quality Control

The other function of the Production Manager is to ensure product quality is
maintained at optimal standards throughout the production process. This requires
quality assurance, audits, and guaranteeing that materials produced meet primary
and essential specifications.

Cost Control

In order to prevent costs from affecting the productivity of the production process,
the production manager's additional role is to manage costs. It involves tracking
costs, analyzing potential ways to reduce costs, and implementing strategies to
reduce unnecessary costs.

Health and Safety

The Production Manager remains responsible for ensuring the health and safety of
prospective employees as well as their work. This covers things like inspection,
adherence to health and safety standards, and observation of health and safety
measures.

Continuous Improvement

The Production Manager is in charge of managing the ongoing improvement
process that is aimed at improving production efficiency and quality. This includes
focusing on opportunities for change, the adoption of standards, and the creation of

an environment based on knowledge sharing.

1.6 Production Management in Different Sectors

Production Management practices may not be standardized but may even differ

depending on the type of production and characteristics of the sector in which it is

applied.

Manufacturing Sector
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In the manufacturing sector, production management is concentrated on achieving

perfect efficiency and product quality. Key practices include:

o

Lean Manufacturing: Application of the lean management approach in the
removal of unnecessary processes and the enhancement of productivity.
Just-In-Time (JIT) Production: Conserving raw materials by manufacturing
goods only when required.

Total Quality Management (TQM): Stressing the concepts of improvement
and quality assurance through maintaining quality check on an ongoing basis

and meeting customers expectations.

Service Sector

In the manufacturing industry, it is the management of the production process that

ensures customer needs are met in the service sector. Key practices include:

o

Capacity Management: The availability of service capacity is so that one does
not find itself over-stretched or under-used at any one time.

Service Quality: A good client service delivery is also maintained by adopting
a quality control mechanism in order to provide quality services that meet the
expected standards.

Process Improvement: There should be a constant increase in service

operations to increase efficiency and satisfaction among the clients.

Construction Sector

In the construction industry, Production Management involves controlling and

scheduling construction work to be executed efficiently and to specifications. Key

practices include:

o

Project Management: Creating proper project specifications and framing
schedules in order to avoid delays in construction projects.

Resource Management: The general tasks involve proper distribution and
utilization of resources such as manpower, consumables, tools and machinery
in the construction processes.

Quality Control: Supervising and monitoring to ensure that the construction

installations are done according to the standards laid down.

Healthcare Sector
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In the field of healthcare, Production Management refers to the effective and

efficient management of health care services in order to deliver optimal outcomes

for patients. Key practices include:

o

Capacity Planning: Guaranteeing that hospitals have enough bed capacity to
cater for the numbers that present themselves.

Process Optimization: Here, the aim is to enhance the flow and cycle of
healthcare delivery with the view of doing it faster and with less time being
taken.

Quality Management: Adopting strategies to improve patient outcomes and

avoid adverse events due to poor healthcare delivery processes.

Retail Sector

In the retail sector, Production Management involves managing inventory and

supply chain processes to ensure timely availability of products. Key practices

include:

@)

Inventory Management: Optimizing inventory levels to ensure product
availability while minimizing holding costs.

Supply Chain Management: Coordinating with suppliers and logistics
providers to ensure timely delivery of products.

Customer Service: Implementing measures to enhance customer satisfaction

and ensure a positive shopping experience.

Knowledge Check 2

State True or False.

1.

4.

Continuous production involves uninterrupted manufacture of products over an
extended period. (True)

The main responsibility of a Production Manager is to handle customer service.
(False)

Job production involves manufacturing customized products based on specific
customer requirements. (True)

Production Management practices do not vary across different sectors. (False)
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Outcome-Based Activity 2
Visit a local business or factory and observe their production process. Write a brief

report on how they manage their production system.

1.7 Summary

Production Management is the coordination of people, time, resources and
technology within organizational structures in an attempt to manufacture products
and deliver services. It focuses on the efficient utilization of resources that may
include the materials to be used, the manpower, and even the machines, with the
intention of acquiring the most effective result in the least amount of time possible
and possible time.

Directing involves leading and managing the workforce to undertake its duties
effectively while controlling oversees the production process to ensure that end
products meet the required standards and time of delivery.

In pre-industrial society, making involved using hands and elbows, and the entire
process was done individually, with much attention to quality. Machinery and
factories in production lines became a norm after the Industrial Revolution due to
efficiency in production.

Taylorism, named after Frederick Winslow Taylor, was a theory that came into
practice at the beginning of the 20th century; this approach was based on time and
motion studies as well as the standardization of work. Modern Production
Management is evolved in to lean manufacturing, TQM, and JIT production.
Inputs, processes, output and feedback mechanisms define the production system.
Some typical inputs combine the product with inputs such as raw materials and
personnel, while the transformation process works on these inputs to produce
outputs or the final product.

A Production Manager is charged with the duty of coordinating and controlling the
flow of production processes, all through ensuring that various resources needed
are available and effectively utilized. They are involved in quality assurance, thanks
to the well-developed quality control measures that have been put in place.

In the manufacturing industry, Production Management provides attention to lean
manufacturing, JIT production, and TQM in order to manage as well as control the

respective processes in an excellent manner. In the service sector, it is a capacity

14



management and process improvement instrument that guarantees the efficient

delivery of services.

1.8 Keywords

Production System: Structured functional units or systems that link inputs and
outputs in the production of goods and provision of services.

Lean Manufacturing: A way of producing that is supposed to advanced less waste
and greater efficiency.

Total Quality Management (TQM): The focus on the constant enhancement of
the quality with the help of a systematic approach, oriented at making the customers’
experiences better.

Just-In-Time (JIT) Production: A policy which involves manufacturing or
purchasing products only when required to avoid hold on costs of stocks.
Scientific Management: A management theory developed by F.W.Taylor based on
the scientific principles of measuring work and improving the level of productivity

by particular standardization techniques as time and motion studies.

1.9 Self-Assessment Questions

1.
2.

What is Production Management, and why is it important in a business context?
Describe the primary functions of Production Management and provide examples
for each function.

Outline the historical development of Production Management and explain how it
has influenced modern production practices.

Explain the concept of a Production System and describe its key components.

What are the responsibilities of a Production Manager in a manufacturing setting?

1.10 References / Reference Reading

Adam, Everett E., and Ronald J. Ebert. Production and Operations Management:
Concepts, Models, and Behavior. 6th ed., Prentice Hall, 2020.

Chase, Richard B., and F. Robert Jacobs. Operations and Supply Chain
Management. 15th ed., McGraw-Hill Education, 2021.

Mahadevan, B. Operations Management: Theory and Practice. 3rd ed., Pearson

Education India, 2015.

15



Chary, S. N. Production and Operations Management. 5th ed., McGraw-Hill
Education India, 2019.
Panneerselvam, R. Production and Operations Management. 3rd ed., PHI Learning

Pvt. Ltd., 2017.

16



Unit 2: Production Planning

Learning Outcomes:

Students will be able to understand the concept of production planning.
Students will be able to identify the different levels of production planning.
Students will be able to analyse the role of planning in manufacturing systems.
Students will be able to describe the objectives of production planning.

Students will be able to integrate production planning with business strategy.

Structure:
2.1 Introduction to Production Planning
2.2 Levels of Production Planning
e Knowledge Check 1
e Outcome-Based Activity 1
2.3 Planning in Manufacturing Systems
2.4 Objectives of Production Planning
2.5 Integration of Production Planning with Business Strategy
e Knowledge Check 2
e QOutcome-Based Activity 2
2.6 Summary
2.7 Keywords
2.8 Self-Assessment Questions
2.9 References / Reference Reading
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2.1 Introduction to Production Planning

Production planning is the process by which diverse resources, such as human

resources, evident materials, and machinery, are used to help in the production process.

Production planning is useful for increasing productivity and reducing wastage since

what is produced is already demanded by consumers.

e Definition of Production Planning

Production planning can be described as the act of predicting, estimating, and

directing the production process so as to attain targeted production targets. It is a

workforce planning process of identifying what to make, when to make it, how

many to make, and what is required in the process.

e Importance of Production Planning

Production planning is essential for several reasons:

o

Efficiency: It helps in the enrichment of the effective execution of processes,
time management, and over-expenditure control.

Cost Control: When the manufacture activities are scheduled, it is easier to
maintain proper costs and avoid production excess or shortage.

Timely Delivery: It optimizes production to guarantee that products are
delivered at the right time to meet customers' expectations in terms of delivery
schedules.

Quality Management: Adequate planning enables manufacturers to avoid
compromising on the quality of products produced due to non-adherence to
production guidelines.

Inventory Management: It assists in controlling the number of products per
store to avoid high costs of holding the merchandise and also to ensure that no

store runs out of stock.

2.2 Levels of Production Planning

There are three stages of production planning: strategic, operational, and operation

planning. Specific objectives and tasks are assigned to each level.

e Strategic Planning

Strategic planning involves making long-term choices that set the organization's

overall course. To achieve the company's long-term goals, it focuses on the entire

production strategy and the allocation of resources.
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o Time Horizon: 3 to 5 years.

o Key Activities: Determining the product mix, capacity planning, facility
location, and technology selection.

Tactical Planning

Tactical planning involves medium-term choices that bridge the gap between

operational and strategic planning. The implementation of the strategies set forth

during strategic planning is the main focus.

o Time Horizon: 1 to 3 years.

o Key Activities: Production scheduling, workforce planning, procurement
planning, and inventory management.

Operational Planning

Operational planning involves short-term decisions that focus on the day-to-day

activities of the production process. It ensures that the production runs smoothly

and efficiently.

o Time Horizon: less than 1 year.

o Key Activities: Daily production scheduling, quality control, maintenance

planning, and job assignment.

Knowledge Check 1

Fill in the Blanks.

1. Production planning helps in optimizing the use of | reducing idle time,
and minimizing waste. (resources)

2. _ planning involves long-term decisions that set the direction for the
entire organization. (Strategic)

3. The time horizon for tactical planning is typically ~ years. (1 to 3)

4.  production planning involves short-term decisions that focus on the

day-to-day activities of the production process. (Operational)

Outcome-Based Activity 1
Identify one example of a manufacturing company and describe how it might use

tactical planning to improve its production processes.
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2.3 Planning in Manufacturing Systems

Based on the nature of the products and the production processes, manufacturing

systems may be classified into distinct types. Planning in manufacturing systems

involves creating the production processes and work flows to achieve optimal
efficiency.

Types of Manufacturing Systems

o Job Shop Manufacturing: Produces small batches of customized products.
Planning involves detailed scheduling and flexibility to accommodate custom
orders.

o Batch Manufacturing: Produces products in batches. Planning focuses on
optimizing batch sizes and minimizing setup times.

o Mass Production: Involve in mass production and manufacture of similar
products. Planning can be defined as the process of avoiding the disruption of
activities and maintaining a constant flow of operations.

o Continuous Production: It is involved in the constant production of products
without the occurrence of any halt. Planning focuses on process control, where
the primary concern is the stability and predictability of the process.

¢ Planning Activities in Manufacturing Systems

o Demand Forecasting: Estimation of future demand by the customers for
planning the production operations.

o Capacity Planning: Determining the production capacity needed to meet
demand.

o Resource Allocation: Assigning resources such as manpower, machinery, and
materials to different production tasks.

o Production Scheduling: Developing a work plan to incorporate different
production activities while observing satisfactory time constraints.

o Quality Control: Measures for maintaining the quality of products are also

important to be put into practice.

2.4 Objectives of Production Planning
The primary goals and process of production planning are to achieve goals and attend
to the organization's needs. These objectives can be categorized into several key areas:

o Efficiency

20



o Resource Utilization: Properly employ and balance the resources, including
labour, material, machinery, etc., so that useless expenditures are at the
minimum.

o Process Optimization: Optimizing the flow of production to make it more
efficient and to decrease the overall time taken for the process.

Cost Control

o Budget Adherence: Ensuring that production activities stay within the
allocated budget.

o Cost Reduction: Identifying and implementing cost-saving measures without
compromising quality.

Timely Delivery

o On-Time Production: The timely delivery of products to the customers once
they are manufactured.

o Lead Time Reduction: Reducing the overall time taken between the receipt of
the order and the delivery of the final product.

Quality Assurance

o Consistency: Continuing to produce quality that meets the general standards
and not allowing for delay throughout the process.

o Defect Reduction: Coordinating and quantifying the measures of quality
control to avoid any bad quality product and, therefore, avoid reworks.

Flexibility

o Adaptability: Flexibility in changing the physical plans depends on changes in
demand, supply, or even production factors.

o Scalability: Being in a position to adjust the production capacities in the case

of increasing or decreasing the production.

2.5 Integration of Production Planning with Business Strategy
Integrating production planning in conjunction with business management strategy
aims at achieving organizational objectives in production. This integration is essential

for creating sustainable strategic success and competitiveness of companies.

Aligning Production Goals with Business Objectives

o

Goal Setting: Setting production goals that support the organization’s strategic

objectives.
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o

Performance Metrics: Establishing metrics to measure the performance of

production activities in relation to business goals.

Strategic Resource Allocation

o

Investment in Technology: Allocating resources for technology and equipment
that enhance production capabilities.
Workforce Development: Investing in training and development programs to

improve the skills of the production workforce.

Continuous Improvement

@)

Lean Manufacturing: Application of many concepts of lean tools in an effort
to remove waste and increase productivity.
Kaizen: Implementing process improvements on a frequent and small scale in

an effort to positively change the culture towards sustainment.

Collaboration Across Departments

@)

Cross-functional Teams: Form cross-functional teams so that people from
different departments get to know each other and communicate more
effectively.

Integrated Planning Systems: Smoothing the organizational planning

activities by putting a series of integrated software systems in place.

Responding to Market Changes

@)

Market Analysis: Continuously monitoring market trends and customer
preferences to adjust production plans accordingly.

Agility: Developing the ability to quickly adapt to changes in the market

environment.

Knowledge Check 2

State True or False.

1. Job shop manufacturing produces large quantities of standardized products.
(False)

2. One of the objectives of production planning is to ensure efficient production
processes. (True)

3. Lean manufacturing aims to add more complexity to production processes.

(False)
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4. Integrating production planning with business strategy helps in achieving long-

term success. (True)

Outcome-Based Activity 2
List two advantages of aligning production goals with business objectives in a

manufacturing company.

2.6 Summary

Production planning involves organizing production activities to ensure goods are
produced efficiently, on time, and within budget, coordinating resources such as
manpower, materials, and machinery.

Effective production planning is crucial for achieving high productivity, reducing
waste, controlling costs, ensuring timely delivery, maintaining quality, and
managing inventory levels.

Strategic planning focuses on long-term decisions like determining the product mix,
capacity planning, and technology selection, typically with a time horizon of 3 to 5
years.

Tactical planning bridges strategic and operational planning, focusing on medium-
term decisions such as production scheduling and workforce planning, usually
spanning 1 to 3 years.

Manufacturing systems include job shop, batch, mass, and continuous production,
each requiring specific planning activities like demand forecasting, capacity
planning, and resource allocation.

Planning in manufacturing systems aims to optimize processes, ensure timely
completion, and maintain quality control, adapting to different production
environments.

Production planning aims to optimize resource utilization, streamline processes,
control costs, ensure timely delivery, maintain consistent quality, and reduce
defects.

Flexibility and scalability are also key objectives, enabling the organization to adapt
to changes in demand, supply, and production conditions while supporting business

goals.

23



Integrating production planning with business strategy involves aligning production
goals with business objectives, strategic resource allocation, and continuous
improvement through methods like lean manufacturing and Kaizen.

Effective integration fosters collabouration across departments, enhances agility to

respond to market changes, and supports long-term success and competitiveness.

2.7 Keywords

Production Planning: The process of organizing and controlling the production
activities to ensure efficient and timely production.

Strategic Planning: Long-term decision-making that sets the direction for the
entire organization, focusing on overall production strategy.

Tactical Planning: Medium-term decision-making that implements the strategies
set during strategic planning, focusing on production scheduling and resource
allocation.

Operational Planning: Short-term decision-making that focuses on the day-to-day
activities of the production process, ensuring smooth and efficient operations.
Lean Manufacturing: A methodical approach to waste minimization within a

manufacturing system without sacrificing productivity.

2.8 Self-Assessment Questions

1.
2.
3.

What is the importance of production planning in a manufacturing organization?
Describe the key activities involved in strategic planning for production.

How does tactical planning bridge the gap between strategic and operational
planning?

Explain the different types of manufacturing systems and their planning activities.

What are the primary objectives of production planning?
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Unit 3: Production Control

Learning Outcomes:

e Students will be able to define the concept of production control.

e Students will be able to identify the necessity of production control in
manufacturing.

e Students will be able to explain the objectives of production control.

e Students will be able to distinguish between production planning and production
control.

e Students will be able to describe various production control techniques.

Structure:
3.1 Definition and Necessity of Production Control
3.2 Objectives of Production Control
e Knowledge Check 1
e Outcome-Based Activity 1
3.3 Difference Between Production Planning and Production Control
3.4 Techniques of Production Control
e Knowledge Check 2
e Outcome-Based Activity 2
3.5 Summary
3.6 Keywords
3.7 Self-Assessment Questions

3.8 References / Reference Reading
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3.1 Definition and Necessity of Production Control

Definition of Production Control

Production control is a process that ensures the efficient and effective operation of

a manufacturing system. It involves planning, coordinating, and controlling the

production process to meet the desired output within the stipulated time frame and

cost. Production control encompasses activities such as scheduling, dispatching,
inspecting, and taking corrective actions to maintain the flow of production.

Necessity of Production Control

Production control is essential for several reasons:

o Efficiency: They mostly assist in the resource management process, which in
turn minimizes wastage and leads to the best results.

o Quality Assurance: Implementing and supervising standards and production
processes is essential because of its major role in maintaining the quality of the
final product.

o Cost Management: It helps manage costs by eliminating waste, including
unnecessary time, reruns, and overstocking of materials.

o Timely Delivery: Status: Responsible for the performance of the production
schedules and time frame of delivery of products to the customer.

o Customer Satisfaction: That way, the production control makes it possible to

gain customer satisfaction and make the company well-known.

3.2 Objectives of Production Control

Achieving Production Targets

It is fundamental for production control to meet the stipulated production rates since
achieving the rates forms the main goal of production control. This means how the
different production activities are arranged in order to produce the required number
of products within a specified period.

Ensuring Optimal Resource Utilization

Production control is the establishment of ways of efficiently and effectively using
the limited resources of manpower, machinery, and materials. This also assists in

the reduction of wastage incurred and the cost of production.
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Maintaining Product Quality

It is also the goal of production control to guarantee that the products are of high
quality and conform to quality standards. This involves tracking the entire process
of producing the product and providing the tools necessary to correct or avoid future
defects in a product.

Minimizing Production Costs

Production control aims at reducing total production cost since it cobbles together
resources and prevents any form of wastage and delay. It is important to control
costs to achieve the optimum level of operating costs, hence competitiveness and
profitability.

Ensuring Timely Delivery

The delivery of the products can also elicit customer satisfaction and enhance the
organisation's reputation if it is done on time. It also helps to maintain that the
production schedules are effectively achieved, or if there is any delay, it is corrected

to ensure that product delivery is done within the set time.

Knowledge Check 1

Fill in the Blanks.

1. Production control helps inreducing ~ and ensuring optimal productivity.
(Wastage)

2. By maintaining standards and monitoring processes, production control ensures
the  ofthe final product. (quality)

3. One of the primary objectives of production control is to achieve the set
targets. (Production)

4. Production control helps in controlling production costs by minimizing delays,

reducing rework, and preventing inventory. (excess)
Outcome-Based Activity 1

Draw a simple diagram showing the flow of production control activities from

planning to quality assurance.
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3.3 Difference Between Production Planning and Production Control

Definition of Production Planning

Production planning can be described as the planning done in terms of predicting,

timing, and ordering all the necessary activities in the production process. It is the

procedure of identifying what to manufacture, when to manufacture, and how much
to manufacture in view of the market needs and resources.

Definition of Production Control

Production control refers to the supervision and regulation of the production process

to ensure that the execution of the plans made is proper. It involves managing the

actual production process, inspecting the process to assess the production process
and making corrections where necessary to meet certain production standards.

Key Differences

o Focus: Production planning is concerned with making or putting in place
arrangements for production, while production control actually controls the
activities of the production process.

o Time Frame: Production planning takes place prior to the occurrence of the
production, while production control takes place during the production process.

o Activities: Production planning can be defined as the process of predicting the
production rate, the timing at which the product will be produced, and what
resources will be used to produce the product, while production control can be
defined as the act of monitoring, inspecting, and taking the necessary action.

o Objective: While the purpose of production planning is to prepare the line of
production well, the purpose of production control is to make the flow of
production effective.

Example: Production Planning vs. Production Control

Let there be a Company that deals with manufacturing bicycles. Production

planning involves coordinating the manufacturing activities by predicting the

number of bicycles to be produced, the activities required to do so, and resources,
including materials and manpower. On the other hand, Production control would
involve supervising the line, examining the bicycles for defects, and solving any

problems that may be encountered on the line.
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3.4 Techniques of Production Control

Gantt Charts

Among the widely used techniques of production control is the use of Gantt charts
as a tool for production planning. Besides that, they give a graphical representation
of the production activities in that it point out the start and end date of each activity.
This assists in the monitoring of the progress made in the production process and in
the early detection of the possibilities of a delay.

Critical Path Method (CPM)

One method used to determine the time needed to finish a project based on the
sequence of activities is the Critical Path Method (CPM). The critical path reflects
the essential tasks to be undertaken so that production managers can meet
production deadlines.

Program Evaluation and Review Technique (PERT)

The Program Evaluation and Review Technique (PERT) is an analytical tool that is
used to estimate the activities that would be necessary in order to achieve a given
project. It works beneficially in determining the least working time needed for each
step and the whole process itself for proper programming and utilization of
resources.

Inventory Control Techniques

Techniques, including the Just-In-Time (JIT) and the Economic Order Quantity
(EOQ) should be applied in order to handle the inventory effectively. These
facilitate control of inventory to ensure that it is within the right range, hence
minimizing the costs of storing the inventory and avoiding stock outs and/or
overstocking.

Six Sigma

Six Sigma is another method aimed at reducing variability in a production process
is a methodology focused on the use of data. It is a process of finding the defects
and removing them, avoiding any inconsistency in the manufacturing process and
achieving the required quality level of products.

Total Quality Management (TQM)

Total Quality Management (TQM) is defined as an organisational wide systematic

effort to improve the quality of the end product. They are all engaged in pursuing
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sustainable improvements in production and delivery systems that meet customer
needs while enhancing organization performance for organizational gains.
Kaizen
Kaizen is Japanese and can be interpreted in different ways, but the closest
translation would be ‘continuous improvement. © It is a concept of making small
advancements to the workflow. In this way, through the active participation of all
employees in the process of improvement of activity, Kaizen contributes to the
optimization of productivity in the production process.

e Example: Implementing Production Control Techniques
A car manufacturing company can use Gantt charts to plan for the production
process, CPM to determine the activities that are critical to the completion of the
production, PERT to evaluate the project duration, inventory control techniques to
help enhance inventories, Six Sigma to help in improving the quality, TQM to
involve all employees in the improvement process, and Kaizen to ensure continuous

improvement.

e Knowledge Check 2
State True or False.
1. Production planning is done before the production process begins. (True)
2. The Critical Path Method (CPM) is used to manage inventory levels. (False)
3. Gantt charts provide a graphical representation of the production schedule.
(True)
4. Kaizen focuses on making large, infrequent improvements in the production

process. (False)

e Outcome-Based Activity 2
Create a Gantt chart for a simple project, such as planning a small event or building

a model.

3.5 Summary
e Production control involves formulating and implementing a course of action aimed
at achieving the production goals of a manufacturing system by controlling the

production process to deliver the required output within a set time and cost.
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Production objectives may be defined as the process of working out what has to be
done in order to get the right amount of products off the production line at the right
time.

The efficient management of resources aims to prevent wastages efficiently, which
brings down the cost of production and ensures the quality of products so that they
are delivered on time and as expected by the customer.

Production planning is the process where forecasts, schedules, and resource
allocation are made before starting the production phase in order to plan for
manufacturing efficiently.

Production control also supervises the actual production process and changes that
are required when necessary to facilitate the implementation of production plans
and achieve the intended production goals.

A Gantt chart or Critical Path Management (CPM) are a project monitoring tool that
helps to identify the most vital activities that could potentially cause a delay in
production processes.

Methods like TQM, Six Sigma and Kaizen involve sustaining improvement,
increasing quality, and optimizing resources necessary for the overall functionality

of the manufacturing process.

3.6 Keywords

Production Control: A management process of deciding what work needs to be
done, how it will be done and how the results will be controlled.

Gantt Chart: A graphical display that represents the planned time for each task of
the project with reference to their start and finish.

Critical Path Method (CPM): A method used to determine the critical path that
outlines the activities necessary to take the minimum time to complete any project.
Total Quality Management (TQM): A management technique used to train all
employees of a company and to make gradual but continuous improvements in the
organisation’s business processes.

Kaizen: An ongoing process focused on adjusting small aspects of the

organisation’s procedures and involving all employees.
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3.7 Self-Assessment Questions

1.

What is production control, and why is it necessary in manufacturing?

2. Explain the key objectives of production control.

3. How does production planning differ from production control?

4.

5. What is the Critical Path Method (CPM), and how is it used to manage production

Describe the use of Gantt charts in production control.

schedules?
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Unit 4: Introduction to Manufacturing Systems

Learning Outcomes:

e Students will be able to define the classification of goods and services.

e Students will be able to explain the types of manufacturing systems.

e Students will be able to identify the characteristics of job production.

e Students will be able to compare batch production with mass production.

e Students will be able to evaluate hybrid manufacturing systems in modern

industries.

Structure:
4.1 Classification of Goods and Services
4.2 Types of Manufacturing Systems
4.2.1 Job Production
4.2.2 Batch Production
4.2.3 Continuous Manufacturing System
4.2.4 Mass Production
4.2.5 Process Production
e Knowledge Check 1
e Outcome-Based Activity 1
4.3 Hybrid Manufacturing Systems
e Knowledge Check 2
e QOutcome-Based Activity 2
4.4 Summary
4.5 Keywords
4.6 Self-Assessment Questions

4.7 References / Reference Reading
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4.1 Classification of Goods and Services
Understanding the categorization of goods and services in manufacturing is impossible
in any way. It helps business people strategically plan for production and improve their
production methods.
e Goods
Stocks refer to consumable products that can be easily touched, felt and even
physically stored on the business premises. They can be classified into two main
categories:
1. Consumer Goods: These are the products that an individual member of society
or the general public uses directly. They can be further divided into:
o Durable Goods: Products that have a rather long and useful life cycle,
including automobiles, home utensils, and furniture.
o Non-Durable Goods: Products that can be utilised once and have a short
lifespan, such as foods and drinks, and other household items like soaps.
2. Industrial Goods: These are factors that are consumed in the process of
manufacturing other goods or providing services. They include:
o Raw Materials: Items such as metals, timber, and chemicals are stills that
are used as basic manufacturing materials.
o Capital Goods: This a fixed asset that includes any machinery and
equipment used in the manufacturing of the product.
o Supplies and Services: Spare parts, which include oils and greases and all
other consumables, would help in the whole production process.
e Services
Service is defined as an activity or product offered that does not result in the
provider's ownership of the consumer or business. They can be classified into:
1. Consumer Services: These include trade services like health services, school
services, and media services.
2. Business Services: These are services that enable business operations, such as

consultancy, legal, publicity services, transportation, and storage services.
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4.2 Types of Manufacturing Systems
The processes and methods utilized to create a finished product are known as
manufacturing systems. Depending on the type of product, the quantity of units to be
produced, and the market demand, there are variations in the manufacturing systems.
4.2.1 Job Production
Job production, referred to as jobbing or one-operator manufacturing, is a production
process in which a single product is made right from the beginning to the end. Every
product is different, and the production of each one is frequently built in order to meet
the needs of the customer.
e Characteristics of Job Production:
o Customization: Each product is moulded to meet individual customer
specifications.
o Low Volume: Production is usually in small quantities, often single units.
o Skilled Labour: Requires highly skilled workers to handle the unique aspects
of each job.
o Flexibility: High degree of flexibility to accommodate various designs and
specifications.
o Examples:
o Custom furniture making.
o Specialised machinery fabrication.
o Handmade crafts and artworks.
4.2.2 Batch Production
Batch production means making products in lots or batches or making many products
at a single time. One ward passes through one operational process before the product
gets to the next ward.
e Characteristics of Batch Production:
o Moderate Volume: Items are made in sets comprised of several dozen to
several thousand similar products.
o Flexibility: Less standardized in contrast to mass production; they can produce
different products concurrently with a little alteration.
o Efficiency: Balances the need for customization with efficiency in production.
o Inventory: Requires careful inventory management to handle batch sizes and

production schedules.
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e Examples:
o Bakery items like bread and cakes.
o Pharmaceuticals where drugs are produced in batches.

o Clothing production with seasonal collections.

4.2.3 Continuous Manufacturing System
Continuous manufacturing or process manufacturing refers to a manufacturing strategy
in which the production process does not stop. It is normally associated with products
that need to be standardized or have a steady market demand.
e Characteristics of Continuous Manufacturing:
o High Volume: Produces large quantities of goods continuously.
o Standardization: Products are standardized with little to no variation.
o Automation: Highly automated processes to ensure consistency and efficiency.
o Cost Efficiency: Lower production costs due to economies of scale.
e Examples:
o Oil refining.
o Chemical production.
o Food processing like canning and bottling.
4.2.4 Mass Production
A style of production known as mass production involves producing a large number of
similar goods at the same time using assembly lines or automated technologies. This
method is ideal for products with high and consistent demand.
e Characteristics of Mass Production:
o Standardization: Products are identical with little variation.
o High Volume: Capable of producing large quantities rapidly.
o Efficiency: High levels of efficiency are brought about by the labour and
specialized equipment used.
o Lower Costs: Economies of scale lead to lower production costs per unit.
e Examples:
o Automobile manufacturing.
o Consumer electronics like smartphones and laptops.
o Household appliances.

4.2.5 Process Production
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By integrating raw materials or ingredients through a series of processes, process

production is a type of manufacturing process used to produce goods. It is commonly

used in industries where products are made by chemical, biochemical, or physical

transformation.

Characteristics of Process Production:

o Homogeneity: Produces products that are homogeneous and undifferentiated.

o Continuous Flow: Frequently involves a continuous flow of materials through
several processing stages.

o Automation: Highly automated to maintain consistent quality.

o Large Scale: Typically involves large-scale production to meet high demand.

Examples:

o Cement production.

o Beer brewing.

o Pharmaceuticals manufacturing.

Knowledge Check 1

Fill in the Blanks.

1. Consumer goods can be divided into two categories: goods, which
last for an extended period, and non-durable goods. (Durable)

2. Job production requires highly workers to handle the unique
aspects of each job. (skilled)

3. Batch production balances the need for customization with in
production. (Inefficiency)

4. Continuous manufacturing is typically used for products that require consistent

and are in high demand. (Quality)

Outcome-Based Activity 1
Identify a local business in your area and determine which type of manufacturing

system they use. Write a brief explanation of why you think they use this system.

4.3 Hybrid Manufacturing Systems

Hybrid manufacturing systems combine elements of different manufacturing processes

to create flexible and efficient production methods. These systems are designed to
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leverage the strengths of various manufacturing types to meet complex production

requirements.

e Types of Hybrid Manufacturing Systems:
1. Flexible Manufacturing System (FMS):

o

o

o

Combines elements of job and batch production.
Uses automated machinery and robotics to switch between different
products with minimal downtime.

Suitable for medium-volume production with some customization.

2. Lean Manufacturing:

@)

o

o

Integrates elements of mass production with continuous improvement
practices.
Focuses on minimizing waste and maximizing efficiency.

Employs just-in-time (JIT) production techniques to reduce inventory costs.

3. Computer-Integrated Manufacturing (CIM):

@)

o

o

Integrates computer systems to control the entire production process.
Combines elements of process and continuous manufacturing.
Enhances flexibility and efficiency through real-time data analysis and

control.

e Examples of Hybrid Systems:

o The automotive industry uses flexible manufacturing to produce different

models on the same assembly line.

o Electronics manufacturing combines lean practices with automated processes to

reduce waste and improve quality.

o Pharmaceutical companies use computer-integrated systems for precise control

over production processes.

e Knowledge Check 2

State True or False.

1. Hybrid manufacturing systems combine elements of different manufacturing

processes to create flexible and efficient production methods. (True)

2. Flexible Manufacturing System (FMS) is only suitable for high-volume

production with no customization. (False)
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3. Lean manufacturing focuses on minimizing waste and maximizing efficiency.
(True)
4. Computer-Integrated Manufacturing (CIM) integrates human workers to

control the entire production process without any automation. (False)

Outcome-Based Activity 2
Discuss in a group the advantages of hybrid manufacturing systems and how they

can be applied in a local industry.

4.4 Summary

Job production varies with good production, in which workers generate and sell
many similar final products. It usually involves specialization coupled with
flexibility.

They include physical objects that can further be categorized as personal or
household goods and capital or manufacturing goods.

Job production varies with good production, in which workers generate and sell
many similar final products. It usually involves specialization coupled with
flexibility.

The production process can also be classified in the following ways: batch
production. Through it, goods are made in large quantities to cater to the need for
customization and the rate at which production is done by making products in
batches for things like baked foods and clothing that are made for certain periods
like winter and summer collections.

Job production involves the linking of workers who are skilled in that they create
products which are different from the rest as they have a very high degree of
freedom when it comes to creating different designs.

This method is used where little production and high quality are desirable, such as
for custom furniture manufacturers, some machine producers, and craft industries.
This is used with very high quantity models, and it expects high uniformity in
quality, very little disruption and the organizational and production activities are

very integrated and automated.
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Production process refers to the act of compiling or blending components or
materials in some ways planned in industries requiring chemical, biochemical or
physical changes.

Manufacturing systems integration of different manufacturing styles minimizes
rigidness and enhances manufacturing flexibility through concepts such as Flexible

Manufacturing Systems- FMS and Lean manufacturing.

4.5 Keywords

Consumer Goods: Commonplace consumer goods are classified as durable and
nondurable consumer goods.

Job Production: A production system in which a product is completed in one
operation without mixing it with other products; a way of responding to individual
customer requirements.

Batch Production: Manufacturing items which can be done in lots or lots of similar
items that can be manufactured in large numbers of equal sets.

Continuous Manufacturing: A method of producing goods in which the process
is continuous and suitable for the high use of goods.

Hybrid Manufacturing System: It is the integration of more than one

manufacturing process in order to increase flexibility and productivity.

4.6 Self-Assessment Questions

1.

2
3.
4

What are the key differences between consumer goods and industrial goods?
Explain the characteristics and advantages of job production.

How does batch production balance the need for customization and efficiency?
Describe the continuous manufacturing system and provide examples of industries
that use this method.

Discuss the benefits of hybrid manufacturing systems in modern industries.
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Unit 5: Plant Location

Learning Outcomes:

e Students will be able to identify factors affecting plant location.

e Students will be able to perform quantitative analysis for plant location decisions.
e Students will be able to conduct qualitative analysis for plant location decisions.

e Students will be able to evaluate real-world case studies on plant location decisions.
e Students will be able to apply concepts learned to recommend suitable plant

locations.

Structure:
5.1 Factors Affecting Plant Location
5.2 Location Analysis
5.2.1 Quantitative Analysis
5.2.2 Qualitative Analysis
e Knowledge Check 1
e Outcome-Based Activity 1
5.3 Case Studies on Plant Location Decisions
e Knowledge Check 2
e Outcome-Based Activity 2
5.4 Summary
5.5 Keywords
5.6 Self-Assessment Questions

5.7 References / Reference Reading
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5.1 Factors Affecting Plant Location

Picking the appropriate location for a plant is often a strategic business venture because

it determines the productivity level of a plant and the financial health of an organization.

Various parameters determine this decision; these can be classified into first-order

parameters and second-order parameters.

e Primary Factors

©)

Availability of Raw Materials: A strategic location that keeps the supply of
raw materials means that the transportation cost will be low. It is an established
practice in industries like steel, cement, and sugar to be located nearest to raw
material sources so that transport costs do not shoot up.

Labour Supply: The cost of labour and availability are key factors that one has
to take into consideration. The firms need to decide if the local talent pool is
sufficient and if the wages offered meet their fiscal capabilities. For example,
textile industries must plan their operations in areas where they can get skilled
employees at reasonable prices.

Transportation and Infrastructure: Effective communication networks like
roads, railways, sea and air transport are important since they help transport the
raw materials and the final output. Major manufacturing industries, such as
automobile manufacturing, need to have good infrastructure for the distribution
of manufactured products.

Market Proximity: It also means reduced transport costs since most products
would be sourced close to the market, enabling faster delivery of the products
and a happier customer base. Industries that deal with perishable products like
dairy production and food processing would be favoured to be located close to
their markets.

Utilities and Amenities: Essentials such as electricity supply, water and/or gas
are important necessities that must be accessible. Also, services like wet systems
for waste management, telecommunication networks, and health care facilities

that enhance the workplace environment are also parts of infrastructures.

e Secondary Factors

©)

Environmental Impact: Concerning environmental issues, such regulations

and limiting the firm’s impact on the environment are crucial. Businesses have
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to assess the consequences of their activities on the environment and select sites
where they can meet these criteria.

o Government Policies: Local incentives include tax holidays, subsidies, and
reduced tariffs, all of which serve to enhance the attractiveness of the location.
Other factors that are also influential in the decision-making process include the
government’s policies on the protection of labour laws and environmental
legislation.

o Community Attitudes: The third factor that the Maruti plant has to consider is
the kind of reception that the locals have to the industry. Pleasing attitudes
toward the community could create support where they may hamper operations
due to the negative attitudes that they may portray.

o Land Cost and Availability: The cost of land and its availability may also
differ belt from area to area, and this is an important factor in the location
decision. There are consequences such as acquisition costs far away from
industries, development possibilities and future expansion opportunities.

o Climatic Conditions: Several sectors experience significant impacts from
climatic changes, notable among them being the agricultural sector and the food
processing sector. The chosen location should have a good climate for weather

that will suit the needs of the specific industry it is chosen to support.

5.2 Location Analysis

The process of location analysis defines how sites for a plant are evaluated. This process

is referred to as quantitative and qualitative, which have different methods for

approaching a problem and providing a solution.

5.2.1 Quantitative Analysis

Quantitative data involves the collection and comparison of numbers and other

mathematical data to evaluate multiple location possibilities. This approach is

especially beneficial for making decisions based on certain measurable criteria, as such

decisions are more likely to be non-biased.

o Cost Analysis: This involves considering all the costs likely to be incurred within
various possible sites, including land cost, infrastructure cost, transportation cost,
and utility costs, among others. The main goal is to help the organization reduce the

total costs incurred while keeping the operations running.
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o Break-Even Analysis: This technique establishes the number of units that have to
be produced in each place to cater for costs and ensure that the firm is profitable.
They assist in making a comparison of the probable returns of the various sites.

o Factor Rating Method: In this method, one must assess the determinant factors
that influence the location of the plan and then provide a score to each plan based
on the level of effect. All these are assigned scores for that particular location, and
the scores are then further multiplied with the weighting factors to get the total
score. The area that achieves the highest rank is considered the most suitable
location.

o Centre of Gravity Method: The objective of this method is to locate a point that
is equally far from the source of raw materials, the plant, and the market in order to
reduce transport costs. Finally, the optimal location is defined as the average of
these points based on weights given to the locations of selected points.

o Linear Programming: It involves the solution of mathematical models with
restrictions and an objective function. Linear programming allows us to optimise

the use of resources and identify the right location.

5.2.2 Qualitative Analysis

Qualitative analysis is about the assessment of samples in aspects other than quantities.

As it concentrates on aspects that are hard to quantify yet valuable for evaluation, it is

also helpful in the decision-making process.

o SWOT Analysis: This means that it involves the assessment of the potential
development in terms of the strengths, weaknesses, opportunities and threats in the
identified locations. They help in assessing the more generalized influence of the
chosen location on the business.

o Delphi Method: This is done by inviting experts who will give their views and
recommendations about different sites. The feedback received is then evaluated to
determine the best location from an expert’s perspective.

o PEST Analysis: This method looks at the political, economic, social, and
technological environment that might affect the business in the area. It helps in
managing the external environment and how it could influence the industry.

o Multi-Criteria Decision Analysis (MCDA): This involves the assessment of more

than one criterion and then using decision-making techniques to order the places

46



within that criterion. This view provides a framework for examining numerous
considerations.

o Scenario Analysis: In this technique, areas are designed based on certain future
activities, and they are analyzed to determine how each place would perform under
these conditions. It plays a significant role in evaluating the sustainability and costs

related to each site.

e Knowledge Check 1

Fill in the Blanks.

1. The of raw materials can significantly reduce transportation costs
and ensure a steady supply for the plant. (Scarcity)

2. Reliable access to , such as electricity, water, and gas, is essential
for plant operations. (Utilities)

3. Quantitative analysis uses data and mathematical models to assess
different location options. (Numerical)

4. The method involves evaluating the strengths, weaknesses,

opportunities, and threats associated with each potential location. (SWOT)

¢ Outcome-Based Activity 1
Conduct a brief survey of local businesses to identify the most critical factors they
considered when choosing their plant location. Prepare a short report summarising

your findings.

5.3 Case Studies on Plant Location Decisions

This knowledge demonstrates real-life applications of plant location decisions through

case studies. It narrows down to the practical application of the theoretical materials,

where it shows how it is done and the problems faced and solved in the process.

e Case Study 1: Tata Motors' Sanand Plant
A decision was to be made about the location of the new manufacturing plant for
the Tata Nano, which is a subsidiary of Tata Motors, one of India’s leading
automobile manufacturers. After careful consideration, Tata Motors identified
Gujarat, particularly Sanand, as the location for setting up the plant. Several factors

influenced the decision:
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o Proximity to Market: Sanand is very strategic because, relative to other
markets in western India, it is well positioned in terms of vehicle distribution.

o Government Support: The incentives offered by the Gujarat government, such
as tax exemptions and approval for industrial land acquisition, also made
Sanand preferable.

o Infrastructure: Sanand had very good connectivity with well-developed
transport facilities such as roads, railway connectivity and a port, which was
helpful in transportation.

o Labour Availability: Another advantage mentioned was that the region’s
labour market provided a pool of qualified employees at reasonable prices for
the plant.

o Community Relations: The project received favourable reception from the
local community and the government, paving the way for a better establishment
of the project.

The Sanand plant has subsequently turned into one of Tata Motors' key

production plans, proving the effectiveness of their location research.

Case Study 2: Coca-Cola’s Plachimada Plant

A case study may be made of the Coca-Cola plan to locate in Plachimada, Kerala.

The site was primarily selected based on the presence of a groundwater source,

which is required for the production of drinks. However, the decision faced

significant challenges:

o Environmental Concerns: Some of the key local concerns include water tables
that have been exploited and many cases of water pollution, which have sparked
many protests and court cases. Such issues showed the necessity of the influence
of environmental factors in its selection.

o Community Relations: The local population had a negative attitude towards
the plant and boycotted products from the plant, making operations very
difficult and causing the closure of the plant.

o Regulatory Challenges: The company encountered three main problems: its
relations with the regulatory authorities and its conflicts with local authorities.
This case reflects the need for a straight and thorough evaluation of the plant

location, taking into consideration the strictures and the community.
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Knowledge Check 2

State True or False.

1. Tata Motors chose Sanand in Gujarat for its plant due to its poor infrastructure.
(False)

2. Community relations can significantly impact the success of a plant location
decision. (True)

3. Coca-Cola’s plant in Plachimada faced challenges due to groundwater depletion
and pollution concerns. (True)

4. Tata Motors did not consider government support to be a factor in choosing the

Sanand plant location. (False)

Outcome-Based Activity 2
Analyse a failed plant location decision from any industry and suggest alternative

locations that could have been better, considering the factors discussed in the unit.

5.4 Summary

Plant location decisions are influenced by primary factors such as the availability
of raw materials, labour supply, transportation, and market proximity, which
directly impact operational efficiency and costs.

Secondary factors, including environmental impact, government policies,
community attitudes, land cost, and climatic conditions, also play a crucial role in
ensuring long-term throughbility and compliance with regulations.

Location analysis involves using quantitative methods like cost analysis, break-
even analysis, factor rating, centre of gravity, and linear programming to make
objective, data-driven decisions.

Qualitative analysis includes SWOT, Delphi, PEST, MCDA, and scenario analysis,
which incorporate expert opinions, external environmental factors, and potential
future scenarios to complement quantitative assessments.

Tata Motors' Sanand plant exemplifies a successful location decision influenced by
market proximity, government support, infrastructure, labour availability, and

positive community relations.
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The case of Coca-Cola, the Plachimada plant, serves as a brilliant example that
reflects several of the issues associated with the consumption of water in a

community and potential environmental obstacles and regulation setbacks.

5.5 Keywords

Raw Materials: Raw materials may be procured from local suppliers, reduce
transportation expenses and ensure availability.

Labour Supply: A pool of skilled and unskilled manpower at reasonable prices,
which is essential for the smooth functioning of the plants.

Quantitative Analysis: Employment of numerical data, especially the
mathematical models, with the purpose of the objective assessment of possible plant
locations.

SWOT Analysis: A method of evaluation based on factors that are strong, weak, or
potential threats to the possible sites for a plant.

Environmental Impact: Impacts of the operations of the plant on the environment,
which have to be negligible to meet set statutory requirements and expectations of

individuals and society.

5.6 Self-Assessment Questions

1.

2
3
4.
5

What are the primary factors that influence the decision of plant location?

How does the availability of raw materials affect plant location decisions?
Explain the importance of labour supply in selecting a plant location.

Describe the role of transportation and infrastructure in plant location decisions.

How do government policies and incentives influence plant location choices?
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Unit 6: Plant Layout

Learning Outcomes:

e Students will be able to define plant layout.

e Students will be able to identify the objectives of plant layout.

e Students will be able to explain the features of an effective layout.

e Students will be able to distinguish between different types of layouts.

e Students will be able to apply layout planning tools and techniques.

Structure:
6.1 Meaning and Definition of Plant Layout
6.2 Objectives of Plant Layout
6.3 Features of an Effective Layout
e Knowledge Check 1
e Outcome-Based Activity 1
6.4 Types of Layouts
6.5 Production Process Layout
6.6 Layout Planning Tools and Techniques
o Knowledge Check 2
e Outcome-Based Activity 2
6.7 Summary
6.8 Keywords
6.9 Self-Assessment Questions

6.10 References / Reference Reading
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6.1 Meaning and Definition of Plant Layout

They include the place or location of fixed installation, including machinery,
equipment, and furniture, as well as the arrangement of the departments or work areas
within the plant. It refers to the planning and management of these facilities for the
purpose of achieving efficient production as well as efficient use of the resources. It is
aimed at simplifying the work process, decreasing expenditures on the creation of
products, and increasing production activity.

Definition: Plant Layout refers to the orderly positioning of tangible factors like
machines, equipment, furniture, workstations, and others that are constructed in a
manufacturing plant. It seeks to establish a smooth and efficient flowing organisational

structure and to balance costs against the usage of resources wherever possible.

6.2 Objectives of Plant Layout

The objective of plant layout mainly focuses on the right utilisation of resources that

facilitate smooth operation on a production line. These objectives can be broadly

categorized into the following:

o Efficient Utilisation of Space: Efficiency in the utilisation of available space to
reduce space wastage and enhance effective workflow.

e Minimising Material Handling Costs: Minimizing the transportation of goods,
materials and products from one location to another to cut on handling costs and
time.

e Enhancing Safety and Comfort: Designing the work environment to enhance
organizational health to include the physical, mental, and social health of the
employee.

e Flexibility for Future Changes: Creating a floor plan that can be altered to
accommodate future changes to the layout design, processes or products on the
production line.

e Improving Productivity: Reporting and analytics to improve productivity by
creating efficiency and minimizing the time spent on manufacturing a specific

product.
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6.3 Features of an Effective Layout

An effective plant layout possesses several key features that contribute to the smooth

and efficient operation of the manufacturing process:

Smooth Workflow: The layout should ensure that it is easy to have the flow of
materials and products go from one stage of production to another without
interruption.

Optimised Space Utilisation: Appropriate layouts of spaces so that all available
spaces will be utilised appropriately without overcrowding or underutilisation.
Safety and Ergonomics: Measures to increase safety for the employees and
incorporate ergonomics into the design to minimize the risk of injury and to reduce
discomfort.

Flexibility: The flexibility of operating in a fast-changing environment and the
efficiency in responding to changes in production processes, product portfolio and
technologies.

Ease of Supervision and Maintenance: The arrangements must afford a controlled
vision of the processes as well as permit convenience, particularly in service and

repair.

Knowledge Check 1

Fill in the Blanks.

1. Plant layout refers to the arrangement of physical facilities within a
manufacturing plant. (Systematic)

2. One of the main objectives of plant layout is to maximise the use of available

. (resources)

3. An effective plant layout should ensure a smooth of materials and
products through various stages of production. (Flow)

4. In a product layout, equipment and workstations are arranged in a

sequence according to the steps involved in the production process. (Linear)

Outcome-Based Activity 1

Draw a simple flowchart of a production process and label the key steps involved.
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6.4 Types of Layouts

The characteristics of the production process and the requirements of the manufacturing

establishment plant layouts may be grouped into several categories. The main types of

layouts are:

Product Layout (Line Layout):

o

o

In a product layout, tools and operating positions are placed consecutively in a
line to complete all processes of production.

This layout is recommended for large-scale production of one product or a few
goods only.

It ensures a smooth and continuous flow of work, reducing material handling
and production time.

Example: Assembly lines in automobile manufacturing.

Process Layout (Functional Layout):

o

Similar types of workstations and equipment are placed together according to
their roles in a process layout.

This layout is suitable for facilities producing a variety of products in small
batches.

It offers versatility in managing various forms of products but may require more
time spent in moving materials around and increased time taken in processing
them.

Example: New working with machines that are structured in a way that multiple

machines are integrated.

Fixed Position Layout:

o A fixed position layout can be defined as a manufacturing layout where the
product is fixed in one location while workers, materials, and equipment are
moved to the location of the product.

o This layout is usually applied where products are heavy, large, or bulky to
exercise.

o It can be more adaptive and personal but may take serious planning and
organisation.

o Example: Indeed, it may be for shipbuilding or construction projects.

Cellular Layout:
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(@]

In cellular layout, work stations are grouped in cells so that each cell can be
responsible for the production of products that may require similar processing.
This type of layout has been proven to be a combination of product layout and
process layout.

It eliminates or at least minimizes material handling time, the time required for
setup, and the time spent on WIP inventory.

Example: Manufacturing cells for the production of electronics assemblies.

Combination Layout:

(@]

In a combination layout, the formats of the various layout types are used
sequentially or interchangeably to meet the needs of production.

This layout offers the advantages of several layout types and can effectively
serve complex production lines.

Example: A plant with multiple products assembled on the line but also using

specific process areas.

6.5 Production Process Layout

It aims to organize resources most efficiently in the production of either goods or

services. This layout type takes into account certain production processes and

movement of material as well as information. It involves the following steps:

Identifying Process Requirements:

o Recognizing the procedures in the production line and the machines that are
used in the various procedures.

o Evaluating the quantity and diverse types of products to find out the layout
typology.

Designing the Workflow:

o Developing the series of operations that will enable the proper planning of the
flow of materials and products.

o Disregarding time through reduction of time barriers or constraints in an
organization.

Allocating Space:

o Identifying the correct proportions for each of the workstations, tools, and

storage sections.
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o The space should be properly used, and there should be enough space for
movement and safety for everybody.
e Implementing Safety Measures:
o The presence of features that might help to address potential safety issues,
including emergency exits, fire fighting equipment, and barriers.
o Adhering to the safety laws and measures regulating the format of the layout.
e Evaluating and Optimising:
o Concerned with the ongoing supervision of the layout in order to find more
effective strategies.
o Adjusting where and how to work for improvement in efficiency and work

output.

6.6 Layout Planning Tools and Techniques

A number of methods and methodologies are used in layout planning to create and
assess the plant layout. These tools are effective for visualising, analyzing and selecting
the layout of facilities. Some common layout planning tools and techniques include:

e Flowcharts:

o Several diagrams, known as flow charts, are used to show the whole process in
the production line.

o They assist in the process of determining the direction of the material and
information flow to enable one to identify constraints or inefficiencies.

¢ Block Diagrams:

o Inblock diagrams, outline the layout and demonstrate where one department is
located compared to another department or the workstations it is expected to
perform.

o They give an insight into the layout of the work area and are useful in evaluating
space adaptation and workflow.

e Computer-Aided Design (CAD):

o The purpose of CAD software is to develop precise and accurate layouts, which
make planning efficient and help with visualization.

o It facilitates making changes and trying out various layout options to find the
best solution.

e Process Flow Analysis:
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o A system for documenting the flow of all material and information through the
production process is known as process flow analysis.
o That way, it is possible to discover waste, minimize materials flow, and enhance
the flow of goods.
e Systematic Layout Planning (SLP):
o SLPis an organized procedure of layout planning, where the planning of layouts
is done using a set of instructions.
o It involves the formation of goals and objectives, collection of information,
generation of layouts and choice of the preferred one.
e Load-Distance Analysis:
o Load-distance analysis is used to assess the transport of objects and goods along
the layout.
o It determines the overall distance covered and costs incurred in handling

materials and reducing material transport.

e Knowledge Check 2

State True or False.

1. In a process layout, similar types of equipment and workstations are grouped
together based on their functions. (True)

2. A fixed position layout is suitable for the mass production of small, lightweight
products. (False)

3. Load-distance analysis evaluates the movement of materials and products
within the layout. (True)

4. Block diagrams provide a detailed and accurate layout of the entire plant. (False)

e Outcome-Based Activity 2
Create a block diagram of a hypothetical plant layout and indicate the positions of

different departments.
6.7 Summary

e Manufacturing layout refers to the planned and systematic arrangement of physical

structures like machinery, equipment, and workspace in a manufacturing plant. Its
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overall objective is to automate the processes to increase efficiency, thus
minimizing cost and time spent on the production process.

Plant layout means how materials and products flow through the factory and if the
flow is convenient without obstruction, yet the use of space is efficient without
overcrowding. The issues of safety and ergonomics are also a focus to protect the
labourers and enhance productivity as well.

Product layout, ideal for the assembly line, organizes equipment along a straight
line, and workflow flows flawlessly from one piece of equipment to the next.
Process layout organizes tasks with similar functions in a single area to allow for
flexibility between different products, but this may increase the distance materials
travel.

Fixed position layout means the product remains in one location while resources
move towards it; it is best used for massive or bulky products. A combination layout
is an integration of both the cellular and other types that meet certain production
requirements.

The production process layout aims to position the resources in order to make the
products, taking into consideration the steps of production and the movement of the
materials. It involves defining process needs and procedural work that must be done
efficiently.

Such measures as determining how much space to devote, how to put in safety
measures, and how to assess the plan repeatedly are essential. It also makes certain
that the location of activities maintains the right organization, safety standards, and
flexibility in response to changes in production requirements.

Flowcharts and block diagrams are necessary for a visual representation of
production lines and for analyzing the problems occurring in processes so as to
determine inefficiencies and other issues. Computer-aided design (CAD) planning
enables accurate placement and arrangement of parts with flexibility in case of any
changes.

Some methods are used to design layouts and assess layouts, and these are
Systematic Layout Planning (SLP) and load-distance analysis, through which
material handling and transportation costs can be reduced as well as the flow and

efficiency improved.
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6.8 Keywords

Plant Layout: The orderly and planned arrangement of the building and the
structure in a manufacturing plant.

Product Layout: A configuration where equipment and workstations are aligned
in a single row or a progressive row of rows.

Process Layout: An arrangement where similar types of equipment and
workstations are stored and/or located together depending on the functions they are
to perform.

Fixed Position Layout: A built environment in which the product is fixed and the
resources being used are moved around to the fixed location.

Systematic Layout Planning (SLP): A systematic programme of layout
organisation in which layouts are systematically appraised and created in a

sequential manner.

6.9 Self-Assessment Questions

1.

2
3
4.
5

Define plant layout and its significance in manufacturing.

What are the main objectives of an effective plant layout?

Describe the key features of an effective plant layout.

Compare and contrast product layout and process layout with examples.

What are the steps involved in designing a production process layout?
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Unit 7: Work Study

Learning Outcomes:

Students will be able to define techniques of method study.

Students will be able to explain the meaning and importance of work-study.
Students will be able to illustrate the use of process charts.

Students will be able to demonstrate the application of work sampling.

Students will be able to analyse time and motion study techniques.

Structure:
7.1 Techniques of Method Study
7.2 Meaning and Importance of Work Study
e Knowledge Check 1
e Outcome-Based Activity 1
7.3 Process Charts
7.4 Work Sampling
7.5 Time and Motion Study
e Knowledge Check 2
e QOutcome-Based Activity 2
7.6 Summary
7.7 Keywords
7.8 Seltf-Assessment Questions
7.9 References / Reference Reading
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7.1 Techniques of Method Study
Method study, also known as methods engineering or work simplification, is a
systematic approach to improving efficiency in work processes. It involves
critically examining current methods and finding better alternatives to accomplish
tasks. The goal is to increase productivity, reduce costs, and enhance quality.

e Steps in Method Study
The steps in the method study include:

o Select the Work: Choose a specific task or process that requires improvement.

o Record the Method: Document the current method using various recording
techniques like charts and diagrams.

o Examine the Method: Analyse the recorded method to identify inefficiencies.

o Develop a Better Method: Propose and develop a more efficient method.

o Install the New Method: Implement the new method in the workplace.

o Maintain the New Method: Ensure the new method is maintained and
improvements are sustained.

¢ Recording Techniques

Recording techniques are crucial in method study as they help visualise the work

processes. Some common techniques include:

o Flow Process Charts: These charts depict the sequence of activities in a
process.

o Operation Charts: Show the sequence of operations and inspections in a
manufacturing process.

o Two-Handed Process Charts: These are used for tasks performed by both

hands of a worker, highlighting the coordination between them.
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7.2 Meaning and Importance of Work Study

Definition of Work Study

Work study is a combination of method study and work measurement. It is

concerned with the examination of human work to improve efficiency and

productivity. Work study aims to achieve the best possible use of resources,

including labour, materials, and machinery.

Importance of Work Study

The importance of work-study lies in its ability to enhance productivity and

efficiency. Here are some key reasons why work-study is essential:

o Increases Productivity: By optimising methods and reducing waste, work-
study significantly increases productivity.

o Reduces Costs: Improved methods and efficient use of resources lead to cost
reductions.

o Enhances Quality: Streamlined processes contribute to higher-quality output.

o Improves Worker Safety: Identifying and eliminating hazardous methods
enhances workplace safety.

o Boosts Employee Morale: Efficient work methods reduce fatigue and
frustration, leading to higher job satisfaction.

Objectives of Work Study

The primary objectives of work study include:

o Improve Work Methods: Streamline processes to make them more efficient.

o Reduce Work Effort: Minimise physical and mental strain on workers.

o Increase Output: Achieve higher production rates.

o Improve Quality: Enhance the quality of products or services.

Knowledge Check 1

Fill in the Blanks.

1. Method study involves critically examining current methods and finding better
alternatives to tasks. (accomplishing)

2. The steps in method study typically include selecting the work, recording the
method, examining the method, developing a better method, installing the new

method, and the new method. (maintaining)
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3. Work study is a combination of method study and measurement.
(work)
4. One of the primary objectives of work study is to improve work to

make them more efficient. (methods)

Outcome-Based Activity 1
Observe a simple task at home or college (e.g., preparing a sandwich or organizing
books) and list the steps involved. Identify one step that could be improved for

better efficiency.

7.3 Process Charts

Definition and Types of Process Charts

Process charts are graphical tools used to represent the sequence of activities in a

process. They help understand and analyse the workflow. There are several types of

process charts, including:

o Flow Process Charts: Detail the steps in a process, highlighting the flow of
materials and information.

o Operation Process Charts: Focus on the sequence of operations and
inspections.

o Two-Handed Process Charts: Show the activities of both hands of a worker
performing a task.

Flow Process Chart

A flow process chart is a detailed chart depicting the steps in a process using

symbols to represent operations, inspections, storage, delays, and transportation. It

helps identify inefficiencies and areas for improvement.

Example of a Flow Process Chart

Consider a manufacturing process for assembling a bicycle. The flow process chart

would include symbols for operations like cutting, welding, painting, and

inspections at various stages. By analysing this chart, inefficiencies such as

unnecessary transportation or delays can be identified and eliminated.

Benefits of Process Charts

Process charts offer several benefits, including:

o Visualisation of Processes: Makes workflows easy to understand and analyse.
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o Identification of Inefficiencies: Helps in spotting redundant or unnecessary
steps.

o Standardisation of Methods: Facilitates the standardisation of work methods.

o Improvement Opportunities: Highlights areas where improvements can be

made.

7.4 Work Sampling

Definition of Work Sampling

Work sampling represents a technique of quantifying occupied time on particular

tasks/activities. This means that it is conducted on samples of observation made at

instant intervals in a given time and then calculated to see how time fraction is used.

Purpose of Work Sampling

Work sampling is essential in giving the probability of what time is spent in a

working environment. In this way, it assists in determining activities that do not

contribute to time utility and other activities that could better be utilized.

Steps in Work Sampling

The steps involved in work sampling include:

o Define the Scope: Determine the activities to be observed.

o Design the Study: Plan the number and timing of observations.

o Conduct Observations: Collect data through random observations.

o Analyse Data: Analyse the collected data to determine the time distribution
among activities.

o Report Findings: Report the outcomes and suggest the enhancements.

Example of Work Sampling

The application of work sampling in a call centre could involve ascertaining how

much time the agents spend on the telephone, paperwork, or simply relaxing. From

this information, management can categorize and recognize problems that hinder

productivity, thus allowing solutions to be made.

7.5 Time and Motion Study

Definition of Time and Motion Study
Time and motion study is the process of measuring the time taken to duration of

doing certain tasks. It involves planning each activity into manageable parts,
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measuring the time required to complete each component and identifying the best

ways of completing these parts.

Objectives of Time and Motion Study

The main objectives of time and motion study include:

o Determine Standard Times: Mainly adopted to provide the standard times so
as to set benchmarks for performance.

o Identify Inefficiencies: Point out the drawbacks in terms of employing certain
methods and provide recommendations for enhancing their effectiveness.

o Improve Methods: Develop more efficient methods for performing tasks.

o Enhance Productivity: Increase overall productivity by optimising work
processes.

Steps in Time and Motion Study

The steps involved in time and motion study include:

o Select the Task: Choose a task that needs improvement.

o Break Down the Task: Divide the task into smaller components.

o Time the Task: Measure the time taken for each component.

o Analyse the Data: Analyse the recorded times to identify inefficiencies.

o Develop Improved Methods: Propose more efficient methods for performing
the task.

o Implement and Maintain: Implement the improved methods and ensure they
are maintained.

Example of Time and Motion Study

Take, for example, the packing of the products in a factory as the activity. The task

may include actions like collecting the product, packing it, sealing the box, and even

writing a label for it. This has the effect that by measuring each component,

movements and delays which are not essential can be identified and thus removed.

Benefits of Time and Motion Study

Time and motion study offers several benefits, including:

o Increased Efficiency: As a benefit, it helps in identifying more efficient work
methods.

o Improved Productivity: Bring about the increase in productivity since it helps
in the optimization of tasks.

o Cost Reduction: Reduces costs by eliminating waste and inefficiencies.
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o Standardisation: Establishes standard times and methods for tasks.

Knowledge Check 2

State True or False.

1. Process charts are used to represent the sequence of activities in a process.
(True)

2. Work sampling involves timing each component of a task to improve efficiency.
(False)

3. The main objective of time and motion study is to reduce costs by eliminating
inefficiencies. (True)

4. Flow process charts do not help identify inefficiencies in a process. (False)

Outcome-Based Activity 2
Create a flow process chart for a routine task you perform daily, such as brushing
your teeth or getting ready for class, and identify at least one inefficiency in the

Process.

7.6 Summary

Method study involves systematically examining current methods and developing
better alternatives to increase productivity and efficiency. It includes selecting,
recording, examining, and developing improved methods for tasks.

Common recording techniques used in method study include flow process charts,
operation charts, and two-handed process charts, which help visualise and analyse
work processes to identify inefficiencies.

Work study combines method study and work measurement to improve productivity
by optimising the use of resources like labour, materials, and machinery. It aims to
achieve the best possible performance in various tasks.

Work study is important because it focuses on such objectives as the enhancement
of performance, automation or minimization of cost, improvement in quality, and
safety measures for workers. It also keeps the employees motivated because stresses
arising from work overload and job dissatisfaction are minimized.

Process charts are diagrams which depict the chronological flow of activities within

a focus process to help regain an understanding of the workings of the process.
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There are also several types commonly used, such as the flow process chart,
operation chart, and two-handed process chart.

Direct process charts represent operations, inspection, storage, delay, and
transportation, with symbols offering a detailed representation of a process. They
use full identification of the activities that are not so necessary to an activity.

Work sampling is a process of collecting timed samples to estimate the proportion
of time that is usually spent working on activities. It enables one to eliminate
activities that are not goal-oriented and an effective way to manage time.

Some of the steps involved in work sampling are the development of the plan,
implementation plan, observation, data analysis, and lastly, writing the report. It
offers a clear picture of how time is managed at the workplace with regard to
employees.

Time and motion study is the process of using timing and chronological analysis to
determine various activities to offer the shortest duration a task can be completed.
It helps in setting usual measures and optimizes work procedures.

The overall goals include identifying standard time, establishing washed time,
finding out about more efficient techniques, and increasing effectiveness. There are
steps such as identification of the task, fragmentation of the task, setting of time
limits to each segment, data analysis, and improving upon the results achieved as

per the time limits.

7.7 Keywords

Method Study: A business technique used practically to study and enhance the
effectiveness of current procedures.

Work Study: Organizational development procedures that integrate method study
and work measurement with the purpose of increasing productivity.

Flow Process Chart: A chart that gives a step-by-step description of how a process
flows by making use of symbols to represent operations, inspections, storage, delays
and transportation.

Work Sampling: A data collection method that employs randomness in a bid to
determine the probable time allocated to various activities.

Time and Motion Study: An organized approach to evaluate the duration spent on

a particular task and cut out wasted time.
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7.8 Self-Assessment Questions

1.

What are the main steps involved in method study?

. Explain the importance of work study in a manufacturing setup.

2
3. Describe the different types of process charts and their applications.
4.
5

What is work sampling, and how is it used to improve productivity?

. Discuss the objectives and benefits of time and motion study.
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Unit 8: Routing and Scheduling

Learning Outcomes:

e Students will be able to define routing and explain its importance in production and
logistics.

e Students will be able to identify and describe various scheduling techniques.

e Students will be able to explain the significance of scheduling in the production
process.

e Students will be able to apply advanced scheduling techniques in practical

scenarios.

Structure:
8.1 Definition and Importance of Routing
8.2 Techniques of Scheduling
e Knowledge Check 1
e Outcome-Based Activity 1
8.3 Importance of Scheduling in Production
8.4 Advanced Scheduling Techniques
e Knowledge Check 2
e Outcome-Based Activity 2
8.5 Summary
8.6 Keywords
8.7 Self-Assessment Questions

8.8 References / Reference Reading
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8.1 Definition and Importance of Routing

Both routing and scheduling are considered valuable factors in controlling the

production and flow of products. Good routing means that materials and services should

be provided in a proper manner, and good scheduling means resources should be

properly utilized. These areas will include definitions, techniques, and business

relevance of routing and scheduling to ensure that the concepts are well understood by

a typical undergraduate student majoring in business administration.

Definition of Routing

Transportation can be explained as the planning, development and coordination of

the logistics structure that guides the transportation process from the provider to the

consumer. It covers issues like the choice of routes, which are characterized by the
least costs, shortest duration and optimal resource utilization.

Importance of Routing

Routing, being an essential component of logistics and supply chain management,

is important in operations. Its importance can be highlighted through several key

points:

o Cost Reduction: Effective routing helps in saving expenses associated with
transport by choosing the most appropriate or shortest routes.

o Time Management: This means that when the goods are being delivered, they
have to reach the consumer on time, which is made possible by proper routing.

o Resource Utilization: Route optimization provides ways to improve the use of
vehicles and other equipment and thus increase efficiency.

o Environmental Impact: Another benefit is that proper routing may also help
indirectly decrease the negative effects, such as using less fuel and emitting
fewer gases.

Examples of Routing in Industry

Considering Indian industries, giants like Flipkart and Amazon remain highly

dependent on effective routing services because of their extensive delivery

networks. With these algorithms, companies are able to help their customers obtain
products from one part of the country to another in the shortest time possible and at

lower prices.
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8.2 Techniques of Scheduling

Scheduling is another planning activity that involves the allocation of various tasks to

resources and an identification of which task should be executed before the other.

Scheduling can be of three types depending on the methods used. These include:

Gantt Charts

Gantt charts are one of the most used scheduling tools known for offering a
graphical representation of the production schedule. They assist in the monitoring
of tasks in order to determine the causes of any time loss. Each task is depicted here
as a bar, and the length of the bar is directly proportional to the time estimate for
that particular task.

Critical Path Method (CPM)

The critical path method is a tool that aims to determine the longest series of events
that take the longest time in project planning. From the critical path, managers and
administrators know the most important tasks to address in order for the project to
be completed on time.

Program Evaluation and Review Technique (PERT)

PERT is an acronym for Programme Evaluation Review Technique, and it is a
statistical tool used to outline the activities involved in the completion of a project.
It helps in determining the minimum time in which the project will be done by
taking into account factors that cause differences in the time of completion for
activities.

Just-In-Time (JIT) Scheduling

JIT scheduling refers to the lean production system that requires the production of
goods to be done at the time of demand. The approach is useful in cutting costs
since it ensures that only the required number of products are manufactured.
Examples of Scheduling Techniques in Industry

Looking at the manufacturing industry in India, especially auto-mobile industries,
Tata Motors Limited and Mahindra & Mahindra have incorporated various
scheduling techniques into their manufacturing systems. Through such tools as the
Gantt chart and CPM, these companies will be in a position to streamline their
production schedules and enhance their delivery of vehicles to the market as and

when required.

72



Knowledge Check 1

Fill in the Blanks.

1. Routing refers to the process of determining the optimal path for the
transportation of goods and services from the point of origin to the point of

. (Origin)

2. Efficient routing helps in minimizing costs by selecting the shortest
and most cost-effective routes. (production)

3. Gantt charts are a popular scheduling tool that provides a visual representation
of the schedule. (production)

4. The Critical Path Method is a project management technique used to identify

the sequence of tasks that determine the project’s . (duration)

Outcome-Based Activity 1
Create a simple Gantt chart for a three-day project, listing at least five tasks with

their start and end times.

8.3 Importance of Scheduling in Production

In this process, scheduling is important to maintain a stable flow of work processes in

factories. Its importance can be understood through several key aspects:

Optimizing Resource Allocation

Scheduling enables efficiency when it comes to resource usage, including the
machines to be used, labour, and even materials. This results in enhanced production
rates as well as a decrease in material use and costs of operation.

Meeting Deadlines

Proper scheduling helps guarantee that production schedules are achieved. This is
important when it comes to satisfying the customers and creating a competitive
reputation in the market.

Reducing Bottlenecks

Scheduling enables one to realize cases where two or more production points cause
undue pressure and intervention to balance them so that they don’t slow down the
flow. This analysis leads to enhanced efficiency and minimised time that is not

productively utilised.
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Enhancing Quality

Through proper planning and scheduling, activities can be sequenced in a way that
simultaneously enhances quality within companies. This assists in checking higher
levels of production of faulty products and failure to meet consumers’ expectations.
Examples of Scheduling Importance in Industry

In the pharmaceutical industry, companies like Cipla and Dr. Reddy’s Labouratories
apply advanced scheduling techniques to treat production cycles. These companies
can satisfy the vital healthcare demands of their customers by maintaining proper

production and supply of medicines.

8.4 Advanced Scheduling Techniques

There are various forms of advanced scheduling which integrate the current software

and strategies to improve the optimal production of schedules.

Computer-Aided Scheduling

Computer-aided scheduling is defined as the application for scheduling and the
utilization of software for this purpose. These tools reflect the capacity to schedule
for the specific needs of clients and show updates in real time.

Heuristic Methods

Heuristic methods involve approximations or making guesses in relation to
numerous studies so as to try to solve scheduling issues. They are applicable in a
situation that involves more complexity and dynamic scheduling.

Genetic Algorithms

Genetic algorithms are particularly used in optimization problems in the class of
evolutionary algorithms. To arrive at an optimal schedule, it matches natural
selection to sift through possible solutions to arrive at the best schedule.
Simulation-Based Scheduling

Simulation-based scheduling allows a company to create a computer model of the
production process in order to analyze various scheduling options. This is useful
when it comes to determining the best possible schedule for a given set of
constraints.

Real-Time Scheduling

74



Schedules can also refer to real-time schedules, which involve revising the
production schedule constantly using real-time data. This remains handy in coping
with shifting market demands, production capacity and other issues.

Examples of Advanced Scheduling Techniques in Industry

Some companies from the aerospace sector, such as Hindustan Aeronautics
Limited, implemented an advanced planning system, which is essential for
scheduling manufacturing processes. Through the adaptation of computer-aided
scheduling and simulation-based methodologies, these companies can meet the

right quality aircraft requirements on time..

Knowledge Check 2

State True or False.

1. Proper scheduling ensures that production tasks are completed on time, which
is crucial for meeting customer deadlines. (True)

2. By scheduling tasks in a logical and efficient sequence, companies can maintain
low-quality standards in their production processes. (False)

3. Genetic algorithms mimic the process of natural selection to find the best
scheduling solutions by generating and evaluating multiple schedules. (True)

4. Just-in-time scheduling increases inventory levels by producing goods well in

advance of demand. (False)

Outcome-Based Activity 2
Identify a real-life example where Just-In-Time scheduling is used and discuss its

benefits.

8.5 Summary

Routing refers to determining the optimal path for transporting goods from origin
to consumption, aiming to minimize costs and time while maximizing resource
efficiency. It plays a crucial role in logistics by ensuring timely deliveries and
reducing environmental impact through efficient route selection.

In Indian industries, companies like Flipkart and Amazon use advanced routing
algorithms to manage vast delivery networks, ensuring quick and cost-effective

deliveries thereby maintaining high customer satisfaction.
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Scheduling involves planning and controlling the production process by assigning
tasks to resources and determining their sequence. Planning tools like Gantt charts
and the Critical Path Method (CPM) are helpful for understanding project
timetables.

State-of-the-art methods like JIT and PERT are used to increase the speed of
production. Such techniques help various companies like Tata Motors to
manufacture vehicles in a timely manner and supply them.

Scheduling is an important aspect of resource management to ensure the timelines
required for production are met and time-consuming procedures are avoided. It
facilitates efficient handling of production processes, hence improving production
rates with minimal operational breakdowns.

It is a process that improves the overall quality of the workflow since activities are
probably done in an orderly manner. This minimises the cost of products with
defects and increases satisfaction among buyers; this has been observed in the
pharmaceutical industries, such as the Cipla industries, which involve the timely
provision of medical supplies.

Modern techniques like computer-aided scheduling, heuristic techniques, genetic
techniques, and simulation-based scheduling allow better scheduling in the
production lines. These techniques enable giving real-time updates and changes in
the various schedules.

Large industries also employ sophisticated methods for various production tasks,
such as the companies of Hindustan Aeronautics Limited (HAL). Thus, by offering
computer-aided and simulation-based scheduling, they are able to deliver quality

products on time.

8.6 Keywords

Routing: Identifying and assessing the best method of getting products and services
from the buyer to the user.

Scheduling: Establishing how and when each activity should be carried out with
the help of resources available to bring about the final outcome.

Gantt Chart: It is a graphic method of planning that illustrates the project timeline

in terms of various activities.
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Critical Path Method (CPM): A project management tool for defining the critical
path, which is the sequence of the most time-sensitive activities in a given project.
Just-In-Time (JIT): They are lean production processes that do not allow stocks

of the products to be manufactured when there is demand only.

8.7 Self-Assessment Questions

1.

Define routing and explain its importance in production and logistics.

2. Describe the various scheduling techniques and their applications in the industry.
3.
4

. Explain the significance of reducing bottlenecks in production through proper

How does effective scheduling contribute to meeting production deadlines?

scheduling.

Discuss the advantages of using Gantt charts in project management.
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Unit 9: Quality Control and Inspection

Learning Outcomes:

Students will be able to define quality control.

Students will be able to identify the objectives of quality control.
Students will be able to describe the role of inspection in production.
Students will be able to explain acceptance sampling techniques.

Students will be able to compare and contrast quality assurance and quality control.

Structure:
9.1 Definition and Objectives of Quality Control
9.2 Inspection in Production
e Knowledge Check 1
e Outcome-Based Activity 1
9.3 Acceptance Sampling
9.4 Quality Assurance vs Quality Control
e Knowledge Check 2
e QOutcome-Based Activity 2
9.5 Summary
9.6 Keywords
9.7 Self-Assessment Questions
9.8 References / Reference Reading
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9.1 Definition and Objectives of Quality Control

Definition of Quality Control

Maintaining a service or product at a specific quality to satisfy customer needs is

known as quality control (QC). To produce high-quality products on the market it

is a process of locating and fixing manufacturing flaws.

Objectives of Quality Control

The primary objectives of quality control are as follows:

©)

Ensuring Product Quality: This is done to maintain the high quality of the
products and to avoid defects in production.

Customer Satisfaction: To offer products that will meet or even surpass the
client’s expectations by offering products that are long-lasting and do not have
any manufacturing defects.

Cost Reduction: To minimize the cost of doing things wrong, the wastage, and
returns by ensuring that there are no defects in the system or processes.
Compliance with Standards: To check that products meet certain requirements
and specifications so as to avoid legal consequences and fines.

Continuous Improvement: To encourage the improvement of processes and

products for quality to be improved in the long run.

Quality control is a crucial aspect of a business as it helps sustain the image of the

business and deliver quality products to consumers.

9.2 Inspection in Production

o

Role of Inspection
Checking is one of the most important components of quality assurance. It involves
the examination of products, materials and methods for conformity to a set standard.

Thus, the inspections can be performed at different stages of production:

Incoming Inspection: Examining raw materials and components as soon as
they get into the organization to ensure that they conform to the required
standard when being used in production.

In-Process Inspection: Supervising products at the different stages of the
manufacturing process to ensure that there are no defects which, if not detected

early, can go to other stages of production.
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o Final Inspection: Checking the quality of finished goods before they are sold

to the customers to make sure they are as per the set standards.

Types of Inspection

o Visual Inspection: Observing with the help of one’s vision or a low-power lens
to identify apparent flaws on the surface or absence of parts or incorrectly
assembled parts.

o Dimensional Inspection: Measuring the size of a product to check for
compliance with the set standard of sizes with the help of instruments such as
callipers and micrometres.

o Functional Inspection: A verification process that aims to check how effective
a product is when used for its normal intended purposes.

o Non-Destructive Testing (NDT): Techniques like X-ray radiography,
ultrasonic testing, and magnetic particle testing that help detect flaws in the
material without causing them.

Importance of Inspection

The result of the inspection is that it contributes to identifying defects and avoiding

selling faulty products to the consumers improving product reliability. It also has a

significant function in process control and makes sure that the production processes

are running as expected.

Real-World Example: Inspection in Automobile Manufacturing

In the automobile industry, inspection is highly important in order to avoid dangers

that flawed automobiles may bring. For example, during the assembly of a car, there

is an inspection in different phases of the car manufacturing process.

o Incoming Inspection: Inspect the component parts like the engine,
transmission, and body panels to ascertain that they are free from defects.

o In-Process Inspection: Supervising the assembly of the systems, making sure
that the sub-assemblies are correctly connected and that systems such as the
brakes and the airbags are well fitted.

o Final Inspection: The last assessment of the completed vehicle and road check
is to ensure that all requirements for safety and quality have been met before the

vehicle is given to the customer.
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Knowledge Check 1

Fill in the Blanks.

1. Quality control involves the use of various techniques and activities to detect
and correct in the production process. (Defects)

2. inspection involves examining products, materials, and processes to

ensure they meet specified standards. (Final)

3. Dimensional inspection measures the physical of a product to ensure
it conforms to specified tolerances. (Dimensions)

4. Non-destructive testing methods such as X-rays and ultrasonic testing are used

to identify defects without the product. (Damaging)

Outcome-Based Activity 1
Create a checklist of five key points to consider when conducting a final inspection

of a product in a manufacturing setting.

9.3 Acceptance Sampling

Definition of Acceptance Sampling

Acceptance sampling is a statistical quality control technique that is applied to

decide whether a batch of products is acceptable or not. Instead of examining every

item in a batch, a limited number of items is chosen, and the whole batch is

considered to be satisfactory or not.

Objectives of Acceptance Sampling

o Cost Efficiency: Minimizing the cost as well as the time required to inspect
each item in a given batch.

o Minimizing Risk: The risk of accepting defective products has to be weighed
against the risk of rejecting good products.

o Quality Assurance: Enabling one to have a method through which products can

be tested for quality without having to inspect them fully.

81



Types of Acceptance Sampling Plans

©)

Single Sampling Plan: To make subgroups, a set amount of items are chosen
from a batch. The batch is either approved or rejected based on how much faulty
produce was detected in the sample.

Double Sampling Plan: This is a preliminary sample that is taken and
examined. In case the results are negative or not clear, they take the second
sample. Collectively, both samples are used to determine whether a batch should
be accepted or rejected.

Multiple Sampling Plan: It is similar to the double sampling plan but goes
through more stages of sampling within the selected units before one can make

a decision.

Steps in Acceptance Sampling

o

Determine the Sampling Plan: Select the appropriate sampling plan as single,
double or multiple and state the sample size and its acceptance criteria.

Select the Sample: Choose a number of items at random from the batch while
satisfying the given condition.

Inspect the Sample: Check the selected items for any sign of defect.

Make the Decision: Determine the extent to which the number of defects
converged with the number in the acceptance criteria and conclude whether the

batch should be accepted or rejected.

Advantages and Disadvantages of Acceptance Sampling

Advantages:

o

Efficiency: Less costly and time-consuming than 100% inspection of products
from the equipment’s views.
Feasibility: Usable where it is financially impossible to inspect each and every

item in the large quantity production.

Disadvantages:

©)

Risk of Error: This raises the possibility of the sample suggesting that a batch
is faulty when it may actually be sound or vice versa.
Requires Statistical Knowledge: Program implementation involves the use of

statistics where one must be conversant with statistical concepts.

Real-World Example: Acceptance Sampling in Food Production
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In the food industry, acceptance sampling is the technique used to make sure that
the packaged food products are of high quality. For example, a batch of canned
beans can be taken for inspection, where the defects could include broken cans or
the wrong label on the can. Some cans are selected and tested following a certain
number determined before carrying out the process. If the number of unacceptable
cans represents a lesser percentage than the acceptance level, then the batch is
released for sale. If it is not, the entire batch is considered a reject, and one can

either reprocess or dispose of it.

9.4 Quality Assurance vs Quality Control

Definition of Quality Assurance

Quality Assurance (QA) is a preventive activity that aims at minimizing defects

since it is an effort to incorporate the quality aspect at the initial phase in the

development cycle. It encompasses the process of carrying out planned and
structured activities and operations with the intent of improving the probability of
satisfying the necessary quality standards.

Definition of Quality Control

Quality Control (QC) is a retrospective procedure that tends to locate the

imperfections that have been made in a manufactured product and check them in a

bid to rectify them. It covers aspects that deal with inspecting and testing the output

for conformity to specified standards.

Key Differences between Quality Assurance and Quality Control

o Focus: QA is operation-based since it aims to eliminate defects through
organized and systematic activities. QC is item-specific and aims to detect and
eliminate flaws in products that are already on the market.

o Timing: QA is predictive in nature as it tries to eliminate defects before they
manifest themselves. QC is retrospective, that is, it acts after the defects have
been noticed.

o Methods: QA is a process that includes activities such as process mapping,
training, and auditing. QC is about inspecting, testing, and finding and
rectifying the defects.

o Objective: The purpose of QA is to work on the enhancement and the making

of processes more consistent with the end goal of assuring quality. QC main
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purpose is to identify and prevent defects to ensure that the final product is of

the required standard.

Integration of Quality Assurance and Quality Control

QA and QC are actually two sides of the same coin; they are both vital in any quality

management system. They are combined in such a way that they check each other

and contribute to the delivery of the best quality products. QA is concerned with

integrating quality into the manufacturing process, and QC is concerned with

making sure that the end products meet the quality standards.

Real-World Example: QA and QC in Software Development

In software production, particularly in developed countries, QA and QC are very

important in delivering quality software products.

o

Quality Assurance: QA activities include deciding on coding conventions,
reviewing code, and ensuring that there are measures that can be taken to avoid
the introduction of defects during the actual coding process.

Quality Control: QC activities include checking the software after the
development phase in a bid to check on defects and fix them before releasing

them to the user.

Practical Tips for Implementing QA and QC

o Establish Clear Standards: It is important to state measurable standards and
requirements for both the quality process and the quality product.

o Implement Training Programs: Employee orientation on quality standards
and procedures should be carried out frequently.

o Use Statistical Methods: Statistics are used to measure and control processes
and the quality of the products.

o Conduct Regular Audits: Conduct periodic inspections to determine
conformity to quality standards and compliance with set norms.

o Encourage Continuous Improvement: It is essential to sustain the culture of
continuous improvement and periodically assess and upgrade quality
processes/standards.

Knowledge Check 2

State True or False.
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1. Acceptance sampling is used to inspect every item in a batch. (False)

2. Quality assurance focuses on preventing defects by ensuring that quality is built
into the production process. (True)

3. Quality control is a proactive process that aims to prevent defects before they
occur. (False)

4. Quality assurance involves activities such as process design, training, and

audits. (True)

Outcome-Based Activity 2
Identify a product you use daily and list two QA activities and two QC activities

that might be involved in its production.

9.5 Summary

Quality control checks for and eliminates or corrects defects in products and
services in order to maintain standards. The primary objective of this procedure is
to ensure the quality of products, consumers’ satisfaction and conformity to
standard requirements.

This is because QC also seeks to minimize the costs that are usually incurred due to
the production of defective products, reinvention of new processes and products,
and the need to establish a stable positive image of an organization.

Inspection can be defined as the examination of products, materials, and production
processes at different stages, such as incoming, in-process, and final. It helps detect
problems before they get to the market and allows non-conforming products to be
sold to clients.

Visual inspection, followed by dimension control, function control, and non-
destructive testing, are important to guarantee that the products are of the right
quality and conform to the specifications to enhance product dependability and
customer’ satisfaction.

Acceptance sampling is a statistical method of quality control in which a sample is
inspected to check whether a batch conforms to the prescribed standard. It takes the
chance of accepting a higher percentage of defective products with the chance of
rejecting a higher percentage of acceptable products; hence, it is cheaper than 100%

inspection. Single, double, and multiple sampling plans are used to decide batch
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acceptance or rejection, reducing inspection costs and time while maintaining
product quality.

QA is a preventive technique that aims to embed quality into the production process
through activities such as process mapping, training, and assessment.

QA is focused on enhancing the procedures in order to impact the quality, while QC
checks that the end result is of a specific quality. Both must be incorporated to
guarantee that the company has a well-rounded quality management system, which,

in turn, improves the quality of its products and standardization.

9.6 Keywords

Quality Control (QC): An activity that focuses on the discovery and elimination
of imperfections in goods and services in order to conform to specific standards.
Inspection: A process that involves the identification of defects from certain
standards and the subsequent removal of these defects.

Acceptance Sampling: A statistical method that tests a sample of a batch of
products to see whether or not it has met the required quality.

Quality Assurance (QA): It is an effective process for managing the quality of a
product so that defects do not arise in the first place.

Non-Destructive Testing (NDT): Nondestructive testing techniques like
radiographic testing and ultrasonic testing help to determine the flaws in the product

without affecting the surface.

9.7 Self-Assessment Questions

1.
2.

Define quality control and explain its primary objectives.

Describe the role of inspection in the production process and identify different types
of inspection.

Explain the concept of acceptance sampling and its advantages and disadvantages.
Compare and contrast quality assurance and quality control, providing examples
from the industry.

Discuss the importance of integrating quality assurance and quality control in a

comprehensive quality management system.
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Unit 10: Statistical Quality Control

Learning Outcomes:

e Students will be able to understand the basic concepts of Statistical Quality Control
(SQC).

e Students will be able to identify various types of control charts and their uses.

e Students will be able to evaluate different sampling plans and their effectiveness.

e Students will be able to differentiate between the producer’s risk and the
consumer’s risk.

e Students will be able to apply statistical methods for quality control in real-world

scenarios.

Structure:
10.1 Introduction to Statistical Quality Control (SQC)
10.2 Control Charts
e Knowledge Check 1
e Outcome-Based Activity 1
10.3 Sampling Plans
10.4 Producer’s Risk vs Consumer’s Risk
10.5 Application of Statistical Methods in Quality Control
e Knowledge Check 2
e QOutcome-Based Activity 2
10.6 Summary
10.7 Keywords
10.8 Self-Assessment Questions

10.9 References / Reference Reading
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10.1 Introduction to Statistical Quality Control (SQC)

Statistical Quality Control or SQC is a technique that is used in manufacturing and

service industries to check and regulate the quality of the products as well as the

procedures that are involved in the production of the products. Therefore, the objective

of SQC is to use statistical tools to make the processes remain stable and always

produce items that meet specifications. This approach assists in finding gaps, as well as

variations for necessary improvements, with the aim of increasing quality.

Definition of SQC

Statistical Quality Control (SQC) consists of the employment of statistics in

observing and regulating a procedure to achieve optimal performance. SQC is a

method in which a process is studied, and any difference from the required result is

brought to focus and then rectified.

Importance of SQC

SQC is equally important for ensuring that the quality of the product is checked and

the processes are optimized. The primary benefits include:

o Reduction in Defects: By identifying and controlling variations, defects can be
minimized.

o Cost Efficiency: Improved quality reduces wastage and rework, leading to cost
savings.

o Customer Satisfaction: Consistent quality enhances customer satisfaction and
loyalty.

o Process Improvement: Continuous monitoring leads to process improvements
and innovation.

Historical Background

The application of SQC originated in the early part of the twentieth century. Control

charts were first presented by Walter A. Shewhart, who is recognized as the pioneer

of statistical quality control, in the 1920s. His work serves as the basis for most of

the contemporary SQC methodologies. SQC was widely adopted in World War II,

especially in the manufacturing of military equipment; hence, after the war, it found

its way into many other industries.

Key Elements of SQC

o Control Charts: Applied to track the extent of dispersion of the process.

o Sampling Plans: Find out the number of units to sample from a batch.
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o Risk Analysis: Understanding the risks associated with producer and consumer

perspectives.

10.2 Control Charts
Control charts are useful tools for determining if a company or manufacturing process
is under control. They assist in identifying process variability and separating common
cause from unique cause variations.
e Types of Control Charts
o X-bar and R Chart
The X-bar chart monitors the process mean over time, while the R chart
monitors the range within a sample. Together, they provide insights into the
process average and the variability.
o p-Chart
The p-chart is used to monitor the proportion of defective items in a process. It
is particularly useful for quality attributes that can be categorized as pass/fail or
g£0/no-go.
o np-Chart
Similar to the p-chart, the np-chart monitors the number of defective items
rather than the proportion. It is used when the sample size remains constant.
o c-Chart
The c-chart is used to monitor the number of defects per unit. It is applicable
when the scope of opportunities for defects is vast while the number of actual
defects is considerably low.
o u-Chart
The u-chart helps measure the number of defects per unit of measure, where the
number of units can differ. It is used where it is like the c-chart but filters sample
sizes.
e Construction of Control Charts
The following are the procedures followed while constructing a control chart:
o Collect Data: Collect data on the process as it is carried out for a particular
period.
o Calculate Control Limits: Calculate the value of the upper control limit and

the lower control limit from the characteristics of the data collected.
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o Plot Data Points: Graph the points that you have collected on the chart.

o Analyze Patterns: Analyse the chart to find any signs or trends that may show
that some process changes are occurring.

Interpretation of Control Charts

Control charts used in the analysis of processes help determine whether a process

is in or out of control.

o In Control: Data points fall within control limits, indicating stable process
performance.

o Out of Control: Data points fall outside control limits or display non-random

patterns, indicating the presence of special cause variations.

Real-World Application

In the automotive industry, control charts are extensively used to monitor assembly
line processes. For example, an X-bar chart might be used to monitor the diameter
of engine cylinders produced in a batch, ensuring that they meet the precise

specifications required for optimal engine performance.

Knowledge Check 1
Fill in the Blanks.
1. Statistical Quality Control (SQC) involves the use of methods to

monitor and control a process. (statistical)

2. The X-bar chart monitors the mean over time. (sample)

3. Producer’s risk is the probability that a batch will be rejected.
(good)

4. The p-chart is used for monitoring the proportion of items in a

process. (defective)

Outcome-Based Activity 1
Create a simple X-bar chart using sample data from a process in your daily life,
such as measuring the time it takes to complete a routine task over a week. Plot the

data and identify any variations.
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10.3 Sampling Plans

Sampling plans are strategies used to inspect a subset of items from a larger batch to

determine the quality level of the entire batch. This approach helps in making decisions

about accepting or rejecting a batch without inspecting every item.

Types of Sampling Plans

o Single Sampling Plan
The predetermined number of items from the batch is chosen for inspection in
a single sampling plan. The batch is either approved or rejected in a process
known as acceptance sampling based on the quantity of spoilt goods.

o Double Sampling Plan
The idea of a double sampling plan is to examine two groups of objects. Based
on the results of the first sample, it is decided whether to accept it, reject it, or
take a second sample.

o Multiple Sampling Plan
Before deciding on the lot, two or more sets of products might be sampled under
a multiple-sampling plan. The number of specimens required for each

examination can be reduced with the aid of this procedure.

Acceptance Quality Level (AQL)

The AQL is the maximum acceptable percentage of defective items that is allowed
in a batch. It is an important factor in developing a sampling plan and guarantees
that the quality level corresponds to customers’ requirements.

Operating Characteristic (OC) Curve

The OC curve is a graphical display of the performance of a sampling plan. This
indicates the accept/reject region based on the likelihood of accepting a batch with
the respective level of defectiveness. The curve helps ascertain the efficiency of a
sampling plan.

Real-World Application

In the manufacturing of pills in the pharmaceutical industry, sampling plans are
useful in inspecting batches of pills for defects such as wrong dosage or
contamination. Quality control of each batch is important to protect the welfare of

the patients and meet regulatory standards.
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10.4 Producer’s Risk vs Consumer’s Risk

Producer’s risk and consumer’s risk are two important factors with regard to quality

control and involve the probability of incorrect decisions where sampling plans are

used.

Producer’s Risk (a)

Producer’s risk, also termed as alpha (a), is the probability that a good lot will be
rejected in terms of the sampling plan. This type of error is also referred to as the
error of the first kind or alpha error. It is the loss that is incurred because the
producer loses a batch that may actually be of substandard quality.

Consumer’s Risk (B)

Consumer’s risk, often referred to by the Greek letter beta (j3), is the probability that
the sampling plan will not reject a bad batch. This type of error is also known as a
second kind or B error. It is the probability of accepting a batch of goods that does
not meet the quality standards of the consumer.

Balancing Risks

In general, when designing a sampling plan, the major concern is to consider both
the producer’s and consumer’s risks. This is because the reduction of one type of
risk leads to the increase of the other, and thus, there has to be a compromise on the
total risk level.

Real-World Example

When sampling batches of packaged products in the food industry, the producer’s
risk and the consumer’s risk have to be well managed. A high producer’s risk may
mean that good products are wasted, whereas a high consumer’s risk may mean that
a defective product is sold to the consumer and may harm them or bring the whole

brand image into disrepute.

10.5 Application of Statistical Methods in Quality Control

Statistical methods are used extensively in quality control to guarantee that processes

deliver products with specific parameters. These are useful in process control,

monitoring and enhancing processes in an organization.
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Common Statistical Methods
o Descriptive Statistics
Descriptive statistics involves the use of measures like mean median, mode,
range and standard deviation to summarize the data. These measures give a
rapid look into the performance of the process.
o Hypothesis Testing
Hypothesis testing is a method that is used to decide if there is sufficient
evidence to support a given assertion concerning a process. These are the t-tests,
chi-square tests, and ANOVA tests.
o Regression Analysis
Regression analysis is used in cases where the goal is to understand the
interactions of variables and make future forecasts. It is helpful for discovering
which aspects influence the quality of the process most.
o Design of Experiments (DOE)
DOE is another systematic way of establishing the impact of one factor on
another in a procedure. It involves setting up, executing, and assessing
organised experiments that help to enhance the functioning of processes.
Implementation in Industry
In the electronics industry, the quality control of semiconductor manufacturing
processes is performed using statistical methods. For example, regression analysis
can be applied to determine which process variables affect the thickness of silicon
wafers so that the engineers can fine-tune their parameters.
Continuous Improvement
Various statistical techniques are used widely in ongoing improvement programs
like Six Sigma, and Total Quality Management (TQM). These methodologies are
based on the principles of decision-making in terms of data on the improvement of

the efficiency of the internal processes and the quality of the final product.

Knowledge Check 2
State True or False.
1. Asingle sampling plan involves inspecting multiple sets of items before making

a decision. (False)
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2. The Acceptance Quality Level (AQL) represents the maximum acceptable
percentage of defective items in a batch. (True)
Consumer’s risk is the probability that a bad batch will be rejected. (False)

4. Regression analysis helps in understanding the relationship between variables

and predicting future outcomes. (True)

Outcome-Based Activity 2
Identify a process in your surroundings and propose a simple sampling plan to check

its quality. Explain the rationale behind your chosen sampling plan.

10.6 Summary

SQC is an approach to controlling processes by analyzing data to ensure that the
products produced meet the required quality and minimise variation. It began at the
beginning of the twentieth century and was enriched with Walter A. Shewhart’s
works.

SQC is essential for reducing variations, reducing costs, increasing customer
satisfaction, and implementing the cycle of continual improvement by applying
tools such as control charts and sampling plans.

Control charts are charts that are used in identifying the state of control by
measuring variability. Various types of control charts are X-bar and R charts, P-
charts, np-charts, C-charts, and U-charts.

Sampling plans include partly checking on some items of a batch to establish their
quality instead of checking on the entire batch. There are different sampling types,
and they are classified into single, double, and multiple sampling plans.
Acceptance Quality Level (AQL) is used to specify the maximum number of
defective items that can be tolerated in the sample to determine the sampling. The
OC curve assists in determining the efficiency of sampling plans in various
organizations, especially those in the pharmaceutical product manufacturing field.
The producer’s risk (a) is the likelihood that the good batches will be rejected with
the consideration of the Type I error. Consumer’s risk (p) is the likelihood that a
batch containing inferior goods will be accepted, which is a Type II error.

It is important to maintain a balance of these risks in order to come up with the right

sampling plan that can help in reducing total risk. In the food industry, both these
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risks are managed to achieve quality products with less wastage and the image of
the business at stake.

Parametric tools of analysis like descriptive statistics, hypothesis testing,
regression, DOE, etc., are used to control and enhance processes. These methods
give quantitative information regarding the decision to be made.

Statistical methods used in Six Sigma and Total Quality Management (TQM) help
such industries as electronics enhance on-process efficiency and improved product

quality; for example, in manufacturing semiconductors.

10.7 Keywords

Statistical Quality Control (SQC): Statistical analysis tools that are used in
observing and managing processes and products’ quality.

Control Charts: Measures that are used to analyze whether or not a manufacturing
or business process is in a state of control through the analysis of variability.
Acceptance Quality Level (AQL): The largest proportion of defective items in a
batch that is tolerable, normally used in the creation of sampling plans.
Producer’s Risk (a): The likelihood that a good batch will be turned down based
on the sampling plan.

Consumer’s Risk (B): The chance that a bad batch of products will be accepted

from the manufacturing point of view of the sampling plan.

10.8 Self-Assessment Questions

1.

What are the key elements of Statistical Quality Control (SQC)?

. How do control charts help in monitoring process variability?

. Explain the different types of sampling plans used in quality control.

2
3
4.
5

Differentiate between producer’s risk and consumer’s risk with examples.

. How is the Acceptance Quality Level (AQL) used in designing sampling plans?
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Unit 11: Advanced Quality Control Techniques

Learning Outcomes:

e Students will be able to define the principles and methodologies of Six Sigma.

e Students will be able to explain the concepts and benefits of Total Quality
Management (TQM).

e Students will be able to describe the principles and practices of Lean
Manufacturing.

e Students will be able to apply the principles of Continuous Improvement (Kaizen)
to enhance quality.

e Students will be able to understand and implement Quality Management Systems

in an organisational context.

Structure:
11.1 Six Sigma
11.2 Total Quality Management (TQM)
e Knowledge Check 1
e Outcome-Based Activity 1
11.3 Lean Manufacturing
11.4 Continuous Improvement (Kaizen)
11.5 Quality Management Systems
e Knowledge Check 2
e QOutcome-Based Activity 2
11.6 Summary
11.7 Keywords
11.8 Self-Assessment Questions

11.9 References / Reference Reading
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11.1 Six Sigma
Six Sigma is a set of techniques and tools for process improvement. It was
introduced by engineer Bill Smith while working at Motorola in 1986. Six Sigma
seeks to improve the quality of process outputs by identifying and removing the
causes of defects and minimising variability in manufacturing and business
processes. It uses a set of quality management methods, mainly empirical statistical
methods. It creates a special infrastructure of people within the organisation ("Black
Belts", "Green Belts", etc.) who are experts in these methods.
e Principles of Six Sigma
The principles of Six Sigma include:
o Customer Focus: Understanding customer needs and striving to meet their
requirements.
o Data-Driven Management: Making decisions based on data analysis and
measurements.
o Process Focus: Improving the processes that lead to product and service
creation.
o Proactive Management: Preventing defects by foreseeing and addressing
potential problems.
o Collabouration Across Boundaries: Encouraging teamwork and breaking
down silos within the organisation.
o Drive for Perfection: Continuously striving for zero defects and sustainable
improvements.
e Methodologies of Six Sigma
Six Sigma projects follow two project methodologies inspired by Deming's Plan-
Do-Check-Act Cycle. These methodologies, DMAIC & DMADYV, are used for
enhancing the current business processes and developing new ones, respectively.
DMAIC
DMAIC refers to Define, Measure, Analyze, Improve and Control.
o Define: Define the problem, goals of the project, and requirements of both
internal and external customers.
o Measure: Gather information and set the current level of performance; define
the indicators.

o Analyze: Determine the cause of defects in order to avert them.
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o Improve: Create and implement corrective actions to mitigate the occurrence
of defects and enhance the performance of processes.

o Control: Sustain the above gains by institutionalising best practices and putting
in place controls.

DMADV

DMADYV is an acronym for the five steps, which are define, measure, analyze,

design, and verify.

(@]

Define: Establish objectives and scope of projects, including customer (internal
and external) expectations.

Measure: Assess and find out the customer requirements and measurements.
Analyze: Evaluate the available process selections that could help address
customers’ needs.

Design: The customers should be at the heart of the process by developing the
process to suit them.

Verify: Check the adequacy of the design performance and the satisfaction of

business needs.

Benefits of Six Sigma

The following are the advantages of Six Sigma implementation;

@)

Improved Quality: Decrease the number of defects and errors, hence
producing goods and services of higher quality.

Cost Savings: Efficient processes reduce waste and operational costs.
Customer Satisfaction: Consistent quality and improved processes increase
customer satisfaction.

Employee Engagement: Participation in Six Sigma activities can also be
beneficial for developing employee competencies and motivation levels.
Competitive Advantage: Quality and efficiency are directly proportional to the
higher quality and efficiency of products, which gives a competitive advantage

in the market.

Real-Life Application

An organisation that has adopted Six Sigma is General Electric (GE), which was

initiated by the company’s CEO, Jack Welch, in 1995. It is obvious that, according
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to GE, Six Sigma had a positive financial impact, with savings estimated at $10

billion in a five-year implementation period.

11.2 Total Quality Management (TQM)

Introduction to TQM

Total Quality Management (TQM) is a concept that encompasses the entire

organisation directing its efforts towards the enhancement of quality in all of the

organisation’s activities. The goal of TQM is to enhance customer satisfaction

through improving quality and performance which will meet or exceed customer

expectations.
Principles of TQM
The principles of TQM include:

o

(@]

Customer Focus: Understanding and meeting the needs of customers.

Total Employee Involvement: Engaging all employees in the process of
quality improvement.

Process-Centered Approach: Focusing on process thinking to achieve
efficiency and effectiveness.

Integrated System: Ensuring all parts of the organisation are working towards
common goals.

Strategic and Systematic Approach: Aligning quality improvement with
organisational strategy.

Continuous Improvement: Ongoing efforts to improve products, services, or
processes.

Fact-Based Decision Making: Making decisions based on accurate data
analysis.

Communication: Effective communication within the organisation to support

quality improvement.

TQM Tools and Techniques

Several tools and techniques are used in TQM to aid in quality improvement,

including:

o

o

Pareto Chart: Identifies and prioritises problems or causes in a process.
Cause and Effect Diagram (Fishbone Diagram): Helps identify root causes

of problems.
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Control Charts: Used to monitor process performance over time.

Flowcharts: Visual representation of a process to identify areas of
improvement.

Check Sheets: These are used to collect data in a structured manner.

Histogram: Graphical representation of data distribution.

Benefits of TQM

Implementing TQM offers several benefits:

o

Enhanced Customer Satisfaction: Improved quality leads to higher customer
satisfaction.

Increased Efficiency: Streamlined processes reduce waste and increase
productivity.

Employee Morale: Engaging employees in quality improvement boosts morale
and job satisfaction.

Market Share: Higher quality products can lead to increased market share.

Cost Reduction: Fewer defects and rework lead to cost savings.

Real-Life Application

An example of TQM in action is Toyota's implementation of the Toyota Production

System (TPS). TPS focuses on continuous improvement, respect for people, and

standardised work practices, leading to high efficiency and product quality.

Knowledge Check 1
Fill in the Blanks.

1. Six Sigma seeks to improve the quality of process outputs by identifying and

removing the causes of and minimising variability in manufacturing
and business processes. (defects)

DMAIC stands for Define, Measure, Analyze, Improve, and

(Control)

Total Quality Management (TQM) is an organisation-wide approach to
continuous improvement in all aspects of an organisation's

(operations)
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4.

A common TQM tool for identifying and prioritising problems or causes in a

process is the Chart. (Pareto)

Outcome-Based Activity 1

Identify a common problem in your daily routine and use the 5 Whys technique to

determine the root cause.

11.3 Lean Manufacturing

Introduction to Lean Manufacturing

Lean Manufacturing, or "Lean," is a systematic method for waste minimisation

within a manufacturing system without sacrificing productivity. Lean also takes into

account waste created through overburden and waste created through unevenness

in workloads.

Principles of Lean Manufacturing

The principles of Lean Manufacturing include:

(@]

o

Value: Understanding what customers value and focusing efforts on delivering
this value.

Value Stream Mapping: Analysing the flow of materials and information to
identify waste.

Flow: Ensuring smooth and uninterrupted flow of work processes.

Pull: Producing what is needed by the next step in the process or the customer
rather than pushing work based on forecasts.

Perfection: Continuously improving processes to strive for perfection.

Lean Tools and Techniques

Some common Lean tools and techniques include:

o

5S: Organising and maintaining the workplace for efficiency (Sort, Set in order,
Shine, Standardise, Sustain).

Kanban: A visual scheduling system to manage work as it moves through a
process.

Kaizen: Continuous, incremental improvement of an activity.

Value Stream Mapping: A flowchart method to illustrate, analyse, and improve

the steps required to deliver a product or service.
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o JIT (Just-In-Time): Producing what is needed, when it is needed, and in the
quantity needed.

Benefits of Lean Manufacturing

Implementing Lean Manufacturing can lead to:

o Reduced Waste: Elimination of non-value-added activities reduces waste.

o Improved Efficiency: Streamlined processes increase operational efficiency.

o Lower Costs: Reduced waste and improved efficiency lead to cost savings.

o Higher Quality: Continuous improvement efforts enhance product quality.

o Better Customer Satisfaction: Meeting customer needs efficiently increases

satisfaction.

Real-Life Application

An example of Lean Manufacturing is seen at Toyota, where Lean principles are
integral to the Toyota Production System (TPS). This approach has helped Toyota
become one of the most efficient and successful automotive manufacturers in the

world.

11.4 Continuous Improvement (Kaizen)

Introduction to Kaizen

Kaizen i1s a Japanese term meaning "change for better" or "continuous

improvement." It is a philosophy that focuses on continuous, incremental

improvement in all aspects of life, including business processes. Kaizen involves

every employee, from the CEO to the assembly line workers and encourages them

to contribute ideas for improvement.

Principles of Kaizen

The principles of Kaizen include:

o Continuous Improvement: Small, incremental changes that result in
significant improvements over time.

o Employee Involvement: Engaging all employees in the improvement process.

o Standardisation: Developing and adhering to standard practices to ensure
consistent results.

o Waste Elimination: Identifying and eliminating waste in processes.
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o PDCA Cycle (Plan-Do-Check-Act): A continuous loop of planning,

implementing, checking, and acting on improvements.

e Kaizen Tools and Techniques

Common tools and techniques used in Kaizen include:

o

Gemba Walks: Management observes the actual work process, engages with
employees, and identifies areas for improvement.

5 Whys: A problem-solving technique that involves asking "why" five times to
get to the root cause of a problem.

Value Stream Mapping: Analysing the flow of materials and information to
identify opportunities for improvement.

Kaizen Events: Short-term, focused improvement projects involving cross-

functional teams.

e Benefits of Kaizen

The benefits of implementing Kaizen include:

o

Increased Efficiency: Continuous improvements lead to more efficient
processes.

Higher Quality: Incremental changes can significantly enhance product
quality.

Employee Empowerment: Involving employees in improvement efforts
increases their engagement and satisfaction.

Reduced Costs: Eliminating waste and improving processes can reduce
operational costs.

Enhanced Flexibility: Continuous improvement allows the organisation to

adapt to changes quickly.

e Real-Life Application

A notable example of Kaizen in action is at Toyota, where the Kaizen philosophy is

a core part of the Toyota Production System. Employees at all levels are encouraged

to identify and implement improvements, leading to continuous enhancement of

processes and products.

11.5 Quality Management Systems (QMS)
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Introduction to QMS

A Quality Management System (QMS) is a formalised system that documents

processes, procedures, and responsibilities for achieving quality policies and

objectives. A QMS helps coordinate and direct an organisation's activities to meet

customer and regulatory requirements and improve its effectiveness and efficiency

on a continuous basis.

Principles of QMS

The principles of a Quality Management System include:

o Customer Focus: Meeting and exceeding customer expectations.

o Leadership: Creating a clear line of sight and communicating with the
employees.

o Engagement of People: Engagement of all employees in the company in the
quality management process.

o Process Approach: Activities and resources are processes that must be
managed in order to obtain certain outcomes.

o Improvement: Enhancement of the performance of the organisation
consistently.

o Evidence-Based Decision Making: Decision making which involves the use
of data and information to come up with decisions.

o Relationship Management: Making a balance with the other interested parties
so as to realise the best outcome.

Components of QMS

The key components of a Quality Management System include:

o Quality Policy: A brief declaration of the organisation’s policy on quality.

o Quality Objectives: The following are specific and measurable goals for
quality improvement:

o Quality Manual: A written record containing information on the QMS, such as
policies and procedures, and the roles and responsibilities of people.

o Procedures and Work Instructions: Detailed guidelines for performing
specific tasks to ensure quality.

o Records and Documentation: Maintaining records to demonstrate compliance
and track performance.

Benefits of QMS
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Implementing a QMS provides several benefits:

©)

Consistency: From the above arguments, one can deduce that the
standardisation of processes enhances the quality of operation.

Compliance: Compliance with the set standards and meeting the needs of the
customers.

Efficiency: This makes sense since the elimination of waste contributes to
efficiency and effectiveness in organizations.

Customer Satisfaction: Reliability and quality of the products and services
delivered provide satisfaction to the customers.

Continuous Improvement: Contemporary activities aimed at enhancing the

processes and results.

Real-Life Application

An example of QMS is the international standard ISO 9001, which organizations

apply. Some of the organizations that have embraced ISO 9001 include Tata Steel

and Infosys in India, which have applied the model to improve their quality

management systems and customer satisfaction.

Knowledge Check 2

State True or False.

1.

Lean Manufacturing focuses on maximising customer value while minimising
waste. (True)

Kaizen involves large, drastic changes to improve processes. (False)

A quality management system (QMS) helps standardise processes to ensure
consistent quality. (True)

The PDCA cycle in Kaizen stands for Plan-Do-Control-Act. (False)

Outcome-Based Activity 2

Create a simple Value Stream Map for a process you regularly perform, such as

making breakfast or commuting to school.
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11.6 Summary

Six Sigma is a methodology aimed at improving quality by reducing defects and
variability in processes. It utilises a set of tools and statistical methods to achieve
this goal.

The DMAIC and DMADV methodologies provide structured approaches for
process improvement and design, focusing on defining, measuring, analysing,
improving, and controlling processes.

TQM is an organisation-wide approach that focuses on continuous improvement in
all operations, aiming to enhance customer satisfaction. It involves the engagement
of all employees in the quality improvement process.

TQM employs various tools like Pareto charts, fishbone diagrams, and control
charts to identify and address quality issues, ensuring processes are efficient and
effective.

Lean Manufacturing aims to maximise customer value while minimising waste by
focusing on value-added activities. It uses concepts such as visual control, mapping
value streams, flow, pull, and ongoing improvement.

Techniques like the 5S, Kanban, and Just-In-Time (JIT) eliminate delay and waste,
and performing unnecessary steps make work less costly and more effective.
Change management, specifically Kaizen, is the practice of gradual improvement
carried out by all personnel. It is centred on aiming at minor modifications that can
make a big difference in the long run.

Methods like Gemba walks, 5 Whys, and Kaizen events assist in finding out the
root cause of issues and establish good methods to improve productivity and quality.
A QMS is a system that is well-established that covers procedures and
documentation of responsibilities with regard to the achievement of quality goals.
It ensures consistent quality by standardising processes and maintaining records.
Implementing a QMS, such as ISO 9001, helps organisations meet regulatory
requirements, enhance customer satisfaction, and continuously improve their

operations.

11.7 Keywords

Six Sigma: A methodology for process improvement that aims to reduce defects

and variability.
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DMAIC: A data-driven quality strategy used to improve processes; stands for
Define, Measure, Analyze, Improve, and Control.

TQM (Total Quality Management): An organisation-wide approach focused on
continuous improvement of all aspects of operations.

Lean Manufacturing: A systematic method for waste minimisation without
sacrificing productivity.

Kaizen: A philosophy of continuous, incremental improvement involving all
employees.

QMS (Quality Management System): A formalised system documenting
processes, procedures, and responsibilities for achieving quality policies and

objectives.

11.8 Self-Assessment Questions

1.

What are the key principles of Six Sigma, and how do they contribute to process
improvement?

Describe the DMAIC methodology. How is it applied in Six Sigma projects?
Explain the main components of Total Quality Management (TQM) and their
importance.

What are the core principles of Lean Manufacturing, and how do they help in
reducing waste?

How does the Kaizen approach foster continuous improvement in an organisation?
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Unit 12: Contemporary Issues in Production Management

Learning Outcomes:

e Students will be able to identify emerging trends in production methods.

e Students will be able to explain the impact of technology on production
management.

e Students will be able to discuss sustainability practices in production.

e Students will be able to analyse the effects of globalization on production
management.

e Students will be able to evaluate ethical issues in production.

Structure:
12.1 Emerging Trends in Production Methods
12.2 Impact of Technology on Production Management
e Knowledge Check 1
e Outcome-Based Activity 1
12.3 Sustainability in Production
12.4 Globalization and Production Management
12.5 Ethical Issues in Production
o Knowledge Check 2
e Outcome-Based Activity 2
12.6 Summary
12.7 Keywords
12.8 Self-Assessment Questions

12.9 References / Reference Reading
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12.1 Emerging Trends in Production Methods

Production methods have evolved significantly over the years, driven by advancements

in technology, changes in consumer demand, and shifts in the global economy.

Understanding these trends is crucial for modern production managers to stay

competitive and efficient.

Lean Manufacturing

Lean manufacturing is a production methodology aimed at reducing waste and

improving efficiency. The core principles of lean manufacturing focus on:

o Eliminating Waste: Identifying and removing non-value-adding activities.

o Continuous Improvement (Kaizen): Encouraging ongoing, incremental
improvements in processes.

o Just-In-Time (JIT) Production: Producing what is needed, when it is needed,
to reduce inventory costs.

o Standardized Work: Creating and following standard procedures to ensure
consistency and quality.

Example: Toyota, a pioneer in lean manufacturing, uses the Toyota Production

System (TPS) to streamline operations and reduce waste, leading to higher

efficiency and quality.

Automation and Robotics

Automation and robotics have transformed production processes by increasing

speed, precision, and consistency while reducing labour costs. Key aspects include:

o Industrial Robots: Used for tasks such as welding, painting, assembly, and
packaging.

o Automated Guided Vehicles (AGVs): Used for transporting materials within
factories.

o Computer Numerical Control (CNC) Machines: Automated machines that
control machining tools through computer programs.

Example: In the automotive industry, companies like Ford and BMW use robots to

assemble and paint vehicles, significantly reducing production time and improving

quality.

Additive Manufacturing (3D Printing)

Additive manufacturing, commonly known as 3D printing, builds objects layer by

layer from digital models. This technology offers several advantages:
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o Customization: Allows for the production of customized products without
significant cost increases.

o Reduced Waste: Only the necessary material is used, minimizing waste.

o Rapid Prototyping: Speeds up the development of prototypes and testing new
designs.

Example: GE Athroughtion uses 3D printing to manufacture complex engine

components, reducing the number of parts and enhancing performance.

e Sustainable Production Methods

Sustainability has become a critical focus in production, aiming to minimize

environmental impact and ensure long-term throughbility. Sustainable practices

include:

o Green Manufacturing: Using eco-friendly materials and processes.

o Energy Efficiency: Implementing energy-saving technologies and practices.

o Waste Reduction: Recycling and reusing materials to minimize waste.

Example: Unilever has developed a strategy of environmental responsibility

through responsible sourcing of raw materials and efficient power consumption in

production facilities.

e Flexible Manufacturing Systems (FMS)

FMS is developed to allow changes in the type of product and the scale of

production quickly and with ease. This flexibility is made possible by:

o Modular Equipment: Machines that can be reconfigured for different tasks.

o Automation: Advanced control systems that manage production processes.

o Quick Changeover: Techniques to reduce the time required to switch from one
product to another.

Example: The Amberg Electronics Plant of the Siemens company employs FMS to

manufacture a wide variety of products on the same assembly line but in a manner

that can easily be adapted to changes in the market.

12.2 Impact of Technology on Production Management
Technology has had a great impact on production management by enhancing product
quality, flexibility, and productivity. The important technologies affecting production

management are as follows:
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Internet of Things (IoT)

The Internet of Things (IoT) can be described as the connection of various devices

through the Internet so that they can transmit data to each other. In production

management, loT provides:

o Real-Time Monitoring: The sensors and the devices used give real-time
information on the performance of the equipment and the processes involved in
production.

o Predictive Maintenance: Data analytics anticipates the failure of the
equipment before it happens, hence cutting down on time loss.

o Enhanced Efficiency: IoT systems increase production efficiency by
highlighting the areas which require improvements.

Example: Siemens, for example, deploys IoT in factories by tracking the machinery

and production lines, resulting in a reduction in downtime.

Artificial Intelligence (AI) and Machine Learning

Machine learning and the use of Artificial Intelligence help production systems

learn and develop over time. Some of the applications include those in production

management.

o Quality Control: Al systems detect defects and ensure product quality.

o Supply Chain Optimization: Machine learning algorithms optimize inventory
management and logistics.

o Process Automation: Robots and systems with artificial intelligence perform
numerous complicated activities.

Example: In the manufacturing sector, Watson Al from IBM helps anticipate

breakdowns on machines, helps in planning the best schedule for production, and

cuts costs.

Advanced Analytics

Business intelligence involves the collection and analysis of large volumes of data

and utilizing the results to inform business processes. In production management

this includes:

o Production Planning: Using historical data to make accurate predictions about
the demand and prepare the production calendar.

o Process Optimization: The utilization of inputs and the enhancement of any

wasteful processes to enhance production.
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o Cost Reduction: Allocating and aggregating cost information to determine and
reduce avoidable costs.

Example: P&G has integrated superior analytics in its production line, and this has

helped to cut costs and improve its standards.

Cloud Computing

Cloud computing is the on-demand delivery of IT resources through the internet

based on a utility model. Its impact on production management includes:

o Data Storage and Access: Storing and accessing large amounts of data from
anywhere.

o Collaboration: Enabling real-time collaboration between teams across
different locations.

o Cost Savings: Reducing the need for on-premises IT infrastructure.

Example: General Electric uses cloud computing to manage and analyze data from

its manufacturing operations, improving decision-making and operational

efficiency.

Blockchain Technology

Blockchain technology offers a secure and transparent way to record transactions

and track assets. In production management, it can be used for:

o Supply Chain Transparency: Providing visibility into the entire supply chain,
from raw materials to finished products.

o Quality Assurance: Ensuring the authenticity and quality of products through
secure tracking.

o Contract Management: Automating and enforcing contracts through smart
contracts.

Example: Walmart uses blockchain technology to track the origin of food products,

ensuring quality and safety for consumers.

Knowledge Check 1

Fill in the Blanks.

1. Lean manufacturing focuses on reducing in production processes.
(waste)

2. manufacturing involves creating objects layer by layer from digital

models. (Additive)
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3. The Internet of Things (IoT) enables monitoring of equipment
performance. (real-time)

4. In production management, Al systems are used for control. (quality)

e Outcome-Based Activity 1
Research a company that uses lean manufacturing principles and list three benefits

they have achieved.

12.3 Sustainability in Production
Sustainability in production is essential for reducing environmental impact and
ensuring long-term economic and social throughbility. Key aspects of sustainable
production include:
e Sustainable Resource Management
Managing resources sustainably involves using materials and energy efficiently to
minimize waste and environmental impact. This includes:
o Renewable Energy: This includes using solar power, wind power, and other
renewable sources of energy to power production processes.
o Eco-Friendly Materials: Selecting materials that have a lower environmental
impact.
o Water Conservation: Implementing practices to reduce water usage and
recycle water.
Example: Water conservation: Tata Steel has adopted a number of measures in an
attempt to use lesser amounts of water in the process of production.
e Circular Economy
A circular economy is designed to increase the use time of products and their
components by recycling, reusing, and regenerating. This approach includes:
o Product Design: Designing products for easy disassembly and recycling.
o Waste Management: Implementing systems to recycle and reuse waste
materials.
o Lifecycle Assessment: Evaluating the environmental impact of products

throughout their lifecycle.
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Example: In the lighting division of Philips, the company has embraced a circular

economy where products are designed in such a way that they can be recycled and

reused.

Green Supply Chain Management

Supply chain environmentalism can thus be defined as the act of incorporating

environmental issues in supply chain processes. This includes:

o Sustainable Sourcing: Selecting suppliers that follow sustainable practices.

o Eco-Friendly Transportation: Using transportation methods that reduce
emissions and energy consumption.

o Waste Reduction: Applying methods to minimize waste and costs in the supply
chain.

Example: To support the concept of a green supply chain, Infosys has worked very

efficiently to buy environmentally friendly materials and adopt energy-efficient

means of transportation.

Energy Efficiency

Energy conservation in manufacturing processes is a method that helps to decrease

the amount of energy used and emissions of greenhouse gases. This involves:

o Energy Audits: Conducting audits to identify areas for improvement.

o Efficient Equipment: Using energy-efficient machinery and equipment.

o Process Optimization: Optimizing production processes to reduce energy
usage.

Example: Reliance Industries has also incorporated energy efficiency in its

operations; it has invested in energy management systems and has lowered its

energy use and emissions.

Corporate Social Responsibility (CSR)

Corporation social responsibility involves corporations accepting accountability for

their influence on the society and the natural world. this includes:

o Ethical Practices: Ensuring fair labour practices and safe working conditions.

o Community Engagement: Supporting local communities through social
initiatives.

o Environmental Stewardship: Implementing practices to protect and preserve

the environment.

116



Example: TC Limited has a very strong CSR initiative that deals with agriculture,

water, and community upliftment.

12.4 Globalization and Production Management

The globalization factor is also evident to have increased the changes in production

management by creating new opportunities and threats. The following aspects have

characterized globalization in production management:

Global Supply Chains

Global supply chains imply the procurement of materials and components from

suppliers across the world. Benefits and challenges include:

o

Cost Reduction: Reduced production costs that result from cheap labour and
raw materials in various parts of the world.

Complexity: Increased complexity in managing and coordinating global
suppliers.

Risk Management: Addressing risks such as geopolitical instability, trade

regulations, and supply chain disruptions.

Example: Apple gets its supplies for its products from various countries takes

advantage of the cost differences while facing the challenges of the supply chain.

Outsourcing and Offshoring

Outsourcing and offshoring are similar in that both involve the contracting of

production processes to other firms or moving the production to other countries.

This includes

o

Cost Savings: Outsourcing the operations to countries where the wages for
labour are comparatively lower thus cutting on operational costs.

Focus on Core Competencies: Enabling companies to outsource processes that
do not form part of their areas of specialization.

Quality Control: Addressing the issue of how organizations can maintain

quality standards in different geographical locations.

Example: Nike operates its manufacturing facilities in Asia in order to reduce its

costs of production and concentrate on branding and innovation.

Cross-Cultural Management

The main issue of managing a global workforce is based on cultural differences.
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o Communication: Breaking language barriers and the ability to communicate
effectively across different cultures.

o Leadership: Adapting leadership styles to different cultural contexts.

o Team Dynamics: Building cohesive teams with members from diverse cultural
backgrounds.

Example: Infosys is a global IT service provider with people from different

countries and cultures; hence, managing cultural differences is essential.

e Global Standards and Regulations

In global production, one has to conform to the standards and laws of the respective

country. This includes:

o Quality Standards: Adhering to international quality standards such as ISO
9001.

o Environmental Regulations: Complying with environmental regulations in
different countries.

o Labour Laws: Ensuring compliance with labour laws and ethical practices
globally.

Example: Samsung Electronics adheres to global quality and environmental

standards, ensuring compliance across its international production facilities.

e Technological Integration

The globalization process has enhanced the implementation of modern technologies

in production units worldwide. This includes:

o Standardized Systems: Standardisation of production processes and systems
across different countries.

o Data Sharing: Sharing data and insights across international production sites.

o Innovation: Leveraging global talent and resources for innovation and
continuous improvement.

Example: General Electric have adopted the use of advanced technologies as well

as the standardization of systems in its plants worldwide.

12.5 Ethical Issues in Production
Ethical issues in relation to production can be defined as fair and proper standards
within the production process. Key ethical considerations include:

e Labour Practices
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Maintaining business ethics in employment relations is a vital component of

production management. This includes:

o Fair Wages: Paying workers fair wages in accordance with local laws and
standards.

o Safe Working Conditions: Providing safe and healthy working environments
for employees.

o Non-Discrimination: Equal opportunities and non-discriminatory practices for
all the employees.

Example: Tata group has constructed its social image around ethical labour policies

and remunerations as well as proper working conditions.

Environmental Responsibility

Sustainability is defined as the reduction of negative impact on the environment

during production processes. This includes:

o Pollution Control: Implementing measures to control and reduce pollution.

o Resource Conservation: Using resources efficiently and sustainably.

o Waste Management: Properly managing and disposing of waste materials.

Example: ITC Limited has been managing its production processes in such a way

that it cuts down environmental pollution and saves resources.

Transparency and Accountability

In production, it is very important to ensure that one is transparent and accountable

so as to maintain the integrity of the production. This includes:

o Supply Chain Transparency: Providing visibility into the supply chain to
ensure ethical practices.

o Corporate Governance: Implementing robust governance structures to ensure
accountability.

o Stakeholder Engagement: Engaging with stakeholders to address concerns
and build trust.

Example: Unilever also releases sustainability and ethical standards for its

business, still reporting to the stakeholders on the company’s performance.

Intellectual Property Rights

Preserving the intellectual property rights is very important in production in order

to guard innovativeness and investment. This includes:
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o Patent Protection: Safeguarding to ensure that the products and processes are
patented to prevent any infringement.

o Trade Secrets: Safeguarding proprietary information and trade secrets.

o Compliance: Adhering to intellectual property laws and regulations.

Example: Pfizer focuses a lot on safeguarding the claims to pharmaceutical

products and processes by seeking patents and maintaining trade secrets.

e Consumer Rights

Consumer rights protection is one of the core ethical values that must be upheld

when producing goods. This includes:

o Product Safety: Ensuring products are safe for use and meet quality standards.

o Honest Marketing: Providing truthful and accurate information about
products.

o Customer Service: Offering reliable customer service and addressing
consumer complaints.

Example: Nestlé ensures its products meet stringent safety and quality standards,

providing accurate information and reliable customer service.

e Knowledge Check 2
State True or False.
1. Green manufacturing involves the use of eco-friendly materials and processes.
(True)
2. Outsourcing always increases production costs. (False)
3. Ethical labour practices include providing safe working conditions and fair
wages. (True)

4. Blockchain technology decreases supply chain transparency. (False)

e Outcome-Based Activity 2
Identify one example of a company implementing sustainable production practices

and describe one method they use.

12.6 Summary
e Lean manufacturing aims to reduce waste and improve efficiency through practices

like Just-In-Time production and continuous improvement.
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Automation and robotics enhance production speed, precision, and consistency,
while additive manufacturing (3D printing) allows for customization and rapid
prototyping.

The Internet of Things (IoT) enables real-time monitoring and predictive
maintenance, significantly improving operational efficiency.

Artificial Intelligence (Al) and advanced analytics optimize production processes,
enhance quality control, and support data-driven decision-making.

Sustainable resource management involves using renewable energy, eco-friendly
materials, and water conservation to minimize environmental impact.

The circular economy promotes recycling and reusing materials, while green supply
chain management integrates environmental considerations into supply chain
operations.

Global supply chains offer cost-reduction benefits but introduce complexity and
risks such as geopolitical instability and trade regulations.

Outsourcing and offshoring reduce labour costs and allow companies to focus on
core competencies, but they require effective cross-cultural management and
quality control.

Ethical labour practices ensure fair wages, safe working conditions, and non-
discrimination, fostering a responsible production environment.

Environmental responsibility involves pollution control, resource conservation, and

waste management, ensuring sustainable production practices.

12.7 Keywords

Lean Manufacturing: A methodology that focuses on reducing waste and
improving efficiency in production processes.

Additive Manufacturing: A process of creating objects by adding material layer
by layer, commonly known as 3D printing.

Internet of Things (IoT): A network of interconnected devices that collect and
exchange data, enabling real-time monitoring and control.

Sustainable Production: Practices that minimize environmental impact and
promote long-term economic and social throughbility.

Global Supply Chain: The network of suppliers and production facilities located

around the world, used to source materials and components.
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12.8 Self-Assessment Questions

1.

2
3
4.
5

What are the core principles of lean manufacturing?

How have automation and robotics transformed production processes?
Explain the concept of sustainable resource management.

Discuss the impact of globalization on production management.

What are some ethical issues related to labour practices in production?
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Unit 13: Supply Chain Management

Learning Outcomes:

e Students will be able to understand the fundamental concepts of supply chain
management.

e Students will be able to identify the components of a supply chain and their
interrelations.

e Students will be able to analyse the role of the supply chain in production and its
impact on business efficiency.

e Students will be able to evaluate strategies for effective supply chain management.

e Students will be able to develop risk management plans for supply chain

disruptions.

Structure:
13.1 Introduction to Supply Chain Management
13.2 Components of a Supply Chain
e Knowledge Check 1
e Outcome-Based Activity 1
13.3 Role of Supply Chain in Production
13.4 Strategies for Effective Supply Chain Management
13.5 Supply Chain Risk Management
e Knowledge Check 2
e QOutcome-Based Activity 2
13.6 Summary
13.7 Keywords
13.8 Self-Assessment Questions

13.9 References / Reference Reading
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13.1 Introduction to Supply Chain Management

The management of supply chains was established as a critical component of the

manufacturing and service industries. It is defined as the coordination of the activities

of sourcing, procurement, conversion, and logistics management. It also involves the

management and integration with the channel players such as suppliers, intermediaries,

third-party service providers and customers. Thus, SCM is a concept of synchronizing

both supply and demand on the intracompany and intercompany levels.

Definition of Supply Chain Management

Supply chain management can be described as the coordination of the flow of goods
and services, which involves all the activities that turn resources into products.
supply chain management is a proactive process of integrating and optimising a
firm’s supply side activities to create superior customer value and achieve a
competitive advantage.

Importance of Supply Chain Management

SCM has significant relevance as it has a direct influence on the performance of a
business organization. Effective supply chain management helps cut costs, increase
the quality of products, shorten the time to market, and increase customer
satisfaction. Also, with the globalization of markets, proper SCM is critical to
sustaining a competitive edge and handling the risks that come with cross-border
supply chains.

Evolution of Supply Chain Management

The concept of SCM has undergone a tremendous change over the past few decades.
First, it was aimed towards optimisation of production and minimisation of
expenses. However, with the increasing sophistication of technology and the
implementation of globalization, SCM has slowly evolved to include activities such
as logistics, strategic sourcing, and demand planning. Another impact of IT in
business is the revolution of SCM through the integration of information technology
to enhance efficiency and adaptability to market conditions.

Objectives of Supply Chain Management

The primary objectives of SCM are to:

o Reduce costs by minimising excess inventory and improving efficiency.

o Increase customer satisfaction by delivering products and services on time and

to the required quality.
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o Enhance flexibility and responsiveness to market demands.

o Improve collabouration and communication among supply chain partners.

o Ensure sustainability by adopting eco-friendly practices.

Real-World Example

Some good examples of SCM can be observed in organizations such as Amazon
and Walmart, which possess very good supply chain management systems that
enable them to deliver products to customers in the shortest time possible. The
integration of superior technology, effective partnership, and the application of

various improvement processes make them prominent in the practices of SCM.

13.2 Components of a Supply Chain

A supply chain comprises several sub-systems that are involved in the process of

transferring products from the suppliers to the consumers. These components include:

Suppliers

A supplier is an organization or a company that provides the goods and services
needed for production, such as raw materials and parts. They are very important in
the supply chain as they offer the inputs required in the production process of goods.
Manufacturers

Producers turn materials into goods. They are involved in the production process,
quality assurance, and guaranteeing that products meet the demanded quality by the
customers.

Distributors

Distributors are between manufacturers and retailers, and they play the primary role
in supplying the products to the retailers. They are also in charge of how and where
to store the products and how to transport them to the markets efficiently.
Retailers

Retailers are the ultimate consumers of the products of producers and middlemen.
They are involved in the direct selling of products and also have the mandate of
making sure that products are in the market to meet the market demand.
Customers

Customers are individuals or organizations that utilize products and services in the
market. As the demand makers in the supply chain, their needs and preferences

make them a main cog.
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Logistics

Logistics can be understood as the process of managing the flow of goods, services,
and information from the point of origin to the point of consumption or use in order
to meet the consumer’s requirements in the right place and at the right time. It
involves transport, storage, and even stock-keeping.

Information Systems

The information system plays a critical role in the current SCM strategies. These
facilitate efficient and timely tracking, monitoring, and communication of
information within the supply chain.

Financial Flow

Credit management covers matters concerning the flow of money in the supply
chain such as payments, credit terms and any form of financial transaction between
a firm and its suppliers.

Diagram of Supply Chain Components
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Real-World Example

An example of an integrated supply chain can be illustrated in the automotive
industry. Companies like Toyota and Ford have complex supply chains involving
numerous suppliers, manufacturers, distributors, and retailers. Effective
coordination among these components is essential to ensure the timely production

and delivery of vehicles to customers.
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Knowledge Check 1

Fill in the Blanks.

1. Supply chain management integrates supply and management within
and across companies. (demand)

2. Effective SCM can reduce costs by minimising excess . (inventory)

3. Information systems in SCM enable real-time , data analysis, and
communication. (Tracking)

4. Distributors manage the storage, transportation, and of products to

ensure they reach the market efficiently. (distribution)

Outcome-Based Activity 1
Identify and list two real-world companies that are known for their effective supply

chain management practices.

13.3 Role of Supply Chain in Production

The supply chain is an important aspect when considering the production process. It

makes certain that the requisite materials are bought and stored, helps to run production

lines effectively, and enables the timely supply of products to the customers.

Ensuring Availability of Raw Materials

The supply chain plays a crucial role in providing raw materials to organizations,
which is one of its major objectives. These include procuring raw materials from
the right suppliers, ensuring that there is an adequate stock of raw materials, and
ensuring that there is proper transportation to avoid disruption of production.
Supporting Manufacturing Processes

The supply chain creates the backbone of the manufacturing process by delivering
the required inputs in the required quantity and on time. This makes it easier to
reduce the time that an organization might take to produce goods, minimize wastage
and increase efficiency.

Facilitating Timely Delivery

The supply chain plays a crucial role in making sure that the finished products get
to the customers as and when required. This includes organizing the flow of goods,

ensuring transportation and providing the best channels for distributing goods.
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Enhancing Product Quality

A well-managed supply chain can enhance product quality by ensuring that inputs
meet required standards and that production processes are consistently monitored
and improved.

Reducing Costs

Effective SCM can reduce costs by minimising excess inventory, improving
production efficiency, and optimising transportation and distribution.

Increasing Customer Satisfaction

By making delivery fast and ensuring the quality of the product, SCM can enhance
customer satisfaction. Satisfied customers are likely to repurchase the products of
that company and also refer other people to do the same.

Real-World Example

In the case of the electronics industry, organizations such as Apple require proper
supply chains to procure different materials from all over the globe and assemble
products before delivering them to the market. The management of their supply
chain is central to the quality of their products and the satisfaction of the market’s

needs.

13.4 Strategies for Effective Supply Chain Management

Below are some of the strategies businesses can use to enhance the achievement of

SCM. All these strategies are aimed at improving various parts of the supply chain,

increasing cooperation, and increasing the effectiveness of the supply chain.

Demand Forecasting

Sales forecasting is about predicting future customers’ needs so that the supply
chain can respond appropriately. Demand forecasting is useful in determining the
right time to schedule production and the right amount of stock to order to avoid
situations where one has to order goods when they are not needed or when the goods
are out of stock.

Just-In-Time (JIT) Inventory

The JIT or Just In Time inventory system is a strategy that calls for goods to be
procured when they are required for use in production. This approach demands
cooperation with suppliers and precise demand forecasting to avoid disruption of

production.
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Lean Manufacturing

Lean manufacturing can be defined as a strategy that is aimed at reducing waste in
the manufacturing process. Lean principles help decrease expenses, enhance the
quality of the end product, and enhance the speed of production.

Supplier Relationship Management

Supplier relationship management is the process of developing long-term
relationships with suppliers to ensure order delivery by the suppliers. This can be
in the form of a long-term agreement, coordination, or even negotiation on a
particular issue.

Technology Integration

Applying smart technologies like AI, ML, and IoT to the supply chain can expand
transparency, make better decisions, and optimize the supply chain process. For
example, Al can be used for demand forecasting, whereas IoT devices can monitor
the stock in real time.

Sustainability Practices

Another aspect that is gaining more and more significance in SCM is sustainability.
Companies can integrate sustainable strategies in production and operations by
decreasing waste, utilizing renewable resources, and sourcing materials sustainably
for the purpose of supporting the growing customer demand for environmentally
friendly products.

Global Sourcing

This is a purchasing strategy that involves the acquisition of raw materials and other
products from different parts of the globe. While this can lower costs and enhance
the quality of products, it also calls for efficient international logistics, adherence to
laws and standards, and risk management concerning supply chains.

Risk Management

Supply chain risk management involves the identification, evaluation, and
minimizing of risks that threaten the supply chain. This may encompass issues such
as creating back-up strategies, varying the supply chain, and spending in risk
management tools.

Real-World Example

It is must to focus on the case of Procter & Gamble (P&G) which is recognised as

one of the most successful companies in terms of SCM. P&G employs modern tools
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in demand forecasting, has proper dealings with suppliers, and implements the

principles of lean production.

13.5 Supply Chain Risk Management

Supply chain risk management can be defined as one of the most important elements

of SCM. It evaluates risks that may be inherent in any given business and informs that

SCRM can be defined as a framework that guarantees the continued functioning of the

supply chain in the face of disruptions.

Identifying Risks

The first activity of SCRM is to define potential risk factors that may affect the
supply chain. These risks can be internal, such as problems with production and
quality, and external, such as natural disasters, political instabilities, or any other.
Assessing Risks

Once risks have been identified, they have to be evaluated based on their probability
and their severity. This assessment enables management to focus on certain risks
and allocate resources towards managing them.

Mitigation Strategies

Risk control measures involve putting measures that are likely to minimize the risks
which have been identified or their effects. These strategies can include:

o Diversifying suppliers to reduce dependency on a single source.

o Maintaining safety stock to buffer against supply disruptions.

o Developing contingency plans for critical risks.

o Investing in risk monitoring and early warning systems.

Real-World Example

As seen with the COVID-19 pandemic, several firms experienced many disruptions
in their supply chains. Holders of efficient SCRM strategies, including different
suppliers and contingency plans, were more capable of handling these disruptions
and continued functioning.

Case Study: Toyota

Toyota is acknowledged for its reliable SCRM practices. After being severely
affected by natural disasters in the past, Toyota put in measures that included

supplier diversification, building inventory stocks, and creating response teams.
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Knowledge Check 2

State True or False.

1. Effective supply chain management can reduce costs by minimising excess
inventory. (True)

2. The JIT inventory strategy aims to increase inventory holding costs by receiving
goods in advance. (False)

3. Lean manufacturing focuses on eliminating waste and improving efficiency in
the production process. (True)

4. Supply chain risk management involves ignoring potential risks to maintain

operational focus. (False)

Outcome-Based Activity 2
Create a simple flowchart showing the main components of a supply chain from

suppliers to customers.

13.6 Summary

Supply chain management (SCM) is defined as the management of the entire
process of sourcing, procurement, conversion logistics and supply and demand
within and across companies.

SCM plays an important role in managing and improving several aspects of the
production environment and customer satisfaction as a way of decreasing costs and
increasing the quality of goods and services.

The supply chain involves various entities that include suppliers, manufacturers,
distributors, retailers, and customers, as well as the physical means of transportation
and information flows.

SCM is a complex process that implies the integration of these components to
guarantee timely delivery of products, proper quality, and financial processes.

The supply chain secures the raw material needed for production and also provides
the requisite components for the production line, thus increasing efficiency by

minimizing time wastage.
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Through efficient supply chain management, it helps deliver finished products to
customers on time, improving quality standards, cutting expenses, and satisfying
customers.

The main approaches to SCM include demand management, JIT inventory, lean
manufacturing, and supplier management, with the aim of improving operations
and controlling costs.

Sustaining techniques, improving supply chain transparency, flexibility, risk
management, and leveraging technologies are crucial factors to be incorporated into
the supply chain.

Supply chain risk management encompasses the activity of identifying, evaluating
and controlling risks that are likely to affect the supply chain either through
production problems or disasters such as earthquakes.

Some of the activities that fall under effective SCRM are supplier diversification,

safety stocking, contingency planning, and risk monitoring investments.

13.7 Keywords

Supply Chain Management (SCM): The coordination of the material and service
flows, which comprises all activities that turn materials into finished products.
Demand Forecasting: Forecasting the requirements of customers in the future to
organize the production plan and to control the stock.

Just-In-Time (JIT) Inventory: A plan that can help in lowering the costs of
holding inventory in that goods are received when they are required in the
production process.

Lean Manufacturing: An approach that aims at minimizing wastage in the
production process and at the same time maximizing productivity.

Risk Management: The process of evaluating and managing risks that may harm

the supply chain.

13.8 Self-Assessment Questions

1.

2
3.
4

What are the primary objectives of supply chain management?
Describe the main components of a supply chain.
How does effective supply chain management impact production efficiency?

What is the role of demand forecasting in supply chain management?
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5. Explain the Just-In-Time (JIT) inventory strategy and its benefits.

13.9 References / Reference Reading

Chopra, Sunil, and Peter Meindl. Supply Chain Management: Strategy, Planning,
and Operation. Tth ed., Pearson, 2020.

Mohanty, R.P., and S.G. Deshmukh. Essentials of Supply Chain Management. Jaico
Publishing House, 2011.

Shah, Janat. Supply Chain Management: Text and Cases. Pearson Education India,
2009.

Sople, Vinod V. Supply Chain Management: Theories and Practices. Pearson
Education India, 2012.

Ballou, Ronald H. Business Logistics/Supply Chain Management. 5th ed., Pearson
Education India, 2004.

133



Unit 14: Production Scheduling and Control Systems

Learning Outcomes:

Students will be able to identify advanced scheduling techniques.

Students will be able to understand the principles of Just-in-Time (JIT) production.
Students will be able to apply Materials Requirement Planning (MRP) effectively.
Students will be able to comprehend the functionalities of Enterprise Resource
Planning (ERP).

Students will be able to implement Manufacturing Execution Systems (MES) in a

production environment.

Structure:

14.1 Advanced Scheduling Techniques
14.2 Just-in-Time (JIT) Production

e Knowledge Check 1
e Outcome-Based Activity 1

14.3 Materials Requirement Planning (MRP)

14.4 Enterprise Resource Planning (ERP)

14.5 Manufacturing Execution Systems (MES)

o Knowledge Check 2

e Outcome-Based Activity 2

14.6 Summary
14.7 Keywords

14.8 Self-Assessment Questions

14.9 References / Reference Reading
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14.1 Advanced Scheduling Techniques

Scheduling in production is defined as the procedure of planning, regulating and

coordinating work and workload in a production process. It is a process of arranging

scarce resources through time to achieve certain objectives. The main strategic

objective is to achieve the highest level of productivity and minimize costs.

Gantt Charts

Gantt charts are one of the most utilized and effective scheduling tools. These
display the timing of activities in a project the time within which each of the
activities in a project is expected to start and complete. In production scheduling,
Gantt charts prove useful for planning and monitoring the execution of various
assignments.

Example: In project management, a Gantt chart can be used to schedule the
production of a car, from purchasing raw materials to assembling the car.

Critical Path Method (CPM)

The Critical Path Method is a sequential approach to project management aimed at
determining activities on the critical path. It is used to establish the minimum time
required for the completion of a project and the level of scheduling discretion.
Example: In the manufacturing industry, particularly the automotive industry, CPM
can be used to schedule the manufacturing of car parts so that they can be assembled
on time.

Program Evaluation and Review Technique (PERT)

PERT is used in planning and controlling large projects, hence depicting the tasks
in the project and the time needed for the completion of each task. It applies the
theory of probability to determine the least time needed to accomplish a task or a
project.

Example: A software development firm may employ PERT to plan the development
timeline of a new product, while an aerospace firm may apply PERT in planning
the manufacturing schedule of a new aircraft.

Finite Capacity Scheduling (FCS)

As has been defined earlier, finite capacity scheduling is specially designed with
the capacity of production resources in mind. They help in ensuring that the
production timeline is achievable given the capacity of the machines, available

manpower and material.
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Example: An FCS adopter would make sure that the number of fabrics that it
produces does not outpace the capability of weaving machines.

Theory of Constraints (TOC)

TOC is centred on the identification of constraints in the production system. When
these constraints have been optimized, the output of the system is likely to have
increased.

Example: In a bottling plant, TOC may find out that the capping machine is a

constraint and look at how the problem may be solved.

14.2 Just-in-Time (JIT) Production

Principles of JIT

Just-in-time production’s goal is to minimize waste and optimize production by

acquiring products as and when they are required in the production line. This

reduces inventories and minimizes the dangers of holding too much stock on hand.

Example: Toyota’s system of production can be discussed as one of the best

examples of an effective JIT application.

Benefits of JIT

o Reduced Inventory Costs: Having low inventory reduces storage costs and the
amount of money that is locked up in inventory.

o Increased Efficiency: JIT results in the elimination of waste, which makes the
manufacturing process to become shorter hence making it become more
efficient and productive.

o Enhanced Quality: The key elements of JIT are the focus on improvement and
precision, which results in a significant enhancement of the quality of produced
goods.

JIT Implementation Steps

o Assess Current Processes: Analyze current production procedures to define
what can be improved or eliminated.

o Supplier Collabouration: Communicate with suppliers to make arrangements
that would ensure that the materials are delivered on time.

o Employee Training: Educate the employees on JIT principles and practices.

o Continuous Improvement: Promote the culture of lean meaning that the

organisation should adopt the practice of elimination of wastage.
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Challenges of JIT

o Supplier Reliability: JIT is fully dependent on supplies and this may prove to
be a problem if the suppliers cannot supply the goods on time.

o Demand Variability: Low stock is not easy to deal with because it reflects the
level of demand that is difficult to control.

o Cultural Change: JIT involves a major change of culture in an organization
and this is not easy to achieve.

Knowledge Check 1

Fill in the Blanks.

1. Gantt charts provide a visual representation of a project schedule, showing the
start and finish dates of various elements of a project. (Gantt charts)

2. The Critical Path Method (CPM) is used to identify activities on the

path of a project. (critical)

3. Just-in-Time (JIT) production aims to reduce and increase
efficiency by receiving goods only as they are needed in the production process.
(waste)

4. In the automotive industry, CPM can be used to schedule the production of car

to ensure timely assembly. (components)

Outcome-Based Activity 1

Identify a real-world industry example where Gantt charts are used for scheduling

and discuss its benefits in a brief paragraph.

14.3 Materials Requirement Planning (MRP)

Introduction to MRP

Materials Requirement Planning is a system for calculating the materials and

components needed to manufacture a product. It ensures that materials are available

for production and products are available for delivery to customers.

Key Components of MRP

o

Bill of Materials (BOM): A comprehensive list of raw materials, components,

and assemblies required to manufacture a product.
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o Inventory Records: Detailed records of inventory levels, including quantities
on hand, on order, and allocated.

o Master Production Schedule (MPS): A plan for the production of end items,
specifying quantities and timing.

MRP Process

1. Demand Forecasting: Predict future demand for finished products.

2. Explosion: Break down the MPS into individual components and materials
using the BOM.

3. Netting: Calculate the net requirements by subtracting the available inventory
from the gross requirements.

4. Time-Phasing: Schedule orders to ensure materials arrive when needed.

Benefits of MRP

o Improved Inventory Management: MRP contributes to stock control by
minimizing excess stock and stock-out situations.

o Enhanced Production Planning: MRP helps to offer a specific plan of
production, which increases the organization’s coordination.

o Better Customer Service: Through the timely availability of products, MRP

can improve customer satisfaction.

MRP in Practice

Example: A pharmaceutical firm applies MRP to determine the required purchase

of all the raw materials in the manufacturing of drugs while bearing in mind the set

regulations on stock control.

14.4 Enterprise Resource Planning (ERP)
Understanding ERP

Enterprise Resource Planning links every aspect of a business, ranging from product

design, creation, distribution, sales and marketing, into one database, application,

and interface.

Components of ERP

©)

Finance and Accounting: Manages financial transactions, accounts payable,
accounts receivable, and general ledger.
Human Resources: Handles employee information, payroll, recruitment, and

performance management.
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Manufacturing: Manages production planning, scheduling, and inventory
control.
Sales and Marketing: Manages customer information, sales orders, and

marketing campaigns.

Benefits of ERP

©)

(@]

o

Integrated Information: ERP systems collect data throughout the
organization; hence, it eliminates the use of multiple systems to retrieve data
from a department.

Improved Efficiency: Apart from that, ERP systems help decrease the amount
of work that has to be done manually and, as a result, improve efficiency.
Better Decision Making: Information availability in real-time is very crucial

in decision-making and business planning.

ERP Implementation Steps

o

Requirement Analysis: Collect data on the particular requirements of the
organisation.

Vendor Selection: Select an ERP vendor that the organization requires.
Customization: The ERP system should be modified to suit the business
processes.

Training: Educate the employees on the new system that is to be implemented.
Go-Live: The change to the new system has to be implemented, and the place

has to be observed for potential problems.

Challenges of ERP

o

High Costs: A disadvantage of using ERP systems is the cost of purchasing and
installing the system as well as upgrading and maintaining the system.
Complexity: The process of adopting an ERP system may be challenging and
may take a lot of time.

Resistance to Change: Workers may not appreciate change in their working

procedures.

ERP in Practice

Example: An Indian automobile manufacturer employs ERP to link up the

manufacturing, inventory, sales and financial units with a view to improving the

efficiency of the organization’s operations.
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14.5 Manufacturing Execution Systems (MES)

Introduction to MES

Manufacturing Executive Systems helps control and track work-in-progress on the

shop floor. MES offers accurate information concerning the production processes,

leading to proper decisions and minimal wastage.

MES Key Functions

o Production Tracking: This tracks the production orders in real-time, ensuring
that the production targets are met effectively.

o Quality Management: Verifies product quality by performing inspections and
tests on products.

o Resource Allocation: This is responsible for the distribution of machines and
manpower to the production processes.

o Data Collection: Collects information from the shop floor to provide
information about the production.

Benefits of MES

o Enhanced Visibility: Real-time data gives a view of current production
processes so that responses to problems can be made immediately.

o Improved Efficiency: MES also helps to minimize resource wastage and time,
which boosts productivity.

o Better Quality Control: MES is useful for quality assurance because it

provides information about production parameters and possible defects.

MES Implementation Steps

o

Needs Assessment: This requires evaluating the organization’s requirements
and objectives and identifying the various components that may be affected by
the change.

System Selection: Select a MES that is suitable for the organization.
Integration: Mes should be interfaced with other systems like ERP.

Pilot Testing: A pilot test is recommended to check whether the system is
functional or not.

Full Deployment: The system should be integrated throughout the

organization.

Challenges of MES
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o Integration Issues: MES can be complicated to implement since it must
interface with other systems.

o High Costs: MES systems can be costly to start.

o Complexity: MES is an IT system that needs to be installed and governed; thus,
it requires technical knowledge.

MES in Practice

Example: An example of MES application is a beverage company that employs it

to manage its bottling line so that the process progresses optimally.

Knowledge Check 2

State True or False.

1. Materials Requirement Planning (MRP) helps maintain optimal inventory
levels. (True)

2. Enterprise Resource Planning (ERP) systems consolidate data only within the
finance department. (False)

3. Manufacturing Execution Systems (MES) provide real-time data on production
activities, facilitating better decision-making. (True)

4. MES systems are inexpensive and easy to implement in any organization.

(False)

Outcome-Based Activity 2
Research and list three companies that have successfully implemented ERP systems

and mention one benefit they experienced.

14.6 Summary

Techniques of scheduling such as Gantt charts, CPM, PERT, FCS, and TOC offer
ways of improving the planning of production tasks by demonstrating how and
when events are to take place and how they are critical.

Implementing these techniques helps improve productivity, reduce delays, and
ensure timely completion of projects by aligning resources and managing

constraints effectively.
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JIT production, as the name suggests, restricts the intake of materials or supplies in
the production process to when they are required, reducing the storage cost and
eliminating the problem of having too much stock in the organization.
McCutcheon and Meredith also identified some issues that arise with JIT
implementation; these include supplier reliability and demand variability; however,
JIT implementation involves supplier collaboration, employee training, and a
culture of continuous improvement.

MRP computes the required material and components for production through Key
data elements, which include BOM, inventory control record, and MPS.

MRP helps to optimize stock, increases the effectiveness of the production
schedule, and guarantees that the product is readily available, which directly helps
to increase customer satisfaction and minimize unnecessary inventory.

ERP, which stands for Enterprise Resource Planning, consolidates different
business functions, finance, human resources, manufacturing, and sales, into one
unified system to provide accurate real-time data for decision-making.

However, some challenges include high costs, ERP systems’ complexity, and other
issues that make companies improve efficiency, automate processes, and centralize
data in different departments to improve the flow of work.

MES controls and tracks WIP on the shop floor through real-time data on the
production process, which is useful in decision-making and overall improvement of
production processes.

Based on the literature review, MES provides visibility, optimizes resources, and
improves quality by tracking production, allocating resources, and collecting data

while facing obstacles like integration problems and high implementation costs.

14.7 Keywords

Gantt Chart: A project management tool in the form of a graphic display that
depicts the sequence of activities.

Critical Path Method (CPM): A project planning tool that is used to identify the
correct order of the most important activities.

Just-in-Time (JIT) Production: A plan to extend efficiency by making it possible

to receive materials when they are required.
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Materials Requirement Planning (MRP): A method of determining the required
quantities of the materials and components for production.
Enterprise Resource Planning (ERP): A software product that has the capability

to support and coordinate most, if not all, business activities.

14.8 Self-Assessment Questions

1.
2.

What are the key components of Materials Requirement Planning (MRP)?

How does the Just-in-Time (JIT) production system help in reducing inventory
costs?

Explain the benefits and challenges of implementing an Enterprise Resource
Planning (ERP) system.

Describe the role of Manufacturing Execution Systems (MES) in quality
management.

Compare and contrast Gantt charts and the Critical Path Method (CPM) in

production scheduling.
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Unit 15: Inventory Management

Learning Outcomes:

e Students will be able to explain the Economic Order Quantity (EOQ) model.
e Students will be able to calculate inventory turnover ratios.

e Students will be able to identify inventory optimization techniques.

e Students will be able to apply ABC analysis in inventory management.

Structure:
15.1 Inventory Control Systems
15.2 Economic Order Quantity (EOQ)
e Knowledge Check 1
e Outcome-Based Activity 1
15.3 Inventory Turnover Ratios
15.4 Inventory Optimization Techniques
15.5 ABC Analysis in Inventory Management
e Knowledge Check 2
e Outcome-Based Activity 2
15.6 Summary
15.7 Keywords
15.8 Self-Assessment Questions

15.9 References / Reference Reading
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15.1 Inventory Control Systems

Introduction to Inventory Control Systems

Inventory control systems are of great importance when it comes to handling a

company’s inventory. These systems assist in the monitoring and organization of the

business’s stocks, orders, sales, and deliveries. Success inventory management systems

help a firm to keep the right stock levels so that it does not overstock and, at the same

time, does not run out of stock, which can be very expensive for the business.

Types of Inventory Control Systems

Manual Inventory Systems

@)

Description: Manual systems involve the use of documents to record inventory,
preferably in a logbook or in a computer spreadsheet. This method can only suit
small business firms that do not deal with a large inventory.

Advantages: Cost-effective, simple to implement.

Disadvantages: Prone to human error, time-consuming, less efficient for larger

inventories.

Automated Inventory Systems

o

Description: Automated systems process real-time information with the help of
software to monitor the inventory. It is connected with other business
applications, such as sales and order processing.

Advantages: Accuracy, timely, useful when dealing with a large number of
items.

Disadvantages: It is more expensive initially and needs skills and attention to

keep it in proper working order.

Just-In-Time (JIT) Inventory Systems

©)

Description: JIT is a method that is used to minimize costs that are incurred in
holding inventories; this is because materials are procured when they are
required in the production line.

Advantages: Saves on space and prevents wastage of resources.
Disadvantages: Demand forecasting is accurate but dependent on the suppliers;

it can be costly if a risk occurs.

Perpetual Inventory Systems

o

Description: Perpetual systems run automatically by recording the stock in the

inventory list as each transaction is made.
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o Advantages: Ensures availability of accurate, real-time inventory information
and increases order precision.

o Disadvantages: Tends to be costly when integrated and needs frequent system
upgrades.

e Periodic Inventory Systems

o Description: In a periodic system, the records of inventory are updated at certain
predefined time intervals, such as weekly or monthly, and not at continuous
intervals.

o Advantages: More economical compared to perpetual systems, easy to install.

o Disadvantages: It is not as efficient and has a higher chance of stockout or

overstocking between updates.

Real-World Example: An automated inventory system deployed in a retail store can
help a retail store owner know which products are popular among consumers and which
ones are not popular, hence assisting in altering the number of stocks to be purchased
for a particular product. It assists in achieving the right stocking level, with the right

stock available all the time and fewer costs of holding the less selling stock.

15.2 Economic Order Quantity (EOQ)
Introduction to EOQ
The Economic Order Quantity (EOQ) model is a classical model or tool used in
inventory control. It assists businesses in knowing the most appropriate order quantity
that is suitable for reducing the overall costs of inventory, costs of ordering, and costs
of holding inventory.
Formula and Calculation
The EOQ formula is:

EOQ=2DSHEOQ = \sqrt{\frac{2DS} {H} } EOQ=H2DS
Where:

o D =Demand rate (units per period)

o S = Ordering cost per order

o H = Holding cost per unit per period
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Explanation of Components

Demand Rate (D)

o The number of units required over a specific period.

o Example: A company sells 10,000 units of a product annually.

Ordering Cost (S)

o The cost incurred each time an order is placed.

o Example: The cost of placing an order, including administrative expenses, is
Rs.500.

Holding Cost (H)

o The cost of holding one unit of inventory over a given period of time.

o Example: This cost is to store one unit of the product per year, which is Rs.20.

Example Calculation

If a company has an annual demand (D) of 10,000 units, an ordering cost (S) of Rs.500

per order, and a holding cost (H) of Rs.20 per unit per year, the EOQ would be:

EOQ=2x10,000x50020EOQ =  \sqrt{\frac{2  \times 10,000  \times
500} {20} }EOQ=202x10,000x500 EOQ=10,000,00020EOQ =
\sqrt{\frac{10,000,000} {20} } EOQ=2010,000,000 EOQ=500,000EOQ =
\sqrt{500,000} EOQ=500,000 EOQ=707EOQ = 707TEOQ=707

Thus, the optimal order quantity is 707 units.
Advantages of EOQ

o Cost Minimization: Reduces total inventory costs by balancing ordering and
holding costs.
o Inventory Efficiency: Helps maintain an optimal inventory level.

o Simplicity: Easy to understand and apply.

Disadvantages of EOQ

o Assumptions: Assumes constant demand and lead time, which may not be
realistic.

o Static Model: May not adapt well to changing business conditions.

Knowledge Check 1
Fill in the Blanks.
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1. The EOQ formula is used to determine the optimal order quantity that
minimizes the total costs associated with inventory, including ~ and

costs. (ordering, holding)

2. Manual inventory systems are suitable for — businesses with
inventory. (small, limited)

3. The  inventory system continuously tracks inventory levels through
automated systems, while the =~ system updates inventory records at
specific intervals. (perpetual, periodic)

4. Just-In-Time (JIT) inventory systems aim to reduce inventory holding costs by
receiving goods  they are needed in the production process. (only as,

whenever)

¢ Outcome-Based Activity 1
Identify and list three businesses in your locality and categorize them based on the
type of inventory control system they are likely to use (manual, automated, JIT,

perpetual, periodic.

15.3 Inventory Turnover Ratios
Introduction to Inventory Turnover Ratios
Inventory turnover ratios measure how efficiently a company uses its inventory. It
indicates the number of times inventory is sold and replaced over a period.
Formula and Calculation
The inventory turnover ratio is calculated as:
Inventory Turnover Ratio=Cost of Goods Sold (COGS)Average Inventory\text{Invent
ory Turnover Ratio} = \frac{\text{Cost of Goods Sold (COGS)}}{\text{Average
Inventory} } Inventory Turnover Ratio=Average InventoryCost of Goods Sold (COGS)
Where:
o COGS: The cost incurred to produce the goods that were sold during the period.
o Average Inventory: The average value of inventory during the period,
calculated as:
Average Inventory=Beginning Inventory+Ending Inventory2\text{ Average Inventory}
- \frac {\text{Beginning Inventory} + \text{Ending
Inventory} } {2} Average Inventory=2Beginning Inventory+Ending Inventory

Example Calculation

148



If a company has a COGS of Rs.5,000,000 and an average inventory of Rs.1,000,000,
the inventory turnover ratio would be:
Inventory Turnover Ratio=5,000,0001,000,000=5\text{Inventory Turnover Ratio} =
\frac{5,000,000} {1,000,000} = SInventory Turnover Ratio=1,000,0005,000,000=5
This means the company turns over its inventory five times a year.
Interpretation of Inventory Turnover Ratios
o High Turnover Ratio: Indicates efficient inventory management and strong
sales. However, excessively high ratios may indicate understocking, which can
lead to stockouts.
o Low Turnover Ratio: Suggests overstocking, slow-moving inventory, or weak
sales, which can tie up capital and increase holding costs.
Improving Inventory Turnover
1. Optimizing Order Quantities: Using models like EOQ to determine optimal
order sizes.
2. Demand Forecasting: Accurate forecasting helps maintain appropriate
inventory levels.
3. Product Mix Adjustment: Focusing on high-demand products and phasing out

slow-moving items.

Real-World Example
A supermarket with a high inventory turnover ratio efficiently manages its stock by
quickly selling perishable items like fruits and vegetables, ensuring fresh products for

customers and minimizing waste.

15.4 Inventory Optimization Techniques
Introduction to Inventory Optimization
Inventory optimization involves using strategies and tools to manage inventory levels
effectively, ensuring that the right quantity of stock is available at the right time,
minimizing costs and meeting customer demand.
Key Inventory Optimization Techniques
1. Reorder Point (ROP) Method
o Description: The ROP is the inventory level at which a new order should be
placed to avoid stockouts.

o Calculation:
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ROP=Demand during lead time+Safety stockROP = \text{Demand during lead
time} + \text{Safety stock} ROP=Demand during lead time+Safety stock
o Example: If a company’s lead time is 5 days, daily demand is 100 units, and
safety stock is 50 units, the ROP is:
ROP=(5x100)+50=550ROP = (5 \times 100) + 50 = 550ROP=(5x%100)+50=550
2. Safety Stock
o Description: Extra inventory is held to prevent stockouts due to demand
variability and lead time uncertainty.
o Calculation:
Safety Stock=Zxoc\text{Safety Stock} = Z \times \sigmaSafety Stock=Zxc
Where Z is the desired service level factor, and 6\sigmao is the standard dethroughtion
of demand during lead time.
o Example: For a 95% service level and a standard dethroughtion of 20 units, if
Z for 95% is 1.65, then:
Safety Stock=1.65x20=33\text{Safety Stock} = 1.65 \times 20 =
33Safety Stock=1.65%20=33
3. Just-In-Time (JIT)
o Description: Minimizes inventory by receiving goods only as they are needed
in the production process.
o Benefits: Reduces holding costs and improves cash flow.
o Challenges: Requires reliable suppliers and precise demand forecasting.
4. Vendor-Managed Inventory (VMI)
o Description: The supplier manages the inventory levels based on agreed-upon
metrics.
o Benefits: Reduces the buyer’s inventory management burden and improves
stock availability.
o Challenges: Requires strong collaboration and communication with suppliers.
5. Demand Forecasting
o Description: Historical data and market analysis are used to predict future
demand.
o Techniques: Moving averages, exponential smoothing, regression analysis.

o Benefits: Improves planning accuracy and reduces stockouts and overstocking.

Real-World Example
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An electronics manufacturer using JIT can significantly reduce its inventory holding
costs by receiving components only when needed for assembly, ensuring efficient use

of resources and reducing waste.

15.5 ABC Analysis in Inventory Management
Introduction to ABC Analysis
ABC analysis is a method of categorizing inventory items based on their importance. It
helps businesses prioritize their inventory management efforts on the most valuable
items.
ABC Classification
1. Category A
o Description: High-value items with low sales frequency. These items typically
represent a small percentage of the total inventory but a large percentage of the
inventory value.
o Management Focus: Tight control, frequent review, accurate forecasting.
o Example: Expensive machinery parts in a manufacturing company.
2. Category B
o Description: Moderate-value items with moderate sales frequency. These items
represent a moderate percentage of both inventory value and total items.
o Management Focus: Regular monitoring periodic review.
o Example: Standard components used in manufacturing.
3. Category C
o Description: Low-value items with high sales frequency. These items represent
a large percentage of the total inventory but a small percentage of the inventory
value.
o Management Focus: Simplified controls, bulk ordering.
o Example: Office supplies like paper and pens.
Steps in ABC Analysis
1. Identify and Record Inventory Items: List all inventory items along with their
annual consumption value.
2. Calculate the Annual Consumption Value:
Annual Consumption Value=Annual UsagexCost per Unit\text{ Annual Consumption
Value} = \text{ Annual Usage} \times \text{Cost per

Unit} Annual Consumption Value=Annual UsagexCost per Unit
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3. Rank Items by Consumption Value: Arrange items in descending order of their

annual consumption value.

4. Categorize Items into A, B, and C: Use the Pareto principle (80/20 rule) to classify

items. Typically, category A items represent the top 20% of items contributing to

80% of the value, category B items represent the next 30%, and category C items

represent the remaining 50%.

Advantages of ABC Analysis

o

Focus on Important Items: Ensures management attention is on high-value
items.

Resource Allocation: Helps in better resource allocation and efficient inventory
management.

Cost Reduction: Reduces carrying costs by managing inventory more

effectively.

Disadvantages of ABC Analysis

o

@)

Static Classification: May not adapt well to changes in item importance over
time.

Complexity: Requires detailed data collection and analysis.

Real-World Example

A pharmaceutical company uses ABC analysis to prioritize its inventory management

efforts on high-value drugs, ensuring they are always in stock while applying simpler

controls on lower-value items like packaging materials.

e Knowledge Check 2

State True or False.

1.

A high inventory turnover ratio always indicates that a company is managing its
inventory efficiently. (False)

The Reorder Point (ROP) method involves placing a new order when inventory
levels fall to a predetermined point. (True)

Just-In-Time (JIT) inventory management requires precise demand forecasting
to be effective. (True)

In ABC analysis, category C items represent high-value items with low sales

frequency. (False)

152



Outcome-Based Activity 2
Conduct a small ABC analysis of your personal items (e.g., clothing, books,

gadgets) and categorize them into A, B, and C based on their usage and value.

15.6 Summary

Inventory control systems like EOQ enable organizations to order goods in the right
quantity, which will minimize the ordering and holding costs. It provides a practical
way to order inventory without the risk of having excess stocks or, at the same time,
running out of them increasing the smooth running of operations.

The inventory turnover ratio gives an idea of how fast stocks are being used up and
restocked. They show the speed of working capital turnover; the higher the turnover
of stocks, the more effective the management of the levels and operations of the
stocks.

A number of strategies that include JIT inventory management and safety stock help
in the enhancement of inventory. JIT prevents the accumulation of inventory and
reduces holding costs, bringing to the company’s location only what is needed,
whereas safety stock protects against stockouts, guaranteeing that the supply will
be continuous without overloading the storage.

ABC analysis sorts inventory into groups according to their value and usage
frequency and focuses the management’s attention on items with high value
(Category A) while using less stringent controls on those that have low value but
high usage rates (Category C). This assists in the proper planning and management
of resource acquisition and management stocks.

There are several strategies involved in inventory management, including EOQ,
turnover ratio, optimisations including JIT and safety stock, and ABC analysis.
Together, these approaches improve efficiency, reduce costs and ensure that the
business holds appropriate stocks to meet the market’s needs as it optimizes total

business processes.

15.7 Keywords

EOQ (Economic Order Quantity): A technique that is used in calculating the
optimum quantity that should be purchased with the aim of minimizing both the

cost of ordering and the cost of holding the stock.

153



Inventory Turnover Ratio: A measure that describes the turnover of inventory
within a given period with the ability to show the effectiveness of inventory
management.

Reorder Point (ROP): The amount of stock that should be available before a new
order is made so that the firm does not run out of stock.

Safety Stock: Safety stocks are kept on hand to avoid running out because of
unpredictable demand and unpredictable lead times.

ABC Analysis: A technique of classifying inventory into three categories (A, B, C)
where the category ‘A’ represents items that are of utmost importance and thus

require immediate attention from the management.

15.8 Self-Assessment Questions

1.

Define inventory control systems and explain their significance in business
operations.

Describe the steps involved in calculating the Economic Order Quantity (EOQ).
How is the inventory turnover ratio calculated, and what does it indicate about a
company's inventory management?

Explain the concept of the Reorder Point (ROP) and how it is determined.

Discuss the benefits and challenges of implementing Just-In-Time (JIT) inventory

systems.
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Unit 16: Innovation in Production Techniques

Learning Outcomes:

Students will be able to identify the role of innovation in production.
Students will be able to describe technological advancements in manufacturing.

Students will be able to explain the concepts of smart manufacturing and Industry

4.0.
Students will be able to analyze case studies on innovative production techniques.

Students will be able to predict future trends in production management.

Structure:

16.1 Role of Innovation in Production

16.2 Technological Advancements in Manufacturing

e Knowledge Check 1

e Outcome-Based Activity 1

16.3 Smart Manufacturing and Industry 4.0

16.4 Case Studies on Innovative Production Techniques

16.5 Future Trends in Production Management

o Knowledge Check 2

e Outcome-Based Activity 2

16.6 Summary
16.7 Keywords

16.8 Self-Assessment Questions

16.9 References / Reference Reading

155



16.1 Role of Innovation in Production

Proactivity fosters the improvement of production methods as a way of increasing
efficiency, cutting costs, and improving the quality of the products. This means that
through the use of strategic techniques, one can manage to keep up with the changes in
the market. Below are some aspects that have been proposed concerning the role of
innovation in production;

Increased Efficiency

The use of innovation in the production process usually results in a very high increase
in production efficiency. For example, automation and robotics are known to work
faster and more accurately in carrying out repetitious tasks within the production line
than human beings would.

Cost Reduction

They may contribute to the cost reduction of production since they can cut down on
wastage of resources and time and enhance precision in the process. Process
improvement methods such as lean manufacturing involve the reduction of non-value-
added processes to reduce costs.

Product Quality

Techniques used in production are also relevant in raising the quality of products
through the elimination of inconsistent human operations. For example, precision
machining and sophisticated quality assurance technologies are useful in creating high
quality.

Flexibility and Customization

Techniques which enable appropriate changes in the production process make it more
flexible and can be tailored. Such technologies as 3D printing allow the creation of
products with complicated designs shaped to customers’ needs at a reasonable cost.
Environmental Sustainability

There is an important relationship between increasing the level of innovation in
production techniques and decreasing the negative impact on the environment. Thus,
the utilization of renewable energy sources, recycling, and the use of environmentally
friendly materials can decrease the negative impact of production processes on the

environment.
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16.2 Technological Advancements in Manufacturing

The level of technology in the manufacturing sector has improved over the years by
bringing new techniques and equipment for production into the market. The following
are some of the most important technological advancements:

Automation and Robotics

Automation is the process control system, and machinery is used to control operations
that were manually done before. Robotics is a branch of automation that involves the
precise use of robots for complex and repetitive tasks. These technologies have
contributed to effectiveness and efficiency in carrying out manufacturing activities.
Example: This has led to the use of robots in manufacturing processes in the
automotive industry, where they are used in assembling vehicles, welding, painting,
etc., helping reduce cycle time and improve the quality of the products.

Additive Manufacturing (3D Printing)

Also known as 3D printing, additive manufacturing is the process of making products
layer by layer from a digital model. It makes it possible to create forms and shapes that
are not easily achievable when using conventional manufacturing techniques.
Example: In aerospace, 3D printing is used in the manufacture of parts with intricate
features and thin walls for lightweight, low scrap loss and time savings.

Internet of Things (IoT)

To be specific, The Internet of Things (IoT) deals with connecting physical objects with
each other and with the Internet. In manufacturing, for example, IoT is used to monitor
and control manufacturing processes to enhance efficiency and predict when
maintenance is due.

Example: [oT sensors on machines and tools in smart factories help to track the status
of the equipment and forecast future breakdowns cutting expenses on repairs.
Artificial Intelligence (AI) and Machine Learning

Al and machine learning technologies help analyze big data and make the right
decisions. In the manufacturing industry, for example, these technologies can be used
to increase the efficiency of production, quality assurance, and supply chain.
Example: Al quality control systems help identify defects in products, thus minimizing

the number of substandard products that get into the market.
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Advanced Materials

Computer-aided manufacturing, composites and nanomaterials, biomaterials, and other
types of materials that were not available a few decades ago have created new
opportunities for manufacturing. These materials generally exhibit improved
characteristics, increased strength, low density and durability.

Example: Carbon fibre composites have been found to be applicable in the automotive
industry, and this has resulted in the manufacture of lighter and fuel-efficient

automobiles.

e Knowledge Check 1
Fill in the Blanks.
1. Innovative production techniques often lead to significant improvements in
. (efficiency)

2. By adopting innovative methods, companies can stay in a rapidly
changing market. (competitive)

3. Automation involves the use of and control systems to perform tasks
that were traditionally carried out by humans. (machines

4. Additive manufacturing, commonly known as 3D printing, involves creating

objects layer by layer from a model. (digital)

e Outcome-Based Activity 1

Create a diagram showing the benefits of using robotics in manufacturing processes.

16.3 Smart Manufacturing and Industry 4.0

Smart manufacturing and Industry 4.0 represent the integration of innovative
technologies to create intelligent and interconnected production systems. This approach
aims to enhance manufacturing processes through data-driven decision-making and
real-time optimization.

Definition of Smart Manufacturing

Smart manufacturing has been defined as the implementation of IoT, Al, and robotics
in automotive manufacturing, which is a flexible and efficient manufacturing system.
It mainly concentrates on the process of making goods more efficient and responsive

through the use of technology.
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Principles of Industry 4.0

Industry 4.0, also referred to as the fourth industrial revolution, is a concept that focuses

on the integration of the physical, digital, and even biological worlds. Its essential

principles include:

©)

Interoperability: Machines, devices, and humans communicate and
collaborate through IoT.

Information Transparency: Real-time data collection and analysis provide
insights into production processes.

Decentralized Decision-Making: Autonomous systems make decisions based
on real-time data.

Technical Assistance: Artificial intelligence and robotics help people in
difficult working conditions, making working conditions safer and more

efficient.

Key Technologies in Smart Manufacturing

Several key technologies drive smart manufacturing and Industry 4.0:

o

Cyber-Physical Systems (CPS): Synergy of physical processes with the
corresponding digital control systems, allowing real-time management.

Big Data and Analytics: Big data is used to gather data to make improvements
to the production cycle and forecast future events.

Cloud computing: Employing remote servers to store, organize, and analyze
data in order to improve their flexibility and access.

Augmented Reality (AR): The use of AR devices to give information and

assistance to workers in the production area.

Benefits of Smart Manufacturing

Smart manufacturing also has some advantages, such as

©)

Increased Efficiency: Automation has made production processes faster and,
in combination with real-time optimization, has made them more efficient.
Improved Quality: Advanced quality control systems ensure consistent
product quality.

Flexibility: The ability to quickly adapt to changing market demands and
customize products.

Reduced Costs: Efficient resource management and timely repair and

maintenance cut down on expenses.
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o Enhanced Safety: Medical attention and technical help decrease the level of

occupational injuries.

16.4 Case Studies on Innovative Production Techniques
It is suggested that studying real-life cases to reveal the applications of these innovative
production methods might be useful. The following are examples of organisations that
have adopted effective, innovative production processes:
Tesla's Gigafactory
Tesla has been a pioneer in adopting new forms of production in its Gigafactory. The
factory is equipped with modern technology such as automation, the use of robots, and
environmentally friendly energy sources for manufacturing car batteries and other parts
for electric cars. The incorporation of these technologies has been useful to Tesla in that
it has led to cost-cutting and effectiveness in its operations.
Key Innovations:

o Use of robotics and automation in battery production.

o Implementation of sustainable energy sources, such as solar and wind power.

o Real-time monitoring and optimization of production processes through IoT.
General Electric's (GE) Brilliant Factories
GE’s Brilliant Factories program involves the integration of innovative and intelligent
technologies in production centers. These factories use IoT, big data, and Al to enhance
production and general performance on the production lines.
Key Innovations:

o Integration of [oT sensors for real-time monitoring of equipment and processes.

o Use of Al and machine learning to predict maintenance needs and prevent

downtime.

o Data-driven decision-making to enhance production efficiency and quality.
Siemens' Digital Factory
They have established an Industry 4.0 environment in their Digital Factory in Amberg,
Germany, which is a prominent illustration of smart production. The factory applies
state-of-the-art digitalization and automation to manufacture industrial automation
products with the highest accuracy and productivity.
Key Innovations:

o Cyber-physical systems for seamless integration of digital and physical

processes.
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o Real-time data analytics to optimize production workflows.

o Use of augmented reality to assist workers in complex assembly tasks.

16.5 Future Trends in Production Management

The following are potential issues that will define the future of production management.
That is why it is crucial to know these trends to be ready for what is yet to come in the
way of various businesses.

Artificial Intelligence and Machine Learning

Al and machine learning will remain impactful in production management in the future.
These will make predictive maintenance, quality assurance and process control to
advance and reduce costs as they enhance efficiency.

Advanced Robotics and Automation

The application of sophisticated robotics and automation will increase; robots will
become smarter and multifunctional. Cobots that are also known as collaborative
robots, will be used to work jointly with the human employees to increase efficiency
and reduce risks.

Sustainable Manufacturing Practices

Sustainability will become one of the main concerns in the management of production.
Organizations will incorporate efficient environmental management strategies like the
use of renewable energy, efficient disposal of waste, and the use of sustainable resources
in their business operations.

Digital Twins

A digital twin is a process of developing a digital representation of an existing physical
asset or a process. It can also be used for monitoring, simulation, and optimization of
the production processes in real time, helping with production management and
decision-making.

Customization and Personalization

Increased demand for products with special features or personalized products will be
observed. The flexibility of manufacturing technologies, including 3-D printing and
other flexible manufacturing systems, shall help organizations address such

requirements.
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Cybersecurity
As production processes become more interconnected and digitalized, cybersecurity
will become increasingly important. Protecting sensitive data and ensuring the integrity

of production systems will be critical for maintaining operational stability and trust.

e Knowledge Check 2

State True or False.

1. Smart manufacturing involves the use of advanced technologies to create
flexible and efficient production systems. (True)

2. Industry 4.0 only focuses on the physical aspects of production and ignores
digital integration. (False)

3. Tesla's Gigafactory employs advanced automation and sustainable energy
practices to produce electric vehicle batteries. (True)

4. Digital twins involve creating a physical replica of a digital asset or process.

(False)

e Outcome-Based Activity 2
Research a real-world example of a company implementing Industry 4.0 principles

and write a short summary of its impact on production.

16.6 Summary

e Innovation improves efficiency by reducing time and effort through automation and
robotics.

e Costreduction is achieved by minimizing waste and optimizing resource utilization.

e Higher product quality is ensured through consistent processes and reduced human
erTors.

e Automation and robotics enhance productivity and consistency in manufacturing
processes.

e Additive manufacturing (3D printing) allows for the creation of complex
geometries with less waste.

e IoT enables real-time monitoring and control, leading to improved efficiency and

predictive maintenance.
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Smart manufacturing integrates advanced technologies like IoT, Al, and robotics to
improve productivity.

Industry 4.0 involves the fusion of digital, physical, and biological systems for
optimized production.

Key benefits include increased efficiency, improved quality, and reduced costs.
Tesla's Gigafactory uses advanced automation and sustainable energy to achieve
efficiency and cost reduction.

GE's Brilliant Factories leverage IoT, big data analytics, and Al for optimal
production.

Siemens' Digital Factory in Amberg integrates cyber-physical systems for precise
and efficient manufacturing.

Al and machine learning will enhance predictive maintenance and process
optimization.

Advanced robotics and automation will improve productivity and safety with
collabourative robots.

Sustainable manufacturing practices will become crucial, focusing on renewable

energy and waste reduction.

16.7 Keywords

Innovation in Production: The introduction of new methods, ideas, or products to
improve efficiency, reduce costs, and enhance product quality in manufacturing
processes.

Automation: The process of using machines and automated control systems that
allow for performing tasks that were previously done by employees with greater
efficiency and quality.

3D Printing (Additive Manufacturing): An industrial production process that
builds objects using a computer model where the product is constructed in thin
layers.

Industry 4.0: The combination of digital, physical, and biological systems in order
to create smart and connected manufacturing systems that improve the availability

of real-time data and automation.
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Smart Manufacturing: The integration of IoT, Al, robotics and automation as
flexible production systems to improve the real-time processes in the production

line.

16.8 Self-Assessment Questions

1.

2
3.
4

How does innovation in production contribute to cost reduction?

Describe the impact of automation on manufacturing efficiency.

What are the benefits of using 3D printing in manufacturing?

Explain the key principles of Industry 4.0 and their significance in modern
production.

Discuss the role of [oT in smart manufacturing.
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