Machine and Process capabillity




TQO039 Machine and Process Capability

Definition :

This document deals exclusively with production and
assembly processes. A process is understood

as a series of activities or procedures in which raw materials
or pre-machined parts or components are further processed
to generate a finished product.
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TQO039 Machine and Process Capability

What Are the Reasons for Process Variation?
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source: Pfeifer, T.: Fertigungsmeftechnik, R. Oldenbourg Verlag, 1998
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TQO039 Machine and Process Capability

Process Evaluation Philosophies

LSL targetvalue USL

good quality

loss

>
measured value

The tolerance betonss-te-theproduction!
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Process Evaluation Philosophies

LSL target value USL

loss

>
measured value

Taguchi loss function
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Process Evaluation Philosophies
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What folloW®3edvactiing and Process Capability

utilization of the entire target value-oriented
tolerance utilization of the tolerance
LSL USL LSL USL

Process Output

Process Output
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hidden costs due to
low quality
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Capability Ten3d Madhb RmaiRrdeese Capability

> Selection of Process and Characteristic
- Which product characteristics are important or relevant to the customer?
Which ones are available for these specifications?
> Measurability of product characteristics
- Are the measurement systems/measuring devices suitable to record the
measurement values of the product characteristics with an appropriate degree
of accuracy? (measurement system analysis)
> Feasibility of products
« Are the machines/facilities suitable to produce products of appropriate quality?
(machine capability)
> Producibility of products
- Are we able to ensure the product quality over a longer period? (process
capability)
> _Controllability of processes
- Do we know the process behavior sufficiently well in order to be able to react
to changes in an appropriate way? (quality control charts)

A
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Capability TQeH2 & chirgond Repdess Bapokiliys

> Measurement Process capability C,/C,,, %GRR
« procedure according to booklet 10 (training TQ038)

> Machine capability C,,/C
« procedure according to

> Long-term capability/performance of a production process C./Cy, and
« procedure according to

pA
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Qualification Levels

machine capability

process capability

long-term capability

milieu
men
material
method
machine machine
50 values 5115 5 5 5
n=50 n=125/time
stable processes C,/C,,
C./C i unstable processes Pp/Ppk
target values: 1.67 1.33
(2.0 in case of short acceptance)
10
P
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Capability Indices

v oV

Measurement Process capability C,/Cg,, %GRR
Machine capability C./C,,,

> Short-term capability/performance of a production process
Cp-st/Cpk-st and P, s1/P st (N0t contained in , edition 2004)

usually only conducted by particular arrangements (e.g. customer
requirement)

preferably, parts should not be taken successively from the production
process (all factors should affect the process)

however, contrary to long-term capability parts can be taken successively if
too few parts are produced in total

products produced in the trial run are admissible upon agreement with
customers or when no serial parts are available

calculation formulae as used for Cp/C,, or Pp/P, according to

sample size n 2 125 and all statistical values C,, /P, st 2 1.67

all reports must be marked as a result of a short term study

gs-STAT Module PCA Evaluation “ 2005 (Short Term / Kurzzeit)”

> Long-term capability/performance of a production process C./Cy and

11
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Qualification Levels

machine capability process capability
by special
arrangement only: long-term capability
short-term capability milieu
according to men
_ material
e method
material
method] . . .
125 values nagline min. 125 values machine
50 values 51 15] ... |5]1]5 5 5 5 5 5 5
n/time
C/C Cp-st/Crx-sT stable processes C /C,,
Ppst/Ppk-st unstable processes P /P,
target values: 1.67 1.67 1.33

(2.0 in case of short acceptance)
12
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Selection dQ@3R Madttieeigific®ocess Capability

> SPC characteristics are mainly defined with regard to

» customer preferences (customer requirements)
function (e.g. development requirements)
problems in the process (e.g. manufacturing engineering)
inspection (e.g. measurement technology)
safety (lawmaker)
> Quality characteristic (according to ISO 21747)

« inherent characteristic of a product, process or system referring to a

requirement

« can be a product or process characteristic
> Determination

- by an interdisciplinary team

« €.g. simultaneous engineering, test planning team
. e.g. from FMEA

A
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Course of Investigation

' -
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TQO039 Machine and Process Capability

3. Flow Chart for Machine and Process Capability Study

A o Cmk Machine capability index
Calculation of the indices Cpk Process capability index
Ppk Process performance index
k = katayori (japanese term for offset, bias, systematic deviation)
4
Data recording
Short-term study Long-term study
Duration of study?
{Machine capability) (Process capability/
performance)
Section
Section yes i
Process stable? ggj] or
4220r Process without Process with =
- systematic variation systematic variation
423 of the mean of the mean
Y
no no 522 or
Normally distributed? Normally distributed? 532
523 or
yes yes 533
r h r
Normal distnibution Assign distribution model Mormal distribution Assign distribution model Extended

nermal distribution
v v v v v

Cm/Cmk CmiCmk CpiCpk CpiCpk Pp/Ppk
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TQO039 Machine and Process Capability

Schematic lllustration

o
y Teilnr 7315-56 Tellsber Bolzen GV :
Merkm N 48-2 Merkm Bez. Durchmesser :
i %, DatumiZett Ereign. Chrg. hr. Friifer Masch H
f acts o f 1 8230 9122002 14:38:54 Ad3218 S. Conrad BIM-423 :
, 2 8210 9122002 14:38:57 A43218 <. Conrad BIM-423 .
Interest 3 6,240 5122002 14:38:58 A43215 S Conrad BIM-423 H
4 8,245 9422002 14:39:15 Ad3218 <. Conrad BZM-423 H
5 8239 9122002 14:47:40 A43215 <. Conrad BIM-423
‘ 5 8,235 9122002 14:48:25 A43215 5. Conrad BIM-423
d " N 7 8,245 9422002 14:48:53 Ad3218 <. Conrad BZM-423
etermine a 243 9122002144901 | Werkzeugbruch 243218 S, Conrad BIM-423 i i
g 8,239 9122002 14:43:07 A43215 S. Conrad BIM-423 estimate the unknown popl'”atlon
measurement d ata an d 10 | 824 9422002 14:4312 Ad3215 <. Conrad BIM-423 H
11 8,252 9122002 14:49:20 Ad3218 S. Conrad BIM-423 on the baSIS Of the known sam ple
11 1 H 12 6,245 8122002 14:45:24 £43252 G. Schrtider BM-423
add|t|0na| Informatlon to 13 | 8218 9122002 14:43:56 Ad3252 . Schrbder BIM-423 (aISO for the fUture)
14 | 8243 9122002 14:50:01 Ad3252 . Schrider BIM-423
b ereco rd Ed 15 | 8243 9122002 14:50:05 A43252 G. Schréder BIM-423
‘ 16 G251 9122002 14:50011 Temperatur erhidht £43252 G. Schrdcer BIM-423
17 | Ba2es 9122002 14:50:30 A43295 S. Conrad BIM-424 .
18 6,213 122002 14:51:02 43295 . Conirad BTM-424 Gehéuse (Bzp. 3)
19 5,254 9122002 14:51:06 £43296 3. Conrad BIM-424 Léange (Bap 3.1)
tak eran d om 20 | 8243 9122002 14:51:13 A43295 S. Conrad BIM-424 Statistizche Werte
| = 130,07 X = 130,0352
samples - z -
= 129,80 Xmi = 129,94 ¥-35 = 1289414

= 130,14 X+3s = 1301370
= 0,032599 513 = 0,1956

!

record b - 9399902 %

P-ose = 0,00000%

measurement data and o — oo00s6%
additional information L

'
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!
0
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TQO039 Machine and Process Capability

17

> Definition:

The machine capability study is a short-term study with the
sole aim of discovering the machine-specific effects on the
production process.

> Application:

at the manufacturer’s in case of a new acquisition, purchase
decision

» for acceptance after the installation at the destination

« when starting a production process that produces new
products
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Machine CeQoabMaghBteiahd fbCisy Capability

> Prepare machine .

Y

> Adjust tolerance center or target value (in  [oiai e s ae ni oo oite

tolerance zone as far as possible. For characteristics

case of u nilateral cha ra cte ristics) limited to one side, choose the best possible setting with

reference to the limiting value (or target value).

> Produce representative number of parts '

Manufacturing of a representative number (minimum:
. H H 50, if possible: 100) of parts in a continuous,
> 4 CO ntlnuous and ongOI ng prOdUCtlon flow uninterrupted production run. Deviations must be

documented.

> Measurements according to the respective
prOd uction Seq uence Measurement of the parts characteristic(s) and

documentation of the results in accordance with the
production sequence.

> Statistical evaluation

« qualitative evaluation of stability over [ ccoavmon

ti me - gualitative evaluation of temporal stability
- study of the distribution of these values
- calculation of capability indices

« inspection of the distribution i

no

« calculation of capability indices

Problem analysis;

= Minimum requirement met? .
= q L ¥ make improvements

Machine is capable

18
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MCS — AcdgosanteieamtiRrpeess Capability

> Organizational preparations
« inter-divisional acceptance team
« quality
« production
« construction
» metrology and test engineering
- knowledge of statistical methods
. determination of analysis methods and tools (guidelines und
software)
« guidelines and directives
. software and evaluation strategy
« particular formalities (process owner/project leader)
« involvement of suppliers and subcontractors

b
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MCS — AcdgosanteieamtiRrpeess Capability

> Planning of the machine acceptance
« schedule, tasks and responsibilities
number of required parts
« provision of parts by the customer
 quality of raw materials/rough machining
confirmation of the test plan
- determination of the types and classes of characteristics
special regulation
« particular characteristics
« special target values
verification of error prevention measures/process conditions
« error proofing/process monitoring
. fault simulation/rejection logic
determination of the sampling

b
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MCS - AccEpazthdecRine@ed Braxess Capability

> Capability of measurement and
test processes
« try to use the measuring and test
equipment that will also be
applied in the process
« discuss alternate measuring
devices with customers
« capability study according to
booklet 10 or
« AIAG Quality Core Tool MSA e
« VDA Volume 5 10. Capability of
. customer guide"nes Measurement and Test Processes

@) BOSCH

Invented forlife
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TQO039 Machine and Process Capability

2 " ] 2
Y observed ~ Y actual +0 measuring system
observed actual
process variation process variation

Impacts on process capability!
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TQO039 Machine and Process Capability

%GRR 70 % 60 % 50 %

6 IEFERY,

5 / // /

4 /
8_ / // / 40 %
2 / 30 %

2 -~ /'ﬁ /ﬁ/éég T0%

| — — T ——
1
0

o5 o6 O7 08 09 10 11 12 13 14 15 16 1,7 18 19 20
Observed Cp
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MCS — AcdgosanteieamtiRrpeess Capability

> Machine preparation and adjustment

 durability test
« running time from 8 to 24 hours, same parameters as in production
« reliability of mechanics and controls
- error proofing, test error display and diagnostics procedure
» provide documentation

- handling of parts
. take, transport, drop parts
- highlight 5 parts, inspect alignment, locating and clamping points

and transport supports

« check for damages

» cold start test
- initial situation is the same as at the end of a shift
» produce at least 5 parts in the cold start phase of the machine

A
24 WWW. ttq.ro - JE:; J)Zilrl.



MCS — AcdgosanteieamtiRrpeess Capability

> Machine preparation and adjustment (continued)
« trial run test in order to adjust the machine

- 1 part/ 5 parts test (exemplar
p p ( p y) 2005
Char.No. Char.Descr. LSL UsL X *Tm Require
1 Shaft Diameter #2 14,0600 14.0750 14,0681 0.000600 @
LSL USL
value within
100% T
14,060 14,061 14,062 14,063 14,064 14 065 14,066 14,067 14,068 14,065 14,070 14,071 14,072 14,073 14,074 14,075 14,076
Char.Mo. Char.Descr. LSL usL X RiT ¥-Tm Requirer
1 Shaft Diameter #2 14.0600 14.0750 14.06862( 13.33% 0.00112 @
average
LSL X usL within
1 and
- ——-p _
< | > range less
. than
| 7
\AANY s0%T

14,060 14,061 14,062 14,063 14,064 14,065 14,066 14,067 14,068 14,069 14,070 14,071 14,072 14,073 14,074 14,073 14,078

A
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MCS — Ma&Qo3digactifteand Process Capability

Machine at operating state temperature
Set to working parameters
Parts can clearly be identified and are recorded in machining sequence
Continuous run
Number of parts: typically 100, at least 50
Transport of pallets
. test all pallets for dimensions
. selection of samples for machine acceptance
Each station is treated like a separate machine
> Machining centers in combination with tool holders/pallets
« optimization strategy (number of parts)

v v vV VY

7

b
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27

Machine Ceg9ab Mbghink hne @chsesddpalitityse

( Simplified Machine Release

Implement comective
actions and repeat
capahility study

F Y

v

Manufaciure 50 parts in sequence and
number them in the order they were
manufactured

Measure every 2nd part
ie parts No. 2, 4, 6, ., 50

Document the measurements
and calculate Cmk

yes

Cmk =20

na

Measure parts numbered 1, 3, 5, ..., 49 and
add the measured values to the existing
documented results (No. 2, 4, 6, ..., 50)

no VES

Cmk =1.67

WWW.ttq.ro
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Adaption gCddahitye dnd RrecsnCat@Blity

Cm/Cmk

\ Evaluation : BOSCH 2005
: L

adaption of the requirements for
capability indices to the confidence intervals

when small sample sizes are concerned

confidence

interval
n=25 n?SO

sample size n
|
\\I\\III\I\I\I\III\\\\IIII I

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Q-DAS GmbH & Co. KG - Education Center - www.q-das.de
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TQO039 Machine and Process Capability

29

> Definition (, Page 14):

The process capability study is a long-term study that is
conducted over an extended operating time and includes
sources of variation external to a machine.

These sources are typically summarized under the headings
of Man, Machine, Material, Method and Environment
(Milieu).

WWW.tt.ro
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Process CEpR39iNIachine and Process Capability

5.1 Procedure

A process capability study includes the following steps:

® Select parts from series production in “rational” samples (not sorted); at least 25 subgroups
should be evaluated. The preferred sample size is n = 5. Overall, at least 125 parts should be
examinded.

® Measure part characteristics and record the results along with production sequence.

® Statistical evaluation of the data: Evaluate temporal stability and statistical distribution.
Calculate capability indices.

Note: In special cases, use of fewer than 125 parts may be unavoidable due to time or cost of
making the necessary measurements, or if the test 1s destructive. Smaller sample sizes lead to
larger confidence intervals of the characteristic(s) being studied. In turn, this reduces the
accuracy of the conclusions that may be drawn from the data. The quality assurance office must
be consulted before the sample size is reduced.

30
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Adaption dR@eaathite dind Rreesnd@iasility

Cp/Cpk - Pp/Ppk

Vo

Evaluation : BOSCH 2005

L

adaption of the requirements for

ll CITTIrorrrto 19l

capability indices to the confidence intervals

y \ when small sample sizes are concerned
\\
n<25 N4
Calculation
not permitted
167 == = = = = = = - ——
1.33F = = = = = = = = o

confidence

n < 40: Warning!

interval

Insufficient

number of values

n:§125 sample sizen

10

1000
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Process CEpR#9iNtachine and Process Capability

Section
yes h no
Process stable? gg:: or
Process without \# Process with 3.
systemabic vanabion systematic variation
of the mean of the mean
no 522 or
_Normally distributed? 53.2
h23 or
yes 533
k4
Normal distribution Assign distribution model Extended

normal distnibution
v v v

Cp/Cpk Cp/Cpk Pp/Ppk

32
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Stability T@&&@D39 Machine and Process Capability

ANOVA
variance-analytical
A Variation within subgroups = z12 0.000093687
(Menu Numerics/Test procedures/ANOVA)
Additional wariation between zubgroupz = satf 0.000064433
Proportion of additional wariation between subgroups = =pfEm? 0.41
USI ng quallty ContrOI Chart Ha Wariation between subgroups is zero
(Menu QCC/ Analysis QCC or F8) H1 Variance between subgroups iz NOT zero
critical values
Test level Test statistics
R - SHCaoq 98%[n=5; by &, 1 lowser upper ‘
20043 ! ¢=5 % — 1.28 |
e /\ i ] l o =1 % - 1.42 |
o0y 5 %“W‘@“@fﬂ AN e T\ A - [m Suau _
fgggéﬁ#‘wﬁ J?’ u —Tf *-"Hﬁvf Q*’;"_"{ - o=01% — 1.59
El:gié y l!r \1{ p QTﬁt resu"s _
% -U I 1‘0 I 2‘0 I 3‘0 I 4‘0 I 5‘0 ‘ BID ‘ TID ‘ EIU ‘ 9‘0 ‘ 10‘0
Eu,uzn—%
n,n15—§
”-E””’é:__ R S 20,06
0,005 2005 1L .
e ———— N ——— gse=c=c=cf=c= = === - - - - - - usL "

20,04
Foo03] }
E 20,03 ] \

3 20,02 J‘

using ndividual value display i MWAWWWWWWMWW 'W‘W“VWW‘W‘

(Menu Individuals / Value chart or F2) 51998 f y

19,97
19,06 | LsL
19,95~ —r——————— ——— ——————

Value Mo. —

33
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Value ChaiM039 Machine and Process Capability

Part no. 1 Part descr. Test 2
Char.MNo. 1 Char Descr. Shaft Diameter #2
i X DateTime i x| Date/Time i X Date/Time
1 14,0681 1992-05-07 13:43:08 il 14 0675 1992-05-0F 13:44:10 21 14 0692 1992-05-07 13:45:30
2 14 0683 1992-05-07 13:43:28 12 14,0677 1992-05-07F 13:44:12 22 14,0677 1992-05-07 13:45:32
3 14,0675 | 1992-05-07 13:.43.32 13 14,0681 1992-05-07 13.44.14 23 14,0685 | 19592-05-07 13:.45.36
4 14 0695 1992-05-07 13:43:36 14 14,0630 1992-05-07F 13:44:14 24 14,0671 1992-05-07 13:45:38
5 14,0aa7 | 19070507 134398 15 14 NRAR | 10G7_N5.0T 13-44-1R 75, 14 NRARO | 10G7_N5_NT 174540
6 14, ¥
—— 14075 UsL
o 14,074
& | 14 44073
9 | 14, 14—+ R o — o . =
10 14, 114,071 i
— E14,um 4 ¢
: _;14\”59_ %ﬁi Jlllllu ﬁx )F\ ?|<J‘|I Xﬂﬁ ﬁ(—v ?|< ?I< ﬁ Fi A{'l“l
31| 14 T et J\%HX% 7 VAR T I A SR £ 6k VA . | € S | W B FLAD A VAR
TR DY R N i P ST 9 41 R
— @ L i
33 | 14, © 14,066 3 %‘,i L’ L E S H‘iﬁi 7 %ﬁﬁl
24 TJ‘I %14,055 . .
— 14064 F——-——-=-=+r—-—- —f- = - = - + - —c — - = = — = — o — = - — P — - - e — o — - = - — : — - = -l=
35 | 14, i
—— 14,063
6 | 4 4082
37 | 14, 14081
33 | 14, 14,080 LSL
39 | 14 0 10 20 30 40 50 60 70 80 90 100
40 j Value No. —
35
A
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Is the Prode®393akthm@ and Process Capability

Tool damaged
and replaced!

------------------- Hups
USL
————————————————————————————— . Kz
" " - device
i 2
E1007 1002 \4\Callbrated :
E1009 E1002
1 ] ] | 1 1 1 ] | 1 ] 1 1 | 1 1 1 1 |
Control 200 300 400 500
overdriven? Value No. —

36
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TQO039 Machine and Process Capability

> Date and time of the recording of the measured values
> Inspector, appraiser, operator
> Machine
> Cavity (clamping point / spindle / casting mold ...)
> Measuring and test equipment
> Events, measures, causes
> Batch (part ID number / serial number /...)
> Reworking measures
> Condition of the raw parts

>

37 WWW.ttg.ro ‘J—Ef‘ar



TQO039 Machine and Process Capability

> Machine settings> Parts-related process parameters
o (rotational) speed . semi-finished parts, raw parts

o feed « condition and quality of the rough-
« tools machined parts

. cycle times ¢ Process warm-up time prior to the

» coolant flow/temperature sampling

> Environment
« room temperature
o humidity
o air pressure
« building vibrations (location, floor)

38 WWW.tt.ro = J—E J);‘lr



Data QualitQuBS Muaghies and Process Capability

135 FYs 4
é134—
> Outlier e
« solution: monitor the input with the "
N~~~ — 1 Se=cr======9 ¥+3s

help of plausibility limits

0 100 200 300 400 500 600 700 G800
Value No. —

101,0 UsL 101,0 UsL

> Blend of different cavitie§1uu=£ /

o Xugs T

E
E

 solution: evaluate each §¢" \ | 3 h 7
separately o] ’HH ’ H !

erpd L. Ko | ggol -t N TR I s Group 9

u T u u u u u u u T = Trrrrrrrrrrrrrrrrrrr
o 10 20 30 40 50 EU TU SU BU 100 110 o 10 20 30 40 50 GU 70 BU 90 100110

Value No.— Valug No.—

BT

11 4—:‘ E+3s

113

112

> Measuring system — bad resolution

T 110 Ll e bl Uikl e Tl | Ll
o 3

» solution: make a measurement
system analysis E

10,8 LsL
i e e e — s == == == iz

L e e B e e I o
0 10 20 30 40 50 &0 70 80 S0 100 110 120
Value No.—+

39
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TQO039 Machine and Process Capability

> AXis scale
. time/date according ...

to ID number

+ batch x

. real-time display ~ xo]

. machines 3"

. cavities

. operators

. measuring and test .../
equipment

40 WWW. ttq.ro -J—Efj



TQO039 Machine and Process Capability

> Pareto analysis

> Pareto diagrams Value No. 309
meazsured value 19,955
20,06 DatelTime 1992-05-07 13.55.34 0
+— - — - — - — - = - Tho 0 — o= o — o — =
20.05 - i Event : Tool Breakage, Tool Wear,
. % 5 Scheduled Tool Change, Machine 0
A 20,047 Adiustment
20,03 Batch number _ 0
£ 0,022 2
= 20,02 £ 40
e 1 Z
T 20,014
% 1T 30
£ 20,001
& 20
= 19,89
@ J
@ 19,98 - 10
19,97 - 0
19,96 LSL
-19 95 __T- - _i. “ _l. --------- _+- ——— 0 WA XID!'
" i - B | E1003 I
E1003 E1005 [ E1002 |
E1004 E1001 E1004 E1001 I
I T T T T I T T T T I T T T I T T T T I T T T T I
] 100 200 400 500
Value Mo. —
Events
41 Www.ttg.ro
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TQO039 Machine and Process Capability
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TQO039 Machine and Process Capability

> Considerations regarding the value plot:
« at least 5-7 visible levels
 at least 20 levels are possible within the tolerance (i.e. %RE < 5% of
the tolerance)
« no irregularities in the display of the value plot
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TQO039 Machine and Process Capability

> Examples of bad data quality in the value plot
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Part no 1 Part descr. Test2 — sl o
Char.No. 1 Char.Descr. Shaft Diameter #2

i x| Date/Time J X Date/Time i x| DateiTime

1 14,0681 1992-05-07 13:43:.08 1 14,0675 | 1992-05-07 13:44:10 21 14,0692 | 1992-05-07 13:45:30 it Sndan il iindak Sl

Z 14,0888 | 1992-05-07 13:43:28 12 14,0677 | 1992-05-07 13:44.12 22 14,0677 | 1892-05-07 13:45:32 3 ik - A fy

3 14,0675 | 1992-05-07 13:43:32 13 14,0681 | 1982-05-07 13:44:14 23 14,0885 | 1992-05-07 13:45:36 é:':( Y 1 ‘-"‘ “J ‘,‘N i

4 14,0895 | 1992-05-07 13:43:38 14 14,0680 | 1992-05-07 13:44:14 24 14,0871 1992-05-07 13:45:38 5;::i o il

5 | 140692 | 1992-05-07 13:43:38 15 | 14,0888 | 1992-05-07 13:44:16 | 25 | 14,0669 | 1992-05-07 13:45:40 e i i

6 | 140690 | 19920507 13:43:50 | | 16 | 14,0703 | 1992-05.0713:44:16 | 26 | 14,0657 | 1992-05-07 13:45:48 e e w0 ao M e

7 14,0666 | 1992-05-07 13:43:50 17 14,0676 | 1992-05-07 13:45:18 27 14,0683 | 1992-05-07 13:45:50 » » ® e ¥

] 14,0880 | 1992-05-07 13:44:00 18 14,0685 | 1992-05-07 13:45:22 28 14,0678 | 1992-05-07 13:45:52
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Arithmetic Mean

> The arithmetic mean is n
> ...the sum of all values divided by the nu Z X
of values. X = =L
> ... the balance point of the distributio n
26 27 28 32 33 34
Xlo3 Xup3
40 - LSL i . USL 20
T35 | . ;T
ENE ' FLS
%25_5 : —12 §
3200 g
%15—; | B 2
B
OE . =0

' . . r
500 700 900
Assembly Torque | —
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TQO039 Machine and Process Capability

Median

> Median for an odd number of values

« if the values of a series of measurements are sorted by absolute value
and assigned to the ranks from 1 to n, the value in the middle of this | _
sequence is the median 5.4

3.5

« there are as many values to the left of the median as to the right 08
4.3

X = Xini1)/2
> Median for an even number of values

« if there is an even number of values, the two values in the
middle of the sequence are added and then divided by two

35
2.7
« the calculated value is the median of an even number of values 54
6.8

4.3

Xyt X(n/2+1) 37
2

X =

47
P
www.ttqg.ro aJE;f,;j



TQO039 Machine and Process Capability

Range

> Range: We select the minimum value and the maximum value of an amount
of data. Now, we subtract the minimum value from the maximum value. The
difference between these two values is called range.

35 :Iz.7
2.7 35 \

54 3.7

3.5
2.7

5.4 R=4.1

6.8 4.3

4.3 5.4 /
I ED

6.8
4.3
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Standard D@g93atvaghine and Process Capability

> The standard deviation s is the square root of the sum of squared
deviations divided by the degrees of freedom (sample size minus one, n-1)

USL

ot 20
18 - 18 n
- - )2
i 16| Zl:(xi X)
| B E“D“- i:
S 14+ (4SS =
& S n-1
el 12 5
= i - -
E 'H]—_ _—1DE
e 8 2
< 67 [6 &  The standard
4- [, X deviation must not be
] i mistaken for the
7 —2 range or the
0- — — 0 tolerance!
14,060 14,062 14,074

Shaft Diameter #2 [mm] ND —
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SkewnessTQ039 Machine and Process Capability

> The skewness describes the asymmetry of a distribution.

184
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Relative frequency [%] —
>
|
Relative frequency [%]
Relative frequency [%] —

450 500 550 600 650 700 750 800 850 129,95 130,00 130,05 130,10 130,15 0,00 0,02 0,04 0,06
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Skewness g1 = -0.80810 Skewness g1 = -0.05071 Skewness g4 = 0.51845

g, <0 g9,=0 g9,>0

50 WWW.tt.ro



Kurtosis TQ039 Machine and Process Capability

> The kurtosis b, describes the slope of a distribution.
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TQO039 Machine and Process Capability

> Location statistics

« minimum value/maximum value

P~

- median X S x

o arithmeticmean X = 'T

> Variation statistics

R:Xmax_x i

min

« range

=\2
. standard deviation S = \/Z (Xi - X) /n -1
> Form statistics !

(g.=0in case of normal distribution)

» skewness (b, =3 in case of normal distribution)

o kurtosis

A
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TQO039 Machine and Process Capability

Random Variation Range

> Range depends on the sample size.

n=15 n =50 n =500
Char.Nr .| Char.Description X 3 R z R | = R
1 Ch.a 10,11440 1,13497 R =3693 0,78454 R =363 1,02523 R =6218
2 Ch2 1020747 0,80333 R =2520 0,90549 R =4015 1,04533 R =6236
3 Ch.3 9,91240 1,11886 R =4175 1,14252 R =4133 1,01157 R =86651
4 Ch.4 967720 1,04647 R =3/167 050887 R =4485 0,594455 R =5438
5 Chs 10,10580 084367 R =2792 0,78263 R =313 1,01174 R =6458
[ Chs 10,03840 1,06130 R =4230 1,06965 R =5733 0594874 R =5955
7 Chy 10,38127 095627 R =2837 0759138 R =34728 1,0203% R =5366
a Ch.a 10,22133 0,59096 R =2027 1,04225 R =4182 058857 R =5204
5 Ch9 10,04127 1,04759 R =330 1,01187 R =5092 0,99312 R =5T715
10 Ch.10 981407 1,00313 R =3672 | 1,08971 R =4756 1,02325 R =5553
| —_ —_
53
\
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TQO039 Machine and Process Capability

Random Variation Range

> Range of the measured values correlates with random variation range.

E-|33 f+|33 a5
12 4 . 0 -
. | | -
11 - : -
| | | i
104 = > 20
51 ! 99.73% of the values of the population areswithin the (process) variation range. | [ A
| y : . |
1;3‘_ | The values of the sample are'within thlls range with a probability of 99.73%. i [ E
g L | This corresponds to a randem variatiori1 range with.a 99.73% confidence level. | - g
[ 7] B =
S5 I o
o i 1 1 | ©
“ | | E
4_ : X -
5 | ! | i
i | In therange R, actual values of the sample were found. | | -
1 [
1 | | -
0 —0

15 16 17 18 19 20
Char.Description
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TQO039 Machine and Process Capability

> How well does the process conform to the tolerance?

> How wide is the process? X-3 X+3s

LSL USL

X
!

- -
(%] I
L1 1

> One possible answer:
99.73% => +/- 3s

-
]
L

(m)]
L1

Relative frequency [Y%] —
s

> Convention: process 5.

variation range = 6s oLl A

12990 12995 13000 130,05 130,10 13015 130,20 13025
Flange Diameter #3 [mm] ND —
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TQO039 Machine and Process Capability

X-35 . X+35
LSL X | USL
14 | | | "
| | L C = USL - x

T 12- | USL - X R pu
= i i ' 3
=104 [ __X-LSL i
g 5] | | X - LSL
E 1 ! ' Cp| -
2 6- | | 3s
T | |
T 4- | |

0 ' -

1 IIII| III|IIII 1
12990 12995 130,00 130,05 130,10 1205 130,20 130,25
Flange Diameter #3 [mm] 4»
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Median or "Qp3pad&hine and Process Capability
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almost identical in normal distributions, but different in skewed distributions
average is the “balance point“ of the distribution

median is the central value (50:50) and generally closer to the mode (maximum) in skewed distributions
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TQO039 Machine and Process Capability

o(t) = constant

M1, Op l(t) = constant
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only 2 %ef all
re
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TQO039 Machine and Process Capability

In most cases, economically and technically not feasible!

64
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TQO039 Machine and Process Capability

> The histogram becomes a cumulative line.
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> The cumulative line becomes a probability plot.
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TQO039 Machine and Process Capability

> From the probability plot, statistical values are read.

99.73%
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wrong selection of distribution shape

absolute frequency -

absolute frequency —
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TQO039 Machine and Process Capability

> Correct selection of distribution model in case of few measured values

2.0 =k .T R+3s 20 . .
] T all values within the
45
003 confidence interval
1353 i . . .
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s v v
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g | e
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I | | =
0,0 90 —— ; :
T I ! f)?r ma
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What is the standard deviation s here?

G= +3 =
| X | usL
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irrelevant !
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71

Process nnd = not normally distributed

Standard deviation cannot be interpreted

Standard deviation cannot be used

But: interpretation of the standard deviation can be used

99.73% of the values of any distribution model can be determined
99.73% percentile is limited by quantiles X,,; and Xy,

Process variation range = X3 - X33 = Xg 00135 — X0.90865
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X USL

USL
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== D = I =

Relative frequency [%] —
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129,90 129,95 130,00 130,05 130,10 130,15 130,20 13[}25 0 1 2 3 4 5
Flange Diameter #3 [mm] ND — Face Profile 4 [mm] Johnson —
,; XIUS xupS ,; XIUS Xup:}
£ LSL X USL &, USL
20
16 - 9
g, 1! £
5 :
= 81 =
z 4. 2
% D IIII |II T |I T % | T | T | T
i 500 550 600 650 700 750 800 850 800 i 000 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 009 0,10
Assembly Torque [Nm] Johnson — Concentricity [mm] Johnson —
; XlUS Xups ; Xltl:'} Xup!!
3;20 LSL X USL & LSL X USL
= [ | [ =
5197 | | | 5 87
312 | g,
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2 4 ! =u
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50 LSL od EE USL 10
ijie meth o _—9
quaﬂﬂ e meth . -8 \
g
(percgsu—i 5 3
£:1 | 5 &
'5:15—2 _—3 E
1[]'—; _—2
5— _—1
oL — — _0
29,90 2995 30,00 30,05 30,10
Overall Length [mm] MD —
tolerance USL-LSL

C, = . =
 process variation range X3 - Xo3
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Kio3 _ Kupa tile m hod)

505k X UsL ., uan . e't

45—; ' ' L qrce 'tlle m

40- - o: (pe
it - Lo
5 . o [7E c USL - X
T 30 X - LSL -6 & = —
o 1 | L o u -
£ |° ' . - Kupz = X
Ezo—i L E N
< 15 [, 2 c X - LSL

10—2 [ pl = X = XI03

5] -1

) i E— ———t—l0

29,90 29,95 30,00 , , .
Overall Length [mm] I'u.’1D31D5 - Cpk —- mln {Cpu Cpl}
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One capability index pair C_,/C,,, per characteristic!

o

w

L

]

LR

Lt
2/CpiCmH -1.,'.’

i

A

e |
T

1 1Pp P

47CHICH
Rl i
B/C/Cp
7% I Cm
BiCp/Cw
0/CpHICH
107 CpiCpm
SRR
12 1Pp P
13/Cp!Cpk

Characteriztics data—
“capable machine® means: all characteristics are capable
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USL
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—— o322
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=TT p—
000 C01 002 003 004 005 006 007 008 009 010 C C
Concentricity [mm] Johnson —
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XIOS XupS
X UsL
30—; | | g
1] | | USL - X —
£71 ' > USL - X
£201 ! - % ~
15 ! up3
=0 |
Em—:
C, =277

Cp cannot be calculated

400 450 500 550 600 650 700 750 800 850
Assembly Torque [Nm] Johnson —

80
y

www.ttq.ro y 0);



Table of TiTAe3d drehide andPskaisCapabilMpdels

> ISO 21747 Time-dependent distribution models ©
process Characteristic | A1 A2 B c1 c2 c3 ca D
performance and —
Location C C C r r S Sr Sr
process —
o Variation & c c sr C (o (o c sr
capability
Feti Instantaneotts nd 1m nd nd nd as as as
statistics distribution P
for continuous i
. d(i)sl::i%czjrt?;)?wgb nd Im Im nd Im as as as
quality

a  |ocation/variation:

,C° = the parameter remains constant;
o = the parameter changes randomly only;
,S° = the parameter changes systematically only;

#Sr the parameter changes systematically and randomly

b Instantaneous/outcoming distribution:

-,nd“ = normally distributed;
»,1m“ = not normally distributed, one mode only;
,as‘ = any shape.

€ The choice of the model is a result of process analysis.

A
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remains constant

- location

. variation remains constant
- skewness remains constant
- kurtosis remains constant

- current distribution
normally distributed

- resulting distribution
normally distributed

82

Part no 1 Part descr. Prozezzmodelz DIN 55318
Char.Mo. 1 Char.Descr. Model At
1,0
T35 | 054
] ]
& 00
g ! :
¥3s 05
e L e e L B B e e BB AR N s g
0 100 200 300 400 500 600 700 800 1.0
Walue No. =
_: %-3s ¥+3s X-33 H+lz
2 Ll i usL 99,999 —Ton X UEL 0,001
= f
£ 124 | . 935 I I e 05
L) 4 T = T —
§ g | F a0 i — 'L i [
£ : o 20 y ! 80 %
z .1 : » I : =
Ea 0.5 e : : 995 +
m
o O—rrrrreR RE R 0,001 FE e 99,899
129,90 129,95 130,00 130,05 130,10 13015 130,20 130,25 12990 129,95 130,00 130,05 130,10 130,15 130,20 130,25
Maodel A1 [mm] ND — Model A1 [mm] ND —
LsL 12990 | usL 130.25 Mot a75 Nefs 875
Maodel distribution Marmal Distribution hoe 1992-05-07 13:43:08 | 1., 1992-05-07 14:21:02
Fotential Capability index Cp 171=179=157 Critical capabhility index Crx 135=142=149
ﬁ The requirements were met (Cp, Cpy) ﬁ
%- 99%[n=T; fiy; &, ]
UALI
130,12
130,08 ueL
— 130,04 2 e — = = - — S ltar ®
E 1 LCL LA
E120,00 —_——————— Ll
= 0 10 20 30 40 50 60 70 80 50 100 110 120
o
=]
= ucL
tar
=LcL

5- 99%[n=T; 7, ]
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LSL USL

remains constant

- location

. variation remains constant
- skewness remains constant
- kurtosis remains constant

. current distribution
Im

- resulting distribution
1m
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Part no. 1 Part descr. Prozeszmodelz DIN 55319
Char.No. 2 Char.Descr. Model A2
5 usL 1,0
=47 1
g E 0,5
23—_ » ]
L 1 o
T 5 Kepz | 2 g3
22 £
= 7 ]
13 ]
] £ ) -0,5
0 = 5 Koz ]
T T T T T T T T T T T T T T T T T T ]
0 50 100 150 200 4.0
Value Mo. —
_: Koz Kupz Koz Kups
& b UsL 99,999 = UL o001
g30 ' | .~ 9953 05
§ ' o ' x — et ' =
220 | g w3y e i )
310 | B = = : I
z . 05— : 995
] | |
s 0 S B B e e ey s e 7 0,001 S e e e e T 99,999
= 0 1 2 3 4 5 0 2 3 4 5
Model A2 [mm] Johnson — Model A2 [mm] Johnson—
LSL — UsL 5.0 Mgt 200 Nefs 200
Model distribution Johnson Transformation ey 1992-05-07 13:43:08 | 1, 1992-05-07 13:53:40
Fotential Capabhility index Cp — 345 Critical capabhility index Crx 237=264=290
ﬁ The requirements were met (Cp Cpy) ﬁ
X - Pearson 99%[ n=5; f.q; Er‘ 1
3 UALI
3,0
2,03
10
E 3
2
T
E I ucL
tar
LCL

- 99%[n=5; 8, ]
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Part no. 1 Part descr. Prozeszmodelz DIN 55319
Char.No. 3 Char.Descr. Model B
usL 1,0
~ 4 ]
— Kupa ]
E . 05— ==
=) 1 ]
= 2 0,0 I
= | S
Koz .
05— —
LsL 1
sty ; 7 ; T e i 7 7 ; sttty T ]
0 100 200 300 400 500 600 700 800 900 1000 4.0
Walue No. =
,: Koz Kup3 Xz Kups
) . 32:30 . LSL UsL 99,959 ok X — USL g om
-location remains constant g 3 ! 4 995 | . bR 05
:",20_: [ g @ i i 20 §
1ati =.-3 ' o 20 I : 80 g
- variation changes randomly <10 | - ; i -
= ; - — :
. @ 0 L — T 0,001 — 99,999
- skewness remains constant = 5 4 3 4 5 5 4 3 2 4 0 1 2 3 4 5
Maodel B [mm] ext ND — Model B [mm] ext. ND —
- kurtosis remains constant LsL -5.00 | usL 5.00 Nt 1000 Nert 1000
Model distribution Mormal distribution, extended ey 1992-04-01 00:01:00 | 15, 1992-04-01 16:40:00
. Current d|str|but|on Potential Performance index Py 170=1.77=185 Critical performance index Pk 169=177=185

nd

The requirements were met (P P ox)

- resulting distribution

% - SHCas0 99%][ n=5; t;; &, 1

Im

ta
=

Model B [mm]

=]

=

10

%

0,0

=- 99%[n=5; 3, ]
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LSL USL

-location changes randomly
(nd)

. variation remains constant
- skewness remains constant
- kurtosis remains constant

. current distribution
nd

- resulting distribution
nd

85

Part no. 1 Part descr. Prozeszmodelz DIN 5531%
Char.Mo 4 Char.Descr. Model C1
10 usL 1,0
vosd __ __F_ . .. _ ; e L. OO { . | .
é 5 . i F Kups 05
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Value Mo. =
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Z 45 . 995 ] } 0,5
L) - —_ T T —_—
R g @ I I i 20 £
£ g o 20 : . : g &
2 4 05 ' : f s9s t
= "]
= 0 — T —r——u 0,001 : e . 99,999
= -10 10 10 = 0 5 10
Model C1 [mm] ext. ND — Model C1 [mm] ext ND —
LSL -10.00 | UsL 10.00 Mot 1000 Neff 1000
Madel distribution Mormal distribution, extended troe 1992-04-01 00:01:00 | t,,., 1992-04-01 16:40:00
Fotential Capability index Cp 200=200=219 Critical capabhility index Crx 198=208=217
ﬁ The requirements were met (Cp, Cpy) ﬁ
% - SHCas0 99%[ n=5; }; &, ]
4 -
U— 4
T 4] ;
E
= T T
o 0 50 100 150 200
-
o
=
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LSL USL Part no. 1 Part descr. Prozeszmodelz DIN 5531%
Char.Mo 5 Char.Descr. Model C2
61 ]
5 ——— (S P S g A g 1o L
= 2 4 057
(8] a
z 0 = 3
E 03— T 1
= -2 ]
=+ — e b 051
LgL ‘e 0,5
i 1 ! I ’ T ! I J T ' I ' T v T ! 1 o I 3
0 100 200 300 400 500 600 700 200 200 1000 o] i
Value No. —
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. 32:20 LSL x usL 99,999 ok x —r— S 0,001
-location changes randomly Sed | ! ! N e F—— S os
= ] | | F 80 : : 2 E
iati i £ 8] . 2 : : a T
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RN i i ' —7 -
. @ 0= = 000 = 9999
- skewness remains constant = 5 4 3 2 1 0 1 2 3 4 5 6 5 4 3 2 4 0 1 2 3 4 5 &
Model C2 [mm] ext. ND — Model C2 [mm] ext. ND —
. kurtosis remains constant LsL -5.00 |USL 5.00 e 1000 Mett 1000
Madel distribution Mormal distribution, extended troe 1992-04-01 00:01:00 | t,,., 1992-04-01 16:40:00
. current distribution Potential Performance index Pp 0.97 < 1.02 = 1.06 Crifical performance index P 0.85=0.90=0.94
n d ‘ The requirements were notmet (Pp P o) ‘
. . . . % - SHC 200 99%[ n=5; A1 F. ]
- resulting distribution = o
I T T A s e W G L -
E 24 LcL
£ i ' i i i ' i = i i i i i i ' i ; i ' y
o g 50 100 150 200
-
o
2,03 ucL
103 [ =
'TE LcL
=~ 99%[n=5; &, ]
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LSL

USL Part no. 1 Part descr. Prozeszmodelz DIN 5531%
Char.Mo 7 Char.Descr. Model C3
20,33 usL 1,0
20,23 1 .
= X ]
£ upd 05 1
I ]
=
g ! :
0.5 ==
0 100 200 300 400 500 600 .
Walue No. —
,: Koz Xupz Xis Kups
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£ LSL UsL 99,099 X I 0,001
. -
-location changes 2124 WS | — L
. I = F 80 . o . 20 E
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o 4 f f
=z ] 0,5 g ; 985 v
. . . = |
. variation remains constant 3 0 T 0,001 e 9999
197 19,8 199 200 201 20,2 203 197 19,8 19,9 20,0 20,1 202 20,3
. Model C3 [mm] ext. ND — Model C3 [mm] ext ND —
- skewness remains constant
LSL 19.70 | UsL 20.30 Mot 600 Neff 600
H H Madel distribution Mormal distribution, extended L 1992-05-07 134308 | t 1992-05-07 14:11:52
- kurtosis remains constant : —— —: = =— —
Fotential Capability index Cp 173=183=194 Critical capabhility index Crx 171=182=192
- current distribution ﬁ The requirements were met (C,C ) ﬁ
as % - SHCas0 9% n=6; J11; &, ]
20,20 3
- resulting distribution 20003
T3
as E 19,803
L]
o 0 10 20 30 40 50 60 70 80 90 100
o
E E ucL
0,04
E tar
0,02
E LCcL
0,00

=~ 99%[n=5; 1, ]
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Part no. 1 Part descr. Prozeszmodelz DIN 5531%
Char.Mo 6 Char.Descr. Model C4
E UsL 1,0
§30.1U—E _________ : Kups 1 e
£30,05 05
=t T 5
O 30,00 R R R T T T T T T T R e » 7
[T = 04—
B 2005 2
= iR R Higz ]
29,90 05
E LSL ] 1
e e e e ]
0 100 200 300 400 500 o I
WValue No. =
,: Koz Hupa Kz Kups
E LsL % usL 99,809 oo = BeL o001
. — ;
-location changes Z g r %5 ' o 05
systematically and g ,] £ ! e -
y y £ 4 o 20 S L : g &
s 05 e ‘ ' s9s t
randomly = - = : s
w O0—n LI I L T 0,001 LI e e s e e e e S R 99,959
. . . e 29,90 2995 30,00 30,05 30,10 29,90 29,95 30,00 30,05 30,10
- variation remains constant Model G4 [mm] ext. ND — Model C4 [mm] ext ND —
. LSL 29.870 UsL 30.130 Mot 500 Neff 500
° Skewness rema|nS ConStant Madel distribution Mormal distribution, extended troe 1992-05-07 13:43:08 | t,,.., 1992-05-07 14:06:36
. . Fotential Capability index Cp 1.47 = 1.57 = 1.67 Critical capabhility index Crx 1.39=149=158
- kurtosis remains constant
The requirements were met (Cp, Cpy)
- current distribution P
30,10
as ]
30,00 AL
L] E ]
resulting distribution D —
=+
as o 0 10 20 30 0 50 50 70 ) 30 100
o
S 0020 ueL
0,010 3 - - - —— —-= - tar T
0,000 —
=~ 99%[n=5; &, ]

88 WWW.tt.ro = JEE 34;;!]3



D — Disturih@oB®PMeckims and Process Capability

Part no. 1 Part descr. Prozeszmodelz DIN 5531%
Char.Mo 8 Char.Descr. Model D
20,06 15
420,04 === S S l ''''''''''''''''''''''''''''''' i usL Xupr . =
E ] "
E 20,02 ]
o] ] + 05
@ 20,00 L J
=3 i w 5
[=} £ 00 —
= 19,98 ]
RN s e S S TRl
T L— T T T T T T T L— T T T L— T T L— T T 71 —L
0 100 200 300 400 500 = p—————
Value No. — ;
_: Xioz Kupz
ésu L5L X UsL 99,999 0,001
. _.307 i
-location changes g ! ! N1 05
. 3_20—_ | | F 20 20 #
systematically and g, : - T o o &
o V] | | L
randoml £ : B B : 05 o5 ¢
y 3 075 | e W .. L - 0,001 : 99,999
. . . e 19,96 19,98 20,00 20,02 20,04 20,06 19,95 18,98 20,00 20,02 20,04 20,06
- variation ditto Model D [mm] ext. ND — Mode! D [mm] ext. ND —
. LSL 19.960 | UsL 20.040 Mot 500 Neff 500
° Skewness d|tt0 Madel distribution Mormal distribution, extended troe 1992-05-07 13:43:08 | t,,.., 1992-05-07 14:06:36
) ) Fotential Performance index Py 0.96=1.03=1.09 Critical performance index P o 0.85=091=097
- kurtosis ditto
The requirements were notmet (Pp P o)
- current distribution p——
as _§ £ ucL
=HEE T e, AL\ Ao s, gty x Fall M
. . . AN e e S, S i v A e i S dtiuis T 5= B
- resulting distribution gass ¥ e
E r r r r r r r T T T T T T T T T T T T T
as = 10 20 30 40 =0 80 70 20 90 100
=]
[=]
= 0,020 3 el
0,010 3 el = tar =
0,000 3 sEL
=~ 99%[n=5; &, ]
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CalculatiomaQoest Madina@od RilonesstCatB MRl 74 7

Method?@ Calculation ...
M1, 4 I , N
b .. with estimators for location y and dispersion A
General geometric method
M2 44 ... with estimators for location y,
Explicit inclusion of additional variation dispersion A and additional fluctuation pada
M3)d,a

... with estimators for location u,

Alternate method for the explicit
P dispersion A and additional fluctuation padd

inclusion of additional variation

M4 ... with estimators for upper and
Excess proportions approach lower excess porportions

% The subscript | refers to an equation for calculation of the estimator for the location p.
The subscript d refers to an equation for calculation of the estimator for the dispersion A.
The subscript a refers to an equation for calculation the estimator for additional variation pqq.

WWW.ttq.ro

Indices referring
to
and DIN 55319
(withdrawn)

M1
M3
M4

M5

M6
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> There are several alternatives per method (here M1):

-1 fox=iyx L a v
n4 \
estimator| 1=2 {i,=x (median sample)
. [
NOTE 1 The estimators A fo 2 3 estimate the subgroup variance only, they neglect the variance between
different s ups. They should be used for process model A1l only.
NOTE 2 The estimators A fo ,2,3,4 assume that the data is normally distributed. Otherwise, their result is
iased depending on the distribution.
NOTE 3 The estimator A 5 is biased. The bias depends on the distribution and on thwup size.
NOTE 4 Theestimator € most general one, it can be used under all coriition
estimator| q-» with 6, =L |25 X, X
m-c, a,
for R (R U-L :
d=3 with 63:2 . |R C =—— with
.. m-c, d, p A
variation 1
d=4 with 5,20, =— Y (x,-xf (&5 : -L
G, =0 n—1z( i ) ( tot) Cpk — mln(CpkLycpku) CpkL — MA
; R ; L
d=5 A=R A, = fi-min(x;);A, = max(x,) - i U-
CpkU = =
A
A u

d=6 A= Xgo.865% ~ Xo.135% A = a- Xo.13500 By = Xgg gsso6 — i

991 WWW. ttg.ro
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. u
. . \ s
estimator
for =2 [,=X
location
“percentile method* / “quantile method*
general geometric method M1, 4 R T
I
. A=Xy-X, =4, + 4
estimator A Iy ) —%
for d=6 A=X 0.865% — X 0135% U-L
. . A :A_X OO;A :X 00_,\ C :; W|th
variation L = H~ Aoz By .86 — M 0 A
: u—L
Cpk = mln(CpkL'CpkU) CpkL A
L
U-u
CpkU = Au
A
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93

XlUB ~ XupB e
508 | ; | USL o process capability C,
45 ; | | [ (process performance P,)
: : — b,
[ a0 i | i g
230 | | | o &
o ] | ! | = %
£ 253 _ i | — -5 8 smallest process
£ 1| x-LsL L UsLEix [, ¢ capability index C
& 20 < " > o -4 = p y Inaex pk
2 1 | | | | 1 F = )
<163 | C || e | L2 @ (performance index P,)
107 | pl pu | | 2 v
] b A1 ' B USL - X
] | < > < X — C _
&= | X | =X | B — z
] | X = X3 | up3 | I pu -
0+ ey — [ 'O T : LA B : I 0 xup3 X
2990 29,95 30,00 30,05 30,10 B
Ovwerall Length [mm] MD — X - LSL
percentile method C. = —
- | X — X
: quantile method lo3

ISO 21747: general geometric method

Cok = min {Cpu, Cpl}

A
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TQO039 Machine and Process Capability

> Requirements for report generation

Process capability index

Cp =1.68

Minimum process capability index

Cpk = 1.47

Calculation method

ISO 21747 M1, ¢

Number of values used for the calculation

2000

Optional:

frequency of sampling;
- time and duration of data taking;

- choice of time distribution model justification;

- measurement system gauge capability repeatability
and reproducibility uncertainty resolution;

- technical conditions (batches, operation, tools)

5 parts/2h
Sept./Oct. 2009

C4 according to “Bosch
2005" evaluation strategy

According to booklet 10
see D-Nr. XXxxxxx

According to production
plan

WWW.tt.ro
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Positional TNORS Maclese-aBéBigsess Capability

LSL 3 =L

1Sl

1. y-Position
=
frm}
=
II
|
BT

-0.05 —
i actual tolerance
range
0104 |
LSl
L L L L L L L
040 008 0.00 0.05 010
1.x-Position
95 WWW.tt.ro
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TQO039 Machine and Process Capability

two possible results depending on the correlation:
A

Y
values outside the

0125 __\
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Many thanks for your interest and
cooperation

Zoltan Janosy

zoltan.janosy@ttg.ro
T&T Quality Engineering RO SRL
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