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My perspective as a practitioner...

 Recently retired from the CPI (chemical & Process Industry)
o 25+ years, using statistics in the CPI

* in 1990, Six Sigma / Gage R&R introduced

« became a Black Belt... then Senior Black Belt

e (gravitated to / eventually specialized in MEASUREMENT systems
» especially as related to measured process capability
« lead numerous projects, observed many, many more
o taught many classes (general Six Sigma, Measurement Systems, etc.)

« noted some confusion
* interpretation, implications of R&R esp. regarding Cp, Cpk, Pp, Ppk

« wondered WHAT MIGHT HELP

« process owners to better understand and use R&R and its implications,
to improve their processes
— BBs and other Stat-Heads to better explain / facilitate that understanding / use
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Agenda

« Shortreview: what is Gauge R&R
e Interpretation (and an associated “eccentricity”)
 Understanding this eccentricity

 Addressing the eccentricity
 aproposed new statistic to be used with R&R

 Understanding, using, interpreting the new stat
 Proposal
e Discussion / Reaction to the proposal
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What is Gauge R&R?

 One of several metrics of measurement system (MS)

capability (or lack thereof)
« R&R... P/T... # of discrete categories... etc.
(0] u

» others can be more useful, depending mstances
» focus here on R&R

e R&R compares MS related variation...
» expressed as a standard deviation, o,

e ...with Total observed variation

« also expressed as a standard deviation, o
» where orincludes both 6,5 and o,

» op being variation related to the measured process, as distinct from
variation added to the total by the MS
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Why does variation matter?

Like a dirty windshield,
or aloose steering wheel

Safety margin against variatic



What is Gauge R&R?

e as aRATIO R&R =0,/ 07 of o5 10 o7
e aratio of Standard Deviations e
» often expressed as a percentage (WR&R) ﬁ I A 4

* o, and o; typically estimated by a gauge study
» details of which are not covered here

« called R&R since it comprises two components of
measurement variation: Repeatability and Reproducibility
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Why is R&R?

oys - the “Voice of the Measurement System” Wh
op -the “Voice of the Process” en we measure...

« What we WANT to hear is the pure Voice of the Q
Process —the process that is being measured @

 What we GET iIs the Voice of the Process,
but with the Voice of the MS mixed in Q

* Opis “confounded with” G, inflating 6 which
* hinders our ability to control /improve the process, and thereby
* reduces the CAPABILITY of the process (Cp, Cpk, etc.)

To what extent... how much?
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How Is Gauge R&R used?

How much impact is o, having on o ?

« how much NOISE is the voice of the MS adding to the SIGNAL
of the voice of the process?

e |s this impact acceptable? -@;;Q

 Improving MS is often less expensive, more
Immediately do-able, than changing process

* If not, can we reduce that impact?

o
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How Is Gauge R&R used?

e How much?

Gauge R&R is generally interpreted as...

... that portion of Total variation attributable
Measurement System, or

... that portion of observed variati
by” the MS

OTHERS??7?



Key points so far

e R&R Is a RATIO... R&R = oy / 07
of standard deviations

e R&R is generally interpreted as the portion of Total
observed variation o; attributable to Measurement
System variation oy,
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...portion attributable to...

Let’'s focus now on the second point

« R&Ris “the portion of o attributa

which will lead us back



...portion attributable to...

A “thought experiment”

e Three scenarios...



...portion attributable to...

- 100%
- 90

e A coffeecreameris ©O

- 80
- 70
- 60
- 50
- 40
- 30
- 20
10

e
— 1

packaged in 1000z
containers

700z of milk is add
package, follow



...portion attributable to...

* Gasoline sells for $5.00/gal

] 1(9)8% e Gas taxis $1.50, or 30% of
_ the price

- 80 e The new administr

- 70 the per gallon

- 60 e How much

- 50 pay pe

- 40 '

30




...portion attributable to...

A gauge study estimates oy

- 100% as 100, and o,,5 as 30, for
- 90 R&R of 0.30 (or 30%)

- 80

- 70 « An MS improve

- 60 reduces oy,

- 50

- 40

- 30

- 20
10



...portion attributable to...

 Let’s look more closely!!

e We can add and subtract ounces, dollars

Co

1000z of old creamer - %2 (300z of cream) '
= 850z of new creamer @

a 15% reduction in total volume / package size
due to a 50% reduction in cream

$5.00/ gallon of gas - ¥2 ( 1.50 former tax / gallon)
= $4.25 / gallon new price

a 15% reduction in total price per gallon
due to a 50% reduction in tax
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...portion attributable to...

e BUT, can we add and subtract standard deviation

« 100 old o7 - ¥2 (30 old o)
= 85 new o,

* a15% reduction in Total variation (o)

e dueto a50% reduction in MS variatio



...portion attributable to...

e BUT, can we add and subtract standard deviations?

« NO!!l  -- but alot of people don’t realize

» and that sets them up for misunderstandin
regarding the impact of the MS on obs

» ...regarding expected total variatio
Measurement System improve

»this is “the ec

» Misled... Dis



The Eccentricity

« We must add / subtract variances (c?), then ta




The Eccentricity

« We must add / subtract variances (c2), then take sqr

e 0;°=0p?+ 0y  and  cptSIGTISIGIES

 we had o; =100 and o5 = 30 for an R&R of 0.30
2 op? = 1002 - 302 = 10,C
. op?= 9,100

« we reduced o5 to ¥2 of former le
¢ 6:2=9,100 + (0.5 * 6)y5)?
= 9,100 + [152=225] = 9
* 6;=96.6 (96.566)
 a3.4% reductio
e dueto a 50%



The Eccentricity

 Has been illustrated by others using the
Pythagorean Theorem

2 2
o1 = O0p- + Oyg Owms

[ 3E Whichard
& Associates

the hypotenuse =the sqrt of the sum of the squared sides

c?2=a?+ b2 c =sqrt(a?+ b?)

note how little the length of the hypotenuse o is affected by relatively
large variations in the upright o,,5 side of the right triangle as long as
the o5 side is significantly smaller than the base o side

6p=6  ©,s=3,2,1  0;=6.71,6.32,6.08 R&R =45, 32, 16%

Cp Cp
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Addressing the “eccentricity”

 Avoid misunderstanding, disappointment, etc.
« How do we help do that?




Addressing the “eccentricity”

 Avoid misunderstanding, disappointment, etc.
e How do we help do that?

« R&R takes a Measurement System perspective
* its focus is on oy (as compared to o)

« What if we look at things from a Process perspective
» and focus is on cp (as comparedto ;) ??

o After all, that’s often our CUSTOMER’s* perspective

* client (external / internal), project champion
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Addressing the “eccentricity”

* Revisiting an earlier slide

— note that o, the sqrt of 6p? is 95.4 (95.394)

 we had o; =100 and o,,5 = 30 for a




Addressing the “eccentricity”

 Knowing that o, is 95.4 tells us RIGHT AWAY that

— no matter how small we can make o5
— ... even if we can make o, effectively ZERO
— oy can NEVER be smaller than 95.4

— opis 954, and o;is 100... so op/ o;=0.954

— Mr. Process Owner: that's AS GOOD
improving Total variation by improvi



Addressing the “eccentricity”

« Knowing that o is 95.4 tells us RIGHT AWAY that

— no matter how small we can make o5
— ... even if we can make o, effectively ZERO
— opcan NEVER be smaller than 95.4

— 0pi595.4, and o7 is 100... so s/ o7=0.

— Mr. Process Owner: that's as GO
improving Total variation by i

— op/o; mightitbeag
from th
more meanin




A new metric: PVI

op / o7 -- aratio (or index) like R&R but re: the Process

» can’tcall it P/T... that's already taken

e For now, lets call it PVI -- Process Variation Index

 PVlis that portion of Total observed variation oy attributable to
Process variation o, — the Voice of the Process

. ... larger is better, in contrast with R&R

« PVlis that portion of o that will remain even if the MS is
Improved to the point that o, IS effectively zero

and a “corollary” metric 1-PVI (one minus PVI)...
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Corollary Metric: 1-PVI

 1-PVI (one minus PVI) is that portion of Total observed variation oy
remaining after Process variation oy is accounted for — that
portion attributable to the MS oy, — the true Voice of the
Measurement System

. ... that portion that can potentially be reduced through
improvement of the MS (reduced oy,s)

. ... how we generally think of R&R

So where does that leave R&R?
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Where does that leave R&R?

 1-PVlis that portion of total observed variation o remaining
after process variation oy is accounted for — that portion
attributable to the measurement system oys

. ... that portion that can potentially be rec
improvement of the MS (reduced o)

. ... how we generally think of R&

« So whatis R&R? The magni




PVI and 1-PVI

 PVIand 1-PVI may be metrics that are more clear, and therefore
more useful especially to the Process Owner

« ...sincethey look at the components of o from a PROCESS
perspective (op/ o), rather than a Measurement System
perspective (oys/ o7)

e ...tobeused ALONG SIDE of / with R&R

we've seen how PVI relates to R&R (process vs. MS centric - op rather than oy,s/ 67)

e we should understand how 1-PVI relates to / differs from
traditional R&R
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Understanding 1-PVI (and pvi)

Returning again to our simple example
* o7 =100, ous = 30, R&R =0.30 or 30%

* op = 0.954, PVI = 0.954, 1-PVI = 0.046 or 4.6%

NOTE! R&R of 30%... but... 1-PVI of only 4.6% !11???

Remember R&R’s inherent “eccentricity”
... which 1-PVI eliminates
4.6% is the REAL WORLD. 30% is just an index

If R&R is 10%, then PVI = 99.5 (99.499) and 1-PVI is only 0.5%
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Understanding 1-PVI

« Could it be that those popular, but somewhat

mysterious R&R guidelines
 >30% R&R is unacceptable
« <10% R&R is excellent

... havereally been saying all alon
 >4.6% (> approx. 5%) 1-PVIlis una
¢ <0.5% 1-PVl is

o D29772722777272727



Understanding 1-PVI

« R&R and 1-PVI -
— as oy rises from 1-100 o=
— with o; always 100
— R&Rrises linearly
— 1-PVIrises more slowly

0600

and non-linearly .............
as expected T e

— %R&R corresponds to %1-PVI
e 10% 0.5%
« 30
« 40
e 44




Interpreting and Using 1- PVI

o If 1-PVIis small (eg. <5%) then significant reductio
In o cannot be expected by improving the
Measurement System. Process variation mu
Improved.

» After which Measurement System may need i




Interpreting and Using 1- PVI

« Choose limits on 1-PVI reflecting tolerance for

Inflation / noise — and real world limitations.
* R&R 30%... 1-PVI 4.6 (approx. 5%) upper limit?
e R&R 43-44%... 1-PVI 10% upper limi

e sounds crazy but

« R&R 60%... 1-PVI 20% ?

« sometimes, especially in the CPI
we’'re very lucky to achi




Interpreting and Using PVI

 If PVIis LARGE (eg. >95%) then the amount of total
variation o attributable to the measurement system
oys IS relatively small. Addressing MS variation will
have minimal impact on total variation. To improve
total variation, process variation s, must be
addressed.

e Choose limits...
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Proposal

 During MEASUREMENT SYSTEMS ANALYSIS (MSA)

 Especially gauge studies where R&R is calculated

« In addition to o, and o7 also calculate op
 In addition to o,,5 / o7 (R&R) also calculate o/ o7 (PVI)
e and 1-PVI

 Use PVIto assess the Process against Total variation
— if useful, adopt appropriate lower warning / limits on PVI

 Use 1-PVIto assess the MS against Total variation
— similar to how we use R&R — along with R&R

— adopt appropriate upper warning / limits on 1-PVI
» as we do now with R&R
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54t Annual Fall Technical Conference

2010 — Birmingham, AL (Friday, October 8, Track B - Special Applications, 1:30pm)

Beyond Gauge R&R:

An improved measurement system
capability statistic (1- PVI)

THANK YOU FOR YOUR ATTENTION. DISCUSSION??

J. Eric Whichard
JE Whichard & Associates

Columbia, Maryland
Eric.Whichard @ verizon.net
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Intro — J. Eric Whichard

[ 3E Whichard
& Associates

of Columbia, Maryland...
» just a few miles from Washington DC, Northern Virginia, and Baltimore

recently retired after 25+ years in the CPI...
...Specialty chemicals mfg (catalysts & other engineered materials)

as a Quality Manager (N/s America), and Senior SSBB

with special interest in MEASUREMENT SYSTEMS / MSA
BS Chemistry, MBA

ASQ - CQE, CSSBB, CMQ/QOE qstil call it com)

adjunct faculty (part time)

certification prep course instructor

here to explore with you possible new measurement system
capability metrics that are similar to, but different from in
significant ways, our old friend Gauge R&R
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Gage R&R for ASAP 2400 Zeolite Surface Area

%Contribution

Source VarComp (of VarComp)
Total Gage Ré&R 24.8 1.72
Repeatability 0.8 0.06
Reproducibility 24.0 1.66
Tech 1.4 0.10
Tech*Material 22.6 1.57
Part-To-Part 1417.7 98.28
Total Variation 1442 .5 100.00

StdDev  Study Var %
Source (SD) (5.15*SD)

Total Gage R&R 4.9800 25.
Repeatability 0.8944
Reproducibility 4.8990

Tech

Tech*Material 4
Part-To-Part
Total Variation

Number of Disti




Percent

Sample Mean

Gage name: SA-3catx 3opex 3rep=27

Sample Range

Date ofstudy:
Reported by: ser
Tolerance: 40
Misc:
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