Unit — 3

Statistical Process Control

Statistical Process Control (SPC) is a methodology used to monitor,
control, and improve processes through the use of statistical methods. Here's a
breakdown of its meaning and significance:

Meaning of Statistical Process Control

SPC is a data-driven approach to quality control that uses statistical techniques to
monitor and control processes. It involves:

1. Data Collection: Gathering data on process variables, such as temperature, pressure,
or dimensions.

2. Statistical Analysis: Analyzing the data using statistical methods, such as control
charts, to identify patterns and trends.

3. Process Control: Taking corrective action when the process deviates from its
expected behavior.

Significance of Statistical Process Control
SPC is significant because it:

1. Improves Quality: Helps to identify and correct process variations, resulting in
improved product quality.

2. Reduces Variability: Minimizes process variability, leading to more consistent and
predictable outcomes.

3. Increases Efficiency: Optimizes processes, reducing waste and improving
productivity.

4. Enhances Customer Satisfaction: Ensures that products meet customer requirements
and expectations.

5. Supports Continuous Improvement: Provides a framework for ongoing process
improvement and optimization.

Key Benefits of SPC

1. Early Detection of Problems: Identifies process deviations early, reducing the risk
of defects and waste.

2. Data-Driven Decision Making: Enables data-driven decision making, reducing
reliance on intuition and guesswork.
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3. Improved Process Capability: Enhances process capability, ensuring that processes
are capable of producing products that meet specifications.

4. Reduced Scrap and Rework: Minimizes scrap and rework, reducing waste and
improving efficiency.

5. Increased Employee Engagement: Encourages employee involvement and
engagement in process improvement efforts.

Common SPC Tools
1. Control Charts: Used to monitor process stability and detect deviations.
2. Histograms: Used to visualize process data and identify patterns.

3. Capability Analysis: Used to evaluate process capability and determine if processes
are capable of producing products that meet specifications.

4. Regression Analysis: Used to model relationships between process variables and
identify opportunities for improvement.

By applying SPC principles and tools, organizations can achieve significant
Improvements in quality, efficiency, and customer satisfaction.

Control charts

Control charts are statistical tools used to monitor and control processes. Here's a step-
by-step guide on constructing control charts for variables and attributes:

Control Charts for Variables

Variables control charts are used to monitor continuous data, such as measurements of
length, weight, or temperature.

Steps to Construct a Variables Control Chart

1. Determine the sample size (n): Typically, 3-5 units are sampled at regular intervals.
2. Collect data: Measure the variable of interest for each sample.

3. Calculate the mean (X): Calculate the average value of each sample.

4. Calculate the range (R): Calculate the difference between the largest and smallest
values in each sample.

5. Calculate the standard deviation (c): Calculate the standard deviation of the sample
means.

6. Determine the control limits: Calculate the upper control limit (UCL) and lower
control limit (LCL) using the following formulas:
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-UCL=Xx+ 30
-LCL=X-30
7. Plot the control chart: Plot the sample means on a chart with the control limits.
Types of Variables Control Charts
1. X-bar chart: Used to monitor the mean of a process.
2. R-chart: Used to monitor the range of a process.
3. S-chart: Used to monitor the standard deviation of a process.
Control Charts for Attributes

Attributes control charts are used to monitor categorical data, such as pass/fail or
good/bad.

Steps to Construct an Attributes Control Chart

1. Determine the sample size (n): Typically, 50-100 units are sampled at regular
Intervals.

2. Collect data: Classify each sample as either conforming or nonconforming.

3. Calculate the proportion (p): Calculate the proportion of nonconforming units in
each sample.

4. Calculate the standard deviation (c): Calculate the standard deviation of the sample
proportions.

5. Determine the control limits: Calculate the upper control limit (UCL) and lower
control limit (LCL) using the following formulas:

-UCL=p+ 30
-LCL=p-30
6. Plot the control chart: Plot the sample proportions on a chart with the control limits.

In an attribute control chart, conforming and nonconforming units refer to the
classification of units or products based on their quality characteristics.

Conforming Units

Conforming units are those that meet the specified quality
requirements or standards. They are units that have all the required attributes or
characteristics within the specified limits. In other words, conforming units are those
that are free from defects or nonconformities.
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Nonconforming Units

Nonconforming units, on the other hand, are those that do not
meet the specified quality requirements or standards. They are units that have one or
more defects or nonconformities, such as missing or defective parts, incorrect
labeling, or other quality issues.

Types of Attributes Control Charts

1. p-chart: Used to monitor the proportion of conforming units.

2. np-chart: Used to monitor the number of nonconforming units.
3. c-chart: Used to monitor the number of defects per unit.

4. u-chart: Used to monitor the average number of defects per unit.
Process Capability

Process capability refers to the ability of a process to produce output within specified
limits, meeting customer requirements and expectations. Here's a breakdown of its
meaning, significance, and measurement:

Meaning of Process Capability

Process capability is a statistical measure that quantifies the ability of a process to
produce output within specified limits. It takes into account the natural variability of
the process and the specifications set by the customer.

Significance of Process Capability

1. Ensures Quality: Process capability ensures that the process is capable of producing
output that meets customer requirements.

2. Reduces Variability: Process capability helps reduce variability in the process,
leading to more consistent output.

3. Improves Customer Satisfaction: By ensuring that output meets customer
requirements, process capability improves customer satisfaction.

4. Reduces Waste and Rework: Process capability helps reduce waste and rework by
minimizing the production of defective or non-conforming output.

Measurement of Process Capability
Process capability is typically measured using statistical indices, such as:

1. Cp (Capability Index): Measures the spread of the process output relative to the
specification limits.
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-Cp=(USL-LSL)/ (60)

2. Cpk (Centered Capability Index): Measures the spread of the process output relative
to the specification limits, taking into account the process centering.

- Cpk = min((USL - u) / (30), (u- LSL) / (30))

3. Pp (Performance Index): Measures the spread of the process output relative to the
specification limits, based on the performance of the process.

- Pp = (USL - LSL)/ (6op)

4. Ppk (Performance Index): Measures the spread of the process output relative to the
specification limits, taking into account the process centering and performance.

- Ppk = min((USL - 1) / (3op), (1t - LSL) / (3op))

Where:

- USL = Upper Specification Limit

- LSL = Lower Specification Limit

- u = Process mean

- 6 = Process standard deviation

- op = Process performance standard deviation

These indices provide a quantitative measure of process
capability, enabling organizations to evaluate and improve their processes.

Process capability refers to the ability of a process to produce
output within specified limits, meeting customer requirements and expectations. Here
are some key concepts related to process capability:

1. Process Capability Indices

Process capability indices are statistical measures that quantify the ability of a process
to produce output within specified limits. Common process capability indices include:

- Cp (Capability Index): Measures the spread of the process output relative to the
specification limits.

- Cpk (Centered Capability Index): Measures the spread of the process output relative
to the specification limits, taking into account the process centering.

- Pp (Performance Index): Measures the spread of the process output relative to the
specification limits, based on the performance of the process.

- Ppk (Performance Index): Measures the spread of the process output relative to the
specification limits, taking into account the process centering and performance.
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2. Process Capability Levels

Process capability levels refer to the degree to which a process is capable of producing
output within specified limits. Common process capability levels include:

- Cp = 1.00: The process is barely capable of meeting specifications.

- Cp = 1.33: The process is capable of meeting specifications, but there is some room
for improvement.

- Cp = 2.00: The process is highly capable of meeting specifications.
3. Process Centering

Process centering refers to the degree to which the process mean is centered within the
specification limits. A process with good centering will have a process mean that is
close to the target value.

4. Process Spread

Process spread refers to the degree of variability in the process output. A process with
a small spread will have less variability in its output.

5. Specification Limits

Specification limits refer to the acceptable range of values for a particular
characteristic. These limits are typically set by the customer or regulatory
requirements.

6. Tolerance Limits

Tolerance limits refer to the acceptable range of values for a particular characteristic,
taking into account the process capability. These limits are typically set by the
manufacturer.

7. Process Shift

Process shift refers to a change in the process mean or spread over time. This can be
caused by a variety of factors, including changes in raw materials, equipment, or
personnel.

8. Process Drift

Process drift refers to a gradual change in the process mean or spread over time. This
can be caused by a variety of factors, including wear and tear on equipment or
changes in environmental conditions.

9. Process Control
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Process control refers to the use of statistical methods to monitor and control
processes. This includes the use of control charts, capability indices, and other
statistical tools.

10. Continuous Improvement

Continuous improvement refers to the ongoing effort to improve processes and
products. This includes the use of statistical methods, as well as other tools and
techniques, to identify and address opportunities for improvement.

Six Sigma

Six Sigma is a data-driven approach to quality management that
aims to reduce defects and variations in business processes. Here's an overview of Six
Sigma:

Philosophy of Six Sigma

The Six Sigma philosophy is based on the idea that defects and
variations in processes can be reduced by identifying and eliminating the root causes
of errors. The approach emphasizes the use of data and statistical analysis to
understand and improve processes.

Key Principles of Six Sigma
1. Define: Define the problem or opportunity for improvement.

2. Measure: Collect data to understand the current process and identify opportunities
for improvement.

3. Analyze: Analyze the data to identify the root causes of defects and variations.

4. Improve: Develop and implement solutions to address the root causes of defects and
variations.

5. Control: Implement controls to ensure that the improvements are sustained over
time.

Six Sigma Methodologies

1. DMAIC (Define, Measure, Analyze, Improve, Control): A data-driven approach to
process improvement.

2. DMADV (Define, Measure, Analyze, Design, Verify): A methodology used for
designing new processes or products.

3. DFSS (Design for Six Sigma): A methodology used for designing new processes or
products with a focus on quality and reliability.
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Six Sigma Belts
1. White Belt: Basic knowledge of Six Sigma principles and concepts.

2. Yellow Belt: Participation in improvement projects and basic knowledge of Six
Sigma tools and techniques.

3. Green Belt: Lead small-scale improvement projects and have advanced knowledge
of Six Sigma tools and techniques.

4. Black Belt: Lead large-scale improvement projects and have expert-level
knowledge of Six Sigma tools and techniques.

5. Master Black Belt: Expert-level knowledge of Six Sigma and leadership of multiple
Improvement projects.

Benefits of Six Sigma
1. Improved Quality: Reduced defects and variations in processes.
2. Increased Efficiency: Improved productivity and reduced waste.

3. Enhanced Customer Satisfaction: Improved quality and reliability of products and
services.

4. Cost Savings: Reduced costs associated with defects and waste.

5. Competitive Advantage: Improved quality and efficiency can provide a competitive
advantage in the marketplace.

Common Six Sigma Tools and Techniques

1. Process Mapping: Visual representation of processes to identify opportunities for
improvement.

2. Root Cause Analysis: Identification of the underlying causes of defects and
variations.

3. Statistical Process Control (SPC): Use of statistical methods to monitor and control
processes.

4. Design of Experiments (DOE): Systematic approach to experimentation to identify
optimal process conditions.

5. Failure Mode and Effects Analysis (FMEA): ldentification and prioritization of
potential failure modes in processes.

Reliability Concepts
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Reliability is a critical concept in engineering and quality
management, referring to the ability of a system, product, or component to perform its
intended function under specified conditions for a given period of time. Here are some
key reliability concepts:

Definition of Reliability

Reliability is defined as the probability that a system, product, or
component will perform its intended function without failure, under specified
conditions, for a given period of time.

Reliability in Series

In a series system, all components must function correctly for the
system to operate. If one component fails, the entire system fails. The reliability of a
series system is calculated as:

R _series=R1 xR2 x R3 x ... x Rn
Where R1, R2, R3, ..., Rn are the reliabilities of each component in the series.
Reliability in Parallel

In a parallel system, at least one component must function
correctly for the system to operate. If one component fails, the system can still
operate, but with reduced capacity. The reliability of a parallel system is calculated as:

R_parallel=1-(1-R1)x(1-R2) % (1-R3) % ...x (1-Rn)

Where R1, R2, R3, ..., Rn are the reliabilities of each component in the parallel
system.

Other Reliability Concepts

1. Mean Time To Failure (MTTF): The average time a system or component operates
before failing.

2. Mean Time To Repair (MTTR): The average time it takes to repair a failed system
or component.

3. Failure Rate: The rate at which failures occur, typically measured in failures per
unit time.

4. Availability: The proportion of time a system or component is operational and
available for use.
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Importance of Reliability
Reliability is crucial in various industries, including:

1. Aerospace and defense

2. Automotive

3. Healthcare

4. Energy and utilities

5. Manufacturing and production

By understanding reliability concepts, engineers and quality
professionals can design and develop more reliable systems, products, and
components, reducing the risk of failure and improving overall performance.

Product Life Characteristics Curve

The Product Life Characteristics (PLC) curve is a graphical
representation of the relationship between the life of a product and its reliability,
maintainability, and performance characteristics. Here's a breakdown of the PLC
curve:

Stages of the PLC Curve

1. Introduction Stage: The product is introduced to the market, and its reliability and
performance are typically low.

2. Growth Stage: The product's reliability and performance improve as design and
manufacturing processes are refined.

3. Maturity Stage: The product reaches its peak reliability and performance, and
maintenance requirements are minimized.

4. Decline Stage: The product's reliability and performance begin to degrade, and
maintenance requirements increase.

Characteristics of Each Stage
Introduction Stage

- High failure rates

- Low reliability

- Poor performance

- High maintenance requirements

Growth Stage

- Improving reliability
- Increasing performance
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- Decreasing failure rates
- Refining design and manufacturing processes

Maturity Stage

- High reliability

- Optimal performance

- Low failure rates

- Minimal maintenance requirements

Decline Stage

- Decreasing reliability

- Degrading performance

- Increasing failure rates

- Growing maintenance requirements

Importance of the PLC Curve

1. Design and Development: Understanding the PLC curve helps designers and
developers create products with improved reliability and performance.

2. Maintenance and Repair: The PLC curve informs maintenance and repair strategies,
ensuring that resources are allocated effectively.

3. Life Cycle Costing: The PLC curve is essential for life cycle costing, as it helps
estimate maintenance and repair costs over a product's life.

4. Product Improvement: Analyzing the PLC curve identifies areas for product
improvement, enabling manufacturers to refine their designs and manufacturing
processes.

Total Productive maintenance (TPM)

Total Productive Maintenance (TPM) is a holistic maintenance
strategy that aims to maximize equipment effectiveness and overall productivity. TPM
involves a proactive approach to maintenance, where operators and maintenance
personnel work together to identify and address potential issues before they become
major problems.

Key Principles of TPM

1. Autonomous Maintenance: Operators are responsible for routine maintenance tasks,
such as cleaning, lubricating, and inspecting equipment.

2. Planned Maintenance: Maintenance personnel perform scheduled maintenance
tasks, such as repairs, replacements, and overhauls.
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3. Predictive Maintenance: Advanced technologies, such as sensors and machine
learning algorithms, are used to predict equipment failures and schedule
maintenance accordingly.

4. Corrective Maintenance: Maintenance personnel perform repairs and replacements
to correct equipment failures.

5. Operator Training: Operators receive training on equipment operation,
maintenance, and troubleshooting.

Benefits of TPM

1. Improved Equipment Reliability: TPM helps to reduce equipment downtime and
increase overall reliability.

2. Increased Productivity: TPM enables operators to focus on production tasks, while
maintenance personnel focus on proactive maintenance.

3. Reduced Maintenance Costs: TPM helps to reduce maintenance costs by identifying
and addressing potential issues before they become major problems.

4. Improved Quality: TPM helps to improve product quality by reducing equipment-
related defects.

5. Enhanced Operator Engagement: TPM encourages operator involvement in
maintenance activities, leading to increased job satisfaction and engagement.

TPM Metrics

1. Overall Equipment Effectiveness (OEE): Measures equipment availability,
performance, and quality.

2. Mean Time Between Failures (MTBF): Measures the average time between
equipment failures.

3. Mean Time To Repair (MTTR): Measures the average time required to repair
equipment.

4. Planned Maintenance Percentage: Measures the percentage of planned maintenance
activities completed.

Implementation of TPM

1. Establish a TPM Team: Assemble a team of operators, maintenance personnel, and
management to oversee TPM implementation.

2. Develop a TPM Plan: Create a plan outlining TPM objectives, strategies, and
timelines.
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3. Provide Training: Provide operators and maintenance personnel with training on
TPM principles, procedures, and technologies.

4. Implement TPM Initiatives: Implement TPM initiatives, such as autonomous
maintenance, planned maintenance, and predictive maintenance.

5. Monitor and Evaluate TPM: Continuously monitor and evaluate TPM performance
using TPM metrics.

Business Process Improvement

Business Process Improvement (BPI) is a systematic approach to
identifying and improving business processes to achieve greater -efficiency,
effectiveness, and customer satisfaction. Here are the key aspects of BPI:

Key Principles of BPI

1. Customer Focus: Understanding customer needs and expectations to drive process
improvements.

2. Process Orientation: Focusing on end-to-end processes rather than individual tasks
or functions.

3. Continuous Improvement: Encouraging a culture of ongoing improvement and
learning.

4. Data-Driven Decision Making: Using data and analytics to inform process
improvement decisions.

5. Collaboration and Communication: Fostering cross-functional collaboration and
open communication to drive process improvements.

Applications of BPI

Business Process Improvement (BPI) has a wide range of
applications across various industries and functions. Here are some examples:

Industry-specific Applications

1. Healthcare: Streamlining patient flow, reducing wait times, and improving quality
of care.
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2. Finance: Enhancing customer onboarding, reducing processing times, and
improving compliance.

3. Manufacturing: Optimizing production workflows, reducing waste, and improving
product quality.

4. Government: Improving citizen services, reducing bureaucratic processes, and
enhancing transparency.

Functional Applications

1. Supply Chain Management: Improving procurement, logistics, and inventory
management processes.

2. Human Resources: Streamlining recruitment, onboarding, and employee
development processes.

3. Information Technology: Enhancing software development, testing, and
deployment processes.

4. Customer Service: Improving customer complaint resolution, reducing response
times, and enhancing overall customer experience.

Departmental Applications

1. Accounts Payable: Automating invoice processing, reducing payment errors, and
improving vendor relationships.

2. Accounts Receivable: Streamlining billing, reducing days sales outstanding, and
improving cash flow.

3. Purchasing: Optimizing procurement processes, reducing costs, and improving
supplier relationships.

4. Quality Assurance: Enhancing testing, inspection, and certification processes to
ensure product quality.

Technology-enabled Applications

1. Robotic Process Automation (RPA): Automating repetitive, rule-based tasks to
improve efficiency and accuracy.

2. Artificial Intelligence (Al): Applying Al to improve process decision-making,
predictive analytics, and customer service.

3. Block chain: Utilizing block chain to enhance supply chain transparency, security,
and compliance.
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4. Cloud Computing: Leveraging cloud-based solutions to improve process scalability,
flexibility, and collaboration.

Other Applications

1. Sustainability: Improving environmental sustainability by reducing waste, energy
consumption, and carbon footprint.

2. Compliance: Enhancing regulatory compliance by streamlining processes, reducing
risk, and improving audit trails.

3. Innovation: Fostering a culture of innovation by encouraging experimentation,
learning, and continuous improvement.

4. Change Management. Managing organizational change by communicating
effectively, training employees, and monitoring progress.

Re-engineering Process in BPI

Re-engineering is a key aspect of Business Process Improvement
(BPI) that involves the radical redesign of business processes to achieve significant
Improvements in efficiency, effectiveness, and quality. Here's a step-by-step guide to
the re-engineering process in BPI:

Step 1: Identify the Need for Re-engineering

Identify processes that are inefficient, ineffective, or no longer aligned with
organizational goals.

Step 2: Define the Scope and Objectives

Define the scope of the re-engineering effort and establish clear objectives, such as
cost reduction, cycle time reduction, or quality improvement.

Step 3: Analyze the Current Process

Use tools like process mapping, swimlane analysis, and value stream mapping to
analyze the current process and identify areas for improvement.

Step 4: Envision the Future State

Use techniques like brainstorming, benchmarking, and best practice research to
envision a future state process that is more efficient, effective, and adaptable.

Step 5: Design the Future State Process
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Use tools like process mapping, simulation, and prototyping to design the future state
process, including new process steps, roles, and responsibilities.

Step 6: Develop an Implementation Plan

Develop a detailed implementation plan, including timelines, milestones, and resource
allocation.

Step 7: Implement the New Process

Implement the new process, including training and support for employees, and
monitoring and evaluation to ensure successful implementation.

Step 8: Monitor and Evaluate

Continuously monitor and evaluate the new process to identify areas for further
improvement and ensure that the process is meeting its intended objectives.

Benefits of BPI
1. Improved Efficiency: Reduced cycle times and increased productivity.

2. Enhanced Customer Satisfaction: Improved quality and responsiveness to customer
needs.

3. Increased Revenue: Improved processes can lead to increased sales and revenue.
4. Reduced Costs: Elimination of waste and reduced variability in processes.

5. Improved Employee Engagement: Empowered employees and a culture of
continuous improvement.

Limitations of BPI

While Business Process Improvement (BPI) can bring numerous
benefits to organizations, it also has some limitations. Here are some of the key
limitations of BPI:

1. Resistance to Change

Employees may resist changes to existing processes, which can hinder the success of
BPI initiatives.

2. Lack of Top-Down Support

Without strong support from top management, BPI initiatives may struggle to gain
traction and resources.

3. Insufficient Resources
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BPI initiatives may require significant resources, including funding, personnel, and
technology, which may not always be available.

4. Complexity of Processes

Some business processes may be highly complex, making it difficult to identify areas
for improvement or to implement changes.

5. Limited Data and Analytics

BPI initiatives rely heavily on data and analytics to identify areas for improvement
and to measure success. However, data quality issues or limited analytics capabilities
can hinder BPI efforts.

6. Difficulty in Measuring Success

It can be challenging to measure the success of BPI initiatives, particularly if the
metrics used are not well-defined or are not aligned with organizational goals.

7. Limited Employee Engagement

BPI initiatives may not always engage employees in the improvement process, which
can lead to a lack of ownership and accountability.

8. Overemphasis on Cost-Cutting

BPI initiatives may focus too heavily on cost-cutting, which can lead to unintended
consequences, such as reduced quality or decreased employee morale.

9. Lack of Sustainability

BPI initiatives may not always be sustainable, particularly if they are not integrated
into the organization's culture and daily operations.

10. Limited Scalability

BPI initiatives may not always be scalable, particularly if they are designed for a
specific department or process.
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