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1. Control Charts
o Used to monitor a process and show if it's in control

o Does not indicate if your process is meeting
specifications

2. Capability Analysis

o Indicates whether your process is meeting
specifications

o Does not show if your process is in control or not

For more details, go here:
\\CsdInet\services\FS5-Projects\MCM-D\PERSONAL FOLDERS\Student Folders\N. Richard\SPC\Statistical Process Control (SPC).pptx

http://www.isixsigma.com/wp-content/uploads/2013/02/four-process-states.gif
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TYPES OF CONTROL CHARTS

Use This Chart When...
You have... You have...

You want to find...

Xbar — R Chart

One Variable- Measurement
Data

A sample at each time t.
Samples can be different
sizes

Out of control signals, large
process shifts (= 1.50)

Xbar — S Chart

One Variable- Measurement
Data

A sample at each time t.
Samples can be different
sizes.

Out of control signals, large
process shifts (= 1.50)

I - MR Chart

One Variable- Measurement
Data

Individual measures (sample
size =1) at each time t

Out of control signals, large
process shifts (= 1.50)

EWMA Chart

One Variable- Measurement
Data

Either samples or individual
measures at each time t

Out of control signals, small
process shifts (< 1.50)

CUSUM Chart

One Variable- Measurement
Data

Either samples or individual
measures at each time t

Out of control signals, small
process shifts (< 1.50)

P Chart

Attribute (Categorical) Data

A sample at each time t.
Samples can be different
sizes

The fraction of non-
conforming units p, large
process shifts (= 1.50)

C Chart

Attribute (Categorical) Data

Samples that are all the same
size

The # of non-conformities in
a sample, large process
shifts (= 1.50)

U Chart

Attribute (Categorical) Data

Samples that differ in size

The # of non-conformities
per unit in a sample, large
process shifts (= 1.50)

T2 Chart

Several Variables-
Measurement Data

A sample at each time t, for
each variable- considering
variables jointly, rather than
separately

Out of control signals, large
process shifts (= 1.50),

o0 = standard deviation




PARTS OF A CONTROL CHART

Example of natural

Shows which out of
control signal occurred

(common)

Displays
sample
means

Displays
sample
ranges

1
variation. This is
normal and ok.

\

Control charts are used to detect
special causes of variation.

A process is out of control (O0C)
if it is operating with special
causes of variation.

See the next slide for signals of
an OOC process.

Variation caused by something
special, such as operator error,
equipment failure, etc. This is
not normal and not ok.

/ Upper Control Limit

Sample Mean

Sample Range

204

10

-10 4

24 1

\ Xbar-R Chart f Measur

4 UCL=14.53

‘// Centerline

1 3 5 7 5 1 13 5 17
Sample

e |
21 Py b3 ~——

Lower Control Limit

LHCL=48.06

\_“/‘\/\/_\/\/\w TERTE

12

LCL=0

1 3 5 7 5 1 13 5 17
Sample

71 S

Return to Types of Control Chart




OUT OF CONTROL SIGNALS

Your process may be out of control (OOC) if one or more of the
following occurs:

1. One or more points beyond 3 sigma from center line

2. 9 points in a row on same side of center line

3. 6 points in a row, all increasing or all decreasing

4, 14 points in a row, alternating up and down

5. 2 out of 3 consecutive points beyond 2 sigma from center line (same side)
6. 4 out of 5 consecutive points beyond 1 sigma from center line (same side)
7. 15 points in a row within 1 sigma of center line (either side)

8. 8 points in a row beyond 1 sigma from center line (either side)

You can change the values in red, but the ones above are standard in practice.

Will show later how to perform these tests.

If you have an in control, normally distributed process, 99.73% of the points will fall within 3 sigma limits. 0.27% will fall outside the limits;
these points are called false alarms. They appear to be out of control signals, but they are not.

If your data is not normally distributed, you have a greater risk of false alarms. Even more important, you also have the risk of false
negatives. This is a point that is out of control, but is not flagged. This is bad!

Return to Types of Control Chart




CREATING CONTROL CHARTS

|11 Minitab - Minitab Example.MP) -

J File Edit Data ga\:@ Graph Editor Tools Window Help Assistant
Eas\cSt.at\stic; 4 |® 7 g“ LARBEO® 3 T
| — - - EA I
DOE +
3

Two ways to create control charts in Minitab

Quality Tools

9 Reliability/Survival

Multivariate

Variables Charts for Subgroups ¥
Variables Charts for Individuals »

Attributes Charts »
Time Series

1. Stat &> Control Charts | wecrs

Nonparametrics

EDA

Power and Sample Size

2.  Assistant > Control Charts

|11 Minitab - Minitab Example.MP) -
J File Edit Data Calc 5tat Graph Editor Tools Window Help | Assistant

. J =M ‘ §| & E| ) ru | | T LA | Q7 g“ Measurement Systems Analysis (MSA)... J £ ‘ -2 -5 o
Assistant — Control Charts =5 — Capability Analysis...
etk + ]
Graphical Analysis...
Choose a Control Chart \ ypothesi Tess.
Regression...
Click to start
EETEr—
Continuous —— Data type Attribute Control Charts
Use to monitor process stability and
control.
Data What
ollected in are you
— % - 1 [ — :
No R Yes Defective items counting Defects per unit
I
Subgroup
size
Subgroup size Subgroup size
Borless greater than 8
Note: Assistant only performs
1-MR Chart Xbar-R Chart Xbar-S Chart P Chart U Chart
oy (e e [Aas P tests 1, 2, and 7 from page 5
more.. more... more.. more.. more..
Cancel

Return to Types of Control Chart




Graphs subgroup means and ranges

Subgroup size: the
BA R_ H A RT number of data points

in each of your samples.

~ B
Xbar-R Chart [
€1 Subgroup 1 I»'-\II observations for a chart are in one column: ;I
C2  Measurement
Minitab - Mini Measurement -

J ile Edit Data Qﬂ‘clg Graph Editor Tools Window Help Assistant
Sl &s2r| mowsme Qe d|SBBONE Y CDE/ B[~
T 3 o= [ dIx[akTooN - |

DOE 3 )

Control Charts » EH§ Box-Cox Transformation... Seale... | Labels... |
uality Tools L4 " e A

i Variobles Cherts for Subgroups P[E= XparR.. | Multcke Graphs... | Data Optons... || Xbar-f Gtiors... |

Reliability/Survival »

Subgroup sizes: I E] (enter a number or ID column)

Variables Charts for Individuals ¥ g Kbar-5...

Multivariate Attributes Chart »
ributes Charts
= A L WR-R/S (Between/Within)...
Time Series . . IHRR
Time-Weighted Charts r oK | Cgficel |
\ icel
M= Multivariate Charts 3 %E Lbar..
Nonparametrics » ? [
EDA 3 ==
s 2
Power and Sample Size »
= Zone,

If all your samples are the same size, you can enter in the number here.

If samples are not the same size, create a “Subgroup” column in your data.
The subgroup column should indicate what sample a data point belongs to.

r B
Xbar-R Chart - Options M

Parameters | Estimate I 5 Limiﬂl Tests tmges I Box-Cox | Display I Storage |
Perform all tests for spedal causes A

1 point > K standard deviations from center line

To select which tests (for out of
control signals) to perform, click
Options.

K paints in a row on same side of center line

K paints in a row, all increasing or all decreasing

Then, click the Tests tab.
K points in a row, alternating up and down
K out of K+1 points > 2 standard deviations from center line (same side) 2 Select which tests you wa nt to

perform, or use the drop-down to

select “Perform all tests for special
K paints in a row within 1 standard deviation of center line {gither side) 15 causes”

K out of K+1 points > 1 standard deviation from center line {same side) 4

K points in a row > 1 standard deviation from center line (gither side)

Help | oK Cancel |

REEEEREEL

Change the values if you wish.

Return to Types of Control Chart




XBAR-R CHART

.
Xbar-R Chart - Options &J
Parameters | Eshmatl 5 Limits }sm | stages | Box-Cox | Display | Storage |

Display control limits at
These multiples of the standard dewauonl | 123 l

Place bounds on control limits of Xbar chart

[ Lower standard deviation limit bound:
[ Upper standard deviation limit bound:
Place bounds on control limits of R chart
[ Lower standard deviation limit bound:
[ Upper standard deviation limit bound:

‘When subgroup sizes are unequal, calculate control limits

* Using actual sizes of the subgroups

" Assuming all subgroups have size: 2
Help (0] | Cancel

To display 1, £2, £3, etc. standard deviations on
your graph, go to the S-Limits tab

Sometimes, you will have data taken on different
days. You may want to see separate analysis for
each day.

Or, you purposely shift a process. The control limits

should be re-evaluated, and you may want to see the

change in limits.

Or, you want to monitor short production runs
(frequent product changeover, or, a part going
through several processes)

Using stages will allow you to do this. Control limits
will be re-evaluated at the beginning of a new stage.

,
Xbar-R Chart - Options

[S52)

1 Measurement 1
2 Measurement 2 Date
3 Date

SIaNs]

‘When to start a new stage

Parameters | Estimate | 5 Limits | Tesml Stages ]'aoxcox] Display | Storage |

Define stages (historical groups) with this variable:

e first occurrence of these values:

[ ]

Help oK

Cancel

Lt &/10/2014

Xbar-R Chart of Measurement 1 by Date

112014

| [
i b ! :7 UCL=1251
& — I_I'—

|

Tests performed with unequal sample sizes

LCL=-1291
0
1 4 7 10 13 16 13 s 25
Sample
&972014 &/10/2014 ar1172014
0 I
=5 I L |uo-s=
g - |
3 ¥4 | | _
2— | |H“\.,/._—. R=:0
& =1 | [
0 | L Lo
al 4 7 13 13 15 i3 ) i
Sample

Return to Types of Control Chart




Box-Cox TRANSFORMATION

o Xbar - R control charts perform well when the data is normally
distributed (Why? See bottom of page 5).

o But what if it's not?

o You can try a Box-Cox Transformation

o Raises your data points to a power

o Box-Cox can select the “best” power for the data
(o]

ex. 2 (square root), 2 (squared), etc.

Caution: Box Cox transformations don’t always work. If it doesn’t try a chart robust
for non-normality (see EWMA, for example)

Xbar-R Chart g
All ohservations for a chart are in one column: j
Measuremen 13
subgroup sizes: |5 (enter a number or ID column)
scal | Labels... |
Multiple Graphs... | Data Options. .. | I Xbar-R Options. .. I
Help oK | Cancel |

Note: All data must be positive when using

the Box-Cox transformation.

Xbar-R Chart - Opticns

S

[¥ Use a Box-Cox transformation (W = Y**Lambda)
" Lambda =0 (n)

" Lambda = 0.5 (s2are root)
* Dptimal lambda:

" Other (enter a value between -5 and 5):

——

Parameters ] Estimate ] S Limits ] Tests ] Stages lBUX‘CUXl Display ] Storage ]

" Optimal lambda for each stage (in a chart with stages)

Cancel

Help oK
\

Return to Types of Control Chart




XBAR-R CHART

Remember:

Assistant only performs

tests 1, 2, and 7 from page 5

Output from Assistant
for an Xbar - R Chart

Xbar-R Chart of Measurement
Summary Report
Is the process mean stable? Xbar Chart
Evaluate the % of out-of-control subgroups. Investigate out-of-control subgroups.
0% > 5% 20
10
8.0% =
<1
3 o
Comments
. v~ . e — LOL=-11.69
o,
The process mean may not be stable. 2 (8.0%) subgroups are R
out of control on the Xbar chart. Keep in mind that you may Subgrou
see 0.7% out-of-control subgroups by chance, even when the group
process is stable.
R Chart
Investigate out-of-control subgroups.
45 UCL=48.06
o 30
o _
5 R=22.73
= 15
[
13 5 7 9111315171921 2325
Subgroup

Xbar-R Chart of Measurement
Stability Report

Is the process stable?
Investigate out-of-control subgroups. Look for patterns and trends.

SUAN /\/\/\

S A

UCL=48.06

40 4
@
¢ . A ﬁmvﬂ P
8209 e 5 o

04

1 3 5 7 9 i1 13 15 17 19 21 23 25
Subgroup

Chart Reason Out-of-Control Subgroups

XBar Unusually small mean 4
Unusualy large mean 16

Xbar-R Chart of Measurement

Report Card
Check Status  Description
Stabiity ij The process variation is stable. No subgroups are out of control on the R chart. However, the process
mean may not be stable. 2 (8.0%) subgroups are out of control on the Xbar chart (you may see 0.7%
UCL=14.53 out-of-control subgroups by chance, even when the process is stable). You should investigate
out-of-control subgroups and omit those with special causes from the calculations.
_ Amount n You do not need to be concerned about the precision of your control imits because 100 or more data
X=1.42 of Data points are included in the calculations.
Correlated ij There is a high degree of correlation (r = 0.6) between consecutive data points within each subgroup
Data You are lkely to see an increased number of false alarms. Get help to correct the problem. Continuing

to use a control chart that signals too often can be counter-preductive because a real signal may be
ignored as “just another false alarm”.

Return to Types of Control Chart




* Click on the link to

jump to that page in
XBAR - S CHART the presentation. *

Graphs subgroup means and standard deviation.

More robust than Xbar - R charts. If you can, use this one over Xbar - R

| File Edit Dsta Calc| Stat Graph Edior Tools Window Help Assistant

scsaic | [Qed | ABBONE WG gOEE - 5
“—j ;NOVA :I'|X‘Q|“TTDO\“I_’H\_’1|

DOE

oo Cp— Go through same

»
»
»
»

i »
Quality Teols Variables Charts for Subgroups * % Xbar-Ru. ﬁ
Reliabili ival 3 -
el Vet s i 7 [T steps as Xbar-R chart
Multivariate 3 i
- 3
Time Series » BT =2 -MR-R/S (Between/Within)...
= Time-Weighted Charts (3
s
L Multivariate Charts y | bar..
b = ’ =N
EDA 3 g
Power and Sample Size »
% Tone...

zoHe =

Return to Types of Control Chart



[-MR CHART

Individuals and Moving Range Chart

Graphs individual data points and the difference between consecutive data points (moving range)

||| Minitab - Minitab Exam
’E Graph Editor Tools Window Help Assistant

|@H| & ¢ @] BeicSutstic o2 | ERBEOIE OB S

Tl Regression .

3 dIx[afkTooN - b~ Same options as Xbar - R and

3
ANOVA b
DOE » X b - S h J
80% Box-Cox Transformation... a r C a rts " u St n O
Qu.ahty.Tools ' Variables Charts for Subgroups » Optlon for Sa m ple Slze,
ety S| T - [ W 4 : _
e = because it's automatically = 1
Time Series 3 . . e TMR...
= Time-Weighted Charts (3
1EL ' Multivariate Charts 3 iE Individuals...
Nonparametrics » % Moving Range...
EDA 3
Power and Sample Size »

r Y
T T Individuals-Moving Range Chart - Options u
Individuals-Moving Range Chart =
Parameters I Estimate I S Limits  Tests ISiages I Box-Cox I Display | Storage I
C1 Subgroup 1 Variables:
€2 Measurement Mezsurement m Perform all tests for spedal causes
1 paint > K standard deviations from center line I 3.0
K points in a row on same side of center line I 9
K points in a row, all increasing or all decreasing I 3
K paints in a row, alternating up and down I 14
Scale... | Labels... | K out of K+1 points > 2 standard deviations from center line (same side) I 2
Multiple Graphs... | Data Options. .. | I I-MR Options. .. I K out of K+1 points > 1 standard deviation from center line (same side) I 4
Select K points in a row within 1 standard deviation of center line (either side) I 15
K paints in @ row > 1 standard deviation from center line (gither side) I E
Help | oK | Cancel |

" o Help | oK | Cancel |

Return to Types of Control Chart




EWMA CHART

Exponentially-Weighted Moving Average Chart

Xbar — R and Xbar - S charts use information from the present sample only.
EWMA charts use both past and present information.

Robust for non-normal data

il _ EWMA Chart ﬂ

File Edit Data Calc @ Graph Editor Tools Window Help Assistant
Jﬁﬂn|§|%e| Basic Statistics 3 ‘®?E|J’@@®‘@%‘E|
“ﬁ Regression : ﬁ| b ‘ Q “,TT OO~ - 1 I‘_’1| Measurement p
3
»

ANOVA
Subgroup sizes: | 5 ({enter a number or ID column)

CL  Subgroup 1 I.AII observations for a chart are in one column: ;I
C2  Measurement

DOE

EDA

Power and Sample Size

Control Charts EE§ Box-Cox Transformation... I
lity Teol 3 Weight of EWMA: IU‘2
Quality Toels Variables Charts for Subgroups » q
Reliability/Survival 2
N i) Variables Charts for Individuals » Scale... | Labels... |
Multivariat 3
S Attributes Charts ' Data Options. | EWMA Options. |
Time Series 3 = - i
Table; , Time-Weighted Charts 3 % Moving Average...
Nenparametrics 3 =
4 CUSUM...
» oK | Cancel |
»

=A% + (1 -A)z
Weight values within (0.05, 0.25) work well.
z;:current EWMA value
A:EWMA weight For 30 charts, use a weight > 0.1
%;:current data value (individual value or sample mean)
z,_,: previous EWMA value
A =1 means that the current EWMA value = current data value
(same as a Xbar — R or Xbar — S chart)

Return to Types of Control Chart




EWMA CHART

Output:

EWMA Chart of Measurement

7.5

5.0 J_ﬁfi

UCL=5.79

0.0

-2.5

LCL=-2.95

-5.01

il 3 3 7 9 11 13 15 17 18 21 23 25
Sample

Interpretation:

Only have one chart for
EWMA.

Looking mostly at points
outside the control limits or
trends.

Great for identifying small
process shifts

If a point is above the UCL, scan to the left of that point. Find the last positive point.

This is where the process shift began.

ex. In the figure above, sample 20 is an out of control point. Scanning to the left, sample Q

15 is the last positive point. Thus, the shift began at sample 15.

Return to Types of Control Chart




ct

CUSUM CHART |

CUSUM Chart of Meapurement
504
Cumulative Sum Chart 40
. 30 A v
Plots cumulative sums of -
deviations from a target a UCL=17.48
'-E 10
o
3
§ ’
_10_
204 \L/ LCL=-17.48
¢} max{0,x,— Gty + 1) + €3] ol -\
C” F max([0, (g + k) —x, + C_4] 1 3 s 7 9 11 13 15 17 191 21 23 25
Sample
Hy — Hy

Tz \

1ig: a target value

{4: the out of control value we wish to detect lee W|th EWMA, |00k|ng fOF i
OOC points or trends

.
CUSUM Chart =)

File Edit Data Calc | Stat Graph Editor Tools Window Help Assistant Eé E‘IL:;QSL?:?“;M All observations for a chart are in one column: j
e = Basic Statistics 4 ® ? @ ﬂ IE ® ‘El G |Z| @ Measurement -
Regression 3
,—4| keg — b%e e
ANOVA 3
| DOE 3 Subgroup sizes: |5 {enter a number or ID column)
) | BOY F
LControl Charts | tpé Box-Cox Transformation... Target: 0.0
lity Teol 3
Quality Tools Variables Charts for Subgroups » > | | bek |
Reliability/Survival 2 Scale. .. Labels...
eliability/Surviva Variables Charts for Individuals »
Multivariate
Attributes Charts 4 Multiple Graphs... | Data Options... | CUSUM Opfions... |

i ,
Ime aenes Time-Weighted Charts 4 wa Moving Average...
, _ st |

Tabl
e Multivariate Charts 2= EWMA...

MNenparametrics 2
S o] CUSUM...
Help oK | Cancel |

EDA 3

-

Power and Sample Size » L

Return to Types of Control Chart




P, C, AND U CHARTS

_m Minitab -

tab

File Edit Data Calc | Stat Graph Editor Tools Window Help Assistant

Basic Statistics

SH|&| =@l

J
|

Regression

ANOVA

I j‘

DOE

oed | EBE@S

2 |EE

3

L3

Sl x|allyT=oN

3

Control Charts L4 EE§ Box-Cox Transformation...

Quality Tools
Reliability/Survival
Multivariate

Time Series
Tables
Nenparametrics
EDA

Power and Sample Size »

»
Variables Charts for Subgroups »
3
Variables Charts for Individuals »

3

Attributes Charts 3
»
Time-Weighted Charts 3

Multivariate Charts
»

3

=

5

3

=]
[

=]
u

P Chart [ = |
C1  Measurement Variables:
C2  Atfribute
Attribute -
Subgroup sizes: I 5
{enter a number or column containing the sizes)
Scale... | Labels... |
Multiple Graphs... | Data Options... | P Chart Options... |
oK | Cancel |

The previous charts were applicable for
“measurement” data.

P, C, and U charts are applicable when you
have a count of the # of nonconforming
units, # nonconformities on a unit, etc.

i
P Chart - Options

]

Perform all tests for spedal causes -

1paint > K standard deviations from center line
K paints in a row on same side of center line
K points in a row, all increasing or all decreasing

K paints in a row, alternating up and down

Parameters I Estimate I SLimits Tests ISiBges | Display I Storage |

1:

ENRER

Help | CK

Cancel

Return to Types of Control Chart




P, C, AND U CHARTS

l P Chart of Attribute l

1

1.04 N
0.8
UCL=0.677
c
92
=
S
o
o
=]
[
22
g P=0.171
0.0 LCL=0
1 25 37 49 61 73 85 97 109 121
Sample
U Chart —Ei—|

C1 Measurement
C2  Attribute

Variables:

Attribute

Subgroup sizes: | 5

{enter a number or column containing the sizes)

Help

Scale... | Labels... ‘
Multiple Graphs... | Data Options... ‘ U Chart Options... ‘
oK ‘ Cancel ‘

l C Chart of Attribute l

P A sample at each time The fraction of non-conforming units p,
Chart t. Samples can be large process shifts (= 1.50)

different sizes
C Samples that are all The # of non-conformities in a sample,
Chart the same size large process shifts (= 1.50)
U Samples that differ in The # of non-conformities per unitin a
Chart size sample, large process shifts (= 1.50)

Return to Types of Control Chart
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8
£
E
= 2
]
1 4
0
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l U Chart of Attribute l
1 1
1.0 N N
pr— 8
=
5 UCL=0.726
=
& p6-
-
=
8
] 4 "
o
£
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T2 CHART

T2 - Generalized Variance Chart

Used when you have several process variables simultaneously
measured on the same process/product

1 Minta - viita e 5o

J File Edit Data Calc | Stat Graph Editor Tools Window Help Assistant

| Sd| & 5 =

I] >

Basic Statistics 3
Regression 4
ANOVA 2
DOE 3
Quality Tools 4
Reliability/Survival 4
Multivariate

Time Series

Tables

Nenparametrics 4
EDA 3

Power and Sample Size »

ctd|CRECNE e EEE|B] ~ |22

dlx|a[kToo N - b

L3
Multivariate Charts 3

EE; Box-Cox Transformation...

Variables Charts for Subgroups »
Variables Charts for Individuals »
Attributes Charts 3
Time-Weighted Charts J

ﬂ Tsquared-Generalized Variance...

g TIsquared...

E Generalized Variance...

B Ayltivariate EWMA...

MEW

N

Can also perform

Assume | observations and p variables being monitored
Sample size = 1

1.Find the overall mean = X
(a p — dimensional vector, where each entry is the overall mean of that variable)

2.Find the variance — covariance matrix (pxp) = §
(estimated variance of each variable is on the diagonal, covariance on off — diagonals)

3.Then, T2 = (X; - X)'S'(X;— X)

First chart plots T;* versus observation (to monitor process mean)

Second chart plots det|S| to (monitor process variation)

= Similar process for sample sizes > 1

Look for points outside the
control limits or trends

multivariate EWMA

” . Tsquared-Generalized Variance Chart of Measurement 1, Measurement 2
Tsquared-Generalized Variance Chart ﬂ 15 4
UCL=13.71
C1  Measurement 1 Variables:
C2  Measurement 2
"Measurement 1' 'Measurement 2 - 2 104
H
3
i H
g 54 /_\
Subgroup sizes: | 5 enter a number or ID column) /\ /.
Lz ¢ l —_— ol " — I Median=1.35
i 3 5 7 8 11 13 15 7 13 2 2 25
Sample
Scale... | Labels... |
UCL=445.8
i Data Options... Tsg-GV Options... H
H
= 300
=
=
| L A A\
.
Help oK Cancel | E 100 4 A, |5]=55.4
H
= '—\/ \\/‘4 u \.—/ \._
! ol L P J I
1 3 5 7 s 0 13 15 17 13 2 2 25
Sample

Return to Types of Control Chart




CAPABILITY ANALYSIS

o Are products/processes meeting specifications?
o Can use process capability ratios (PCRs) to determine this

c— Upper Spec. —Lower Spec.: USL—LSL }

?  Natural Telerance Range 60 Two-sided limits These assume your process is
USL — u / centered, and works best for

Cov =3, normally distributed data.

One-sided limits
u—LSL

C =
PL 3

Cor = min (Coy, Cpy)

__ USL—LSL Accounts for a process being off-target. Works best for normally

6/ (-T2 T is the target. Usually, T is the midpoint distributed data
between USL and LSL

CPM

If data not normally distributed, try a Box-Cox transformation.

Return to Contents




CAPABILITY
ANALYSIS

You must specify
USL, LSL, or both.

If data not
normally
distributed, you
can use a
transformation

f

FH| & =Rl

I j'

|
|

/! Minitab - Minitab Example.MPJ -

File Edit Data Calc| Stat Graph Editor Tools Window Help Assistant

Beicsatiis ) [Q P || ABRBOD BT [BER| K| A | 2-Ed k| o]
Regression 3

ANOVA b :I'|X‘Q*|J|TTDO\OUM|

DOE v

LControl Charts 3

Reliability/Survival 4 [ﬁ_ Pareto Chart...

Multivariate
Time Series

Tables

Nenparametrics

EDA

Power and Sample Size »

| =% Cause-and-Effect...

'Q} Individual Distribution Identification...
L3
% Johnson Transformation...

3
Capability Analysis 3
9

Capability Sixpack 3

.
Capability Analysis (Normal Distribution)

==<=)

Data are arranged as

Transform...

* Single column:

I ‘Measurement 1'

5
{use a constant or an ID column)

Subgroup size:

™ Subgroups across rows of:

Options...

Storage.

Lower spec:

Upper spec:

I_lo [~ Boundary
I 10| [~ Boundary

I LGl

ke | e

Help

Historical standard deviation:

OK

Cancel

‘\ Tolerance Intervals...

I normal..
L?ﬂlj Between,/Within...

HK
k] Monnormal...

iy v ﬁ Multiple Variables (Nermal)...
ﬁ Multiple Variables (Nennormal)...
Ei Create Attribute Agreement Analysis Worksheet.., .
‘/x Attribute Agreement Analysis... laH) Civemizti:
L&:I Poisson...

Acceptance Sampling by Attributes...
Acceptance Sampling by Variables

2 Multi-Vari Chart...
|é Symmetry Plot...

-
Capability Analysis (Mormal Distribution) - Transform

o

{* Mo transformation

{~ Box-Cox power transformation (W = Y**Lambda)
{% Use optimal lambda
" Lambda = 0(In)
{ Lambda = 0,5 (square rook)

" Other (enter a value between -5 and 5): I

" Johnson transformation (for overall analysis only)

P-Walue bo select best fit: I 0.10
Help |

e ——————————————

Return to Contents




CAPABILITY ANALYSIS Use "Options” to add a target. Can

change the natural tolerance limits,
but 6 is most common.

r N
Capability Analysis (Normal Distribution) Ié] s 3
Capability Analysis (Normal Distribution) - Options Ié]
Data are arranged as s
* Single column: ,m PR—— Target (adds Cpm to table): 0| l
Estimate...
Subgroup size: ,57 Use tolerance of K¥sigma for capability statistics K = |6
Options...
{use a constant or an ID column) . .
Storage Perform Analysis Display
" Subgroups across rows of: ] \ [v Within subgroup analysis % Parts per million
" v Overall analysis {" Percents
(¥ Capability stats (Cp, Pp)
" Benchmark Z's (sigma level)
Lower spec: -10 [~ Boundary
[™ Indude confidence intervals
Upper spec: 10| [ Boundary 35.0
Historical mean: optional
& l Two-sided
Historical standard deviation: (optional) Title: |
OK
Help Cancel Help oK | Cancel |
\
\

Process Capability of Measurement 1
Interpretation:

Process Datz Within .
LSL -10 - == Overal (tWO-SIded)
Target [1] —— -
sL 0 Potentizl (Within) Capability
Sample M=an 1,424 Cp 034 >
SN o 039 Cp = 2 excellent
StDeviWithin) 977099 gpt. g.i: CP — 1 . 33
StDevi(Owerall] 114865 P :
Crwerall Capability Same fOI‘ CPK and CPM
P 028
y PPL 033
F PPU D25
Pok 0,25 o
4 N Com 0,29 (one-sided)
~
-~ CPU or CPL = 1.25
T T T T T T
-20 -10 ] 10 20 30
Observed Pedformance Esp, Within Performance Exp, Owerzll Performance
PPM = LSL  138000.00 PPM = L5L 12118840 PPM = L5L 15557545
PPM = USL 224000.00 PPM = USL 190053.11 PPM = USL 22764787
PPM Tatzl 350000.00 PPM Taorzl  311219.51 PPM Totzl 38752335

Return to Contents




CAPABILITY ANALYSIS

[11] Minitab - Minitab Example.MPJ - [Sessi

J File Edit Data Calc Stat Graph Editor Tools Window Help | Assistant

J =l | §| & e| ) Cu | ‘ T 1 ﬁ' ‘ ® ? ﬂ“ Measurement Systems Analysis (MSA)... L
1

el e oz T —

Graphical Analysis...

| 7 | =2 =2 oo i | 3
|

Capability Analysis

Use to determine whether the process
is capable of producing cutput that
meets customer requirements,

Hypothesis Tests..,

Regression...

Control Charts...

-
Assistant — Capability Analysis

Choose a Capability Analysis

Click to start

Compare

Deterinine A capability before
l_ capabiliy ———  Oblective  — " onq afrer ~|
|mpmvement

Data Data
type /) I_ type

fmore... fmore... fmore...

Continuous Attribute Continuous Attribute
What What
are you are you
r counting _‘ |_ counting §|
| !
Defective items Defects Defective items Defects
Y l l Y l l
Capability Binomial Poisson Capability Binomial Poisson
Analysis Capability Capability Compari Comparison Comparison
T opx %
Pak DPU
. 2 e | F b b F
mare,., mare,.,

fmore...

Cancel
N

Can also perform
capability analysis
using Assistant

Use these options
with the P, C, and
U Charts.
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