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Subject Name & Code:
QUALITY AND RELIABILITY ENGINEERING - BE05000331

1) Define Quality and explain its significance in manufacturing industries.
Definition:
e Quality is the totality of features and characteristics of a product/service that bear on
its ability to satisfy stated or implied needs (ASQC).
o Alternatively, Quality = Fitness for use (Juran) or Conformance to requirements
(Crosby).
Significance in Manufacturing Industries:
o Customer Satisfaction: Quality products meet/exceed expectations, building brand
loyalty.
o Reduced Costs: Less rework, scrap, and warranty claims lower production costs.
o Competitive Advantage: Superior quality differentiates products in the market.
o Increased Productivity: Right-first-time approach reduces wasted effort and
materials.
¢ Brand Reputation: Consistent quality enhances company image and market position.
¢ Regulatory Compliance: Meets safety, environmental, and industry standards.
o Long-term Profitability: Quality products command premium pricing and repeat
business.

2) Explain the various dimensions of quality with suitable examples.
Dimensions of Quality (Garvin's 8 Dimensions):
1. Performance: Primary operating characteristics
o Example: Car engine power, processor speed
2. Features: Secondary characteristics that supplement basic function
o Example: GPS navigation in car, fingerprint sensor in phone
3. Reliability: Probability of product functioning without failure
o Example: LED bulb lasting 25,000 hours
4. Conformance: Degree to which product meets specifications
o Example: Bolt diameter within £0.01mm tolerance
5. Durability: Useful life of the product
o Example: Industrial machinery lasting 20 years
6. Serviceability: Ease of repair and maintenance
o Example: Modular design allowing quick part replacement
7. Aesthetics: Look, feel, sound, taste, smell
o Example: Sleek smartphone design, appealing packaging
8. Perceived Quality: Customer's impression based on brand/image
o Example: Luxury brand reputation, country of origin perception

3) What is inspection? Explain the need for inspection in manufacturing.
Definition:
o Inspection is the process of examining, measuring, testing, or gauging a
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product/process to verify conformity with specified requirements.
Need for Inspection in Manufacturing:

e Quality Verification: Ensures products meet design specifications and standards.

o Defect Detection: Identifies non-conforming items before reaching customers.

e Process Control: Provides feedback for adjusting and improving manufacturing
processes.

o Cost Reduction: Prevents defective products from moving downstream, reducing
rework/scrap costs.

o Safety Assurance: Ensures products are safe for end-users (critical in automotive,
aerospace, medical).

o Customer Protection: Prevents delivery of substandard products to customers.

o Regulatory Compliance: Meets statutory quality and safety requirements.

e Vendor Evaluation: Assesses quality of incoming materials from suppliers.

4) Explain different types of inspection used in manufacturing industries.
Types of Inspection:
A. Based on Stage of Production:
1. Incoming Inspection: Raw materials/components checked upon receipt.
2. In-process Inspection: During manufacturing (at various stages).
3. Final Inspection: Finished products before dispatch/despatch.
B. Based on Extent of Inspection:
4. 100% Inspection: Every unit checked (used for critical components).
5. Sampling Inspection: Random sample checked (statistical methods).
C. Based on Method of Inspection:
6. Visual Inspection: Using naked eye/optical aids (surface defects).
7. Dimensional Inspection: Measuring physical dimensions (gauges, CMM).
8. Functional Inspection: Testing product performance.
9. Destructive Testing: Product destroyed during testing (strength testing).
10. Non-Destructive Testing (NDT): Ultrasonic, X-ray, magnetic particle (without
damage).
D. Based on Location:
11. Centralised Inspection: All inspection done at one location.
12. Floor Inspection: Inspection performed at production location.

5) How would you decide where and how much inspection is required in a production
process?
Factors for Deciding WHERE to Inspect:
e Critical Control Points: Where quality characteristics are likely to vary.
o High-Cost Operations: Before expensive processes to avoid wastage.
o Assembly Points: Before joining components to prevent rework.
o Before/After Heat Treatment: Material properties significantly change.
e Final Operations: Before dispatch/shipment.
o Supplier Receiving Points: Incoming material quality check.
o Customer Complaint Points: Areas with historical quality issues.
Factors for Deciding HOW MUCH Inspection:
o Criticality of Product: Safety-critical items require 100% inspection.
e Process Capability: Capable processes (Cp>1.33) need less inspection.
o Cost of Inspection vs. Cost of Failure: Compare inspection cost against defect cost.
e Nature of Defects: Destructive testing limits sample size.
o Batch Size: Statistical sampling plans (AQL, LTPD) determine sample size.
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e Supplier Quality History: Good suppliers may need reduced inspection.
e Automated Inspection: Allows more frequent inspection at lower cost.
o Legal/Regulatory Requirements: Mandatory inspection frequency.

6) Explain the relationship between product design and product quality.
Relationship: Product design fundamentally DETERMINES the achievable quality level.
Key Aspects:
o Design Specifications: Define quality standards (dimensions, tolerances, materials).
o Design for Manufacturing (DFM): Simple designs with standard components
improve quality.
e Design for Assembly (DFA): Ease of assembly reduces assembly errors.
o Design for Reliability: Inherent reliability built into the design.
o Failure Mode Prevention: Design changes to prevent potential failures (FMEA).
Design Quality vs. Conformance Quality:
o Design Quality: Intended performance level (what is designed).
o Conformance Quality: How well product conforms to design.
Impact on Quality:
e Poor design = Low quality even with perfect manufacturing.
e Good design + Good manufacturing = Excellent quality.
e Quality function deployment (QFD) translates customer needs into design
requirements.

7) How does the manufacturing process affect product quality? Explain with an
example.
Impact of Manufacturing Process on Quality:
e Process Capability: Determines ability to produce within specifications.
o Process Variation: Every process has inherent variation affecting consistency.
e Machine Condition: Wear, calibration, and maintenance affect output quality.
e Operator Skills: Human factors influence quality outcomes.
o Environmental Factors: Temperature, humidity, vibration affect precision.
o Tooling & Fixtures: Affect dimensional accuracy and repeatability.
e Material Handling: Damage during handling affects quality.
e Process Parameters: Speed, feed, pressure, temperature affect product properties.
Example:
Scenario: Manufacturing Steel Shafts
e Design Spec: 50mm + 0.02mm diameter
e Process 1: Manual lathe machine (operator controlled)
o Result: Wide variation (50.00-50.06mm), 10% rejection
o Quality Issue: Inconsistent quality due to operator skill variation
e Process 2: CNC precision lathe with closed-loop feedback
o Result: Very consistent (50.00+0.005mm), <1% rejection
o Quality Benefit: Automated control maintains quality consistently

8) Discuss the role of the quality control department in an organizational structure.
Role of Quality Control Department:
1. Inspection & Testing:
o Incoming, in-process, and final inspection
o Product performance testing
2. Quality Planning:
o Developing quality standards and procedures



o Establishing inspection plans and sampling schemes
Quality Assurance:

o Ensuring processes conform to standards

o Implementing quality management systems (ISO 9001)
Process Control:

o Statistical Process Control (SPC) implementation

o Control chart monitoring and interpretation
Vendor Quality Management:

o Supplier selection and rating

o Incoming material quality verification
Quality Improvement:

o Root cause analysis of non-conformances

o Corrective and preventive actions (CAPA)
Documentation:

o Maintaining quality records and reports

o Preparing quality manuals and procedures

8. Training:

o Quality awareness training for employees
o Tool training (SPC, 7 QC tools, etc.)

Position in Organization:

Usually reports to top management
Independent from production (for objectivity)
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Cross-functional interaction with production, engineering, procurement

9) Develop a suitable quality control and inspection framework for a small
manufacturing organization.

Quality Control & Inspection Framework:
1. Quality Policy:

"Deliver defect-free products meeting customer requirements consistently"
2. Organizational Structure:

QC Manager reporting to General Manager
QC Engineers in each production area
Quality inspectors at key stages

3. Incoming Inspection:

Visual inspection of all incoming materials
Dimensional check on 10% random sample
Supplier rating system (A, B, C categories)
Return/reject non-conforming materials

4. In-process Inspection:

First-piece inspection on every job setup

Patrol inspection every 2 hours

Control charts for critical dimensions

Operator self-inspection with documented checks

5. Final Inspection:

100% dimensional check on critical products
Sampling plan (AQL 1.5%) for non-critical
Visual inspection for surface defects
Functional testing on 5% sample

Packaging quality check

6. Quality Records:
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o Inspection logs and check sheets

e Non-conformance reports (NCR)

o Corrective action requests (CAR)

e Monthly quality performance reports
7. Continuous Improvement:

o Monthly quality meetings

e 5S implementation

o Kaizen events for quality issues

o Employee quality training program

10) Explain: Quality Control
Definition:
¢ Quality Control (QC) is the operational techniques and activities used to fulfil
quality requirements. It involves monitoring, measuring, and controlling processes
and products to ensure conformance to quality standards.
Key Elements:
o Inspection: Physical examination of products/processes
o Testing: Functional and performance verification
e Process Control: Monitoring production parameters (SPC)
o Defect Prevention: Identifying and eliminating root causes
Objectives:
o Detect and eliminate defects
e Maintain consistency in product quality
e Reduce variation in manufacturing processes
o Ensure compliance with specifications
QC Activities:
1. Statistical Process Control (SPC): Control charts to monitor process stability
2. Acceptance Sampling: Sampling plans for inspection
3. Measurement System Analysis: Ensuring measurement accuracy
4. Non-conformance Management: Reporting and correcting deviations
Quality Control vs Quality Assurance:
e QC: Focuses on product (detection)
¢ QA: Focuses on process/system (prevention)

11) Define and Explain process capability and explain its significance.
Definition:

o Process Capability is the ability of a manufacturing process to produce products
within specified tolerance limits. It is a measure of the inherent variability of a
process relative to specification limits.

Measurement Parameters:
¢ Process Capability Ratio (Cp):
o Cp=(USL-LSL)/6c
o Cp>1.33 =Capable, Cp < 1.0 = Not Capable
o USL = Upper Specification Limit, LSL = Lower Specification Limit
e Process Capability Index (Cpk):
o Cpk=min[(USL - n)/(30), (1 - LSL)/(30)]
o Accounts for process centering
Significance:
o Predicts if process can meet specifications
o Assists in process design and selection
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e Determines inspection frequency
o Reduces defect rates and costs
o Compares different processes/machines

12) Analyze the effect of process variation on product quality and manufacturing cost.
Effect on Product Quality:
o Increased Defects: Variation causes products to fall outside specifications
e Reduced Consistency: Inconsistent output affects customer satisfaction
e Poor Fit/Function: Parts don't assemble properly or function as intended
e Decreased Reliability: Variation accelerates wear and failure
o Lower Cp/Cpk: Higher variation reduces capability indices
Effect on Manufacturing Cost:
o Increased Inspection Cost: More sampling/100% inspection required
o Higher Rework Cost: Defective products require rework/repair
o Increased Scrap Cost: Products beyond salvage are scrapped
e Warranty Cost: Customer returns and warranty claims increase
e Production Downtime: Adjustments and troubleshooting delays
e Material Waste: More raw material consumed per acceptable unit
o Hidden Factory Costs: Re-inspection, re-testing, re-packaging

13) Explain the procedure for establishing and interpreting control charts.
Procedure for Establishing Control Charts:
Step 1: Select Quality Characteristic
o Identify critical dimension/parameter to monitor
Step 2: Choose Control Chart Type
e Variable Data: X-R chart, X-S chart (measurements)
o Attribute Data: p-chart (proportion defective), c-chart (defects)
Step 3: Collect Data
e Take 20-25 subgroups of n=4-5 samples
e Collect under stable process conditions
Step 4: Calculate Statistics
e For X-R chart:
o X = Average of each subgroup
o R =Range of each subgroup
o X =Grand average
o R =Average range
Step 5: Calculate Control Limits

X-Chart: .

e UCLx= X + AR

o CLx=X_

e LCLX=X-A:R
R-Chart:

e UCLR=D.R

° CLR = R

e LCLR=DsiR

Step 6: Plot and Interpret
Interpreting Control Charts:

e In Control: All points within limits, random pattern

e Out of Control: Points outside limits or non-random patterns
Out-of-Control Signals:



DESISTUDENTS.ME

One point outside 3o limits
2 out of 3 points in zone A (2-306)
4 out of 5 points in zone B (1-20)
8 consecutive points on one side of centre
7 consecutive points trending up/down
14 points alternating up/down
7. 15 points in zone C (within +10)
Actions:
o Identify assignable causes
o Take corrective action
o Recalculate limits if assignable causes removed
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14) Develop suitable criteria for evaluating and rating suppliers/vendors based on
quality performance.

Supplier/Vendor Rating System:

Rating Criteria & Weightage:

Criteria Weightage Rating Scale (1-10)

Product Quality 35% Defect rate, conformity, consistency
Delivery Performance 20% On-time delivery, quantity accuracy
Price/Cost Competitiveness 15% Competitive pricing, cost reduction
Service & Support 10% Responsiveness, technical support
Quality System 10% ISO certification, quality processes
Flexibility 5% Ability to handle changes/emergencies
Financial Stability 5% Financial health, stability
Calculation:

Rating Score = X (Scorei x Weightagei)

Grading System:

Score Range Grade Category Action

90-100 A Preferred Supplier Full business, reduced inspection
75-89 B Approved Supplier Standard business, normal inspection
60-74 C Conditional Supplier Limited business, enhanced inspection|
Below 60 D Unacceptable Eliminate, seek alternatives

Quality Performance Metrics:
o Incoming Defect Rate (%) = (Defective lots / Total lots) x 100
o Lot Acceptance Rate (%) = (Accepted lots / Total lots) x 100
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e PPM (Parts Per Million) = (Defective parts / Total parts) x 1,000,000
Additional Evaluation Factors:

e Quality History: Trend in defect rates

o Corrective Action Effectiveness: Response time and resolution

o Technical Capability: Process capability (Cp/Cpk)

e Certifications: ISO 9001, IATF 16949, AS9100, etc.

o Continuous Improvement: Evidence of improvement initiatives

15) Explain the steps involved in implementing Six Sigma in an organization.
Six Sigma Implementation Steps (DMAIC Methodology):
Phase 1: Define (D)
o Identify problem/opportunity
o Define project goals and scope
o Identify customers and requirements (CTQs)
o Create project charter
e Form project team
Phase 2: Measure (M)
e Map current process
o Identify key process inputs/outputs
o Collect baseline data
o Validate measurement system (MSA)
e Determine process capability (Cp/Cpk)
Phase 3: Analyze (A)
o Identify root causes of defects
o Use tools: Fishbone, Pareto, FMEA, Hypothesis Testing
o Determine critical X variables (cause-effect relationship)
o Confirm root causes with data
o Perform process capability analysis
Phase 4: Improve (I)
e Generate potential solutions
o Evaluate and select solutions (multi-voting, Pugh matrix)
» Pilot test solutions
e Design experiments (DOE) to optimize
e Implement selected improvements
Phase 5: Control (C)
o Standardize successful processes
e Develop control plans
e Implement monitoring systems
e Create error-proofing (poka-yoke)
e Document lessons learned
» Handover to process owners
Key Roles:
o Champion: Executive sponsor
o Master Black Belt: Expert consultant/trainer
o Black Belt: Full-time project leader
o Green Belt: Part-time project implementer
o Team Members: Process participants

16) Explain the scope and industrial applications of Six Sigma.
Scope of Six Sigma:
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o All Business Processes: Manufacturing, service, transactional, administrative

e All Industries: Manufacturing, healthcare, finance, IT, acrospace, automotive

o All Functions: Quality improvement, cost reduction, cycle time reduction

e Product & Service Design: DFSS (Design for Six Sigma)

o Strategic Level: Business transformation, cultural change
Industrial Applications:
1. Manufacturing:

o Defect reduction in production lines

e Process optimization and waste elimination

o Equipment reliability improvement

o Example: Reducing dimensional variation in automotive components
2. Healthcare:

o Patient safety improvement

e Medical error reduction

o Waiting time reduction

o Example: Reducing medication errors in hospitals
3. IT/Software:

o Defect density reduction

o Development cycle time reduction

o System reliability improvement

o Example: Reducing software bugs in banking applications
4. Financial Services:

o Transaction error reduction

e Customer complaint resolution speed

e Loan processing time reduction

» Example: Reducing loan approval processing time
5. Supply Chain/Logistics:

o Inventory accuracy improvement

e Order fulfilment accuracy

o Delivery on-time improvement

o Example: Reducing order picking errors in warehouse
6. Aerospace & Defence:

o Safety-critical process reliability

o Supplier quality improvement

e Maintenance, Repair & Overhaul efficiency

o Example: Reducing part rejection in aircraft manufacturing
7. Automotive:

o Safety and reliability improvement

e Quality system integration (IATF 16949)

o Supplier quality management

o Example: Improving welding quality in car body assembly

17) Analyze the relationship between process capability, control charts and Six Sigma.
Relationship Overview:
All three are interconnected quality tools forming a hierarchy:
Six Sigma (Strategic Goal)
!

Process Capability (Process Assessment)

!

Control Charts (Process Monitoring)



Detailed Relationship:

1. Control Charts — Process Capability:
o Control charts monitor process stability
e Only stable processes can be assessed for capability
o Control charts verify "in-control" state before calculating Cp/Cpk
e Relationship.: Control charts provide stability data; capability indices quantify

performance

2. Process Capability — Six Sigma:
e Cp/Cpk determine sigma level
e 60 performance = Cp = 2.0 (or 1.5c shift = Cp>1.5)
e Conversion: 66 = 3.4 DPMO
o Capability analysis shows gap to Six Sigma goal

3. Control Charts — Six Sigma:

o Control charts monitor performance against sigma goals

o Identify special causes preventing Six Sigma achievement

e Measure current sigma level using process data

Practical Example:

e Car shaft diameter: 50mm + 0.02mm
Control Chart: Monitor daily production

Six Sigma Goal: Need Cp>1.5 (=66 with 1.5¢ shift)

e Process Capability: Cp=1.2, Cpk=1.1 (=4.50)
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Improvement Path: Reduce variation — Better control — Higher capability — Six

Sigma

18) Analyze how vendor rating can improve incoming material quality and overall

production performance.

Vendor Rating Impact on Quality:

Incoming Material Quality:

o Systematic Evaluation: Regular vendor rating identifies quality trends
e Performance Feedback: Vendors improve knowing they're rated
e Quality Prioritization: Vendors focus on quality to maintain rating

¢ Root Cause Analysis: Low ratings drive joint problem-solving

o Supplier Development: Improvement plans for underperforming vendors

Quantitative Improvements:

Metric Before Vendor Rating After Vendor Rating
Incoming Defect Rate 5% 1%

Rejection Rate 3% 0.8%

Lot Acceptance 85% 97%

PPM 50,000 10,000

Impact on Overall Production Performance:

1. Quality Metrics:

. Reduced production defects from incoming materials
. Lower rework and scrap costs
. Improved final product quality
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2. Productivity:
. Less time wasted on rejected materials
. Reduced production interruptions
. Higher throughput
3. Cost Metrics:
. Lower inspection costs (reduced inspection for A-rated vendors)
. Reduced inventory holding costs (reliable deliveries)

o Lower warranty claims
4. Operational Metrics:
. Better production planning with reliable vendors
. Higher equipment utilisation
. Reduced lead times
Vendor Rating Benefits:
o Better Suppliers: Continually improving supplier base
o Cost Reduction: Reduced quality-related costs
o Risk Mitigation: Early warning of quality issues
o Collaboration: Partnership approach with vendors
o Competition: Healthy competition among vendors

19) Define Total Quality Management (TQM) and explain its basic principles.
Definition:

o Total Quality Management (TQM) is a management philosophy that integrates all
organizational functions to continuously improve quality, aiming for total customer
satisfaction through employee involvement and process improvement.

Basic Principles of TQM:
1. Customer Focus:

o Customer satisfaction is the ultimate goal

e Understand and meet customer needs and expectations

o Internal customers equally important

2. Continuous Improvement (Kaizen):

o Never-ending pursuit of quality improvement

e Small incremental improvements

e Driven by PDCA (Plan-Do-Check-Act) cycle

3. Employee Involvement:

o All employees participate in quality efforts

o Empowerment to make decisions

e Team work and quality circles

e Training and development

4. Process Approach:

e Focus on processes, not just outputs

o Prevention over detection

e Process mapping and improvement

o Identify and eliminate root causes

5. Fact-Based Decision Making:

o Use data and statistical methods

e SPC, control charts, and measurement

o Objective decision-making

6. Supplier Partnership:
o Build long-term supplier relationships
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o Joint quality improvement efforts
o Treat suppliers as business partners
7. Leadership:
o Top management commitment and involvement
o Set quality vision and values
e Provide resources and support
8. Benchmarking:
e Compare with best-in-class
e Learn and adopt best practices
o Continuous learning and improvement

20) Explain the role of quality circles in continuous quality improvement.
Definition:
¢ Quality Circles are small voluntary groups (6-10 employees) from the same work
area who meet regularly to identify, analyze, and solve work-related quality problems.
Role in Continuous Quality Improvement:
1. Problem Identification:
e Members identify problems in their work area
o Real issues from day-to-day operations
o First-hand knowledge of processes
2. Data Collection & Analysis:
o Collect data on quality issues
e Use 7 QC tools for analysis
o Identify root causes
3. Solution Development:
o Brainstorm potential solutions
e Develop practical improvement recommendations
o Present to management
4. Solution Implementation:
o Members participate in implementation
e Monitor effectiveness
o Make adjustments as needed
5. Continuous Process:
o Regular meetings (weekly/bi-weekly)
o Systematic problem-solving
o PDCA cycle application

21) Describe the 5S practice and explain its benefits in a manufacturing organization.
5S Definition:
o A workplace organization methodology that creates and maintains an organized,
clean, safe, and efficient work environment.

The Five S's:

S Japanese English Meaning

1S Seiri Sort Separate necessary from unnecessary|
2S Seiton Set in Order Arrange items for easy access

3S Seiso Shine Clean and inspect regularly
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S Japanese English Meaning
A4S Seiketsu Standardise Create standards and procedures
5S Shitsuke Sustain Maintain discipline and improve

Benefits in Manufacturing:

Area Benefit

Productivity Reduced waste and waiting time

Quality Fewer errors and defects

Safety Clean, organized work areas

Efficiency Faster tool/fixture location

Employee Morale Pleasant and organized workplace

Cost Lower maintenance and replacement costs
Customer Satisfaction Reliable delivery and quality

Space Utilisation Better use of floor space

22) What is Total Quality Control (TQC)? Explain its importance.
Definition:

o Total Quality Control (TQC) is a company-wide approach to quality improvement
that involves all employees, departments, and functions in the quality management
effort. Coined by Dr. A.V. Feigenbaum.

Key Concepts:

e Quality is everyone's responsibility

e Quality must be designed, not just inspected

¢ Quality is a business philosophy, not just a technical function

Importance:

o Holistic Approach: Addresses all aspects of business, not just production

o Prevention Focus: Reduces costs by preventing defects

o Employee Empowerment: Everyone contributes to quality

o Cross-functional Integration: Breaks departmental barriers

o Customer Satisfaction: Ensures total customer focus

o Competitive Advantage: Quality as a strategic business tool

e Cost Reduction: Reduces all quality-related costs

23) Define Failure Mode and Effects Analysis (FMEA) and explain its purpose.
Definition:
e Failure Mode and Effects Analysis (FMEA) is a systematic, proactive method for
evaluating a process or product design to identify potential failures, assess their
effects, and prioritize actions to reduce risk.



DESISTUDENTS.ME

Purpose of FMEA:

Purpose Explanation

Risk Identification Identify all potential failure modes
Prevention Address failures before they occur
Prioritization Focus resources on highest risks

Design Improvement Improve product/process design

Cost Reduction Prevent costly failures

Safety Enhancement Identify and eliminate safety hazards
Customer Satisfaction Prevent defects reaching customers
Documentation Create knowledge base of potential failures

24) Explain the concept and procedure of Fault Tree Analysis (FTA).
Definition:

o Fault Tree Analysis (FTA) is a top-down, deductive failure analysis method that
uses Boolean logic to analyze the causes of a specific undesired event (top event) by
tracing it back to root causes.

Key Concepts:

o Top Event: The undesired outcome to analyze

o Basic Events: Root causes (minimum conditions)

o Intermediate Events: Events between cause and effect

e Gate Symbols: AND, OR, NOT (Boolean logic)

FTA Procedure:
Step 1: Define Top Event
o Identify and clearly state the undesired event
o Example: "Product fails during operation"
Step 2: Define System Boundaries
e Determine what is included/excluded
Step 3: Construct Fault Tree (Top-Down)

o Start with top event

o Identify immediate causes (with AND/OR gates)

o Continue to basic events

Step 4: Analyze the Fault Tree
o Identify critical paths
e Determine minimal cut sets
Step 5: Qualitative Analysis
o Identify single-point failures
e Determine system vulnerabilities
Step 6: Quantitative Analysis (Optional)
o Assign failure probabilities
o Calculate top event probability
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25) Explain the role of Kaizen approach with a suitable industrial example.
Definition:
o Kaizen is a Japanese philosophy of continuous improvement involving everyone in
the organization, making small, incremental changes on an ongoing basis.
Role of Kaizen:

Aspect Role

Quality Reduces defects through small process tweaks
Productivity Eliminates waste and improves efficiency
Employee Engagement Workers actively contribute ideas

Cost Reduction Eliminates waste without major investment
Culture Creates continuous improvement culture
Competitive Advantage Cumulative improvements lead to excellence

Kaizen Implementation Steps:
1. Identify Improvement Opportunity
Analyze Current Process (Value Stream Mapping)
Develop Improvement Ideas (Brainstorming)
Implement Changes
Measure Results
Standardize Successful Changes
7. Repeat
Industrial Example:
Scenario: Automobile Assembly Line
Problem: Assembly line worker takes 60 seconds to install dashboard panel. Efficiency
target: 45 seconds.
Kaizen Approach:
1. Observed Process:
o Walk to rack (10s) — Pick up panel (5s) — Walk back (10s) — Position panel
(15s) — Install screws (20s) — Inspect (5s)
2. Team Brainstorming:
o Relocate panel rack closer to assembly point
o Pre-position screws in magnetic holders
o Use power screwdriver instead of manual
o Improve panel alignment with guides
3. Implemented Changes:
o Moved rack to 2m from assembly point
o Created screw holder fixture
o Provided electric screwdriver
o Added locating pins
4. Results:
o New installation time: 38 seconds
o Annual savings: 2.4 lakhs

SNk W
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o Quality improved (reduced misalignments)
o Worker fatigue reduced

26) Select an appropriate 7 QC tool for analyzing a given quality problem and justify

your selection.

7 QC Tools Overview:

Tool Purpose
Check Sheet Data collection
Histogram Distribution visualization

Pareto Chart

Prioritization (80/20 rule)

Cause-and-Effect Diagram

Root cause identification

Scatter Diagram

Relationship between variables

Control Charts

Process monitoring

Flow Chart Process mapping

Example Problem 1: High defect rate in a manufacturing process

Quality . .

Problem Symptom Best Tool Justification

High defect 15% Pareto Identifies major defect types (80/20 rule) —
rate rejection Chart Focus on vital few causes

Example Problem 2: Inconsistent product dimension

Quality Problem Symptom Best Tool Justification
Dimensional +0.5mm Control Monitors process stability over time;
variation variation Chart distinguishes common vs special causes

Example Problem 3: Root cause of quality failure

Quality ‘ ‘

Problem Symptom Best Tool Justification

Product 5% failure Fishbone Systematically 1d§nt1ﬁes pqtentlal causes

fracture during testing Diagram across all categories (Machines, Materials,
Methods, Manpower, etc.)

27) Compare the traditional 7 QC tools with the 7 new quality improvement tools.
7 Traditional QC Tools (Ishikawa Tools):

Tool

Purpose

Data Type
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Tool Purpose Data Type

1. Check Sheet Data collection Categorical/Numerical
2. Pareto Chart Prioritization Categorical

3. Histogram Distribution Numerical

4. Cause-and-Effect Diagram Root cause Categorical

5. Scatter Diagram Relationship Numerical

6. Control Charts

Process monitoring

Numerical (time-series)

7. Flow Chart

Process mapping

Process flow

7 New Quality Tools (Mizuno Tools):

Tool

Purpose

Application

1. Affinity Diagram

Organize ideas

Brainstorming, group
ideas

2. Relationship Diagram

Show cause-effect
relationships

Complex relationships

3. Tree Diagram

Break down goals/tasks

Sequential breakdown

4. Matrix Diagram

Show relationships

Multi-variable
relationships

5. Matrix Data Analysis

Quantitative analysis

Numerical matrix
analysis

6. Arrow Diagram

Project scheduling

Time and task sequencing

7. Process Decision Program Chart
(PDPC)

Plan for contingencies

Risk planning

Comparison Table:

|Aspect Traditional Tools New Tools
Focus Data analysis and monitoring Planning and strategy
Nature Statistical/quantitative Qualitative/structured thinking

Stage

Problem identification/control

Planning/ideation
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|Aspect Traditional Tools New Tools

Users Operators, Engineers, Technicians Managers, Planners, Teams
Output Charts and statistical analysis Diagrams and action plans
Complexity Relatively simple More complex

Data Numerical data primarily Both numerical and non-numerical
Time Short-term monitoring Long-term planning

28) Define Lean Manufacturing and explain its major principles.
Definition:

o Lean Manufacturing is a systematic method for waste elimination in manufacturing
processes while maintaining or improving productivity, creating maximum value for
customers with minimal resources.

Major Principles:
1. Define Value:

e Value is defined by the customer

e Only what the customer is willing to pay for

o Distinguish value-added vs non-value-added activities

2. Map the Value Stream:

o Identify all steps in the process

o Create value stream map (VSM)

o Identify waste at each step

3. Create Flow:

o Make the process flow smoothly

o FEliminate interruptions, delays, and bottlenecks

o Continuous flow production

4. Establish Pull:

e Produce only what is needed, when needed

o Pull system (customer demand drives production)

o Just-in-Time (JIT) production

S. Pursue Perfection:

o Continuous improvement (Kaizen)

o Zero defects, zero waste

o Never-ending pursuit of excellence

29) Define Agile Manufacturing and explain its importance in a changing market.
Definition:

o Agile Manufacturing is an approach focused on responding rapidly to changes in
customer demand and market conditions while maintaining high quality and cost-
effectiveness.

Key Characteristics:

e Responsiveness: Quick response to market changes

o Flexibility: Adapt to diverse customer requirements

e Speed: Fast time-to-market
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o Innovation: Continuous product/process innovation
o Collaboration: Strong partnerships with suppliers and customers
Importance in Changing Market:
1. Changing Customer Requirements:
o Customers demand customized products
o Shorter product life cycles
2. Global Competition:
o Competing with global players
e Need for differentiation and speed
3. Technological Advances:
o New technologies emerge rapidly
e Need to adopt and integrate quickly
4. Economic Volatility:
e Market fluctuations and uncertainties
e Need to adapt to economic changes
5. Supply Chain Disruptions:
e Global supply chain complexities
o Need for alternative sourcing
6. Sustainability Pressures:
o Environmental regulations changing
e Need for sustainable practices

30) Explain the major principles of JIT production.
Definition:
o Just-In-Time (JIT) is a production strategy that minimizes inventory levels by
producing only what is needed, when it is needed, and in the quantity needed.
Major Principles:
1. Takt Time Production:
e Production rate matched to customer demand
o Takt Time = Available time / Customer demand
o Balances production with demand
2. Continuous Flow:
e Materials move smoothly through production
o Eliminate batch-and-queue
e Minimize waiting and transportation
3. Pull System (Kanban):
e Production triggered by customer demand
e Pull from downstream to upstream
o Kanban cards as signals
4. Standardized Work:
o Standardize operating procedures
o Reduce variation in operations
o Improve quality and consistency
5. Small Lots/Quick Changeover:
o Reduce batch sizes
o Rapid changeovers (SMED)
e Lower setup times
6. Employee Involvement:
e Empower employees
o Multi-skilled workers (cross-training)



DESISTUDENTS.ME

o Continuous improvement (Kaizen)
7. Supplier Partnership:
o Close relationships with suppliers
o Frequent, small deliveries
e Shared quality goals
8. Zero Defects/Quality:
o Focus on quality at source
e Built-in quality (Jidoka)
e Detect defects immediately
9. Visible Management:
e Visual controls (boards, lights, signs)
e Clear displays of performance
o Immediate problem detection

31) What is a KANBAN system? Explain its working with a suitable example.
Definition:

o Kanban is a visual pull system used in JIT manufacturing that uses cards/visual
signals to control the flow of materials, indicating when to produce or order more
items.

How Kanban Works:
1. Materials are stored in containers with Kanban cards
2. Downstream operations withdraw materials
3. Empty containers with cards signal production need
4. Upstream operations produce to refill
Kanban Rules:
1. No production without Kanban
Complete production as per Kanban
Do not pass defective items
Keep Kanban with the parts
Standardize Kanban quantities
6. Gradually reduce Kanban numbers
Kanban Calculation:
Number of Kanban = (Daily Demand x Lead Time % Safety Factor) / Container Quantity
Example:
Scenario: Automobile Engine Assembly Plant
Details:

e Daily demand for pistons = 1000 units

e Production lead time = 1 day

o Safety factor = 1.2 (20% buffer)

o Container capacity = 100 pistons

Calculation:
Number of Kanban = (1000 x 1 x 1.2) / 100 = 12 Kanban
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32) Evaluate the benefits of implementing an ISO-based quality management system in
a manufacturing organization.
Overview:

o IS0 9001:2015 is the international standard for Quality Management Systems
(QMS), providing a framework for organizations to ensure they meet customer and
regulatory requirements.

Core Principles (ISO 9001:2015):



1. Customer Focus

2. Leadership

3. Engagement of People
4. Process Approach

5. Improvement

6.

Evidence-Based Decision Making

7. Relationship Management

Benefits Evaluation:
1. Quality Benefits:
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Benefit Impact Metric

Product Quality Consistent quality output Defect rate reduction: 30-50%
Process Control Standardized procedures Reduced variation: 20-40%
Documentation Clear procedures and records Better traceability

Prevention Focus on prevention over detection Fewer customer complaints

2. Operational Benefits:

Benefit

Impact

Metric

Process Efficiency

Streamlined operations

Productivity increase: 10-25%

'Waste Reduction

Minimized rework/scrap

Cost reduction: 15-30%

Resource Optimization

Better utilization

Higher throughput

Risk Management

Identified/controlled risks

Fewer production disruptions

3. Business Benefits:

Benefit

Impact

Metric

Customer Satisfaction

Meeting customer requirements Customer retention: 20% increase

Market Access

International recognition

New markets entered

Competitive Advantage

Differentiation from competitors Win rate increase: 15-30%

Supplier Relationships

Better supplier management

Improved supply quality

4. Financial Benefits:

Benefit

Impact

Metric

Cost Reduction

Lower operating costs

Overall cost reduction: 10-20%

Revenue Growth

Increased sales

Revenue increase: 5-15%
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Benefit Impact Metric

ROI Return on investment ROI: 2-5x investment

Warranty Costs Lower claims Warranty cost reduction: 30-50%
Conclusion:

o Financial ROI: Significant savings exceed implementation costs
o Strategic Value: Enhanced reputation and market position
o Long-term Benefits: Sustainable quality culture and continuous improvement
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