Meaning of Quality

= Webster's Dictionary
= degree of excellence of a thing

= American Society for Quality

= totality of features and characteristics
that satisfy needs

= Consumer’s and producer’s
perspective

Copyright 2006 John Wiley & Sons, Inc.
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History (Cont..)

ww.aeming.orgsaemingnumizwear. nim

+ 1950’s: Deming and Juran’s
introduction to Japan of Statistical
ity Control Techniques

www.juran.com/drjuran.htmil
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More quality gurus

Philip Crosby S:faelcl:tti is free - the optimum is zero
._

W. Edwards Deming’s 14 points.

Deming How to use statistics.

Armand

Feigenbaum Total quality control.

Quality circles and cause and effect

Kaoru Ishikawa diagrams

Quality as fitness for use, rather than

Joseph Juran conformance to specification.

Loss function.

Genichi Taguchi Minimize variation.

Copyright 2006 John Wiley & Sons, Inc.
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Historie rizeni jakosti a ISO 9000
TO00 Vyrobkova normalizace, vojensky prumysl

1920 Organizovana kontrola, Clenéni kontroly na vstupni,
mezioperacni a vystupni

1930 Shewart vytvari principy fizeni kvality, regulace procesu

1940 Kontrola pomoci zkuSebnich nastroju, kontrola vyrobnich
prostfedku, planovani kontroly, ur€ovani pficin a nasledku

1950 Japonsky prumysl se snazi v kvalité vyrobku dostinnout USA
pomoci novych metod fizeni kvality procesu

1970 |ntegrované zabezpedovani kvality, zabezpe&ovani kvality
nejen ve vyrobé ale i ve vyvoji a pfipraveé vyroby, analyza planu
konstrukce, testu, nedostatku, reklamaci, certifikace vyrobku

1979 Vydani normy BS 5750 (vzorem byly vojenské normy AQAP-1,
4 a 9) - 3.Casti (1.specifikace systému kvality 2.-3.specifikace
kontrolniho systému)

1987 Organizace ISO vydava poprvé normy ISO rfady 9000
1994 Prvni revize norem fady ISO 9000

cor20000ruhaivelkas ievize norem fady 1ISO 9000 3.4




Quality Gurus

+ Walter Shewart
= In 1920s, developed control charts
= Introduced term “quality assurance”

+ \W. Edwards Deming

= Developed courses during World War |l to teach
statistical quality-control techniques to engineers and
executives of companies that were military suppliers

= After war, began teaching statistical quality control to
Japanese companies

+ Joseph M. Juran
= Followed Deming to Japan in 1954
= Focused on strategic quality planning

Copyright 2006 John Wiley & Sons, Inc.
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Quality Gurus (cont.)

= Armand V. Feigenbaum

* |n 1951, introduced concepts of total quality control
and continuous quality improvement

= Philip Crosby

» |In 1979, emphasized that costs of poor quality far
outweigh cost of preventing poor quality

* |n 1984, defined absolutes of quality management—
conformance to requirements, prevention, and “zero
defects”

= Kaoru Ishikawa
* Promoted use of quality circles
= Developed “fishbone” diagram
» Emphasized importance of internal customer

Copyright 2006 John Wiley & Sons, Inc.
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Deming Wheel: PDCA
Cycle

4. Act 1. Plan
Institutionalize Identify
improvement; problem and
continue develop plan

cycle. for
improvement.

2. Do
Implement

plan on a test
basis.

3. Study/Check
Assess plan; is it
working?

Copyright 2006 John Wiley & Sons, Inc.
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Jestlize jsou pozadavky kapitoly ,,Odpovédnost managementu®
realizovany v praxi, dochazi k planovani zdroju a prostredku
organizace (Plan).

Spinéni pozadavku z kapitoly ,Rizeni zdroji“ zajistuje, Ze
,realizace produktu a/nebo sluzby® muze probéhnout efektivné a
ucinne (Do).

Vysledkem realizace produktu jsou produkty a sluzby. Vykon
procesu a kvalita produktu jsou pfi tom prubézné meéreny
(Check).

Pozadavky kapitoly ,Méreni, analyza a zlepsSeni“ se cyklus k
,Odpoveédnosti managementu” opéet uzavira (Act).

Copyright 2006 John Wiley & Sons, Inc. 3-8




Meaning of Quality

Meaning of Quality

Producer’s Perspective Consumer’s Perspective
Quality of Conformance Quality of Design
Production [— * Conformance to - Quality characteristics |~ Marketing
specifications . Price
 Cost

l

Fitness for
Consumer Use
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Total Quality Management

+ Commitment to quality throughout organization
¢ Principles of TQM

= Customer-oriented

= Leadership

= Strategic planning

= Employee responsibility
= Continuous improvement
= Cooperation

= Statistical methods

= [raining and education

Copyright 2006 John Wiley & Sons, Inc.
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—Basiceonomic-Quality Level
Model

Cost Total Quality Costs = Sum of Losses and Gains

NP

Losses due to poor

/ quality

\

Costs of Improving
Quality

Quality
Copyright 2006 John Wiley & Sons, Inc. 3-11




Princip 1 — Orientace na zakaznika
Organizace zavisi na svych zakaznicich, a proto maji porozumet

souCasnych i budou emepeiiebarRaieammrc=R e =S Sl

pozadavky a snazit se prekonat jejich oCekavani.

Princip 2 — Vedeni
Vedouci pracovnici vytvareji shodu ucelu a zamereni organizace.
Maji vytvaret a zachovavat interni prostredi, v kterem se lide
mohou zcela zasazovat za dosazeni cilu organizace.
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Princip 3 — Zapojeni osob
Na vsech urovnich urcuji lidé charakter organizace a jejich uplné
zapojeni umoznuje nasadit sve schopnosti k uzitku organizace.

Princip 4 — Procesné orientovany koncept
Pozadovaneho vysledku Ize dosahnout efektivneji tehdy, kdyz
jsou cinnosti a prislusne zdroje vedeny a rizeny jako proces.

Princip 5 — Systémové orientovany koncept rizeni
|dentifikace, pochopeni, vedeni a fizeni procesu, které jsou
vzajemne propojeny jako system, prispiva k ucinnosti a efektivite
organizace pfi dosahovani svych cilu.
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Princip 6 — Neustalé zlepsovani
Neustalé zlepsovani celkového vykonu organizace predstavuje

ool

’ Princip 7 — Vécny koncept pro rozhodovani
UcCinna rozhodnuti se zakladaji na analyze dat a informaci.

Princip 8 — Dodavatelské vztahy k vzajemnému uzitku
Organizace a jeji dodavatelé jsou na sobé zavisli. Vztahy slouzici
K vzajemnému uzitku zvysuji schopnost tvorby hodnot obou stran.

Copyright 2006 John Wiley & Sons, Inc. 3-14




Neustalé zlepSovani systému managementu jakosti

Zakaznici (a jiné Zakaznici (a jiné
zainteresované Povinnost zainteresované — [EE—
strany) D A managementu strany)
Management M¢teni, analyza a .
zdroji ZlepSovani D L.»| Spokojenost
. Realizace
Pozadavky > produktu Z> Produkt |—p|
Vstup Vystup
Legenda:
= (Cinnost piidavajici hodnotu
.............. » |nformacni tok

POZNAMKA: Text v zavorkach neplati pro 1ISO 9001
Model procesn¢ orientovaného systému managementu jakosti

Copyrignt 2uvo Jonn wiey & dons, Inc. s>-15




PODMINKY VYSLEDKY

VEDENI PRACOVNICI | IPROCESY YSLEDKY | | KLICOVE
VYSLEDKY ™=
POLITIKA & VYSLEDKY
STRATEGIE ZAKAZNIKU
PARTNERSKE ZAVERY
VZTAHY & SPOLECNOSTI
ZDROJE

INOVACE A UCENI

Model excelence EFQM
Copyright 2006 John Wiley & Sons, Inc. 3-16




TQM and...

¢ ... Partnering

= a relationship between a company and
Its supplier based on mutual quality
standards

¢ .. Customers

= system must measure customer
satisfaction

¢ ... Information Technology

» infrastructure of hardware, networks,
and software necessary to support a
quality program

Copyright 2006 John Wiley & Sons, Inc.
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Quality Improvement
and Role of Employees

+ Participative
problem solving

= employees involved In
quality management

= every employee has
undergone extensive
training to provide quality
service to Disney’s guests

Copyright 2006 John Wiley & Sons, Inc. 3-18




Quality

Circle

Organization
8-10 members
Same area
Supervisor/moderator

Training
Group processes
Data collection
Problem analysis

Presentation
Implementation
Monitoring

Problem

Identification
List alternatives
Consensus
Brainstorming

Solution
Problem results

Problem
Analysis
Cause and effect
Data collection
and analysis
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TQM 1n Service
Companies

* Principles of TQM apply equally well to
services and manufacturing

+ Services and manufacturing
companies have similar inputs but
different processes and outputs

+ Services tend to be labor intensive

+ Service defects are not always easy to
measure because service output is not
usually a tangible item

Copyright 2006 John Wiley & Sons, Inc. 3-20




Cost of Quality

¢ Cost of Achieving Good Quality
= Prevention costs
e costs incurred during product design

= Appraisal costs
e costs of measuring, testing, and analyzing

¢ Cost of Poor Quality

s Internal failure costs

e include scrap, rework, process failure, downtime,
and price reductions

s External failure costs

e include complaints, returns, warranty claims,
liability, and lost sales

Copyright 2006 John Wiley & Sons, Inc. 3-21




Juran, J.M., “Planmng for Quality”

Minimal Cost Of Quality Curve

Total quality
Costs

| \

Costs q Failure Costs
per goo Internal + External

unit of
Product AN

Minimal Cost of Quality

Prevention & Appraisal

Costs :
— :
-
100% Defect Rate 100%
Defective Good
Optimal Conformance
Level
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Prevention Costs

+ Quality planning costs

= costs of developing and
Implementing quality
management program

+ Product-design costs

= costs of designing
products with quality
characteristics

* Process costs

= costs expended to make
sure productive process
conforms to quality
specifications

Copyright 2006 John Wiley & Sons, Inc.

+ Training costs

= costs of developing and
putting on quality training
programs for employees
and management

+ |nformation costs

= costs of acquiring and
maintaining data related
to quality, and
development of reports on
quality performance

3-23




Appraisal Costs

+ Inspection and testing
= costs of testing and inspecting materials, parts, and
product at various stages and at end of process
+ Test equipment costs
= costs of maintaining equipment used in testing
quality characteristics of products
+ Operator costs

= costs of time spent by operators to gar data for
testing product quality, to make equipment
adjustments to maintain quality, and to stop work to
assess quality

Copyright 2006 John Wiley & Sons, Inc. 3-24




Internal Failure Costs

* Scrap costs * Process downtime costs
= costs of poor-quality :
products that must be = costs Of. shutling down .
discarded, including labor, productive process to fix
material, and indirect costs problem
* Rework costs * Price-downgrading costs
= costs of fixing defective : :
oroducts to conform to . cost§ of discounting poor-
quality specifications quality products—that is,
* Process failure costs selling products as
seconds

= costs of determining why
production process is
producing poor-quality
products

Copyright 2006 John Wiley & Sons, Inc. 3-25




External Failure Costs

¢ Customer complaint costs + Product liability costs

= costs of investigating and = litigation costs

satisfactorily responding to a resulting from product
customer complaint resulting liability and customer

from a poor-quality product injury

¢ Product return costs « Lost sal t
= costs of handling and OSt Sales COostS

replacing poor-quality products = costs incurred
returned by customer because customers
+ Warranty claims costs are dissatisfied with

poor quality products
and do not make
additional purchases

s costs of complying with
product warranties

Copyright 2006 John Wiley & Sons, Inc. 3-26




Measuring and
Reporting Quality Costs

¢ Index numbers

= ratios that measure quality costs against a
base value

= labor index
e ratio of quality cost to labor hours

= cost index
e ratio of quality cost to manufacturing cost

= sales index
e ratio of quality cost to sales

= production index
e ratio of quality cost to units of final product
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MODEL =

PAF
PREVENCE ZJISTOVANI NEDOSTATKY
STAVU
P A F
(Prevention Costs) (Appraisal Costs) (Failure Costs)

‘ INTERNI I ‘EXTERNiI
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Mozne¢ struktury nakladu v modelu
PAF

Situace 1 PA . F Situace 2 PA,F

Situace 3 PA.F Situace 4 PA . F
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Trendy v modelu PAF

1

Legenda:

TCQ-cellkoveé naklady na jakost
PC -naklady na prevenci
FC -naklady na nedostatly

TCO
PC
IDEALNI
JAKOST
F(C
0
0% SHODA § POZADAVEY — 100%

Copyright 2006 John Wiley & Sons, Inc.
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Grafické znazornéni
monitorovani nakladu na proces

PROCESY
6

VSTUPY VYSTUPY

1
2
3
4
5

NAKLADY T Zbytedné naklady"
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Seven Quality Control Tools

+ Pareto Analysis + Scatter Diagram
* Flow Chart ¢ SPC Chart
+ Check Sheet ¢ Cause-and-Effect

+ Histogram Diagram

Copyright 2006 John Wiley & Sons, Inc. 3-32




Pareto Analysis

NUMBER OF
CAUSE DEFECTS PERCENTAGE
Poor design 80 64 %
Wrong part dimensions 16 13
Defective parts 12 10
Incorrect machine calibration 7 6
Operator errors 4 3
Defective material 3 2
Surface abrasions 3 2
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Causes of poor quality
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Flow Chart

Operation

—

Operation

Copyright 2006 John Wiley & Sons, Inc.

Operation

Operation

l

Operation
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Check Sheet

COMPONENTS REPLACED BY LAB
TIME PERIOD: 22 Feb to 27 Feb 2002
REPAIR TECHNICIAN: Bob

TV SET MODEL 1013
Integrated Circuits Ml

Capacitors i) ol
Resistors |

Transformers i

Commands

CRT |
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Histogram

20

15

10

S
- :

0

=

1 2 613 101619171216201713 5 6 2 1
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Scatter Diagram
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Control Chart

24

UCL = 23.35

N
-
|

18 — c=12.67

-
)
|

Number of defects
©
| | I
|
|
|
I

o
|

LCL =1.99

w

2 4 6 8 10 12 14 16
Sample number
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Cause-and-Effect Diagram

Measurement Human Machines
Faulty
testing equipment Poor supervision Out of adjustment
Incorrect specifications Lack of concentration Tooling problems
Improper methods Inadequate training Old / worn
»| Quality

Inaccurate Problem

temperature ;

control Defective from vendor Poor process design

Ineffective quality
Not to specifications management
Dust and Dirt Material- Deficiencies
handling problems in product design

Environment Materials Process
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Baldrige Award

+ Created in 1987 to stimulate growth of
quality management in United States

+ Categories

Leadership

Information and analysis
Strategic planning

Human resource

Focus

Process management
Business results

Customer and market focus

Copyright 2006 John Wiley & Sons, Inc.
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Other Awards for Quality

+ National individual + |nternational awards
awards = European Quality Award
= Armand V. Feigenbaum = Canadian Quality Award
Medal = Australian Business
= Deming Medal Excellence Award
= E. Jack Lancaster Medal = Deming Prize from
= Edwards Medal Japans

= Shewart Medal
s Ishikawa Medal
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American Customer
Satisfaction Index (ACSI)

¢ Measures customer satisfaction
¢ Established in 1994

* \Web site: www.acsi.orq
= Examples (in 2003)

e Amazon.com scored 88 (highest in service)
e Dell scored of 78 (highest in computer industry)
e Cadillac scored 87 (highest in car industry)
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ISO 9000

+ A set of procedures and + 1SO 9001:2000

policies for international « Quality Management
quality certification of Systems—Requirements
suppliers = standard to assess ability to
¢ Standards achieve customer satisfaction
= 1SO 9000:2000 + 15O 9004:2000
e Quality Management = Quality Management
Systems—Fundamentals Systems—Guidelines for
and Vocabulary Performance Improvements
e defines fundamental = guidance to a company for
terms and definitions continual improvement of its
used in 1SO 9000 family quality-management system
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Implications of ISO 9000 for U.S.

Companies

+ Many overseas companies
will not do business with a
supplier unless it has ISO
9000 certification

+ |[SO 9000 accreditation
¢ |SO regqistrars

+ A total commitment to quality
IS required throughout an
organization

Copyright 2006 John Wiley & Sons, Inc.

O Capstone
Turbine Corp.

21217 Nordnall Streat
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Chapter 4

Statistical Process Control

Owerations Management - 5" Fdition ‘

Roberta Russell & Bernard W. Taylor, lli

/
S

= Beni Asllani
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Basics of Statistical
Process Control

+ Statistical Process Control

(SPC)

= Mmonitoring production process
to detect and prevent poor

quality
¢ Sample

= subset of items produced to

\r\/

use for inspection

¢ Control Charts

= process is within statistical
control limits

Copyright 2006 John Wiley & Sons, Inc.
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Vanability

¢ Random + Non-Random
= COMMON causes = Special causes
= inherent in a process = due to identifiable
= can be eliminated factors
only through = can be modified
Improvements in the through operator or
system management action
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SPC 1n TQM

* SPC

» tool for identifying problems and
make improvements

= contributes to the TQM goal of
continuous improvements
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Quality Measures

+ Attribute

= a product characteristic that can be
evaluated with a discrete response

= good — bad; yes - no
+ Variable

= a product characteristic that is continuous
and can be measured

= Weight - length
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Applying SPC to
Service

+ Nature of defect is different in services

¢ Service defect is a failure to meet
customer requirements

+* Monitor times, customer satisfaction
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Applying SPC to
Service (cont.)

+ Hospitals

= timeliness and quickness of care, staff responses to requests,
accuracy of lab tests, cleanliness, courtesy, accuracy of
paperwork, speed of admittance and checkouts

+ Grocery stores

= waiting time to check out, frequency of out-of-stock items,
quality of food items, cleanliness, customer complaints,
checkout register errors

+ Airlines

= flight delays, lost luggage and luggage handling, waiting time
at ticket counters and check-in, agent and flight attendant
courtesy, accurate flight information, passenger cabin
cleanliness and maintenance
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Applying SPC to
Service (cont.)

+ Fast-food restaurants

= waiting time for service, customer complaints,
cleanliness, food quality, order accuracy, employee
courtesy

+ Catalogue-order companies

= order accuracy, operator knowledge and courtesy,
packaging, delivery time, phone order waiting time

¢ |nsurance companies

= billing accuracy, timeliness of claims processing,
agent availability and response time
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Where to Use Control Charts

+ Process has a tendency to go out of control

* Process is particularly harmful and costly if it
goes out of control

+ Examples

= at the beginning of a process because it is a waste of
time and money to begin production process with bad
supplies

= before a costly or irreversible point, after which
product is difficult to rework or correct

= before and after assembly or painting operations that
might cover defects

= before the outgoing final product or service is
delivered
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Control Charts

+ Agraph that establishes & Types of charts
control limits of a

process O AttrlbUteS
¢ Control limits e p-chart
= upper and lower bands of e C-chart
a control chart .
= Variables

e range (R-chart)
e mean (x bar — chart)
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Process Control
Chart

Out of control
\

Upper
control
limit

Process
average

Lower
control
limit

1 2 3 4 5 6 7 8 9 10
Sample number
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Normal Distribution
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A Process Is 1n

Control If ...
1. ... no sample points outside limits
2. ... most points near process average
3. ... about equal number of points above

and below centerline
4. ... points appear randomly distributed
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Control Charts for
Attributes

= p-charts
= uses portion defective in a sample

= c-charts
= uses number of defects in an item
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p-Chart

=p+
UCL =p + zo,
LCL =p - zG,
Zz = number of standard deviations from
process average
p = sample proportion defective; an estimate

of process average
o, = standard deviation of sample proportion

p
p(1 - p)
Gp - n .
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p-Chart Example

NUMBEROF  PROPORTION
SAMPLE  DEFECTIVES DEFECTIVE
1 6 .06
2 0 .00
3 4 .04

20 18 18
200
20 samples of 100 pairs of jeans

Copyright 2006 John Wiley & Sons, Inc.
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p-Chart Example (cont.)

- total defectives
P~ Ttotal sample observations

_ 5(1 - p 0.10(1 - 0.10
UCL=p+z'\/p( P) =o.1o+3,\/ ( )

=200 / 20(100) = 0.10

n 100
UCL = 0.190
L p(1-p) _ 0.10(1 - 0.10)
LCL—p-z'\/ - -0.10-3,\/ 750
LCL = 0.010
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p-Chart
Example
(cont.)

Copyright 2006 John Wiley & Sons, Inc.

Proportion defective

0.20

0.18 UCL =0.190

0.10

© © o o o

o - - - -

oo o N H (o))
|

o
o
o

0.04

0.02 LCL = 0.010

N(
NN
()]

8 10 12
Sample number

14 16 18 20

3-63




c-Chart

UCL=c+ zo

= : o =:\/E
LCL =c¢ - zo, ¢
where

¢ = number of defects per sample
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c-Chart (cont.)

NUMBER
OF

SAMPLE | pereCTS
1 12
2 8
3 16
15 15
190

Number of defects in 15 sample rooms

— 190
= — =12.67
C 15 6

UCL -c+zcr

= 12.67 + 34/12.67

= 23.35
LCL -c+zcr

= 12.67 - 34/12.67

=1.99

Copyright 2006 John Wiley & Sons, Inc.
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24
UCL = 23.35
21
.
("2
°
D
(]
o
(T
c-Chart | 3 _

()]
Qo
cont -
¢ Z

6

3 LCL=1.99
2 4 6 8 10 12 14 16
Sample number
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Control Charts for
Variables

= Mean chart ( x -Chart )
= uses average of a sample

= Range chart ( R-Chart )

= uses amount of dispersion in a
sample
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x-bar Chart

=_ X+ X, + ... X,
k

UCL=x+A,R LCL=x-A,R

where

X = average of sample means
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x-bar Chart Example

OBSERVATIONS (SLIP- RING DIAMETER, CM)

SAMPLE k 1 2 3 4 ) X R
1 5.02 5.01 494 499 496 498 0.08
2 5.01 5.03 5.07 495 496 5.00 0.12
3 499 5.00 493 492 499 497 0.08
4 5.03 491 5.01 498 489 496 0.14
5 495 492 5.03 505 5.01 499 0.13
6 497 5.06 5.06 496 5.03 5.01 0.10
7 5.05 5.01 510 496 499 5.02 0.14
8 5.09 510 5.00 499 5.08 5.05 0.11
9 514 510 499 5.08 5.09 5.08 0.15

10 5.01 498 5.08 5.07 499 5.03 0.10
50.09 1.15

Copyright 2006 John Wiley & Sons, Inc.
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x- bar Chart
Example (cont.)

_ 50.09

_Xx
Tk 10

=501cm

XII

UCL = x + A,R = 5.01 + (0.58)(0.115) = 5.08
LCL=X-A,R=5.01-(0.58)(0.115) = 4.94

Retrieve Factor Value A,
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5.10

5.08

UCL =5.08

5.06

5.04

5.02

Mean

5.00

4.98
X- bar

Chart 4.96
Example 4.94 LCL = 4.94
(cont.)

4.92

1 2 3 4 5 6 7 8 9 10
Sample number
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R- Chart

UCL = D,R LCL = D,R
— 2R
R="%

where

R = range of each sample
k = number of samples

_

Copyright 2006 John Wiley & Sons, Inc.
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R-Chart Example

SAMPLE k 1

5.02
5.01
4.99
5.03
4.95
4.97
5.05
5.09
5.14
5.01

SOONOHLWN =

2

5.01
5.03
5.00
4.91
4.92
5.06
5.01
5.10
5.10
4.98

3

4.94
5.07
4.93
5.01
5.03
5.06
5.10
5.00
4.99
5.08

4

4.99
4.95
4.92
4.98
5.05
4.96
4.96
4.99
5.08
5.07

5

4.96
4.96
4.99
4.89
5.01
5.03
4.99
5.08
5.09
4.99

OBSERVATIONS (SLIP-RING DIAMETER, CM)

X R

498 0.08
5.00 0.12
497 0.08
496 0.14
499 0.13
5.01 0.10
5.02 0.14
5.05 0.1
5.08 0.15
5.03 0.10

50.09 1.15

Copyright 2006 John Wiley & Sons, Inc.
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R-Chart Example (cont.)

— SR 115 UCL = D,R = 2.11(0.115) = 0.243
k 10 LCL = D,R=0(0.115) = 0

Retrieve Factor Values D; and D,
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R-Chart Example (cont.)

0.28
024 UcL=0.243
0.20

) =

o 0.16 R=0.115

@ 0.12

0.08
0.04

1 2 3 4 5 6 7 8
Sample number
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Using x- bar and R-Charts
Together

* Process average and process variability must be
In control

* |tis possible for samples to have very narrow
ranges, but their averages is beyond control

limits
* |tis possible for sample averages to be in
control, but ranges might be very large
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Control Chart Patterns

UCL

UCL

LCL

Sample observations
consistently below the
center line

LCL

Sample observations
consistently above the
center line
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Control Chart Patterns (cont.)

UCL

UCL

LCL

Sample observations
consistently increasing LCL

Sample observations
consistently decreasing
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Sample Size

= Attribute charts require larger sample sizes
= 50 to 100 parts in a sample

= Variable charts require smaller samples
= 2 to 10 parts in a sample
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SPC with Excel

E3 Microsoft Excel - SPC_excel
File Edit “iew Insert Format Tools Data  Window  Help

Twpe a question Fo

]
w

Copyright 2006 John Wiley & Sons, Inc.

DEES & B oo - |@R -4 PR 7 ad -1z -|[B]lr u ===
{3 #a Ba A T ¥a | 4 W G | ¥¢Reply with Changes... End Review... _
P19 - 23
A E B D E F [ o [ H [T 1T [ 130T K[L[M]
Portion ==

1 |Sample |Defective| UCL | LCL 2
2 ] 0.190] 0.010 0.100 2 = 0.100
3 1 0.06 0.190] 0.010 0.100 UCL= 0.190
4 2 0.00 0.190] 0.010 0.100 LCL= 0.010
[ 3 0.04 0.190] 0.010 0.100
[ 4 0.10 0.1920] 0.010 0.100
7 5 0.06 0.190] 0.010 0.100
5 6 0.04 0.190| 0.010] 0.100 05
9 7 0.12 0.1920] 0.010 0.100
10 8 0.10 0.190| 0.010] 0.100 020 4 UCL=0.19
11 9 0.08 0.190] 0.010 0.100
12 10 0.10 0.1920] 0.010 0.100 015 4
13 11 0.12 0.190] 0.010 0.100
14 12 0.10 0.190] 0.010] 0.100 DA = =
15 13 0.14 0.1920] 0.010 0.100 A6k &
16 14 0.08 0.190] 0.010] 0.100 \ LCL=0.01
17 15 0.06 0.190] 0.010] 0.100 oo Y
158 16 0.16 0.190] 0.010 0.100 01 223 45 6 7 8 91011121314 151617181
18| 17 0.12 0.190| 0.010] 0.100 Sample Number
20 18 0.14 0.190] 0.010 0.100
1 19 0.20 0.190] 0.010 0.100
22 20 0.18 0.190] 0.010 0.100
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SPC with Excel:
Formulas

Ed Microsoft Excel - SPC_excel

@ FEile Edit Wiew Insert Format Tools Chart  Window Help formula
DEES & % B w-o- | @& = -2 21|l 4532 7 sl o5 - | B 7T U|I=E=E=E|% %= 5
Ha Ea Pa A S 8| Bl =) | W@ Reply with Changes... End Review... _
Chart Area 23
A B © 1] E F 1 G | H | I | J | K
Portion —_—
1 |Sample |Defective| UCL LCL 7
2 |0 =$H$3 |=$H%4 =$H$2 r — |=AVERAGE(B3:B22)
3 0.06 =$H$3 |=$H%4 =$H$2 UCL= |=H2+3*SQRT(H2"(1-H2)}/100)
4 |2 0 =$H%$3 |=$H%4 =$H$2 LCL= |[=H2-3*"SQRT(H2*(1-H2){100)
5 |3 0.04 =$H$3 |=$H%4 =$H$2
& |4 01 =$H$3 |=$H%4 =$H$2
7|5 0.06 =$H$3 |=$H%4 =$H$2 - = =
g |6 0.04 =$H$3 |=$H%4 =$H$2 095 -
a |7 012 =$H%$3 |=$H%4 =$H$2
10 |8 0.1 =$HS$3 |=$H%4 |=%H%2 0.20 -
1|9 0.08 =$H$3 |=%$H%4 =$H$2
12 |10 0.1 =$H$3 |=$H%4 =$H$2 0.15 4
13 |11 012 =$H$3 |=$H%4 =$H$2
14 [12 0.1 =$H$3 |=$H$4 |=$HS$2 m 0107 -
15 |13 0.14 =$H$3 |=$H%4 =$H$2 oen
16 |14 0.08 =$H$3 |=%$H%4 =$H$2
17 |15 0.06 =$H$3 |=$H%4 =$H$2 0.00 . - =)
18 116 0.16 =$H$3 [=%$H%4 =$H$2 012 3 4586 78 31011121314 151617 1813 20
13 17 012 =$H$3 |=%H%$4 [|=%H$2 Sample Number
20 (18 0.14 =$H$3 |=$H%4 =$H$2 .
21 [19 02 =$H$3 |=$H$4  |=$H$2 n =
22 (20 0.18 =$H$3 |=$H%4 =$H$2

o)
(o)
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Process Capability

+ Tolerances

= design specifications reflecting product
requirements

+ Process capability

= range of natural variability in a process what
we measure with control charts
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Process Capability

Design
Specifications
A
4 \

(a) Natural variation
exceeds design
specifications; process
is not capable of
meeting specifications
all the time.

Process

Design
Specifications
A
f '\

(b) Design specifications
and natural variation the

same; process is capable
of meeting specifications
most of the time.

Process
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Process Capability (cont.)

(c) Design specifications
greater than natural
variation; process is
capable of always
conforming to
specifications.

(d) Specifications greater
than natural variation,
but process off center;
capable but some output
will not meet upper

specification.

Design
Specifications
A
'\
Process
Design
Specifications
A
f N

Process
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Process Capability Measures

Process Capability Ratio

tolerance range
P process range

O
1

upper specification limit -
lower specification limit

60
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Computing C

Net weight specification = 9.0 oz £ 0.5 oz
Process mean = 8.80 oz
Process standard deviation = 0.12 oz

upper specification limit -
lower specification limit

k 60

O
I

9.5-8.5
6(0.12)

=1.39
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Process Capability Measures

Process Capability Index

r_ D
x - lower specification limit
Cox = minimum 30 —
upper specification limit - x
\ 30 y
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Computing C

Net weight specification = 9.0 oz £ 0.5 oz
Process mean = 8.80 oz

Process standard deviation = 0.12 oz

ro_ )

X - lower specification limit

= minimum 30 —

upper specification limit - x
30

\ J

r \

— minimum 8.80 - 8.50’ 9.50 - 8.80 - 083

3(0.12) 3(0.12)

\ 4

C

pk
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Aggendixz

Determining Control Limits for x-bar and R-Charts

SAMPLE SIZE ~ FACTOR FOR x-CHART  FACTORS FOR R-CHART
n A, D, D,
2 1.88 0.00 3.27
3 1.02 0.00 2.57
4 0.73 0.00 2.28
5 0.58 0.00 2.11
6 0.48 0.00 2.00
7 0.42 0.08 1.92
8 0.37 0.14 1.86
9 0.44 0.18 1.82

10 0.11 0.22 1.78
11 0.99 0.26 1.74
12 0.77 0.28 1.72
13 0.55 0.31 1.69
14 0.44 0.33 1.67
15 0.22 0.35 1.65
16 0.11 0.36 1.64
17 0.00 0.38 1.62
18 0.99 0.39 1.61
19 0.99 Return 0.40 1.61
20 0.88 0.41 1.59
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