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1 Task — C-value comparison report

The evaluation product qs-STAT can output various process capability and process performance indices, like
C,/Cpy and P, /Pyy. In this document the focus is on capability indices, which are defined in the SPC-Manual of
the Automotive Industry Action Group (AIAG).

The AIAG SPC-Manual distinguishes between:
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e Process Capability indices €, and C, are calculated based on the inherent within-subgroup
variation only. The process capability considers only a fraction of the overall process variation.

Within the Q-DAS software products the AIAG-specific indices C, and C,, have been renamed to C,;
and C,; to indicate to the user that these indices only take into account the inherent within-subgroup
variation.

e Process Performance indices P, and P, are calculated based on the overall process variation. The
overall process variation takes into account not only the within-subgroup variation but also the
between-subgroup variation. An internal or external customer is typically more concerned with the
process performance indices.

The actual naming of the various capability and performance indices as well as the “letters” used, such as
“Cm”, “Pm”, “Tp”, are described in the separate document “Naming of the C-values”.
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The task of this case study is to create a single report that contains both process performance indices and
process capability indices. This enables the user to compare the results. Special causes are responsible for
the difference between Cpi/Cpki and Pp/Ppk. Therefore, the difference shows the theoretical process
improvement potential.

Qverall evaluation

Maodel distribution Mixed distribution (EM)
Calculation method Mz 1 Percentile (0,135%-50%-99,865%)
Potential Performance index Pp 198<2.05=212 | | |
0 1.67
Critical performance index P ok 184=191=198 | | |
0 1.67
ﬁ The requirements were met (Pp,Ppk.LV) ﬁ
Demand Paotential Performance index P ptarget 1.67
Demand Critical performance index P pktarget 1.67
2 CAS_0401_Comparison_C-and-P-Values_AIAG

Calculation of inner variation

Paotential Performance index Cpi i [|] L
Critical performance index Cpki 313 [|] L |
ﬁ The requirements were met (P Ppg LV) ﬁ
Demand Potential Performance index Cpitarget 2.00
Demand Critical performance index C pkitarget 2.00

2 CAS_0401_Comparison_C-and-P-Values_AIAG

QDas-1917 v-0.7 1 4/14
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2 Approach to the solution

The first step is to ensure that the calculation methods and requirements have been defined in the evaluation
Strategy.

The loaded data pool is automatically evaluated in the Q-DAS applications according to the defined evaluation
strategy. The information from the data pool and the results calculated during the evaluation are available in
the application as output points. In order to be able to output the C-values in the reports, it is necessary to
know how to handle the output points.

The reports are created and customized using the “Form designer”. In this case study the graphic “Form sheet
- Design 3” is used to display the C-values. The graphic is included twice in the report. The first one is
configured with the output points for the “Overall evaluation” (Process Performance indices Pp/Ppk). The
second one with the output points for the “Calculation of inner variation” (Process Capability indices Cpi/Cpki).

% Form designer: Report preview - CAS_0401_Compari »

Calcuiatian of inner vatiatio

Page 1/ 15 Section 1/ 1-Report_Result

Regular mode ARSI = I ENEEN )
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2.1 C-values configuration in the evaluation strategy

With the statement "C and P values at the same time", most customers ask for a report according to the AIAG.
The designations of the capability indices differ from 1SO.

e The P-value is the calculated process performance based on the estimator of the overall variation.

e The C-value is the calculated process capability based on the estimator of the inherent within-subgroup
variation.

Calculation method

In the evaluation strategy, it is possible to specify in each path the calculation method of the inherent within-
subgroup variation of the process capability index Cpi/Cpki.

% Evaluation - %

CAS_0401_Comparison_C-and-P-Values_AIAG

Positional tolerances Evaluation : CAS_D401_Comparisan_C-and-P-Values_AIAG] vansble attribute
PP o ]| MPo3 charactenistics charsctenistics.

ﬂi C value function

Capability indices / QCC stable = Capability indices / QCC unstable | Capability indices / inner cuslIII‘

Mo calculation

Miz o=58/a
Mis oo/ d
7 Maaz : = F (without distribution
M : =&/ a, (without distribution
o Maigs : =R / dun (without distribution

Acoeptance || Acceptance || Acceptance || Accepuance || Accepnce
Shewhart chart || Johnson chart [f Shewhart chart Jnhnsanl:harll fran I Fri ot chart chart Standard

QDas-1917 v-0.7 1 6/14
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C-values naming

In the window “Requirements”, tab “AlIAG Pp/Cp”, we use the index “i” to mark the AIAG-specific process
capability indices, which are based on the inherent within-subgroup variation only.

% Evaluation

CAS_0401_Comparison_C-and-P-Values_AIAG -

Positional toleranoes
Po/Po: I MPo3

Evaluation : CAS_D401_Comparison_C-and-P-Values_AIAG

Requirements variable Requirements attribute
charactenistics characteristics

oK

% Requirements - 8 x
Target values / QCC stable | Target values / QCC unstable | ATAG ppjcp  Requiremerts | Total part evaluation  Additional conditions stable | Additional | 4 | *
AAG_Cp_Pp
7] output AIAG_Cp_Pp oK
all characteristics: Min. values 125 Min. subgroups |25 C
ancel
Charact. Class unimportant of sec. Importance important significant critical Description  Index -
Process capability index AIAG 1 133 133 1.33 167 C pi Prirt
smallest process capability index AIAG 1 133 133 133 167 [ pki
AIAG Pp/Cp 075 08 08 08 0333 Pei/Co Help
prel. AIAG Cp |
V| output prel. AIAG_Cp_Pp
all characteristics: Min. values 10 Min. subgroups 2
Charact. Class unimportart of sec. Importance importart significant critical Description  Index
Process capability index AIAG 133 167 167 1,67 2 C pi
smallest process capabilty index AIAG 133 1.67 1.67 1.67 2 C pki
AIAG Pp/Cp 075 08 08 0.8 0,833 Ppi/Cp

Requirements

In tab “Requirements” we can check, which requirements are active. Active requirements are marked with an
“X” and will be used for the overall evaluation provided in output point 15000 | O.

% Evaluation

CAS_0401_Comparison_C-and-P-Values_AIAG -
Positional tolerances.
PP )| MPo3

% Requirements

Evaluation : CAS_0401_Comparison_C-and-P-Values_AIAG

Requirements attribute

| Requirements varisbie

OK

Target values / QCC stable | Target values / QCC unstable | AIAG Pp/Cp. | Requirements  Total part evaluation  Additional conditions stable  Additional | 4 | *

Selection of acceptance criteria
Marked specification limits used for capability study

oK
Charact. Class unimportant of sec. Importance importart significant critical
Potertial Capabilty index

e T T T T Cancel
Critical capability index T T e e e

Intrinsic capability index

Location chart stable (STL)

Variation chart stable (STV)

Mo outliers were automatically removed (AR )

Tolerance violation? { LV} e == e T e ==

Sinnla walia incida N of a hilateral tnlaranre

Prirtt

Help

Some requirements have dependencies. For example, "Potential Capability Index" and “Process Capability

Index AIAG”. Selecting “Process Capability Index AIAG” automatically selects "Potential Capability Index" as a
requirement.

% Requirements

Target values / GCC stable | Target values / QCC unstable | AIAG Po/Cp | Requirements | Total part cvaluation | Addiienal contions stable  Addtional | «]
Selection of acceptance criteria % Requirements =
Marked specication lims used for capabilty study Target values / GCC stable | Target values / GCC unstable | AIAG Pp/Cp | Requirements | Total pat evaluation | Additonal condtions stable  Addtional[+]
Charact. Olass Selection of acceptance criteria
Potential Capabilty index

Crtical capabity index Marked specfication limts used for capabilty study
Intrinsic capabity index

unimportant of sec. Importanct important signficant aitc

ok
Charact. Class wnimportant | of sec. Importanc imnarant signficant crical

Location chat stable (STL) Potential Capabilty index — Concel
Varition chart stable (STV ) Crical capabilty index

No outiers were automatically removed (AR) Intinsic capabty index 4 Print
Tolerance violation? (LV) = === === === || | Locationchatstable (STL)
Single value inside n’. of a bilateral tolerance Variation chart stable (STV )
Single value inside % of a tolerance with natural boundary No outiiers were automatically removed (AR )
Average inside n'% of a biateral tolerance Tolerance violation? (LV) T Tl Tl el e
Average inside n’. of 2 tolerance with nat. lmit Single value inside ' of a bilateral tolerance
Range smaller than n of a bilateral tolerance Single value inside n% of a tolerance with natural boundary
Process capabilty index AIAG N Average inside n*. of 2 bilateral tolerance
smallest process capability index AIAG o Average inside " of atolerance with nat. limit
AIAG Pp/Cp Range smaller than n*% of a bilateral tolerance
Process capabilty index AIAG T
smallest process capability index AIAG
NIAG Pp/Cp

Help

QDas-1917 v-0.7 1 7114
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2.2 C-value output points

Software documentation

The output points are selected using the "Output field selection (listing)" dialogue. Depending on the selected
graphic and its purpose, different output points are available for selection. The C-value output points can be
found in the "Process Capability" group.

The “Output field selection (listing)" dialogue with the C-values, which are calculated based on the overall
variation (Field No. 52XX; Pp/Ppk):

tl Output field selection (listing)

Average and Median values {1004
Minimum and maximum values, log
Variances, standard deviations, ra
Classification, form parameter, esti
Skewness, kurtosis, excess, quan
Regr.coeff., standard dev. {2000+
Quantiles (4100-4459)
Test procedures (4500-4355)
Process Capability (5000-5399)
Output Point (6000-6500)
Classifications {6501-63939)
Output Point (7000-7955)
QCC parameter (8000-3355)
Output Point (10000-11939)
generally attribute (13000-1315%)
binariy attribute (13200-13339)
attributively ordinal # nominal (134
Output Point (15000-15535)
all output fields (1000-15959)
lassflications
Output combination fields
figlds
o-{E7 value fields
o--£3], DB info fields

- Evaluation of the part measurement
‘art weights
Group evaluation
3 Graphic selection
0447 Test aslactinn

- 0 x
*!| Field No.  Sub-swumber Long text Short text Contents fext)  Formula
5010 0 Performance index {lower) Pa 220
5012 0 Performance index lower) Pu
5110 o Performance index (upper) P 19
5112 0 Performance index (upper) P
5210 1] Fotential Performance index Py 205
5210 1 Fotential Performance index Py 205
5210 10 Demand Patertial Pedformance index | Sp— 167
5210 1 Demand Potential Performance index | — 167
5210 20 Percent Potential Performance index %Pg 1226
5212 0 Potential Performance index Py
5212 1 Potential Performance index Fa
5212 10 Demand Potertial Performance index | p—
5212 n Demand Potential Peformance index P powge
5212 20 Percent Potertial Performance index A
5215 1] Potential Performance index Py 205
5215 1 Fotential Performance index Py 205
5215 10 Demand Potential Performance index | — 167
~ || 5215 n Demand Potertial Peformance index P g 167 -
4 3
oK Cancel Help

The “Output field selection (listing)" dialogue with the AIAG-specific C-values, which are calculated based on
the inherent within-subgroup variation (Field No. 54XX; Cpi/Cpki):

ﬁ Output field selection (listing) - 0O x
& Output Points . * | Feld No Sub-number Long text Short text Contents fext)  Formula
- Average and Median values (1001
Minimum and maximum values, log 5280 o centreing Index Ce, Px — 1 ,CJ 1-
\«’ana.n.ces.. siandard devistiore, 5301 0 Calculation method Cale.meth. Mz Percentile
(Classification, form parameter, esti
Skewness, kurtosis, excess, quan 5301 1 Calculation method Calc. meth Mz,
Regr.coeff., standard dev. (4000~
GQuantiles (4100-4499) 5410 ] Performance index (lower) Ce 325
Test procedures (4500-4993) 5412 1] Performance index (lower) Ci
Process Capability (5000-5395)
Output Pairt (5000-5500) 5420 0 Critical performance index C s 313
Classfications (6501-6339) 5420 1 Critical performance index C 313
Output Point {7000-7995)
QCC parameter (2000-9339) 5420 10 Demand Critical performance index C g 200
Output Point {10000-11335) " .
5420 n D d Critical perf i C g zargen 200
generally attibute (13000-13199) Smane LHeal penemance Index i
binarity attibute (13200-13353) 5420 20 Percent Critical performance index UC s 156.3
attributively ordinal # nominal (134 » i
Output Point (15000-15999) 5422 0 Critical peformance index Cus
all output fields (1000-15595) 5422 1 Critical performance index Cuis
Classifications » .
Output combination fislds 5423 10 Demand Critical performance index C g g
=~ fields 5422 1 Demand Critical performance index C pis e
i-{EE value fields
+--f3 DBinfo fields 5423 20 Percent Criical peformance index C s
Evaluation of the part measuremert 5430 0 Performance index upper) Cu 113
art weights
Group evaluation 5432 o Performance index (upper) Criu
| Graphic selection ) .
D Tt selertion ~ || 5450 0 Potential Performance index Cu A -
P » 14 »
QK Cancel Help
QDas-1917 v-0.7 1
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2.3 Output points in the graphic

Software documentation

The following explains the configuration of the output points with the example of the graphic “Form sheet —
Design 3” and the C-value “Potential Performance Index”.

pability Analysis 5. L.

aliaton, . | o . | |1\ IIERT,

4 HEXAGON| Procacs Ca
i £

Once the graphic is in edit mode,

the output points can be

edited using the “change” option on the context menu.

% Form sheet - Design 3 Edit mode (Form designer)

x

Model distribution

Calculation method
e
Potential Performance index Py 198 < ¢
[P = Critical performance index Pex 134 é_%

1

Miead dietribusting (EN)

Mew line

Mew column

Line feed

Delete line

Delete column

N

Change

Alternative output points

3

The requirements were me|

Demand Potential Performance index

Pokrtil Paomanca index

Demand Critical performance index

& 3 F

Ctmeal pamumanca ins S 213

=

CAS_0401_Comparison_C-ai &

Copy

ullll}

Save settings

Revise output list

Tha ocydremerts were et F ; s L]

1

Dorand POl Panmaras 1o

Page 1/15

Section 1/ 1 - Report_Result

Regular mode MRS

For the selected line, the output point 5210 is
configured with the sub-number O (1).

As you can see, the line can contain up to five
field-sections.

Four different field-sections have been
configured here to design the display of the
output point (2 - 5).

Configuration ? x
Standard  Edended
Background Qutput Point
() Transparent background 5210
. Background ... BeEzon l
(® Filled background Output Paints - _0
Vertical alignment
© upper 1| Longtext Sl s =
entred at base line } - - 2
() lower () left (@) centre right
Separat
eoaraer 2 Shontext Sl = 3
O left (@) certre right
Line feed
[] automatic line feed 3. Clwith point estimator - | 30 : 4
Transfomation O left ® certre O right
4. Bar MR = 5
O left (@) centre ) right
Posttion / size
=
Widh 3 B Os HE
Height 2 = O left (@ centre ) right
1
Potential Performance index Pa 198=205=212 I:I:|
0 1.33
2 3 4 Cancel 5 Help

QDas-1917 v-0.7
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Overview of the output point in the "Form sheet - Design 3" graphic for displaying the overall evaluation.

Overall evaluation

Model distribution

Mixed distribution (EM)

Calculation method

Mz 4 Percentile (0,135%-50%-99,865%)

Potential Performance index Pp 198205212

0 1.67
Critical performance index Pk 184<191<198 | | |
0 1.67
G The requirements were met (Pp.Pp.LV) ﬁ
Demand Potential Performance index P ptarget 1.67
Demand Critical performance index P pktarget 1.67

2 CAS_D401_Comparison_C-and-P-Values_AIAG

Line Output point Sub no.Description

1 6000 0 Model distribution

2 5301 0 Calculation method

3 5210 0 Potential Performance index

4 5220 0 Critical Performance index

5 15000 0 Requirements (Overall
evaluation result)

6 5210 10 Potential Performance index

7 5220 10 Critical Performance index

8 6040 1 Evaluation strategy name

Output forms

Long text; Empty field; Contents

Long text; contents

Long text; Short text; Cl with point estimator; Bar
Long text; Short text; Cl with point estimator; Bar
Arrow; Contents; Arrow

Long text; Short text; Contents
Long text; Short text; Contents
Contents

Overview of the output points in the "Form sheet - Design 3" graphic for displaying the calculation of inner

variation.

Calculation of inner variation

Potential Performance index Cpi kvl [‘J L
Critical performance index Cpki 313 [‘] l |
G The requirements were met (Pp P o LV) ﬁ
Demand Potential Performance index Cpitarget 2.00
Demand Critical performance index Copritarget 2.00

2 CAS_0401_Comparison_C-and-P-Values_AIAG

Line Output point Sub no.Description

1

2

3 5450 0 Potential Performance index

4 5420 0 Critical Performance index

5 15000 0 Requirements (Overall
evaluation result)

6 5450 10 Demand Potential
Performance index

7 5420 10
index

8 6040 1 Evaluation strategy name

Output forms

Long text; Short text; Cl with point estimator; Bar
Long text; Short text; Cl with point estimator; Bar
Arrow; Contents; Arrow

Long text; Short text; Contents

Demand Critical Performance Long text; Short text; Contents

Contents

QDas-1917 v-0.7 1
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3 Notes on handling output points

Selecting the correct output point and sub-number is very important.

For example, the output points 5210 | 0 and 5450 | 0 have the same long text (hame) but different contents.

£| Output field selection (listing)

The content of an output point is affected by the configuration of the evaluation strategy.

- 8 =
i i “ | Field No. | Sub-number Long text Short text Cortents fest) F“
Average and Median values (1001
Minimum and maximum values, log 5210 0 Potential Performance index Po 205
Variances, standard deviations. = | |1 57, 1 Potential Performance index Fa 205
Classification, form parameter, esti
Skewness, kurtosis, excess, quan Lvali] 10 Demand Potential Performance index P o targes 167
Regr.coeff., standard dev. (4000~
- [ RN 11 Memand Prtantial Padamancs indey P 1R7
Q Output field selection (listing) - 0 x
Output Points ~|*!| FeldNo. | Subnumber | Longtext Shottext | Conteris fext) F*
Average and Median values (1004
Minimum and maximum values, log 5450 ] Potential Peformance index Ca N
Variances, standard deviations, ra - )
Classification form parameter. esti 5450 1 Potential Peformance index Ci 1A
Skewness, kurtosis, excess, quan 5450 10 Demand Potential Peformance index C g g 200
Regr coeff., standard dev. (4000
o et saannosanm 5450 1 Demand Potertial Performance index | oer— 200
The sub-numbers “0” and “10” for output point 5210 differ in content.
£| Output field selection (listing) - 0 X
Output Poirts |*| FeldNo.  Subnumber  Longtext Shomtest  Corterts fext) F*
Average and Median values (1001
Minimum and maximum values, log 5210 0 Potential Performance index Pa 205
‘u"anal.ﬂ.ces.. standard devigtions, " 5210 1 Potential Perfformance index Pa 205
Classification, form parameter, esti
Skewness, kurtosis, excess, quar| 5210 10 Demand Potential Performance index P o cwgen 167
Regr.coeff., standard dev. (4000 - - -
Quarties (4100-4459) 5210 11 Demand Potential Peformance index [ p— 1.67
Test procedures (4500-4353) 5210 20 Percent Potential Pefformance index %Py 1226
Procese Capability (5000-5999)
e L e RF1Z n Prtrrtial Pedamance indey P.

The contents of output point 15000 | O are requirements of the evaluation strategy. On the left, the C-values
“Process capability index AIAG” are not activated.

& Requarements.

Target vaues / OCC dable | Target vaues / 0CC untable | A

Selection of acceptance citens
Marked spechication s uned for capabity sy

Vasiston chast stable (STV )

Hocuthers ware autcmancaly removed (4R )

Telerance waton? (LV)

Singie vakue rde . of a blzteral tolerance

Singie vahue e . of 2 foleance wih nshural baundary
Avarage nade 1'% of 2 biztera tokeance

Average nade 1. of a toerence wih st it

T | Te=r =

Charact Ulass. wrimportant of sec mportance important. sgnficant
Potertsal Capabity nden p— el el —
Omcal capablty index | T el e

AMIAG Po/Co | Requrements | Totsl part evauston | Additionsl conditions et Addtionsl [+ [+

& Requurements.

Selection of scceptance cens
Miked spactication ity used for capabiy sy

Charact. Olass.
ncel Poterel Capsbity roen
Cmeal capabity ndes
- eanac copabity
Locaton chat tale (5TL)
Vet chast able TV )

e | ASG o/t | pequrements

wimpotart | of sec. inporancy important: signficart
e = =
ol | et e | el

Tetal st evabuation | Acdionsl condiions sabie  Addtionsl [+ [

ok

Cancel

ﬁ The requirements were met (Pp.Pp LV} ﬁ

G The requirements were met (Pp.P pk.LV.Cpi) ﬁ

QDas-1917 v-0.7
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4 Output points of common capability figures

The short text and the content of the output points is typically bound to settings within the evaluation strategy
that is in use. In other words: The short text and the content will normally change when the user choses a
different evaluation strategy.

Longtext

5301 |0 Calculation method Calc. meth.
5210|0 Potential Capability Index B,
5210 | 10 Demand potential capability index I8 o
5110|0 Capability Index (upper) Py
5010 |0 Capability Index (lower) i
5220 |0 Critical capability index Pyk
5220 | 10 Demand critical capability index P e
5240 |0 Intrinsic Capability index Py,
5230 |0 Non-critical Capability Index Cian
5535|0 Expected proportion outside Ps7<
5636 | 0 Sigma short term Zyst
5637 |0 Sigma long term = Sigma short term — 1.5 Z1t

QDas-1917

v-0.7 1
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5 Output points of AIAG specific C-figures

The short text and the content of the output points is typically bound to settings within the evaluation strategy
used. In other words: The short text and the content will normally change when the user choses a different
evaluation strategy.

Longtext Short text
5450 | O Potential Capability Index Cpi
5450 | 10 Demand Potential Capability Index Cpi target
5430|0 Capability index (upper) Cpui
5410|0 Capability index (lower) Coui
5420 | O Critical capability index Coki
5420 | 10 Demand Critical capability index Cpki target
5460 | 0 AIAG Pp/Cpi AIAG B,/Cy;
5460 | 10 Demand AIAG Pp/Cpi AIAG P,/Cpi target
5470 | 1 Relevant proportion outside specification for z-score PLsL
547110 Z-score Zc
5472 |0 AIAG z-score P

QDas-1917 v-0.7 1 13/14
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The numerical examples for process capability indices Cpi and Cpki inside the AIAG SPC-manual are typically
based on the within-subgroup variation sigma estimator § = di. To get the same evaluation results that fit the

2
example values of the AIAG SPC-Manual the estimator calculation method should be set to Mz 4.

% C value function

Capabilty indices / QCC stable | Capability indices / QCC unstable | Capability indices /inner | custom text capability indices
Calculation method

QDas-1917 v-0.7 1 14/14
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