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Course Contents

History and Philosophy of SPC
Understanding Variation

Control Charts:
— Control Charts for Variables
~ Control Charts for Attributes

Measurement Capability Analysis
 Process Capability Analysis
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Section 1

History and Philosophy of SPC
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History of SPC

+ 1920°s: Walter Shewhart of Bell Telephone Labs
develops SPC as an economical means to control
quality in manufacturing

+ 1930°s: U.S. telecommunications industry is world
standard for quality

+ 1940°s: During WWII, Bell Labs personnel train
armament manufacturers to use SPC

+ 1940°s -1950°s: Use of SPC following the war:
— U.5. economy intact, SPC “disappears”

m- Japanese devastated, W. Edwards Deming amves
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History of SPC

4+ 1960°s-1970°s. Quality techniques blossom in
Japan

+ 1980°s: The warld begins to recognize “Made in
Japan™ as a sign of quality. In U.S., automotive
and electronics industry lead the “quality
revolution™

4+ 1990°s SPC now recognized by most U.S.
industries as a vital quality management toal.

- In wood products industry, prinicipal useis size control

I :l l in prmary sawmills
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Philosophy of SPC

4+ Variation is inevitable

+ Real quality improvement comes from defect
prevention, not defect detection- “You can’t inspect
quality info a prodiict™

+ Prevent defects by monitoring, controlling &
reducing variability

— Reduce scrap and rework =1increased productivity,
increased profits, increased employee morale

+ Continuous process improvement to reduce

mvaﬁability
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Continuous Process
Improvement:
ools-
- ‘brainstorming -~ nominal group
— cause and effect technique
diagrams — process teams
— Deming’s 14 points of  — check sheets
TQM — Pareto analysis
— process flow diagram — histogram
— scatter diagrams = process capability
~ desgned experiments sm
— trend charts
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Statistical Process Control-
What 1s 1t?

+ Statisti cal- With the help of numbers or data...
+ Process- we study the characteristics of our process...

+ Confrol- in order to make it behave the way we wani
ittobehave.

Source: The Statistical Quality Contro] Handbook,
Western Electric Company, 1956
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A change of mindset-

+ Product Quality Control

— Achwities to evaluate and regulate quality followng
production (“inspect and reject! rework™)

v Process Quality Control
— Actinities to ensure a quality productis produced
dunng manufacturing through defect prevention
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Who needs to understand and
commit to SPC?

+ Everyone in the plant

<" management

< production

< engineering and deSl gn
< sales :

for SPC wﬂi not work
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A partial list of benefits of SPC

+ Increase profits by:
- reduce scrap
- reduce rework
— increase production
4+ Improve employee morale
+ Improve customer canfidence
+ Better understanding of process
+ Documents and tracks improvement
4+ One aspect towards attaining 1SO 9000 certification
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Increase profits???

+ Publicly traded Baldridge Award winners have
inareased stock value 324.9% between 1988 and 1995

+ Publidy traded Baldridge Award applicants have
increased stock value 167% between 1990-1995

+ Many compani es report 15% or more improvement in
profits following SPC implementation

Source: Jexrry Welsh, SPC S pecialist, Lane Community College
citing 38 NIST Stock Irrvestment S tody, 297
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=

If SPC 1s the answer,
What was the question?

® How capable is the process of meeling customer
(internal or external) expectations?

— or, 15 the supplier’s product meeting specs.?

| ® What is the distribution of process output?

— centering, range or “spread”, likelthood of an extreme value

' ® What is causing the variability?

— When is it reasonable to “get tough™ with employees?
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If SPC 1s the answer,
What was the question?

o Can we afford to minimize the variability?
@ Over time, how can we be sure the process hasn’t
changed?

& When should we “tinker” with the process and when
should we leave it alone?
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Section 2

Understanding Variation
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Statistics- Who Needs 1t777

+ Statistics- The Science of Variation
+ “In God We Trust- All Others Must Use Data”

+ Answers to, “If SPC is the Answer, What was
the Question?”:
— process capability?
— process distnbution?
— causes of vanability?
— afford to minimize vanability?
— changes over ime?
— to tinker or not to tinker?
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Sources of Variation:

+ “4M’s and OE” . y ’
— Machine (
— Material b
— Mehod
— Measurement
— Operator
— Envirooment
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Variation-

+ Random, chance, constant, common,
unknown causes _ e

— the “rhythm” of the process |§

+Assignable, special causes
— something has changed
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What is Variation?

Loss Function
What is the target for a given process?

? | ?

Target

How far away from the target is still OK?
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Loss
n

Quality

What is Variation?

Loss Function

target Measurement

A curve representing loss in quality as a

L]

function of a measured value
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What is Variation?
Traditional “Loss Function”

Loss
in
Quality
Lower U

Limit
Spec limits define acceptable and
unacceptable quality
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What is Variation?

Modern “Loss Function”

Loss in Quality

Loss Increases as
in Variation from
Quality Target Increases

Target
Target: Desired Value or Outcome
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What is Variation?
How the Loss Function Affects Product
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0 o
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Both are within spec
Which is more desirable?
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What is Variation?
Loss Function for Defects

A

Loss
in

Quality

Number of Defects
Target
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What is Variation?

Less Variation

Higher Quality
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Distribuﬁc}i\ef Process Ouput

Neither accurate,
nor precise

Precise, but Precise and
m_ not accurate accurate

Neither accurate,
nor precise

. Precise, but Precise and
\ ~ notaccurate accurate
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Distribution of Process Output
Histograms:
+ Frequency distribution- a tally of process
output falling into specific “categories”
+ Histogram- a pictorial representation of the
frequency distribution
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Estimating Process Parameters:

+ Central tendency- arithmetic mean (“average™)
+ Dispersion- range or standard deviation
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Estimating Process Parameters:

+ Process centering

n ]

- Xi
mean or average, X — E —
~ n

| _KH (a estimate of the population mean, p)

| KB (an estimate of the population mean, p)




Why 1sn’t the average alone,

good enough?

Target 6
7.95 6.10
4.05 5.80
6.95 .05
5.05 5.95
X =6.00 X =6.00

m : Cin the data
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Target 6
795 610
405 5,90
6.95 6.0
505 593

X = 6,00 X =600
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Estimating Process Parameters:

+ Process “spread”:

2 (- T

i=]

standard deviation, 5 = 1

b

mqu:Xnax—Xnil

(both are estimates of the population
m standard deviation, )
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Do 2 little numbers really
tell us that much?

+ Wouldn’t it be nice, if knowing only the mean and
standard deviation, we could predict the amount of
product that will be produced within the specs. or
any given range?

— For example, with a mean af 3.5 inches, and a standard

deviation of 0.05 inches, how rmich product can we
expect to produce that is 4 inches or larger?

* To do this, you need an equation to describe the

mdistzibuﬁon.
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Exzpanental |
W\'\\
T R
Flx)= 1 Fe)= 1=
How about one of these equations?
} Gamma Normal
iz:' = 1‘! a1 - k- -
OGN i

/L Weibull
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Determming the “limits™:
The Normal Distribution
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The Normal Distribution
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So what?

+ By knowing the mean and standard
deviation, and that the numbers are
approximately normally distributed, we
know everything we need to know about the
distribution- it is predictable...

IF- we can somehow be sure that the
process is stable
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Is the Process “Stable”?
or
in SPC lingo,

Is the process “in statistical control™?
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“Statistical Control”

+ The term “in control” in SPC does not have
entirely the same meaning as in common
usage:

— The process is out of control!!!.

+ “A process is described as in control when a
stable system of chance causes seems to be
m operating.” (Grant& Leavenworth, Sttistical Quality Control)
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The affect of “control”
on the process

+ “In control™- a stable system of

chance causes seems to be in
operation. The variability of
the process is reasonably
predictable.

— Itislikely to be unprofitable to

L (|

search for assignable causes of
van ability.
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L4 ]

Examining Variation
Definition

A Stable Process has the same
normal distribution at all times.

A stable process is In Control

A stable process still has variation
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Examining Variation
Common Causes

The cause of variations in a stable
process is called a Common Cause.

A common cause is a natural cause of
variation in the system.
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Examining Variation

Common Cause Examples

Machine vibration

Temperature fluctuations

Slight variation in raw materials
Human variation in setting control dials
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Examining Variation
Stable Process

ST
t: : ‘x
1’ \/
P LA R
/;\ | Predicti
/
Normal distribution at all times

—
......_......._.....l
-

G B G ek a3 58




a4

The affect of “control”
on the process

+ “Qut of control”- assignable
causes of variability must be
present. A little investigation
is suggested to find and
eliminate those canses.

= Statistically rare ocaurences |
are indications of lack of
control
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A statistically rare event-

+ an outcome with a very small probability of
occurrence (‘the odds are against it™)

+ In manufacturing, an outcome that is
“statistically rare™ usually signals the
presence of assignable causes of variation

+ How can you know what is statistically rare
and what is commonplace?
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What 1s a “statistically rare
occurrence”

+ Obtaining a sample value thd is “very far away”
from the average is a highly unlikely event

+ In SPC, we usually define “very far away” as 30
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Normal Distribution
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85.5%
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Examining Variation

Tools for Fxmrljnjng anhility
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Trend Chart: A plot showing the behavior of a
m process over time.
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Examining Variation
;: i Tools for Examining Stability
o "
o :
3 » —-
B 10 —
033 ssssgsa§~§§§“ 3

Histogram: A barchart showmg the distribution of

m the process.
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Examining Variation
Activity: Comparing stable processes

150 1 150 {
140 140 1
130 1 130
21207 §12|J~ j
j?};g S S OV A N4 _S:(])g A [\h\_A A ﬁvn_ﬂ
IO A AR ¢ 1AV A AR
80 1 3 80 1
70 1 70 4
60 1 60
" 50 50
) T T T 1 { T l 1
0 5 10 15 20 25 0 5 10 15 20 25
C Sequence D Sequence

Which process has better quality?
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150 1 150
140 140 1
130 1 130
1201 120
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80 7 80 -
70 70
60 1 60 -
50 1 50
T T T T Y I T T T T T
0 5 10 15 20 25 0 5 10 15 20 25
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Examining Variation
Activity; Comparing stable processes
(cont’d)
150 1504
1401 140
130 130
é’}lﬁjw g“gj"rAvf\\v&w‘;& ‘V[\ /
90 1 90
L3 o
&0 60
50 50 1
L4 é ' 15 1!1 2]5 0 ; lTO E ﬁ') <
C Sequem:e Sequence
m Which process has better quality?
- ' vn I - e ‘
(645 S0 Sl S
150 4 150 1
M40- 1401
130 1 130
120 1201
 SVANSNAY | IOV
1% 12
70 1 70
60 1 &0 1
50 1 50 +
1 1 1 I 1
0 5 10 15 2 » o 5 10 15 2
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Examining Variation
Unstable Process

71 7?
N e

/

L]

Any process that is not stable is called an unstable

or out-of-control process.
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Examining Variation
Kinds of Instability. Excursions
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Examining Variation
Kinds of Instability: Shifts
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Examining Vanation
Kinds of Instability: Drifts

200
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Examining Variation
Kinds of Instability: Cycles
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Examining Variation
Kinds of Instability: Chaos

Thickness
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Assignable Causes of Variation:
The Backbone of SPC

+ Examples of things that may be assignable
causes of variation:
— machine troubles (damaged saw teeth, plugged
bl owpipe, eic.)

- faulty measuring device

 — operator overcontrol

— warker fatigue

m — drastic changes in raw material
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Examining Variation
Special Causes
Anything that causes variations that are not
part of the stable process is called a special

cause, assignable cause, or unnatural
: cause.
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Examining Variation
Examples of Special Causes

» Batch of defective raw material
* Faulty set-up

» Human error

« Incorrect recipe -

* Blown gasket

Earthquake
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Section 3

The Control Chart
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Determining the state of control:

The Control Chart
+ Graphical view of the process over time-
- central tendency -trends
- spread ~ -changes
TCL
S T I B

(Sa-lﬂu“

Gl pae o M q.'lu i
- central tendency -trends
- spread . - changes
UCL
R, SR —— L O, . ")_c'
»
LCL
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The Control Chart:
(ak.a- The Shewhart Control Chart)

+ Developed by Dr. Walter A. Shewhart of
Beil Telephone Labs in the 1920°s

+ Emphasis was on developing procedures to
economically control quality of '
manufactured product

+ Mathematical and statistical theory provides
the foundation
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What the
Ry % Control Chart
is intended to do:

pSaill atadishy 8 L




65

Control Charts:

+ Two different broad categories:
— gitributes
¢ fraction defective (gof no-go data)
@ defect counts

"l

— vaniables
emecasurement data

J I

:lpal Jad gy sl Sl -
_ val.ail -
@ fraction defective (gof no-go data)
¢ defect counts
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Control Charts for Variables

+ Process centering
¢ X (mean)
» individuals

+ Process spread
» g (standard deviation)
* R (range)

Kn
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Determining the state of control:

Iterpreting the Contro! Chart
UCcL
. X
LQ.
Time
= UCL
— - - SR i
- - LCL
XH
zasadll syl
i oQa.
- %
La-
Time
i UCcL
S i
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To be useful, control charts
should be updated, interpreted,
and actions taken 1n real time
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Control Chart

Out of
control > g

I Abnonnal varistion
due to assignable sources
UCL

Mean
T'Normdv.idion " =
——xfue o chance : :

due to assignable sources

@ 1 2 3 4 S5 6 7 8 9% 10 11 12 13 14 18

Sampile numnber

due 10 assignable sources
@ 1 2 3 4 S 6 7 8 % 1011 1213 14 1S
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Mean and Range Charts

(process mean is
shifting upward)
Ssmpling
Distribution,
- ‘

Does not
detect shift

Detects shift

Does not
detect shift




Mean and Range Charts
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reveal increase
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Detecting Variation

200 - Tool: Control Ch | 200
180 ’ A F A - 180
160 -

- | :

i £

-

m-
8 4

Time
m Benefit: Prevents tampering or ignoring

g 1 pSalll giale Ay i A 200
180

NI AR TV
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40 + [ - 40
21 / / | . [ =

Cooa
m Salash J caeDall aie :3AEY) 4n




73

Detecting Variation
Control Chart for Detecting Variation

Control
Chart
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Detecting Variation
Control Chart for Detecting Variation

Control Chart

T

Trend Chart + CenterLine . + Control Limits

Upper Control Limit
Center Line
Lower Control Limit
ol Cids
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Variation

m
ontrol _‘
Control limits tell us where the measurements in a

1 Limits

t

Detec
C

stable process should fail
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Detecting Variation

Confrol Limits
=30 +3
| !
Highly | |  Highly
Unlikely | |  Unlikely
1.5 out of i | 15o0utof
1000 : : 1000

Calculated statistically, based on:
~ Historical Data
~ Characteristics of the stable process

m Also called 6 sigma limits

Highly
Unlikely
1.5out of

1000

Highly
Unlikely
1.5 out of

1000

———————f

ot (o Liban) Cluall o3
4 ul ity
' 6 sigma limijts <X el




Detecting Variation

Tum the distribution on its side

$ 5l Jeid
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R

Detecting Variation

Can we use spec limits as control limits?

Can we compute control limits for an
unstable process?

- *r»
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Detecting Variation
Creating a Control Chart

What is the Center Line?

Process mean, based on historical data
or
Process Target

. Il !-m R
T3l bl o Lo
LAy B0 il o 2Ty (o 4yleall das
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Detecting Variation

Creating a Control Chart
Selecting the Center Line

The center line should be the target,
Measurements: ynless we are unable or unwilling to
control the process to target.

Defects: Since the target is zero defects, the
center line is the process mean.
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Detecting Variation
Control Limits vs. Spec Limits
Control Limits Spec Limits

» Based on * Based on
performance ofthe  performance of the
process. product.

* Tell us when to * Tell us when to
take action on the disposition the
Process. product.

cl ‘ !’ln ¢ i s
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Detecting Variation
Control Limits vs. Spec Limits

Focus On

Control Limits

Improve Process  Improve Product

Quality - ~———— Quality

il gall 3 g3 Jilie (Kol 3 g2a
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Detecting Variation
Uses of a Control Chart

* On-Line: Assess the present stability of a
process, as part of a process control system
(PCS)

» Off-Line: Assess the historical stability of a
process

¢

OASY ASS
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Control Charts for Attributes

+ p charts- counts of percent nonconforming in a
sample (sample size may vary)
+ np charts- counts of number of items
. nonconforming (requires uniform sample size) .
4 ¢ charts- counts of nonconformities per unit
(sample size may be 1) '
+ u chart- counts of nonconformities per unit area

L]

Lo A Al el 4y gt 2l clua :p charts -

k) GUe Sl U2V s Qlus inp charts -
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Use of p-Charts

* When observations can be placed into two
categories.
- Good or bad
~ Pass or fail
- Operate or don’t operate

» When the data consists of multiple samples of
several observations each

o..\,.\dc.mdsp“bdslylgﬁasm -
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Use of c—Chirts

» Use only when the number of occurrences per
unit of measure can be counted;
nonoccurrences cannot be counted.

- Scratches, chips, dents, or errors per item -
- Cracks or faults per unit of distance

- Breaks or Tears per unit of area

- Bacteria or poltutants per unit of volumn
- Calls, complaints, failures per unit of time

(]

c-Charts 3 pladiud
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Section 4

Measurement Capability Ahalysis
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Measurement Capability

Have you ever been bitten by a
measurement system?

True Observed
Data Data

black box

L]
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Measurement Capability
A Measurement

* Measurement tools themselves
— hardware
~ software
* All the procedures for using the tools
— which operators
— set-up/handling procedures
— off-line calculations and data entry
— calibration frequency and technique

(]

T

.
L

alabll
ol

3

Y "
FiapaSl 852 -
o) pd 5 -

Bl gl Il Qasiud i ghai S -
ot !‘5‘_
- A dac Y ki -
Yt s a iy Jlid y Sl -
5 odaad Llee qugldy iS5 -




M%s rement Ca al,vli
ylbo Heasureme ts !
Work Methods
~ \easeof data entry
operator Mﬁmm frequency
operator technique N ‘maintenance of standards
standard procedure \\mxﬂicient time for work

Measurement
mechsnical Variation

mstal

Environment Tool

NOTE: Not all of these will necessarily be significant sources
m : of variation for every measurement system.
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(]

‘Measurement Capability

Assumptions We Often Make

* Metrology tools are perfectly accurate
* No day-to-day variation in performance

* No operator-to-operator variation
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Measurement Capability
MCA Tells Us:

How big is the measurement error?

What are the sources of measurement error?

Is the tool stable over time?

Is the tool capable of making the measurements for this
project?

Is the tool capable of makmg the measurements for this
process?

What needs to be done to improve the measurement
process? . o
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Measurement Capability
Capability vs. Calibration
Calibration
Procedure to compare readings from a tool

with a standard and then correct for any
deviations.
Statistically: centering the mean of the
distribution of readings on the “true value™
(obtained from a standard).

1

oAl B,
pptadl (Jlia 3
i_ladd
o g oD U 30 ol i i ol
il ad
2] 3550 o a5 gy Aoas Y sl
il Ll e ol
(Sonall 0 Lo Jpuanll 5 D)

(]




94

Measurement Capability

Capability vs. Calibration (cont’d)
Capability
Procedure to identify and quantify sources of
variation in readings and then eliminate them.

Statistically: fitting the model to the readings
so that the components of variance can be
estimated.

Both work together to keep measurement
m tool performing optimally.
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Concepts and Vocabulary
Sources Of Variation

Process Variation
+ A
Measurement Variation
Total Variation
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Concepts and Vocabulary

Relationship Of These Distributions
Averages
Myoap = m'product + My casurement error
or, if the measurement tool is calibrated
M0 = Inpn'.)duct
Variabilities
sztotal = Szpmdm:t + Szmeasummmt eT1oT

Never Add Standard Deviations.

Note: These Relationships Are True Regardless Of The Distribution
(Normal, Skewed, Bimodal, ...),

Chajiall g asalial
il 3 9l B e CADLY
da giall

Hiotal = “‘product + Mineasurement error
A oy laa 35 13

 Wiotal = u‘product
il _saadalf

O otal = Gzpmoduct + O easurement errar
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Concepts and Vocabulary
Activity
Suppose you have a process which has been
operating for a significant period of time
and has a o of 10 units. Then a
measurement capability study is done and

the measurement error () of the
metrology system is found to be 6 units.

QWhat is the true vanability of the product?
MHOW could you confirm that?
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Introduction

Total Variation

Product

N

Measurement
System

T

Accuracy ] Precision

P2l

Aadda
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g
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Concepts and Vocabulary

Accuracy

The degree to which a process mean is on
target

Related Terms
True Value
Bias

b3 jdall g asaliall
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Concepts and Vocabulary

Precision
The degree of variability in a process

Related Terms
Repeatability
Reproducibility

Ghagiall y asalial
ol
Lhall i ol G

ShoSal agie)
Salain) 418




101

Concepts and Vocabulary
Bias

Distance between the average value of all the
measurements and the true value. Can be
positive or negative.
Bias = p - True Value
Measures the amount by which a tool is
consistently off target from the truth.
Bias is the numerical value we use to measure
accuracy.
Synonyms: systematic error, offset.

CHakal) 9 asdliall
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Concepts and Vocabulary
Bias

]
Y

Observed True
Average Value

3 hall g ashliall
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Average Value
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Concepts and Vocabulary

Precision Says Nothing About How
Close The Measurements Are To The
Truth.

Accuracy Says Nothing About How

Close Measurements Are To Each Other.

(]
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Concepts and Vocabulary
Precision

Can be separated into repeatability and reproducibility

Total Variation

ent System ]

==

Repeatability Reproducibility

These characteristics have the relationship:
= 2
czms - czrpt +to rpd
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Concepts and Vocabulary
Repeatability
Variation that results when repeated measurements are
made of the same parameter under absolutely identical

conditions.
«Same operator
«Same set-up procedure
*Same part

«Same environmental conditions

Repeatability (o2, is usually much smaller (better) than

m the precision of the system.
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Concepts and Vocabulary
Reproducibility

The variation that results when different condltlons
are used to make the measurement.

+Different Operators

+Different Set-Up Procedures

«Different Measurement Tools

*Different Environmental Conditions

*Different Days

Reproducibility (a,,), is approximately the standard deviation of the
Kﬁages of measurements from different measurement conditions.
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Concepts and Vocabulary
Repeatability vs. Reproducibility
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Concepts and Yocabulary

Suppose the results of your measurement
capability study show that 6, is 2.4 Units
and ,,41s 1.1 Units.

What Is The Precision?

&l yhall g aalial
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Concepts and Vocabulary
Summary of Concepts
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Measurement Capability Indices

Now that we understand the impact that
measurement has on variation, how can we
determine its impact on the product and
process?

Two Approaches
» Compare measurement error to specs
* Compare measurement error to process variability

KN
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Measurement Capability Indices

Compare Measurement Error To Specs

"How much of the specs window is eaten up
by measurement error"?
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Measurement Capability Indices

Compare Measurement Error to Specs
P/T = Precision/Tolerance Ratio
=6*o,, /(USL-LSL)

» Tolerance = Upper Spec Limit - Lower Spec Limit
¢ You Want P/T To Be Small.

+ The position of the measurement distribution relative
to the product specs does not matter!

KH
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Measurement Capability Indices
Compare Measurement Error To Specs

» P/T is designed to measure how much of the
spec window is lost to measurement error.

 P/T uses only the standard deviation of the
measurement error distribution.

Recall that 6%, = o2, + 02,

KR
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Measurement Capability Indices

Interpretation of P/T

Large P/T Increases the Probability That We Will
Misclassify Product As Defective When Really It
Is Good, or Misclassify the Product As Good

When It Is Really Defective
LSL USL LSL USL |
True Value _ True Value

Ll 3,08 e

. P/T i
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USL LSL - USL
True Valie True Value
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Measurement Capability Indices
Compare Measurement Error To Process
Variability
“How well can we discriminate where in the product
distribution a measurement error came from?”
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Measurement Capability Indices

Compare Measurement Error To Process
Variability
SNR = Signal-To-Noise Ratio

=0,

product / O s

You want SNR to be big.
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Measurement Capability Indices
Interpretation of SNR

Small SNR Increases The Time Before An Out-Of-
Control Process Is Detected By A Control Chart.
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Measurement Capability Indices

Typical Target Value for P/T
P/T: <=0.30
Typical Target Value for SNR

SNR: > 10

oebal) 3,08 Y
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Measurement Capability Indices
Cautions

* Poorly developed spec limits imply meaningless
P/T. .

 Large P/T does not mean that engineering effort
should be expended on improving metrology. The
process may be so poor that improving metrology
won't help in the short run.

» P/T and SNR do not indicate where the problem
exists in the measurement system (operator, tool,

repeatability).
KR
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Measurement Capability Indices

Caution (cont’d)

» Poor P/T performance may be partially overcome
by increasing the sample size. '

» Need to look at both P/T and SNR to get the full
story.

» Confidence intervals for P/T and SNR can be
calculated.
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Section 5

Process Capability Analysis
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Is the process “capable” of
meeting specifications?
Process Capability Analysis:

+ Process capability- A measure of process
“potential” by relating the spread of the
process to the specification width

+ Many customers are setting capability index
requiremnents for their suppliers
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A visual look at process variation
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Capability Indices:

USL - LSL
Cp = =
6o
X - LSL USL- X
CPJ - A CP“ = A
30 30
m Cpk = min{Cp:, Cpu}
Silalaadl 3 528 YV
C, = USL —ALSL
6c
X — LSL USL- X
ij - A CP" — A
3o 30

Cp = min{Cpt, Cpu}
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Process Capability-
An Example

4+ Customer specifications are 3.20 inches + 0.10
— LSL =3.10 inches, USL = 3.30

+ Process operates at an estimated mean (X) of 3.15
inches and estimated standard deviation (8) of 0.05

inches 330-310
Cy = 5(005) = 0666
315-310 330-315
=05y - 0333 "= 30005

m Cpt = min {Cpt, Cn} = 0.333

Cilgland} 3 a8
Jiia
3.20 inches £ 0.10 & Jpanll linal 3o ()5S5 -
- LSL =3.10 inches, USL = 3.30
Logp @of31s (e e douy e Llel Jals o -
(B0£0.05 N ya jalall (5 pndd Gl (15

330-310

) 0466

Cr=

33-310 330-315

- - C = =100
m) E ™ 0y

Cu

m- Cpe = min{Cﬂ, Cpu} = 0333




Process Capability-
What does this example tell us?

+ C, <1.0 .. process variability too high (process
currently “incapable” of meeting specs.)
+ Cy <1.0 -~ currentty producing excessive defects
+ C,» C,,, process is currently off-center. (C< C,,
process is centered “too close” to the LSL)
— Excessive defects will be produced (below the LSL)
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About how much defective product
will be made?

-

.. Processmean=23.15 inches
. Standard deviation = 0.05 inches
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™.  Pracessmean=23.15 inches

™. Standard devistion = 0.05 inches
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What if we could shift the process
mean to 3.20 inches?

Poocess maen = 128 inches
*. Stendurd devintion = 005 inches
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L  Staadexi devistioa = 0.05 inches
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What if we could reduce the process
standard deviation to 0.03 inches?

\" Process raean = 3.20 inches
\- Standard deviation = 0.3 inches
dd”“" / défects
0.{043‘% 0'0‘43:%
LSL = USL
m_ 310 New X = 3.20 3.30
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’ \ Prccess mean = 3.28 inches
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