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UNIT —|
What is Quality ?
* Quality is the degree to which a commodity meets the
requirements of the customer .

* Quality isin its essence a way of management of the

organization.

* A distinctive attribute or characteristic possessed by

someone or something.



What is Quality ?

Quality is conformance to customer requirements

Quality is about meeting the minimum standard

required to satisfy customer needs.
Quality is fitness for use

Quality is the totality of features and characteristics of
a product or service that bear on its ability to satisfy

stated and implied needs of customer.



Quality In an information technology product or
service

* quality is sometimes defined as "meeting the

requirements of the customer.”

* The term quality assurance describes any
systematic process for ensuring quality during
the successive steps in developing a product or

service.



Quality in management

« A quality management system (QMS) is a
collection of business processes focused on
achieving quality policy and quality objectives
to meet customer requirements

Quality In manufacturing

* a measure of excellence or a state of being free

from defects, deficiencies and significant

variations.



Quality in education

* Quality in education is a dynamic concept. It
evolves with time and is subject to social,

economic and environmental conditions.

* However, international human rights law
provides a general legal framework that

guarantees quality education.



Quality in Software

 Software quality is a field of study and
practice that describes the desirable attributes

of software products.

In business

e quality has a pragmatic interpretation as the

non-inferiority or superiority of something.



Need for quality

e Competition — Today’s market demand high

quality products at low cost. Having “high

qguality’ reputation is not enough! Internal cost

of maintaining the reputation should be less.

* Changing customer — The new customer is not

only commanding priority based on volume

but is more demanding about the “quality

system.”



Need for quality

 Changing product mix — The shift from low volume,
high price to high volume, low price have resulted in a

need to reduce the internal cost of poor quality.

* Product complexity — As systems have become more
complex, the reliability requirements for suppliers of

components have become more stringent.



Need for quality

* Higher levels of customer satisfaction — Higher
customers expectations are getting spawned by

Increasing competition.

* The quality of your work defines you- Whoever you are,
whatever you do, | can find the same products and
services cheaper somewhere else.But your quality is

your signature.



Evolution of quality —Means & Focus

1995 2000
Productivity ~ Quality  Total TQC/TQM
Quality Qudlity
Circle
guallty Employee
Work life Involvement
Self Self
Directed Directed/Managec
Employees
Teams
Empowerment Teams



Evolution of quality Era

» Years

Evolution
TQC &CWQC
TQC
SQC
Inspection
Foreman
Craftsman
1900 1920 1940 1960 1980 1990

2000



Evolution of Quality Management

Salvage, sorting, grading, blending, corrective
actions, identify sources of non-conformance

Develop quality manual, process performance
data, self-inspection, product testing, basic
quality planning, use of basic statistics,
paperwork control.

Quality systems development, advanced quality
planning, comprehensive quality manuals, use of
quality costs, involvement of non-production
operations, failure mode and effects analysis, SPC.

Policy deployment, involve supplier & customers,
involve all operations, process management,
performance measurement, teamwork, employee

involvement.
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Time Until 19%(s Events

Prior to the 20th century (uality 1s an art
Demands overcome polential production
An era of workmanship
F.Taylor The scientific approach to management
1900s resulting in rationalization of work and its

break down leads to greater need for
standardization, 1nspection and

supervision
Shewart Statistical beginnings and study of quality
19305 control. In parallel, studies by R A Fisher

on experimental design; the beginning of
control charts at westemn Electnic in USA
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Late
1930s

Quality standards and approaches are
introduced m France and Japan,
Beginming of SQC, reliability and
MAINIEnAnce engineenng

1942

Seminal work by Deming at the ministry
of war in USA on quality control and
sampling

Working group setup by Juran and Dodge
on SQC in US army

Concepts of acceptance sampling devised

1944

[Yaodge and Deming cammed out seminal
research on acceplance sampling

1945

Founding of the Japan standard
assoclation

1946

Founding of the ASQC

1950

Visit of Deming in Japan at the invitation

VEEK Ishikawa




ME(Q

193] (uahty assurance mcregsimgly accepled

1034 T0Cm Japan ; Book published 1936

1% Founding of European organization for e
control of quaty

After 1960

1%L The Martin Co n USA miroduces the zero
defects approach while developing and
nroducing Pershing Misstles. Qualty
motivafion 1s staring in the US and
integrated programmes begun

19, Ouahty circles are staried In Japan




Define Quality

Predictable degree of uniformity and dependability

at low cost and suited to the market —Deming.
Fitness for use-Juran.
Conformance to requirements — Crosby.

Minimum loss imparted by a product to society

from the time the product is shipped — Taguchi.



Define Quality

* A way of managing tile organization — Feigenbaum

* Correcting and preventing loss, not living with loss -

Hosffin .

* The totality of characteristics of an entity that bear

on its ability to satisfy stated and implied needs —

1SO



QUANITIFICATION OF QUALITY

Q=P /E
P = Performance

E = Expectations
Q = Quality



DIMENSION OF QUALITY

* Quality has 2 dimensions.

These dimensions are
1. Product Quality.
2. Service Quality



DIMENSION OF QUALITY
Product Quality

1. Performance:

primary product characteristics, e.g. picture
brightness in TV.

2. Features:

secondary characteristics, added features, e.g.
remote control, picture-in-picture.

3. Usability:
ease of use with minimum training.




Product Quality (cont.)

4. Conformance:

meeting specifications, industry standards,.
(E.g. IS| specs.,emission norms).

5. Durability
how long product lasts before replacement

6. Serviceability

ease of getting repairs, speed of repairs,
courtesy and competence of repair person



Product Quality (cont.)

7. Aesthetics:

how a product looks, feels, sounds, smells, or
tastes

8. Safety :

assurance that customer will not suffer injury
or harm from a product; an especially
important consideration for automobiles

9. Perceptions:

subjective perceptions based on brand name,
advertising, and the like




Product Quality (cont.)

10. Efficiency:

ratio of output to input. E.g. mileage, braking
distance, processing time.

11. Reputation:

subjective assessment based of past performance,
brand image, industry ranking.



Dimensions of Quality:
Service Quality

® Time and Timeliness

" How long must a customer wait for service,
and is it completed on time?

" |s an overnight package delivered overnight?
" Completeness:
" |s everything customer asked for provided?

" |[s a mail order from a catalogue company
complete when delivered?



Dimensions of Quality:

Service (cont.)
= Accessibility and convenience
" How easy is it to obtain service?
= Does a service representative answer you calls quickly?
= Accuracy
» |s the service performed right every time?

" |s your bank or credit card statement correct every
month?

= Responsiveness

" How well does the company react to unusual
situations?

= How well is a telephone operator able to respond to a
customer’s questions?



DIMENSION OF QUALITY

product quality Serviee quality
Performance Time

Features Timeliness

Usability Completeness
Conformance Consistency
Reliability Accessibility/Convenience
Durability Accuracy
Mantainability/Serviceability | Responsiveness
Efficiency Courtesy

Aesthetics Competency/Expertise
Reputation

Safety
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INTRODUCTION TO TQM

What is TQM?

TQM is the integration of all functions and processes within an
organization in order to achieve continuous improvement of
the quality of goods and services. The goal Is customer
satisfaction.

“No doubt , humans are always deficient”
(Al-Quran)

MECH-KIOT



Total Quality Management
Introduction

 Total — Made up of the whole(or) Complete.

* Quality — Degree of Excellence a product or

service provides to the customer in present
and future.

* Management — Act, art, or manner of
handling , controlling, directing, etc.

TQM is the art of managing the whole to achieve excellence.



* "TQM is a management approach for an
organization, centered on quality, based on the
participation of all its members and aiming at
long-term success through customer
satisfaction, and benefits to all members of the

organization and to society."



CHARACTERISTICS OF TOM

1. TQM is a customer oriented.

2. TQM required a long term commitment for
continuous improvement of all processes.

3. TQM is teamwork.

4. TQM requires the leadership of top
management and continuous involvement.

5. TQM is a strategy for continuous improving
performance at all levels and in all areas of

responsibility.



TQM BASIC CONCEPTS

 Management Involvement — Participate in quality
program, develop quality council, direct
participation

* 2. Focus on customer — who is the customer —
internal and external, voice of the customer, do it

right first time and every time.

* 3. Involvement and utilisation of entire work

force — All levels of management



TQM BASIC CONCEPTS(cont.)

4. Continuous improvement - Quality never stops,

placing orders, bill errors, delivery,

minimise wastage and scrap etc.

5. Treating suppliers as partners — no business exists

without suppliers.

6. Performance measures — creating accountability in all

levels



Definition TQM

TQM is composed of three paradigms:
Total: Organization wide

Quality: With its usual Definitions, with all its
complexities (External Definition)

Management: The system of managing with
steps like Plan, Organise, Control, Lead, Staff,
etc.



http://en.wikipedia.org/wiki/Quality
http://www.webdictionary.co.uk/definition.php?query=quality
http://en.wikipedia.org/wiki/Management

Definition TQM(cont.)

* TQM is the management approach of an
organization, centered on quality, based on
me participation of all its members and aiming
at long-term success through customer
satisfaction. and benefits to all members of

me organization and to society.- ISO



Definition TQM(cont.)

 TQM is an integrated organizational approach in
delighting customers (both internal and external) by
meeting their expectations on a continuous basis
through every one involved with the organization
working on continuous improvement in all products,
services, and processes along with proper problem

solving methodology - INDIAN STATISTICAL INSTITUTE (
ISI )



Definition TQM(cont.)

e TQM is people - focused management system that aims at
continual increase in customer satisfaction at continually
lower cost. TQM is a total system approach and an integral
part of high level strategy. It works horizontally across
functions and departments, involving all employees, top
to bottom, and exceeds backwards and forward to include
the supply chain and the customer chain — TOTAL QUALITY
FORUM OF USA



Definition TQM(cont.)

= Philips B Crosby

Quality is Conformance to requirements

«\W.Edwards Deming

A predictable degree of uniformity and dependability

at low cost and suited to market



Definition TQM(cont.)

= Bill Conway
Development,manufacture,administration And
distribution of consistently low cost and

products and services that customers need and

want.
- Joseph Juran

Total quality is defined as fithess for use or

purpose



TQM Framework

TOM Frame work:

TGM FRAME WORK

L

QUALTY GURUS

l

l

TOOLS AND TECHIQUES

el R o

Benchmarking
SIX sigma
Seven Traditional Tools

New seven management tools

FMEA
Cality circle

Cality fimchon deployment
Taguchi quality loss fimetion

TPM
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PRINCIPLES AND PRACTICES

Leadership

Quality statements
Customer focus
Employee mvelvement
Performance appraisal
PDSA cycle

55

Kaizen

Supplier partnership.



TQM Framework

Principles and Practices

People and Relationship :
Leadership

Customer Satisfaction
Employee Involvement

Supplier Partnershi
M:,om,,: ; Productor Service S
GURUS Continuous Process Improvement Realization
Measure:
Performance Measures
Shewart
Deming
Juran
Figenboum
Ishikawa Tools & Techniques
Crosby
Taguchl

Benchmarking

Information Technology

Quality Measurement Technigues
Environmental Management System
Quality Function Deploymemnt
Quality by Design

Fallure Mode & Effect Analysis
Produce B Service Liability

Totsl Productive Maintenance
Management Tools

Statistical Process Control
Experimental Dasign

Taguchi’s Quality Engineering

TOM Framework
Ref Total Quality Management Besterfield, et al




PRINCIPLES OF TQM

* Customer’s requirements must be met the

first time, every time.

 There must be agreed requirements, for both

internal and external customers.

* Everybody must be involved, from all levels

and across all functions.



PRINCIPLES OF TQM(cont.)

* Regular communication with staff at levels is

must. Two way communication at all levels

must be promoted.

* |dentifying training needs and relating them
with individual capabilities and requirements

IS must.



PRINCIPLES OF TQM(cont.)

Top management’s participation and
commitment is must.

A culture of continuous improvement must
be established.

Emphasis should be placed on purchasing and
supplier management

Every job must add value.

Quality improvement must eliminate wastes
and reduce total cost.



PRINCIPLES OF TQM(cont.)

There must be a focus on the prevention of
problems.

A culture of promoting creativity must be
established.

Performance measure is a must at
organization, department and individual
levels. It helps to asses and meet objectives of
guality.

There should be focus on team work.



OBSTACLES (BARRIERS) IN
IMPLEMENTING TQM

» Lack of Management Commitment

» Inability to change Organizational culture
» Improper planning

» Lack of continuous training and education
» Failure to continually improve

» Incompatible organizational structure and isolated

individuals and departments



OBSTACLES (BARRIERS) IN
IMPLEMENTING TQM(cont.)

» Ineffective measurement techniques and lack

of access to data and results

» Paying inadequate attention to internal and

external customers

» Inadequate use of empowerment and

teamwork



BENEFITS OF TQM

» Improved quality

» Employee participation
» Team work

» Working relationships

» Customer satisfaction



BENEFITS OF TQM(cont.)

» Employee satisfaction
» Productivity

» Communication

» Profitability

» Market share



Guru’s of TQM

* Walter.A.Shewhart - TQC &PDSA
 W.Edwards Deming - 14 Points & PDCA
* Joseph.M.Juran - Juran’s Trilogy

* A.Feiganbaum - Customer

Requirement, Employee Involvement, TQC.



W. Edward Deming
Biographical:

* Pioneered the use of statistics and sampling
methods

* Became interested in the work of statistician
Walter Shewhart and believed the principles
could be applied to non-manufacturing
environments

* In the early 1950’s he lectured Japanese business
on quality concepts leading directly to the
emergence of Japan as a quality leader



CONTRIBUTIONS OF W. Edward
Deming

* Encouraged the adoption of a systematic
approach to problem solving known as the
Deming or PDCA (Plan Do Check Act) cycle

- Immediate remedies - Objectives
- future actions - Methods
- Against objectives - Train

- Execute

MECH-KIOT



Deming’s 14 Points for Management

. Create constancy of purpose for the
improvement of the product and service.

2. Adopt the new philosophy.

3. Cease dependence on inspection to achieve
qguality.

. End the practice of awarding business on the
basis of price tag alone. Instead, minimize
total cost by working with a single supplier.



Deming’s 14 Points for
Management(cont.)
5. Improve constantly and forever every process
for planning, production, and service.
Institute training and retraining.
Adopt and institute leadership.
Drive out fear.

© 0 N o

Breakdown barriers between staff areas.

10.Eliminate slogans, exhortations, and targets
for the workforce.



Deming’s 14 Points for
Management(cont.)

11.Eliminate numerical quotas for the workforce
and numerical goals for management.

12.Remove barriers that rob people of
workmanship.

13.Institute a vigorous program of education and
self-improvement for everyone.

14.Put everybody in the company to work to
accomplish the transformation.



Joseph Juran

Biographical:
* Like Deming, was invited to Japan in the early

1950’s by the Union of Japanese Scientists and
Engineers (JUSE)

 Strong advocate of the need for quality
planning and the setting of clear and
measurable goals

* Has been very critical of some of the quality
initiatives of the 1990’s as lacking substance



THE JURAN TRILOGY

* Juran views quality as fitness for use.

e Juran Trilogy is designed to reduce the cost of
guality over time.

1. QUALITY PLANNING
2. QUALITY CONTROL

3. QUALITY IMPROVEMENT



1. QUALITY PLANNING

Determine internal & external customers.
Their needs are discovered.
Develop product / service features.

Develop the processes able to produce the

product / service features.

Transfer plans to operations.



2. QUALITY CONTROL

Control is used by operating forces to help meet the
product, process and service requirements.

It consists of the following steps

1. Determine items to be controlled.

2. Set goals for the controls.

3. Measure actual performance.

4. Compare actual performance to goals.

5. Act on the difference.



3. QUALITY IMPROVEMENT

e Aims to attain levels of performance that are
higher than current levels.

It consists of the following steps
e Establishment of quality council.
* |dentify the improvement projects.

e Establish the project teams with a project
leader.

e Provide the team with the resources.



Juran’s 10 Steps to Quality

Improvement
. Build awareness of the need and opportunity for
Improvement.

2. Set goals for improvement.

3. Organize to reach the goals (establish a quality

council, identify problems, select projects,
appoint teams, designate facilitators).

4. Provide training.

. Carry out projects to solve problems.

. Report progress.



Juran’s 10 Steps to Quality
Improvement(cont.)

/. Give recognition.
8. Communicate results.
9. Keep score.

10.Maintain momentum by making annual
improvement part of the regular systems and
processes of the company.



CONTRIBUTIONS OF CROSBY

The Four absolutes of quality are

1. Quality is defined as conformance to
requirements.

2. The system for causing Quality is
prevention.

3. The performance standard must be zero
defects.

4. The measurement of Quality is the Price of
Nonconformance



Crosby’s 14 Steps to Quality
Improvement

. Make it clear that management is committed to
quality.

Form quality improvement teams with

representatives from each department.

Determine where current and potential quality
problems lie.

Evaluate the cost of quality and explain its use
as a management tool.

Raise the quality awareness and personal
concern of all employees.
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Crosby’s 14 Steps to Quality
Improvement(cont.)

. Take actions to correct problems identified
through previous steps.

Establish a committee for the zero-defects
program.

Train supervisors to actively carry out their
part of the quality improvement program.

Hold a “zero-defects day” to let all
employees realize that there has been a
change.



Crosby’s 14 Steps to Quality
Improvement(cont.)

10. Encourage individuals to establish
improvement goals for themselves and their
groups.

11.Encourage employees to communicate to
management the obstacles they face in
attaining their improvement goals.

12.Recognize and appreciate those who
participate.



Crosby’s 14 Steps to Quality
Improvement(cont.)
13. Establish quality councils to communicate
on a regular basis.

14. Do it all over again to emphasize that the
quality improvement program never ends.



Comparison

Deming Juran Crosby
Definition of Continuous Fitness for use Conformance to
quality Improvement requirements
Emphasis Tools/system Measurement Motivation

(behaviour)

Types of tools Statistical Analytical, cost- | Minimal use
process control | of-quality

Use of goals and | Not used Significant Posted goals for

targets emphasis workers




Quality statements

* Vision statement — a short declaration of what the

organization hopes to be tomorrow.

* Mission statement — a statement of purpose -who we
are, who are our customers, what we do, and how

we do it.

* Quality policy —is a guide for everyone in the
organization ,how they should provide products and

services to the customers.



Strategic Planning

Strategic business planning is similar to strategic quality
planning.

7 steps to strategic planning
Customer needs

Customer positioning
Predict the future

Gap analysis

Closing the gap

Alignment

Implementation.



Strategic Quality Goals and Objectives

Goa
Goa
Goa
Goa

S must
S must
S must
S must

resources
Goals must have a time-frame
Goals must be challenging yet achievable

ne focused
e concrete
ne based on statistical evidence

nave plan or method with



Goals of Customer Focus:

Creating Better Offering Building deeper

Products or compelling customer

Services customer relationships
experience

Boosting retention and repurchase =
more sales!!!

MECH-KIOT



Customer Satisfaction
Three Part System

Human Resource . Customer Expectations
Management i

Company Operations Customer Satisfaction

(Processes)
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Customer satisfaction

Customer is the Boss or’King’

Customer dictates the market trends and
direction

Customer not only has needs to be supplied(
basic performance functions)

Also he ‘wants what he wants!’( additional
features satisfy him and influence his purchase
decision)

Hence the Suppliers and Manufacturers have to
closely follow at the heel of the customer.



Norman’s Customer satisfaction model

Quality Customer

el al
NE




Customer Satisfaction

E—> >

Quiality Quality Product/ Customer Satisfaction
System Service
Customer J

Focus
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Customer Satisfaction Organisational Diagram

\ CUSTOMERS /
Front-line Staff /

Functional

Department
Staff
Sr.




Teboul Model of Customer Satisfaction

Customer needs

/ V
Company

Product/Service
offer



normal

exciting reguirements
requirements
don't fulfill L do fulfill
expectations™ expectations
expected
requirements
customer
dissatisfaction

Figure 1. Kano Model
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What is customer satisfaction?

s it due to Product quality?
s it due to pricing?
s it due to good customer service ?

s it due to company reputation?
s it something more?



Customer types

External and Internal customers
External — current, prospective and lost customers

Internal — Every person in a process is a customer of the
previous operation.( applies to
design,manufacturing,sales,supplies etc.) [Each worker
should see that the quality meets expectations of the next
person in the supplier-to-customer chain |

TQM is commitment to customer-focus - internal and
external customers.



Quality Costs

COST OF QUALITY IS THE COST OF
NON QUALITY

1: 10:100 Rule
“A stitch in time saves nine”
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Types of Quality Costs

The cost of quality is generally classified into
four categories

Cost of Prevention

Cost of Appraisal

Cost of Internal Failure
Cost of External Failure

B~ w e



Cost of Quality

e Quality affects all aspects of the organization

* Quality has dramatic cost implications of:
— Quality control costs

* Prevention costs
* Appraisal costs

— Quality failure costs
* Internal failure costs
e External failure costs



Cost of Quality — 4 Categories

‘Costs of preparing and
‘implementing a quality pl an.

Costs of scrap, rework,
and material losses

including re

Early detection/prevention is less costly
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UNIT-III

TQM TOOLS & TECHNIQUES |
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SEVEN QUALITY CONTROL TOOLS

(or)

OLD SEVEN TOOLS

MMMMMMMMM



Dr.Kaoru Ishikawa, Professor at Tokyo
University & Father of Q C in Japan.

« CAUSE ANALYSIS TOOLS are
Cause and Effect diagram, Pareto
analysis & Scatter diagram.

* EVALUATION AND DECISION

MAKING TOOLS are decision matrix
and multivoting



« DATACOLLECTION AND ANALYSIS
TOOLS are check sheet, control charts, DOE,
scatter diagram, stratification, histogram,
survey.

 IDEA CREATION TOOLS are Brainstorming,
Benchmarking, Affinity diagram, Normal
group technique.

« PROJECT PLANNING AND
IMPLEMENTATIONTOOLS are Gantt chart
and PDCA Cycle.




Cause-and-effect diagram (also called
Ishikawa or fishbone chart )

DESCRIPTION

 The fishbone diagram identifies many possible causes
for an effect or problem. It can be used to structure a
brainstorming session. It immediately sorts ideas into
useful categories.

WHEN TO USE
 When identifying possible causes for a problem.
* Especially when a team’s thinking tends to fall into ruts




PROCEDURE

MATERISLS REQUIRED: Flipchart (or) White Board, Marking Pens.

Agree on a problem statement (effect). Write it at the center right
of the flipchart or whiteboard. Draw a box around it and draw a
horizontal arrow running to it.

Brainstorm the major categories of causes of the problem. If this is
difficult use generic headings:

— Methods

— Machines (equipment)
— People (manpower)

— Materials

— Measurement

— Environment



Write the categories of causes as branches from the
main arrow.

Brainstorm all the possible causes of the problem. Ask:
“Why does this happen?” As each idea is given, the
facilitator writes it as a branch from the appropriate
category. Causes can be written in several places if
they relate to several categories.

Again ask “why does this happen?” about each cause.
Write sub-causes branching off the causes. Continue
to ask “Why?” and generate deeper levels of causes.
Layers of branches indicate causal relationships.

When the group runs out of ideas, focus attention to
places on the chart where ideas are few.



Example

* This fishbone diagram was drawn by a
manufacturing team to try to understand
the source of periodic iron
contamination. The team used the six
generic headings to prompt ideas. Layers
of branches show thorough thinking
about the causes of the problem.
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* For example, under the heading “Machines,” the
idea “materials of construction” shows four kinds
of equipment and then several specific machine
numbers.

* Note that some ideas appear in two different
places. “Calibration” shows up under “Methods” as
a factor in the analytical procedure, and also under
“Measurement” as a cause of lab error. “Iron tools”
can be considered a “Methods” problem when
taking samples or a “Manpower” problem with
maintenance personnel



CHECK SHEET (or) DEFECT
CONCENTRATION DIAGRAM

DESCRIPTION

* A check sheet is a structured, prepared
form for collecting and analyzing data.
This is a generic tool that can be adapted
for a wide variety of purposes




WHEN TO USE

* When data can be observed and collected
repeatedly by the same person or at the
same location.

* When collecting data on the frequency or
patterns of events, problems, defects,
defect location, defect causes, etc.

* When collecting data from a production
process.




PROCEDURE

Decide what event or problem will be observed.
Develop operational definitions.

Decide when data will be collected and for how long.

Design the form. Set it up so that data can be
recorded simply by making check marks or Xs or
similar symbols and so that data do not have to be
recopied for analysis.

Label all spaces on the form.

Test the check sheet for a short trial period to be sure
it collects the appropriate data and is easy to use.

Each time the targeted event or problem occurs,
record data on the check sheet.



EXAMPLE

* The figure below shows a check sheet
used to collect data on telephone
interruptions. The tick marks were
added as data was collected over
several weeks.



Telephone Interruptions

[Day
Reasan - — ——
Mo s | Wed | Thus | P ot
Wrong number | 4T o | W
i rees; | | il
s il il K
1otz k |8 | ] &




Histogram

* Histogram: The most commonly used
graph for showing frequency
distributions, or how often each different
value in a set of data occurs



WHEN TO USE

The data are numerical values.

To see the shape of the data’s distribution, especially when
determining whether the output of a process is distributed
approximately normally.

Analyzing whether a process can meet the customer’s
requirements.

Analyzing what the output from a supplier’s process looks
like.

Whether a process change has occurred from one time
period to another.

To determine whether the outputs of two or more
processes are different.

To communicate the distribution of data quickly and easily
to others.




Histogram Shapes and Meaning

* Normal. A common pattern is the bell-shaped
curve known as the “normal distribution.” In a
normal distribution, points are as likely to
occur on one side of the average as on the

other,

MNormal distribution



* Skewed. The skewed distribution is
asymmetrical because a natural limit prevents
outcomes on one side. The distribution’s peak
is off center toward the limit and a tail

stretches away from it.

dThese distributions are called right- or
left-skewed according to the direction of the tail.

Right-skewed distribution



* Double-peaked or bimodal. The bimodal
distribution looks like the back of a two-
humped camel. The outcomes of two
processes with different distributions are
combined in one set of data. A two-shift
operation might be bimodal.

Bimodal (double-peaked) distribution



* Plateau. The plateau might be called a
“multimodal distribution.” Several processes
with normal distributions are
combined.Because there are many peaks
close together, the top of the distribution
resembles a plateau.

Plateau distribution

MECH-KIOT



* Dog food. The dog food distribution is missing
something—results near the average. If a
customer receives this kind of distribution,
someone else is receiving a heart cut, and the
customer is left with the “dog food,” the odds
and ends left over after the master’s meal

Dog food distribution



Pareto Chart (or) Pareto diagram (or)
Pareto analysis

* A Pareto chart is a bar graph. The
lengths of the bars represent
frequency or cost (time or money),
and are arranged with longest bars on
the left and the shortest to the right.




When to Use

"\When analyzing data about the frequency of
problems or causes Iin a process.
= When there are many problems or causes and
you want to focus on the most significant.
= When analyzing broad causes by looking at
their specific components.
*\When communicating with others about your
data.



PARETO DIAGRAM

To identify the ‘VITAL FEW FROM TRIVIAL
MANY'’ and to concentrate on the vital few for
improvement.

A Pareto diagram indicates which problem we
should solve first in eliminating defects and
improving the operation.

J_The Pareto 80 / 20 rule

80 % of the problems are produced by 20 %
of the causes.




40 |

20

10

Types of Customer Complainis
Second Quarier 2000

Docwements  Product Packaging  Dalivery i

quality

MECH-KIOT




THREE MONTHS AVERAGE DEFECTS AT F.I IN BS 26 188 MODE

- 100
200 - 285
= o &
Q 2
D
O 100 H - 40 0O
.20
0 - e 0
Defect ol¥ %2 W e
G > W oP o
4O% PrA r e g 02
Count 123 48 27 18 12 9
Percent 218 203 114 Flls 2.1 38
Cum % 218 722 8345 911 96 2 1000
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Scatter Diagram (or) Scatter plot (or)
X=Y graph

* The scatter diagram graphs pairs of numerical
data, with one variable on each axis, to look for
a relationship between them. If the variables
are correlated, the points will fall along a line or
curve. The better the correlation, the tighter the
points will hug the line.



When to Use

* When you have paired numerical data.

* When your dependent variable may have
multiple values for each value of your
independent variable.

* When trying to determine whether the two
variables are related, such as when trying to
identify potential root causes of problems.

e After brainstorming causes and effects using a
fishbone diagram, to determine objectively
whether a particular cause and effect are
related.




Table 5.18 Trend tedt table

Limit
!

1
2
3
4
2
B
T
L
8

-3 points -9 points
88.0

.{I.1I:I 020 030 040 050 060 070

Iron (parts per million)
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Stratification (or) Flowchart (or) Run
chart

 Stratification is a technique used in
combination with other data
analysis tools. When data from a
variety of sources or categories have
been lumped together, the meaning
of the data can be impossible to see




When to Use

* Before collecting data.

e When data come from several sources or
conditions, such as shifts, days of the week,

suppliers or population groups.

* When data analysis may require separating
different sources or conditions.




* The ZZ-400 manufacturing team drew a
scatter diagram to test whether product
purity and iron contamination were related,
but the plot did not demonstrate a
relationship. Then a team member realized
that the data came from three different
reactors. The team member redrew the
diagram, using a different symbol for each
reactor’s data



Purity vs. lron

100.0
99 .5
=
S @90
98.5
Q8.0
010 0. 20 0,30 .40 0.50 0,60 0. 70
lron {parts per million)
* Reactor 1
a Reactor 2
O Reactor 3
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Benefit from stratification.

* Always consider before collecting data
whether stratification might be needed
during analysis. Plan to collect stratification
information. After the data are collected it
might be too late.

* On your graph or chart, include a legend
that identifies the marks or colors used.



Control Chart (or) Statistical process
control

VARIATIONS

* Different types of control charts can be used,
depending upon the type of data. The two broadest
groupings are for variable data and attribute data.

* Variable data are measured on a continuous scale.
For example: time, weight, distance or temperature
can be measured in fractions or decimals. The
possibility of measuring to greater precision defines
variable data.




o Attribute dataare counted and
cannot have fractions or decimals.
Attribute data arise when you are
determining only the presence or
absence of something: success or
failure, accept or reject, correct or not
correct. For example, a report can have
four errors or five errors, but it cannot
have four and a half errors.



Variables charts

— X and R chart (also called averages and range chart)
— X and s chart

— chart of individuals (also called X chart, X-R chart, IX-MR
chart, Xm R chart, moving range chart)

— moving average—moving range chart (also called MA-MR
chart)

— target charts (also called difference charts, deviation
charts and nominal charts)

— CUSUM (also called cumulative sum chart)

— EWMA (also called exponentially weighted moving
average chart)

— multivariate chart (also called Hotelling T2)



Attributes charts

—p chart (also called proportion chart)
—np chart

—c chart (also called count chart)

—Uu chart




Seven New Management
and

Planning Tools



Need for New Tools
* In 1976, the Union of Japanese

Scientists and Engineers (JUSE)
saw the need for tools to promote
Innovation, communicate
Information and successfully
plan major projects



Affinity diagram (or) Affinity Chart

(or) K-J method

* |t was created in the 1960s by Japanese
anthropologist Jiro Kawakita.

 organizes a large number of ideas In
to their natural relationships

* This method taps a team’s creativity and
Intuition.



When to Use

»\When you are confronted with many
facts or ideas In apparent chaos

»\When Issues seem too large and
complex to grasp

»\When group consensus IS necessary



Typical situations Used

*»» After a brainstorming
exercise

“*When analyzing verbal data,
such as survey results



Brainstorming for affinity
diagram example

Possible Performance Measures

Y% purity

Ya trace metals
Maintenance costs

# of emergency jobs

Ibs. produced
Environmental accidents
Material costs

Overtime costs

# of pump seal failures
Viscosity

Cpy values

Safety

Days since last lost-time
% rework or reject
Hours downtime

Yo uptime

# of OSHA recordables

# of customer returns
Customer complaints
Overtime/total hours worked
%/Ib. produced

Raw material utilization
Yield

Utility cost

ppm water

Color

Service factor

Time between turnarounds
Hours worked/employee
Ibs. waste

Housekeeping score

% capacity filled
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Relations Diagram (or) Interrelationship
Diagram(or)Digraph(or) Network Diagram

“*The relations diagram shows
cause-and-effect relationships.

** The process of creating a relations
diagram helps a group analyze the
natural links between different
aspects of a complex situation.



When to Use

“*When trying to understand links between
Ideas or cause-and-effect relationships, such
as when trying to identify an area of
greatest impact for improvement.

“*When a complex issue and Solution Is being
analyzed & Implemented for causes.

s After generating an affinity diagram, cause-
and-effect diagram or tree diagram, to more
completely explore the relations of ideas.




Example:-A computer support group Is planning a
major project: replacing the mainframe computer.

Isguas around computer replacamant project

. Train opemtors

,,r"‘"' 10 Inerensas
MHew 11
software Telecom-
Upgrade support munications
1% ¥ aquipment changes
Irvstall new X
5 L
mamnframe 12 £ !
[ — Sarvice Increased
" intemuplions IJDO3'515|1'I';I
COS
H_ﬂ-""/‘ 30 E I
- XA
r'-Cl?:";EﬂELt ™ | Megatiate naw compuler o
By whe maintenance room
proj ‘-\\ contracts N
1"
[T — 20
Grcrdh and More utiliies
Higher level higher prodit (heal, air, slectricity)
of customer potantial n
servioe 20 '

10
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Tree Diagram (or) Systematic diagram (or)
Tree analysis (or) Analytical tree (or)
Hierarchy diagram

Description

“*The tree diagram starts with one
Item that branches into two or
more, each of which branch into
two or more, and so on.

It looks like a tree, with trunk and
multiple branches.




‘*When an issmmmgddressed IN

broad generalities.

“*When developing actions to carry out a solution
or other plan.

“*When analyzing processes in detail.
“*When probing for the root cause of a problem.

*» After an affinity diagram or relations diagram
has uncovered key Issues.

“*As a communication tool, to explain detalls to
others



Example

**The Pearl River, NY School District, a 2001
recipient of the Malcolm Baldrige National
Quality Award, uses a tree diagram to
communicate how district-wide goals are
translated into sub-goals and individual projects

Academic
achisvameEnt

Regents’
i o roads

Algn 51 2 math curiculum

Imiproved
acadermic
performanoe

Lag indicams

| 4m & Bth NYS
e resulis

Implemant year 2 technology plan

Beplace grade T assessmeat

Implemeant grades S8 cdifterentaated
instruction

| Lead indicator

Collegs
adiTHSESiomws

Lag Indicator

Progsct

Lead indicator

Frogec]

Lead indicator
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Matrix Diagram (or) Matrix chart

Description

“*The matrix diagram shows the
relationship between two, three or four
groups of information. It also can give
Information about the relationship,
such as its strength, the roles played by
various individuals or measurements



When to Use each

An L-shaped matrix reiates two groups of items to
each other (or one group to itself).

A T-shaped matrix relates three groups of items:
groups B and C are each related to A. Groups B
and C are not related to each other.

A Y-shaped matrix relates three groups of items.
Each group is related to the other two in a
circular fashion.



http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html

When to Use each Shape

A C-shaped matrix relates three groups of
items all together simultaneously, in 3-D.

An X-shaped matrix relates four groups of
items. Each group is related to two others in a
circular fashion.

A roof-shaped matrix relates one group of
Items to Itself. It is usually used along with an
L- or T-shaped matrix. (Used in QFD)



http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html
http://www.asq.org/learn-about-quality/new-management-planning-tools/overview/matrix-diagram.html

Arrow Diagram (or) Activity Network
Diagram (or) Network Diagram,

Activity Chart (or) Node Diagram (or)
CPM (critical path method) Chart

Description

**The arrow diagram shows the required order
of tasks in a project or process, the best
schedule for the entire project, and potential
scheduling and resource problems and their
solutions.



When to Use

“*When schedOlMgand monitoring tasks within
a complex project or process with interrelated
tasks and resources.

“*When you know the steps of the project or
process, their sequence and how long each
task.

“*When project schedule is critical, with serious
consequences for completing the project late or
significant advantage to completing the project
early.






Process Decision Program Chart
(or) PDPC

**The process decision program chart systematically
identifies what might go wrong in a plan under
development.

“*Countermeasures are developed to prevent or
offset those problems.

**Using PDPC, you can either revise the plan to avoid
the problems or be ready with the best response
when a problem occurs.



When to
Use

“*Before implementing a plan, especially when
the plan is large and complex.

“*When the plan must be completed on schedule.

“*When the price of failure is high.



Example

“* A medical group is planning to improve the
care of patients with chronic ilinesses such
as diabetes and asthma through a new
Chronic illness management program
(CIMP). They have defined four main
elements and, for each of these elements,
key components



Chronie liness Management Program
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SIX SIGMA



Six Sigma Means 3.4
Defects in 1,000,000 -
MOTOROLA

Six Sigma is a business concept that answers
customer’s demand for high quality and
Defect-free Business process.

Six Sigma was born in Motorola and
developed by Mikel J. Harry.

Motorola won Malcolm Baldridge Quality
Award.

Six Sigma is carried out as projects and
mostly uses DMAIC method




Eg: Godrej -G E Assembly Plant

* Defective Components were coming at the
rate of 3,00,000 for one Million Parts.

* Applying Six Sigma saved Rs 4 Crores

e Mr. Vijay Krishna, C.E.O, Godrej-G E. “We're
not talking about intangible savings here. Six
Sigma has given us the power to measure and
control costs. And that goes straight to our
bottom line”



PROCESS CAPABILITY

Process capability is simply a measure of how good a
metric is performing against established standard(s).

Upper and Lower Standards

Single Standard
(Specifications)

(Specification)

In Out of

Spec Spec

Probab Probab Probabil
ilit ility MECH-KIOT it




CONCEPT OF SIX SIGMA

Process

Variabilit

Total Amount
CpP Qutside Limits

Typical
Action to be
taken

4.56 %
(45,500 ppm)

Heavy Process
Control,
Sorting rework,
Etc.

sL | Lsl

2700 ppm Heavy process
Control,
nspection

64 ppm Reduced
nspection,

Selected use



CONCEPT OF SIX SIGMA

Process Total Amount Typical
Variabilit | Cp |Qutside Action to
y Limits be taken
1.6 1 ppm Spot
50 | | |7 Checking,
| | Selected use
5 of Control
A Charts
5 | \ 2.0 0.01ppm Reduced for
| | Control
Ugg Process LSQ Cp = Design Widt V‘Piﬁﬁc‘:’é’ss Width
Mean Cp,=, USL —LSL /M QUBEy 'nj
Proceso INpPpuls




SIGMA SCALE OF DEFECTS(1.5 o shift)

SIGMA DEFECT RATE | COST OF Competitive
(PPM) POOR L I
QUALITY eve
(% Sales)
60 3.4 < 10% World Class
50 233 10%-15% World Class
40 6,210 15%-20% High Quality
30 66,807 20%-30% | Industry
Average
20 3,08,537 | 30%-40% Industry
Average
10 6,90,000 e 0%0

Non-




Six Sigma Implementation

* Five-phases

process

1.Establishing

2. Information

Management 1 Gather; J 3.Training
Commitment athering
2 Developi 5.Business
N e\.’te oping Process to 6.Conducting
Sy(;tnelrr?gmg *| Be improved »| Six Sigma
are chosen Projects

1 e Gontinuous Improvement




Six Sigma - Three Dimensions

Customer Process A Process B Vendor

Define Measure Analyze Improve Control

Driven

by
customer

|
O

g

Process Map Analysis

Methodology

| |
/ Upper/Lower
specification °

limits

Organization Tools -

Regression

- Process variation A REREREn

abled by quali R

team o requency —e— Cumulative Frequency
Pareto Chart
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DEFINE

>Determine Bench mark

> Set Baseline

» Determine Customer requirements

»Get Customer Commitment

» Map Flow process

MECH-KIOT



MEASURE

>Develop Defect Measurement

> Develop Data Collection process

» Collect Data

» Create Forms

» Compile and Display Data

MECH-KIOT



ANALYSE

>Verify Data

> Draw Conclusions From Data

»Test Conclusions

>Determine Improvement Opportunities

» Determine Root Causes

MECH-KIOT



IMPROVE

> Create Improvement Ideas

> Create Models

— EXxperiment

> Set Goals

|, Create Problem Statement

— Create Solution Statement

—Implement Improvement Methods

MECH-KIOT



CONTROL

— Monitor Improvement Progress

— Measure Improvement Statistically

|, Assess Effectiveness

— Make Needed Adjustments

MECH-KIOT



ENIGMA OF SIX SIGMA
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SIX SIGMA BENCHMARKS

Restaurant Bills

Prescription writing

Payroll processing

Order write-up

/

/Journal Vouchers

Wire transfer

Average — _ |
company l Air baggage handling
Material lot
Rejected

Air flight
Fatality Rate

\

/

Best in class

(O.25ppr=n)

2 14

Sthmaliith 1.5 shty) ©



Table 1: Companies And The Year They Implemented Six Sigma

Company Name Year Began Six Sigma

Motorola (NYSE:MQT) 1986

Allied Signal (Merged

With Honeywell in 1994
1999)
GE (NYSE:GE) 1995

Honeywell (NYSE:HON) | 1998

Ford (NYSE:F) 2000

MECH-KIOT


http://www.isixsigma.com/offsite.asp?A=Fr&Url=http://finance.yahoo.com/q?s=mot&d=t
http://www.isixsigma.com/offsite.asp?A=Fr&Url=http://finance.yahoo.com/q?s=ge&d=t
http://www.isixsigma.com/offsite.asp?A=Fr&Url=http://finance.yahoo.com/q?s=hon&d=t
http://www.isixsigma.com/offsite.asp?A=Fr&Url=http://finance.yahoo.com/q?s=F&d=t

Table 2: Six Sigma Cost And Savings By Company

Year Revenue ($B) Invested ($B) %:rfflz\:ta:c?e Savings ($B) %Slz\?;/rsgsue
Motorola

;gg(j' 356.9(e) ND - 161 4.5
Allied Signal

1998 15.1 ND - 052 3.3
GE

1996 79.2 0.2 0.3 0.2 0.2
1997 90.8 0.4 0.4 1 1.1
1998 100.5 0.5 0.4 1.3 1.2
1999 111.6 0.6 0.5 2 1.8
1888' 382.1 1.6 0.4 4.43 1.2
Honeywell

1998 23.6 ND - 0.5 2.2
1999 23.7 ND - 0.6 2.5
Key:

$B = $ Billions, United States

(e) = Estimated, Yearly Revenue 1986-1992 Could Not Be Found
ND = Not Disclosed

Note: Numbers Are Rounded To The Nearest Ten


http://www.isixsigma.com/library/content/
http://www.isixsigma.com/library/content/
http://www.isixsigma.com/library/content/

The Quality Team

Master Black Belt - Thought Leadership
- Expert on Six Sigma

- Mentor Green and Black Belts

- Backbone of Six Sigma Org
Black Belt Black Belt | - Mentor Green Belts

- Full time resource

L - Deployed to complex or “high
y { risk” projects

Green Belt

Green Belt

- Part time or full time resource
- Deployed to less complex
projects in areas of functional

expertise
MECH-KIOT

Green Belt




Scope of Six Sigma

@ Manufacturing
&l Service Industries
&l Hospitals

& Insurance

&l Call Centre
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SUN 17U,
A CHINESE GENERAL IN 500 B.C.

If you know your enemy and know yourself, you
need not fear the results of a hundred battles.

Japanese DANTOTSU word has the
meaning of striving to be the ‘BEST OF
BEST'. This is the essence of BENCHMARKING




Bench Marking

**Benchmarking is a systematic method by
which organization can measure themselves
against the best industry practices.

“*Essence of BM is the process of borrowing
ideas and adapting them to gain competitive
advantage.

MECH-KIOT



BM Defined

Bench Mark Is the systematic search for best
practice, innovative ideas and highly effective

operating procedure

W. Edward Deming

It Is Hazard to copy .lIt Is necessary to
understand the theory of what one wishes to

do.



Definition By ROBERT CAMP

It 1s the search for the
Industry best practices
that lead to superior
performance.



BENCHMARKING CONCEPT

What is our W ( What are others’
performance level J | performance levels?
How did they get there

Creative
Adaptation

Breakthrough
Performance




Reasons for Bench Marking

* To achieve Business & Competitive
Objectives.

* Goals & Objectives Based on External
Environment.

e Cost Efficient.

* Continuous Improvement & New
Development.



Bench Marking Process

Phases | S.no Steps

Planning| 1 |Earmark what is to be Bench
Marked ?

2 |ldentify the best competitor

3 |
Determine the data collection
method and start collecting data

Analysis | 4 |Determine the current
performance GAP

1

5 | Proiject future performance levels




Bench Marking Process

Phases |S.no Steps
Integratio| 6 |Communicate bench mark
n findings and gain acceptance
7 Establish Functional Goals
Communicate Data Acceptance for
For analysis Analysis
Action |
8 |Develop Action Plans
9 |Implement specific actions and
monitorProgress




Bench Marking Process

Phases

S.no

Steps

Maturity

10

Recalibrate Benchmarks

11

Attain the Leadership position

12

Integrate Practice into the
Process




Bench Marking

Template

Output, Results, Success Factor

n C

Benchmark
WHAT?

How do
Wedo It ?

WHO /WHAT
IS Best
DATA
COLLECTION
DATA
ANALYSIS
DATA
COLLECTION
How Do

They do it ?

= m L -




Generation of Benchmark

A

10. Self Bench Marking

9. ) Values Bench Marking
8. ) Quality of Life Bench Mark

________

6. Sixth Generation*—+  Intrapreneual Bench Marking

5.| Fifth Generation * Global Bench Marking
4. | Fourth Generation Strategic Bench Marking
3. | Third Generatiort Process Bench Marking

2. | Second Generatione

Competitive Bench Marking

1. First Generation * Reverse Bench Marking( product)

»
»




Process of Gap Closing
Step I: Step V :Projected —
_ Select Process Performance of |
Performance Partner NP W
Measure

Step VII:
Step IV: Determine Tafgeted
B M Partner’s Imprqvement
Performance

Step IlI:

B M GAR Step II:

_ - Determine own
Performance

Step VI : Schedule for
Change

»

FUTURE POSITION

PRESENT POSITION



Reasons For Bench Mark

*»*Defining Customer Requirements

s Establish Goals and Objectives
‘*Measures of Productivity

**Becoming Competitive

**Industry best practices to be achieved



Types of Bench Mark

**Internal B M

E.g. Eicher Tractor Comparison Between Units
s*Competitive B M

Direct Product Competitors
**Functional B M

E.g. Best Logistics from same industries (or) Any
industries

**Generic B M

Same process or functions like Customer
service, order entry, regardless of industries .



BENEFITS OF B M

* Best Practices incorporated into the
process

* Motivation for creativity & innovation

* Technological Breakthrough in one’s
industry

* Better professional growth
 Meet effectively customer requirements
* Assist in attaining competitive position



FAILURE
MODE
EFFECTIVE
ANALYSIS

(FMEA)




Introduction

 Failure Mode Effect Analysis iIs an analytical
technigue that goes in for combining Technology and
Experience of people to identify foreseen failures in a

product or process and planning to eliminate the
Failure.

Definition
FMEA Is a group of activities to understand
and evaluate potential failure of product or

process and its effects, and identify actions
that eliminate or reduce the potential failures.




Types of FMEA

Major Classification
* Design FMEA
* Process FMEA

Sub Classification

* Equipment FMEA

* Maintenance FMEA
* Service FMEA

* System FMEA




 DESIGN FMEA

Design FMEA use in the design process
by identifying known and foreseeable
failures modes and ranking failures
according to their impact on the
product.



* PROCESS FMEA

It is used to identify potential process
failure modes by ranking failures and
establishing priorities, and its impact on
the Internal or external customers.



RELIABILITY

* Reliability is defined as the probability that the
product will perform as per the expectation for a
certain period of time, under the given operating
conditions, and the given set of product
performance characteristics.

* The part, assembly, or process under
consideration, the reliability of each sub system
and factors that contribute to failure to be found.



FAILURE RATE

* Products follow a pattern of failure.

* There is no information about the reliability (i.e.
Failure) of the product.

* Failure Rate is a constant is known period of failure
can be found out using Exponential Distribution

Rt=e — At Rt - Reliability of survival

Rt=e-t/0 t = Time for operation without failure

A = Failure rate 8 = Mean time to Failure



PROBLEM

e Failure Rate A =.0002 per hour

* What is the probability that it will survive or
reliable during the first 200 hours of operations?

o Solution

Rt=e - At
= e — (200) (0.0002)

= 96.08 %



