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Introduction to Quality Management System
(QMS):

e A Quality Management System (QMS) is a formalized system that documents
processes, procedures, and responsibilities for achieving quality policies and
objectives. A QMS helps coordinate and direct an organization’s activities to
meet customer and regulatory requirements and improve its effectiveness

and efficiency on a continuous basis.



Key Components of QMS:

Quality Policy and Objectives: Establishing a clear quality policy and settin

measurable quality objectives that align with the organization’s mission an
customer needs.

Documentation and Records: Creating and maintaining comprehensive
documentation of processes, procedures, and quality records to ensure consistency
and traceability.

Process Management: Defining and managing processes to ensure that they are
efficient, effective, and capable of delivering high-quality outputs.

Resource Management: Ensuring that necessary resources, including personnel,
infrastructure, and environment, are available and adequate to achieve quality
objectives.

Measurement and Analysis: Implementing measurement and analysis tools to
(rjnonljcor performance, identify areas for improvement, and make data-driven
ecisions.

Continuous Improvement: Establishinﬁ a culture of continuous improvement
through regular reviews, feedback mechanisms, and corrective actions to enhance
processes and outcomes.



Process Quality Improvement:

* Process quality improvement involves systematically improving processes to
increase efficiency, reduce variability, eliminate defects, and enhance overall
quality. This is achieved through various methodologies and tools that focus
on understanding and optimizing process performance.

* Graphical & Statistical Techniques of Process Quality Improvement

* Introduction to Graphical and Statistical Techniques:

 Graphical and statistical techniques are essential tools in quality
improvement. They help visualize data, identify trends and patterns, and
make informed decisions based on statistical analysis.



Common Graphical Techniques:

* Flowcharts: Visual representations of a process that show the sequence of
steps and decision points, helping to identify potential areas of improvement.

e Histograms: Bar charts that display the frequency distribution of data,
revealing the central tendency, spread, and shape of the data distribution.

e Pareto Charts: Bar charts combined with a line graph that highlight the most
significant factors in a dataset, based on the Pareto principle (80/20 rule).

* Control Charts: Graphs used to study how a process changes over time,
showing data points, mean, and control limits to identify variations.

 Scatter Diagrams: Plots of two variables that show the relationship between
them, helping to identify correlations and potential cause-and-effect
relationships.



Common Statistical Techniques:

* Descriptive Statistics: Techniques that summarize and describe the main
features of a dataset, including measures of central tendency (mean, median,
mode) and variability (range, variance, standard deviation).

 Inferential Statistics: Methods used to make inferences or generalizations
about a population based on a sample, including hypothesis testing,
confidence intervals, and regression analysis.

* Design of Experiments (DOE): A systematic method to determine the
relationship between factors affecting a process and the output of that
process, used to identify optimal conditions and significant factors.

e Statistical Process Control (SPC): A method of monitoring and controlling a
process using statistical techniques, including control charts, to ensure that it
operates at its full potential.



7QC Tools
Introduction to 7QC Tools:

 The Seven Quality Control (7QC) tools are basic graphical and statistical tools used to solve

* The

quality-related problems and improve processes. These tools are widely used in various
industries to analyze data and identify root causes of issues.

7QC Tools:

Cause-and-Effect Diagram (Ishikawa or Fishbone Diagram): Identifies potential causes of a
problem and categorizes them into major categories to find the root cause.

Check Sheet: A structured, prepared form for collecting and analyzing data. It helps in
systematically recording and compiling data to identify patterns.

Control Chart: Used to monitor process stability and control by plotting data points against
control limits.

Histogram: Displays the distribution of data to understand variability and central tendency.

Pareto Chart: Identifies the most significant factors contributing to a problem by prioritizing
causes based on their frequency or impact.

Scatter Diagram: Shows the relationship between two variables to identify correlations.

Flowchart: Provides a visual representation of a process, showing the sequence of steps and
decision points to understand and improve the process flow.



Regression Control Charts

* Introduction to Regression Control Charts:

* Regression control charts combine traditional control chart techniques with
regression analysis to monitor and control processes that have a linear relationship
between variables.

* Key Features of Regression Control Charts:

* Purpose: Used to monitor the stability of a process and the relationship between a
dependent variable (response) and one or more independent variables (predictors).

e Construction: Involves plotting residuals (differences between observed values and
values predicted by the regression model) against time or another variable to detect
variations that are not explained by the regression model.

* Benefits: Helps in understanding the influence of multiple variables on a process and
identifying outliers or shifts in the process that may indicate issues.

* Application: Useful in processes where the response variable is influenced by several
gacl’gors, such as manuftacturing processes, quality control in production, and service
elivery.



Introduction to Process Capability Analysis:

* Process Capability Analysis (PCA) is a statistical technique used to
determine the ability of a process to produce outputs that meet specified
limits or tolerances. It provides a quantitative measure of the inherent
variability of a process in relation to the specification limits.

* Key Concepts in Process Capability Analysis:

 Specification Limits: These are the upper and lower bounds set by design
or customer requirements within which the process output should fall.

* Process Variability: The natural fluctuation in the process output due to
inherent factors.

* Process Mean (1) and Standard Deviation (c): The average and dispersion
of the process output.



* Cp (Process Capability Index): Measures the potential capability of a

process by comparing the spread of the process variation (60) to the
specification limits.

e where USL is the Upper Specification Limit and LSL is the Lower
Specification Limit.Cpk (Process Capability Index): Takes into account
the process mean's deviation from the target or nominal value,
providing a measure of both the process spread and centering.

* Pp and Ppk: Similar to Cp and Cpk but use the actual performance
data rather than assuming a stable process.



Steps in Conducting Process Capability
Analysis:

* Data Collection: Gather a sufficient amount of data from the process.

* Stability Check: Use control charts to ensure the process is stable and
in control.

 Calculate Capability Indices: Compute Cp, Cpk (or Pp, Ppk for actual
performance).

* Interpret Results: Assess whether the process is capable (typically, Cp
and Cpk values of 1.33 or higher indicate a capable process).



Measurement System Analysis (MSA)
Introduction to Measurement System Analysis:

* Key

Measurement System Analysis (MSA) evaluates the precision and accuracy of measurement systems to ensure
reliable data collection. It helps identify variability in measurements due to the measurement system itself.

Concepts in MSA:
Accuracy: The degree to which the measurement system's readings match the actual value.
Precision: The consistency of measurements when repeated under the same conditions.

Repeatability: The variation in measurements taken by the same person or instrument on the same item
under the same conditions.

Reproducibility: The variation in measurements when different people or instruments measure the same item
under the same conditions.

e Common MSA Techniques:

Gage R&R (Gage Repeatability and Reproducibility): Analyzes the variabilitﬁ in measurements due to the

measurement system. It decomposes total variability into parts attributable to repeatability and
reproducibility.

Bias: The difference between the average measurement and the true value.

Linearity: The measurement system's ability to produce accurate readings across the range of measurements.
Stability: The consistency of measurement system performance over time.



Steps in Conducting MSA:

* Plan the Study: Define the purpose, scope, and approach.

* Collect Data: Measure multiple parts using multiple operators and
instruments, and repeat the measurements several times.

* Analyze Data: Use statistical methods to determine the components of
variation and assess the measurement system's adequacy.

* Interpret Results: Evaluate the measurement system's performance and
identify areas for improvement.

 Draw Conclusions: Interpret the results, identify optimal conditions, and
make recommendations for process improvements.



Design and Analysis of Experiment (DOE)
Introduction to Design of Experiments (DOE):

* DOE is a systematic method for planning, conducting, and analyzing
experiments to evaluate the factors that influence a process or system and
determine their effect on output performance.

* Key Concepts in DOE:

 Factors and Levels: Factors are the variables manipulated during the
experiment, and levels are the settings or values of these factors.

* Response Variable: The outcome measured to assess the effect of the factors.

* Main Effects and Interaction Effects: Main effects are the impact of individual
factors, while interaction effects are the combined effects of factors.

* Randomization: Randomly assigning experimental conditions to reduce bias.

* Replication: Repeating the experiment to estimate the variability and improve
the accuracy of results.



Types of Experimental Designs:

Full Factorial Design: Investigates all possible combinations of factor levels.

Fractional Factorial Design: Examines a subset of the full factorial design to
reduce the number of experiments.

Response Surface Methodology (RSM): Explores the relationships between
several explanatory variables and one or more response variables.

Taguchi Methods: Robust design approach to improve quality and
performance by minimizing variation.



Steps in Conducting DOE:

* Define Objectives: Clearly state the purpose and goals of the experiment.

» Select Factors, Levels, and Ranges: Identify the factors to be studied and their
respective levels.

* Choose Experimental Design: Select the appropriate design based on the
objectives and resources.

e Conduct the Experiment: Perform the experiments according to the design,
ensuring randomization and replication.

* Analyze Data: Use statistical methods to analyze the data and determine the
significance of factors and interactions.



Introduction to Acceptance Sampling
Plan: conept Sampling Plan

* Acceptance sampling is a statistical guality control technique used to evaluate the quality of a
batch of products or materials based on a sample. Instead of inspecting every unit in the batch, a
sample is selected and inspected according to a predetermined plan.

* Key Concepts in Acceptance Sampling:

* Sampling Plan: Specifies the sample size, sampling method, and acceptance criteria for
determining whether to accept or reject a batch.

* Acceptance Criteria: The criteria used to determine whether the batch meets quality standards
based on the sample inspection results.

e Types of Sampling Plans:
» Attributes Sampling: Inspects products for qualitative characteristics (e.g., pass/fail, defective/non-defective).
* Variables Sampling: Measures quantitative characteristics (e.g., dimensions, weight) of sampled items.

* Acceptance Quality Level (AQL): The maximum percentage of defects or non-conforming items
that is considered acceptable in a batch.

* Producer’s Risk (a): The risk of rejecting a good batch (Type | error) when the true quality is
acceptable.

e Consumer’s Risk (B): The risk of accepting a bad batch (Type Il error) when the true quality is
unacceptable.



Types of Acceptance Sampling Plans:

 Single Sampling Plan: Inspects a single sample from the batch and decides whether
to accept or reject based on predetermined criteria.

* Double Sampling Plan: If the result of the first sample is inconclusive, a second
sample is taken to make a decision.

* Multiple Sampling Plan: Allows for multiple stages of sampling and decision-making,
providing more flexibility and efficiency.

* Advantages and Limitations:

* Advantages:
* Cost-effective compared to 100% inspection.
* Provides a quick assessment of batch quality.
* Can be applied to large batch sizes.

* Limitations:
* Risk of accepting or rejecting batches with borderline quality.
* Does not guarantee 100% defect detection.
e Sampling error can occur due to variability within the batch.



Different Costs Associated with Quality

e Assurance Cost:

* Definition: Costs incurred to ensure that products or services meet quality standards
and customer expectations.

 Examples: Investment in quality management systems, training, quality control
processes, quality audits.

e Failure Cost:

* Definition: Costs incurred due to poor quality, including defects, errors, or failures
that occur during production or after delivery to the customer.
e Categories:

* Internal Failure Cost: Costs incurred before delivery to the customer, such as scrap, rework,
and downtime.

» External Failure Cost: Costs incurred after delivery to the customer, including warranty
claims, product recalls, customer returns, and loss of reputation.



* Prevention Cost:

* Definition: Costs incurred to prevent defects and errors from occurring in the
first place by implementing proactive quality measures.

 Examples: Training programs, quality planning, process improvements,
supplier quality management, equipment maintenance.

* Rectification Cost:

* Definition: Costs incurred to correct defects or errors identified during
production or after delivery to meet quality requirements.

 Examples: Rework, repair, replacement of defective parts, field service,
customer support.

e Appraisal Cost:

* Definition: Costs incurred to evaluate and measure product or service quality
through inspection, testing, and auditing processes.

 Examples: Inspection equipment, testing facilities, quality control personnel,
qguality audits.



Process Failure Mode and Effect Analysis
(PFMEA)

* Introduction to PFMEA:

* Process Failure Mode and Effect Analysis (PFMEA) is a proactive risk assessment tool used to
identify and prioritize potential failure modes within a process, along with their effects on product
or service quality, safety, and performance. It aims to prevent or mitigate failures before they
occur by implementing appropriate controls and corrective actions.

* Key Concepts in PFMEA:

Failure Mode: Any potential way in which a process step or component could fail to meet its
intended function or performance requirements.

» Effect: The consequence or impact of a failure mode on the product, process, or customer.

. Se]yerity: A measure of the seriousness of the effect of a failure mode on customer satisfaction or
safety.

* Occurrence: The likelihood or frequency with which a failure mode is expected to occur.

* Detection: The ability of current controls or detection methods to identify and prevent the
occurrence of a failure mode before it reaches the customer.

* Risk Priority Number (RPN): A numerical value calculated by multiplying severity, occurrence, and
detection ratings to prioritize failure modes for corrective action.

* Action Priority (AP): Indicates the urgency of addressing a failure mode based on its RPN.



Steps in Conducting PFMEA:

Scope Definition: Identify the process or system to be analyzed and establish
the boundaries of the analysis.

Process Mapping: Create a detailed process flow diagram to understand the
sequence of steps and identify potential failure points.

Failure Mode Identification: Brainstorm potential failure modes for each
process step or component.

Risk Assessment: Evaluate the severity, occurrence, and detection ratings for
each failure mode to calculate the RPN.

Prioritization and Action Planning: Prioritize failure modes based on their
RPN and develop action plans to address high-priority risks.

Implementation and Monitoring: Implement preventive and corrective
actions, monitor their effectiveness, and continuously review and update the
PFMEA as needed.



Benefits of PFMEA:

* Proactive Risk Management: Helps identify and address potential failure
modes before they occur, reducing the likelihood of defects, errors, and
customer complaints.

* Continuous Improvement: Facilitates a systematic approach to process
improvement by identifying opportunities for enhancement and optimization.

e Cost Reduction: Prevents costly rework, scrap, warranty claims, and customer
returns by addressing quality issues upfront.

 Enhanced Product or Service Quality: Improves product or service reliability,
safety, and performance, leading to higher customer satisfaction and loyalty.



SERVQUAL Model with Application

* Introduction to SERVQUAL Model:

 The SERVQUAL model is a widely used framework for assessing and measurin

service quality based on customer perceptions and expectations. It identifies ﬁve

dimen?]ions of service quality: Tangibles, Reliability, Responsiveness, Assurance, and
Empathy.

* Key Dimensions of SERVQUAL.:

Tangibles: The physical appearance of facilities, equipment, personnel, and
communication materials.

Reliability: The ability to perform services dependably and accurately, as promised.
Responsiveness: Willingness to help customers and provide prompt service.

Assurance: The knowledge, competence, courtesy, and credibility of service
providers.

Empathy: The provision of caring, individualized attention to customers' needs and
concerns.



Application of SERVQUAL

e Service Quality Assessment: Conduct surveys or interviews to measure
customer perceptions and expectations across the five SERVQUAL
dimensions.

* Gap Analysis: Compare perceived service quality with customer expectations
to identify gaps and areas for improvement.

* Service Improvement Strategies: Develop action plans to address identified
gaps and enhance service quality in areas such as training, process
improvement, technology adoption, and customer communication.

* Monitoring and Feedback: Continuously monitor service quality metrics and
gather feedback from customers to assess the effectiveness of improvement
efforts and make adjustments as needed.



Benefits of SERVQUAL.:

* Customer-Centric Approach: Provides insights into customer perceptions and
expectations, enabling organizations to tailor their services to meet customer
needs.

* Benchmarking Tool: Allows for benchmarking against competitors and
industry standards to identify best practices and areas for differentiation.

* Performance Measurement: Offers a systematic method for evaluating
service quality and tracking performance over time.

* Customer Satisfaction and Loyalty: Enhances customer satisfaction, loyalty,
and retention by delivering high-quality services that meet or exceed
expectations.



