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Introduction

Whatisit?

Process capability (Cp) is a measure of the
relationship between the voice of the process

(VOP) and the voice of the customer (VOCQ). Voice of the Customer
Process Capability =

' ' ' - Voice of the Pr
It is essentially a ratio of the customer requirement oice of the Process

(specification) and the expected process variation.

The VOC could be also interpreted as the quality
specification of the process.
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Introduction

Whatisit?

Voice of the Customer

Process Capability =
Voice of the Process
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Introduction

Process variability

Purpose and Benefits . Process Width -.—

The capability index is useful for measuring:

« Continual improvement using trends over time, or

Spec Width ——|

« For prioritizing the order in which process will be LSL USL

improved, and
Is the disparity that occurs
during the manufacturing
process. The goal of is to
reduce this variability
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Introduction

Purpose and Benefits

« For determining whether a process can meet
customer requirements.

« This latter use is the original intent of the capability
index and should not be applied to the performance
index.
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Capability

Cp

If the car is smaller than the garage, it means
Cp > 1; the car will fit inside the garage.

When you find that your data (car) is smaller
than the specification limits (garage), your

) Lower Upper
Processis capa ble. Specification Specification

Limit Limit

LSL USL
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Capability

Specification width USL - LSL
Cp = =
P Process width 65
Lower Upper
Specification Specification
Limit Limit
LSL USL
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Capability

Cpk

The Cpk metric tells us how much clearance
we can expect from the side of the car to the
nearest edge of the garage.

Look at the distance from the center of the car

% Car
to the nearest edge of the garage, then divide
that by half of the width of the car. Cok = /CCE
72 Car

CE = Car to Edge
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Capability

Cpk

Cpk= min {

Q

Capability

USL — Process mean Process mean - LSL }

’

30 30
¥ Car
USL = upper specification limit CE
- Cpk = —
LSL = lower specification limit ¥ Car

= estimate of the process’s standard deviation

CE = Car to Edge
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Capability

Cpk

When the car is not centered, we are at risk of
damaging the car and the garage or, in process
terms, falling outside of the specification limits
and not meeting customer requirements.

% Car
We need another process measure to address
the centering of the car in the garage. Cok = —=E
% Car

CE = Car to Edge
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Capability

Relationship Between Cp and Cpk.

Cp and Cpk

C Specification Width Cok Distance from Mean to Nearest Spec Limit
p= pR=
Process Width Distance from Mean to Process Edge
Mean
, Mean to Process Edge | i
Process :
p  Width g (Spread) — —
Mean to Nearest Spec Limit
(Location) —
I | !
——— Spec Width —— | I
LSL USL LSL USL
Cp accounts for only the spread (or Cpk accounts for both the spread and
variation) of the process. location of the process.
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Capability

How do Cp and Cpk relate to Sigma.

Cp and Cpk

Cp Cpk 1.0 1.33 1.66 2.0
Sigma 3 Sigma 4 Sigma 5 Sigma 6 Sigma
% of Spec Tolerance 100% 75% 60% 50%
Used
LSL UsL  LsL USL LSL USL LsL usL

6 Sigma

Capability .;E" PathStone Group




Capability

Cp and Cpk
Cp=0.7 Cp=1.0 Cp=2.0 Cp=2.0
Cpk =0.7 Cpk=1.0 Cpk =0.7 Cpk = 2.0

LSL USL LSL USL LSL U

>I

17z

L

Cpk < 1.0 Cpk > 1.33

Not
Capable
]
.
[] ]
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Barely
Capable

Capable
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Capability

Cp and Cpk Sample Size

y X 2
(4
When calculating process capability Cp or Cpk, there are three key k
assumptions: S ——
e Large samplesize I II I
e Stable process Stable Process

e Normal distribution

When these assumptions are not met, the values are not valid. Most
capability index estimates are valid only if the sample size used is
“large enough,” which is thought to be about 30 or more independent
data values.

hik

Normal Distribution
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Capability

Steps for a Capability Analysis

Generate Look at Normality Asses Assess Process
ImR Chart Individuals Test Capability Capability

Capability 4,-? PathStone Group




Capability

Steps for a Capability Analysis

el o
862 1 Unstable points and trends
Generate % To A /‘\._./\_/\'\ /\ _/i:hlghhghtmm:.m
ImR Chart i = w/ LV
e oM 2831
Start with the range chart and determine stability. wonth
Are all points inside of the control limits? If yes, the Qi Macros - mR Chart
. . 5.00 4 UCL
process is stable, and the analysis can move forward. o | gk
gf!.l])—
| d:0 _,/\A AN A
If not, the process is unstable, and we must address MEVZRRAVARA.
this before moving on. EeEIiIEIIIEIeIgIiii ity
= 4 m 0 Zzo0 4L 3 as S 4 wnm 0O zo0 - 4L EZas S 4w 9
Month
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Capability

Steps for a Capability Analysis

C D E F G H J K L M N ] P ] R
1062 4
L S S 9.090
862 ~ .
Unstable points and trends
2 ;:i 1 M /~\ are highlighted in red
g 582
I.ﬂﬂk Elt 5 562 - A ¥ _/.\ 3460
. & i
Individuals g i \j “'\j v \\v—o\_,'\.

2.62

e 1.831
Are there any indications of out-of-control data per ont,
the rules of process control? If yes, the process is out of QI Macros - mR Chart
- . . 5.00 4 UCL
control, and we must address this before advancing in o | ke
. . foo
the capability analysis. fele /\ oA N . o
100 - ~ ':{ } o V i

wwwwwwwwwwwwwwwwwwwwwwwwwwwww

If no, then the process is in control and analysis may AR A S S SRS RS SR g

UUUUUUUU

proceed. e
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Capability

Steps for a Capability Analysis

3{ )
Normality
= ‘ Probability Plot
;.
. .
If a distribution is close to normal, the normal .
probability plot will be close to a straight line. =0

y =0.1055x - 3.5066

The null hypothesis for this test is that the R?=0.9837
distribution is normal; thus, to conclude that the ? .
data is normal, the p-value must be greater than s s aia s e1a

0.05 (typically).

Capability PathStone Group
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Capability

Steps for a Capability Analysis

Asses
Capability

If a distribution is close to normal, the normal
probability plot will be close to a straight line.

The null hypothesis for this test is that the
distribution is normal; thus, to conclude that the
data is normal, the p-value must be greater than

0.05 (typically).

Capability Ly .?

35 -

LSL, 200 Mean | 26446 USL 346
Median | 265.00 <€— Upper
Lc‘>wer. nMode | fgg-oo 07(?pecificaticm
Specification Cp Cpk—> B 067 Limit
Limit Cpu 0.85
— Pp Ppk CSL 0.67
Cpm 0.74

Cr 1.3

ZTarget/Ag 0.27
Pp

Bell Curve 0.76

\ Ppk 067
PpU 0.85
PpL 0.67
Skewnesy -0.16
Stdev 31.85
Min 176.00
Max 346.00
Range 170.00
ZBench 1.92

% Defe 3.0%
PPM dl 30000.00
Exp PPM §T 27154.80
Exp PPM LJ 26710.41
Sigma 3.38

176

193 210 227 244 261 278 295 312 380
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Capability

Interpretation of Values in
Process Capability.

Steps for a Capability Analysis

5 LCL Reject Rate ~ 1.64% ucL LCL Reject Rate ~ 0.27% UCL
Asses Process
Capability
Process Process
Capability Capability
Index = 0.80 Index=1.00
J_/ 1 1 1 1 \ 1 3 L L . L
LCL Reject Rate ~ 64 dppm UCL LCL Reject Rate ~ 7 dppm UCL
Process Proces.s.
Capability Capability
Index = 1.33 Index =1.50

Y
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Capability

Interpretation of Values in
Process Capability.

Steps for a Capability Analysis

LSL USL LSL USL
Assess Process c 167 )
Capabilit pz1 Cpk < 1.00
pability Cpk > 1.67
Capable, Capable,
Centered Not Centered
\\

LSL USL LSL uUSL
Cpk < 1.00 Cp< 1.00
Not Capable, Not Capable,
Centered Qot Centered

_I_/ Il 1 | \ 1 | | | 1 |

\/
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Capability

Pp

Like the Cp calculation, we find the performance Pp rate as
follows:

USL - LSL
65

Pp =

Where S is the standard deviation of all data.
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Capability

Pp

The major difference between the Pp and Cp studies is that e e
within a rational subgroup where samples are produced, LsL
practically the standard deviation is lower.

o = Standard deviation Hsk.=Upperspee limit Usk

& s LSL - Lower spec limit
u = Sample Mean

Area under curve
represent samples
size

In the Pp study, variation between subgroups enhances the S
value along the time continuum, a process which normally

creates more conservative Pp estimates. SigmaLevel > 3¢ 20 1o K 1o 2¢ 30
USsL - p-LSL
i USL -LSL Gpk = Min ( . H , - )
. . . . . o
Including between-group variation in the calculation of Pp makes -

the result more conservative than the estimate of Cp.
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Capability

Ppk

The difference between Cp and Pp lies in the method
for calculating s, and whether the existence of
rational subgroups is considered.

{USL—u W - LSL }
Ppk= min )
3S 3S

Calculating Ppk presents similarities with the
calculation of Cpk. We calculate the capability rate
for Ppk using the formula:

Capability 2'. PathStone Group
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Capability

Ppk

The difference between Cp and Pp, as well as between Cpk

and Ppk, results from the method of calculating standard
deviation. » Population -« Sample

22X -, YX =X

Cp and Cpk consider the deviation mean within rational o
subgroups, while Pp and Ppk set the deviation based on I N n—1
studied data. “sigma”

*Note the “n-1" in the sample formula!

It is worth working with more conservative Pp and Ppk data
in case it is unclear if the sample criteria follow all the
prerequisites necessary to create a rational subgroup.
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Capability

Cp and Cpk
Process Capability Metrics

Cp is the capability index.

It measures how well the data might fit between the
spec limits (USL, LSL). It doesn't care if the process is
centered within the limits only if it would fit if it was
centered.

Cpk is the centering capability index.
It measures how well the data is centered between the
spec limits.

Use Cp Cpk when you have a sample, not the
population, and are testing the potential capability of a
process to meet customer needs.

Cp and Cpk use Sigma estimator.

Pp and Ppk
Process Performance Metrics

Pp is the performance index.

It measures how well the data might fit between the
spec limits (USL, LSL). It doesn't care if the process is
centered within the limits only if it would fit if it was
centered.

Ppk is the performance centering index.
It measures how well the data is centered between the
spec limits.

Use Pp Ppk when you have the total population and
are testing the performance of a system to meet
customer needs.

Pp. Ppk use standard deviation.

Capability
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Capability

- PREDICT MONITOR & CONTROL EVALUATE

[ PERFORMANCE PROCESS PERFORMANCE

g

S

g New Product Volume / Scale Final
Introduction Production Inspection

E Process Statistical Process Process

T Capability Control Performance

I: Cp, Cpk (SPC) Pp, Ppk

v
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HUB

Understanding

Process
Capability

2ERCSEme o
CARS_;i}
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TOOLBOX

Process
Capability
Template

[ z2sa] 200l | |
| 2286 2ees| 2zas] [ [ [ 11
| 2268/ 224] | | | I 1 I |

R L EE ]

XBar Chart Title

Date Time Period Number

R Chart Title

Date Time Period Number

Subgroups

REBEOBABIBRIOLERA SRR PRPPLPPR NP PR LRI PRSP

PathStone Group

Subgroup:

Histogram

B |
21432169 21.75 21.91 22.07 22.23 22.39 22 54 22.70 22 86, 23.02 23.18 23.34 23 5

Capability Plot

5000

Normal Probability Plot

M (50th percentil
Standand Gonaton (e by
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IELGENENE

* Once the process is under statistical control and showing
only normal causes, it is predictable.

* This is when it becomes interesting for companies to
predict the current process’s probability of meeting
customer specifications or requirements.

*  When working with continuous variables, the traditional
statistical measures are quite useful, especially in
manufacturing.

* The difference between capability rates (Cp and Cpk) and
performance rates (Pp and Ppk) is the method of
estimating the statistical population standard deviation.

L0
l !'
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Copyright notice -
This content is copyright of © PathStone Group 2022. All rights reserved.

Any redistribution or reproduction of part or all of the contents in any form is
prohibited other than the following:

e you may print or download to a local hard disk extracts for your personal and
¥ non-commercial use only
e you may copy the content to individual third parties for their personal use,
but only if you acknowledge the PathStone Group website as the source of
the material

You may not, except with our express written permission, distribute or
commercially exploit the content. Nor may you transmit it or store it in any other
website or other form of electronic retrieval system.
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