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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The evaluation of the short-term capability of the machining process is a different approach in machine
tool assessment compared with machine tool performance testing methods, which are covered by a
number of International Standards, e.g. ISO 230 (all parts) and other machine tool type specific standards.
The main differences are machining a sample batch of test pieces and definition of the relevant
influencing factors as well as the statistical conditioning and analysis of the workpiece quality related

data

obtained during such tests.

This document is the result of a project guided closely by an international working group, and
summarized in order to make the information available to as many interested parties as possible.
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cially for large batch production, short-term process capability estimates, as well
ures, are very often applied in addition to testing of machine tool performances.In f.
users increasingly employ statistical process control (SPC) techniques imtheéir ag
ently ask the machine suppliers/manufacturers to become system suppliers as well,
pnsibilities for the machining process too.

stical methods in process management are covered by ISO 22514 (all(parts).

he purposes of machine tool acceptance based on the test of its €apability in machinin,
piece, both requirements and methods stated by individual users differ widely, due to
‘ecognized International Standard. Long-winded discussians‘and adaptation processe
btance tests are, therefore, often necessary, delaying delivety to the customer and causin
rost-related expenditure. This document provides aunified procedure for the accepta
ine tool based on its short-term process capability At introduces:

e short-term capability of a given process, which employs the machine tool unc
achining process, tooling and clamping applied, as well as the workpiece properties;

— the estimate of relevant machine capability indexes.
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Machine tools — Short-term capability evaluation of machi
processes on metal-cutting machine tools

1 Scope

ning

the tests of

This decument-specifies procedures-for acceptance of metal-cutting machine togls based o
' g ' 5

their| capability in machining a specified workpiece (i.e. indirect testing). It gives recomme
test ¢onditions, applicable measurement systems and the requirements for machine tgols:

This|document is consistent with ISO 22514 (all parts) describing statistical.‘hethods

a sarhple batch of test pieces. This document covers neither functional tests,which are gen
out Hefore testing the accuracy performance, nor the testing of the safety ¢onditions of the

Anngx A gives additional information related to statistical evaluation, Annexes B ang
agre¢ment and evaluations forms for short-term capability tests, while'Annex D gives an ex3

NOTH 1 Direct testing aims to investigate individual machine tool.properties, such as geometric ¢
accurjacy. Short-term capability evaluation is meant to prove that amachine tool has the capability to f

ndations for

for process

ally carried
achine tool.

management and deals with the specific application of those methods to machinestools and‘;Fachining of
e

C provide
mple.

r positioning
ulfil a specific

procgss task. It is, therefore, important to recognize that the short-term capability test is focused only on the

manyfactured product. This means that direct testing metheds are more suited for the determinsg
sourdes on the machine tool and for deriving constructive’improvements of a machine tool that is u
produiction spectrum; a short-term capability test is less suited for detection of error sources of the
Thergfore, it is expected that short-term capability evaluation for the acceptance of metal-cutting ma
machiining processes be primarily carried out on Workpiece-dependent special-purpose machines
statigns of transfer lines, with a process-determined cycle time of less than 10 min, so that at least 5
are manufactured in one shift as the statistical-uncertainty increases strongly for a smaller number
shorttterm capability evaluation can alsobeperformed on universal machine tools, such as machining
for lafge batch production if they meet the-above-mentioned statistical requirements.

NOTH 2 The term “short-term cdpability”, which is a widely used term in machine tool industry, cq
the tgrm “process performance'index” specified in ISO 3534-2:2006 for normal distribution.
2 Normative references

The following-documents are referred to in the text in such a way that some or all of t
constitutes<requirements of this document. For dated references, only the edition cited

tion of error
sed in a wide
machine tool.
chine tools in
e.g. working
0 workpieces
| In principle,
centres used

rresponds to

heir content
applies. For
ts) applies.

und]ted references, the latest edition of the referenced document (including any amendmer

ISO 4288, Geometrical Product Specifications (GPS) — Surface texture: Prafile method -

— Rules and

procedures for the assessment of surface texture

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

© ISO 2022 - All rights reserved
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short-term capability

ability of a manufacturing unit to produce a given part within specified tolerances at a specified
confidence level, a concept mainly applied to batch production

Note 1 to entry: A manufacturing unit may be a single machine tool, one spindle of a multi-spindle machine tool, one
station of a transfer line, etc.

Note 2 to entry: In this document, short-term capability indices, C5 and Cgk, are estimated under the assumption of

normal distribution of the characteristic value considered. If this assumption is not fulfilled, short-term range values,
Ry s, (3.4) and critical short-term range value, Ry gk, (3.5) are evaluated instead of capability indices.

Note 3 to enty: This document adapts to and conforms to the specifications established in ISO 22514 (all\garts).
However, thefterm “process performance index” specified in [SO 3534-2:2006 and used in ISO 22514-3-corresponds
for normal distribution to the term “short-term capability” in this document. The term “short-term; capability” is
widely used ih the machine tool industry; therefore, ISO/TC 39/SC 2 decided to maintain this term.

3.2
short-term|capability index
Cs
ratio of the gpecified tolerance itself to the standard deviation of the measured values quantifying the
scatter

Note 1 to entfy: See Formula (14).
Note 2 to entfy: Measured values are also known as characteristic yalues.

3.3
critical short-term capability index
Csk
ratio of the gpecified tolerance itself to the standard deviation of the measured values quantifying the
scatter undgr consideration of the location of.the mean value

Note 1 to entyy: If the mean value of the measured values is in the centre of the tolerance zone, this is called a centred
distribution; If the mean value is not in the Centre of the tolerance zone, this is called a shifted distribution. F¢r the
relationship hetween centred and shifted distributions, see A.1.

Note 2 to entfy: Measured valuésare also known as characteristic values.

3.4
short-termjrange value
RV;S
ratio of the fange of the measured values to the specified tolerance itself

3.5

critical short-term range value

RV,sk

ratio of the range of the measured values to the specified tolerance itself under consideration of the
location of the mean value

2 © ISO 2022 - All rights reserved
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rol chart

chart on which some statistical measure of a series of samples is plotted in a particular order to steer the
process with respect to that measure and to control and reduce variation

Note

1 to entry: The particular order is usually based on time or sample number order.

[SOURCE: ISO 3534-2:2006, 2.3.1, modified — Note 2 to entry has been deleted.]

3.7
cont

indiiduals control chart
varigbles control chart (3.6) for evaluating the process level in terms of the individual obser+
sample

[SOURCE: ISO 3534-2:2006, 2.3.15, modified — The preferred term has beencadded and
entry have been deleted.]

3.8
cont
line

[SOURCE: ISO 3534-2:2006, 2.4.2, modified — The notes to entry have been deleted.]

3.9

lowadr specification limit

LSL
Lsi.
spec

confrming

[SOURCE: ISO 22514-1:2014, 3.1.13,'modified — The symbol has been changed from L ar
entry has been deleted.]

3.10

uppér specification limit

USL
UsL

spec
conf

[SOURCE: SO 22514-1:2014, 3.1.12, modified — The symbol has been changed from U ar
entry has been deleted.]

3.11

rol chart for individuals

rol limit
dn a control chart (3.6) used for judging the stability of a procéss

fication limit that defines the lowest value a quality characteristic might have and still b

fication limit.that defines the highest value a quality characteristic can have and still b¢
rming

ations in the

the notes to

b considered

d Note 1 to

b considered

d Note 1 to

upper control limit

UCL
UcL

control limit (3.9) that defines the upper control boundary

[SOURCE: ISO 3534-2:2006, 2.4.8]
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3.12

lower control limit

LCL

LcL

control limit (3.9) that defines the lower control boundary

[SOURCE: ISO 3534-2:2006, 2.4.9]

4 Symbols

4.1 Upperc¢ase letters

C capability index

Cxk critical capability index

Cs short-term capability index (corresponds to process performance index.Pp in
[SO 3534-2:2006 for normal distribution);

Csnom nominal short-term capability index

Csx critical short-term capability index

Csinom nominal critical short-term capability index

Cact actual capability index

Ki ith class (histogram)

U uncertainty (of measurement or capabilityindex)

UL . upper control limit for the standard deviation s;

UCL,)@- upper control limit for the averagevalues )_(j

Ust. upper specification limit

R range

Ry short-term range value

Rv s,nom nominal short#term range value

Ry sk short-terpt\critical range value

RV sknom nominal short-term critical range value

T tolexrance

Tmin minimumusable tolerance for r‘npnhi]ify evaluation

Levs lower control limit for the standard deviation s;

LCL,?g' lower control limit for the average values )_(j

Lst. lower specification limit

4 © ISO 2022 - All rights reserved
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4.2 Lowercase letters

e shift of the average value

f feed in mm/min or in mm/rev

~.

running index for measurements

j running index for groups of measurements

k running index for measurements within one group
m number of groups of parts for control charts

n sample size (number of evaluated parts)

Nmp number of manufactured parts

ng number of classes (histogram)

Nmin minimum value of necessary parts

r resolution of the measuring device

s estimator of the standard deviation

s average standard deviation of the samples (groups)
Sact actual standard deviation of process

Sg standard deviation of the measurement (gauging) system
Sj standard deviation of the jth sample (group)

t time

tm manufacturing time

teot total manufacturing time

X mean value of population (of 50 measurements)
X' mean value of population with shifted distribution
X mean value of group means )7}-

Xi it measurément value

XiT ith measurement value (trend corrected)

Xuk upper class limit of the kth class (histogram)

)_(j miean of the jth sample (group)

Xmax maximum value

Xmin minimum value

4.3 Greek letters

OXorT total trend (in relation to all values)
) Xtot,w total trend per workpiece
0X 4 trend due to thermal distortion

© IS0 2022 - All rights reserved 5


https://standardsiso.com/api/?name=b5fb880858a8403acd122e706237689d

IS0 26303:2022(E)

thermmal tine constant

§Xtd w trend due to thermal distortion per workpiece
5Xt d,perm permissible trend due to thermal distortion per workpiece in X-direction
oX, trend due to tool wear
5 X, exp expected trend due to tool wear
Ad, distance between the maximum value and the upper tolerance limit
Adl distance between the minimum value and the lower tolerance limit
Ad, critical distance between the extreme values and the tolerance limits
AX, class width (histogram)
AXy 1 border line of class (histogram)
AX. critical distance of the average value to the tolerance limits
AX, distance between the average value and the upper tolerancé limit
AXI distance between the average value and the lower tolerance limit
Ax(t) thermal displacement as a function of time ¢
AXmax maximum displacement
Av, ambient temperature gradient
AUamb e maximum ambient temperature gradient
9 temperature
‘9amb 0 ambient temperature at beginning of test
9 maximum temperagture

max

_ minimum temperature

min
6Yidperm permissiblg.trend due to thermal distortion per workpiece in Y-direction
0Z1d,perm permissible trend due to thermal distortion per workpiece in Z-direction
o estimation of the standard deviation of the population
T
'

shift ratio for shifted distribution

5 Preliminary remarks

Short-term capability evaluation belongs to the class of indirect testing methods and, hence, is a different
approach to machine tool acceptance testing in comparison to the direct testing defined in several series
of International Standards, e.g. ISO 230 (all parts).

The measured feature shall be machined on one machining unit only. If the same feature is machined on
different, but similar, machining units, the statistical analysis shall be carried out separately for each
machining unit.

6 © ISO 2022 - All rights reserved
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The basic procedure during a short-term capability evaluation is shown in Figure 1. Acceptance according
to a short-term capability evaluation is only recommended for machine tools used in large batch
production with a process cycle time of less than 10 min. In addition, the adequate short-term capability
(see 6.6) of the measuring process is a necessary requirement for measuring the workpieces.

NOTE

In some cases, preparatory studies are performed in order to demonstrate that the operator can

successfully interact with the machining process and that the subsequent process capability study will be successful

(see ASMEB8YF3-1-

Before initiating the test and evaluation process, the supplier/manufacturer and thé user shall reach
necefsary agreements concerning the test plan, including the workpiece featuresto'be measured and
analysed, the procedure, the test conditions and the characteristic values. Heréinafter, all|agreements
which are referred to are between the supplier/manufacturer and the user, The’evaluations process is
started by warming-up the machine tool. The subsequent adjustment is for the sefting of the
manfifacturing process to the required tolerances (e.g. the middle of thetolerance zone in the case of
characteristic with two-sided tolerances or zero for a zero-limited characteristic). The 50 workpieces are
thenmanufactured in series and measured with a suitable measuring'device. The measurements attained
are then statistically evaluated in the final step.

If thg short-term capability indices or the short-term range:values and, if applicable, thermpl distortion
are bleyond specified tolerances, the reasons shall be investigated. These can be, for example,|faults which
can he recognized as outlier values in the outlier managément (see 6.7.3). If improvements are possible,

thesg shall be carried out and the tests shall be repeated in part or whole.

Analysis

measurement results

Statistical evaluation of

-

Agreements
Test ol Warming-up Adjustment
est plan » | (Warmed up machine tool .
Procedure or separate evaluation of Adjustment of process to
. ) targeted value
Characteristic values
Measurement
<

Requirement:
measurement system with
suitable resolution and
uncertainty for

anciiramant ~f chart toess

Production

Usually 50 workpieces arfle
produced successively

OO oo T oo ToTrTtoTTit

capability

NOTE

This is recommended only for large batch production machine tools with cycle time <10 min.

Figure 1 — Basic procedure for short-term capability evaluation
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6.2 Agreements

Before the actual acceptance test is carried out, agreements between the manufacturer/supplier and the

user are nec

a)

as possi

b)

essary in order to ensure that:

ble;

the tolerance caused by the statistical analysis, are not set;

contrac

the machine tool and the applied machining process are evaluated with as few interfering influences

requirements, which cannot be fulfilled due to the various influencing factors and the narrowing of

ated,

<)

defining

d) tolerang

tual :\grnnmnnfc between the m:\nnf“:u‘hlrnrl/mlpp]inr and the user can he formu

the scope, procedure and evaluation factors for the acceptance;

es that are subject to a short-term capability evaluation are identified considerin

associafled costs.

The relevan
test conditi
manufacturg
allowable v
location wh
following lin
temperatursg
+2°C/h or

Since the ain

f agreements are listed in the forms provided in Annex B; Annex D provides an example
ons under which the machine tool is evaluated shall be negotiated between
r/supplier and the user. These include, among others, the ambient temperature an
iriation during the test period. The limits depend on the manufacturing task, as doe
ere the machine tool is installed in the machine shop orin<an air-conditioned room
hits shall be used as default values for normal manufacturingtasks: ambient temperatur

change within +3 °C during time of test; temperature.gradient, i.e. within a maximy
2 °C/h.

which is influenced by additional factors, a defined and uniform quality of the oversized blanks sh

ensured. Th
An oversize
the differer
perpendicul

e composition and characteristics of the material shall not be influenced by a change of b
tolerance shall be agreed upon by the manufacturer/supplier and the user in order to
ces in static deformation due to>back forces (component of the total cutting
ar to the working plane) for varying.oversizes.

Machining of blanks can have a direct influénce (e.g. differences in machined dimension) and an ing

influence (e
features res
tolerances

Fifty workp
resulting in

g. differences in flatness ofimachined clamping faces) on the scattering of the meas
ulting from the process{ Therefore, tolerances for machining of blanks shall be comps
the blanks depending on the machining process and sequence.

eces shall be ananufactured in series. The total manufacturing time shall not exceec
h permissibleqmanufacturing time of 10 min per workpiece. In special circumstances of 1

manufacturing times per workpiece, a lower number of workpieces may be agreed upon by
manufactur¢r/supplier and the user; but in any case, the number of workpieces shall not be less tha
If workpiecgs with small cycle times are being manufactured, a total manufacturing period of 6 h {
and the profluction of more than 50 workpieces with the taking of samples from the larger set, y

b the

. The

the
d its
s the
The
e, i.e.
m of

h of the acceptance test is to prove the short-terntcapability and not the long-term capability,

11l be
atch.
limit
force

irect
ured
itible

with the re;ﬁuired process shortsterm capability. In addition, it can be necessary to further limit the

| 8 h,
nger
 the
n 30.
o 8h
rhich

results in a total of 50 measurements (sample size of group multiplied by number of samples) may be
negotiated.

Furthermore, the manufacturing technology and an adequate warm-up procedure shall be agreed upon
by the manufacturer/supplier and the user before starting the acceptance test, in order to ensure that the
machine tool is in thermal equilibrium (see 6.3 and 7.2).

The resolution and measuring uncertainty of the measuring device shall be taken into account. The short-
term capability of the measuring device shall be verified. Generally, one needs a measurement equipment
investigation, including the influence of the operator, at the time of evaluating the short-term capability
(see 6.6).

© ISO 2022 - All rights reserved


https://standardsiso.com/api/?name=b5fb880858a8403acd122e706237689d

IS0 26303:2022(E)

As an alternative to the short-term capability indices, Cs or Cs, the evaluation of the short-term range
values, Rys or Rygs, may be agreed upon by the manufacturer/supplier and the user. Additional
information on the relationship between standard deviation and short-term range values is given in A.2.
The short-term range values only take account of the greatest and least values and are very susceptible
to outliers in the set. Therefore, they do not provide enough information about the process behaviour
within the extreme values. Consequently, if short-term range values are used, the evaluation of the
process using the control chart for individuals, the X—s control chart and a histogram is of special

importance (see 6.7).

NOTE The definition of the short-term capability indices or short-term range values is of great economic
importance. On the one hand, conformity to stringent requirements can guarantee reliable production. On the other
hand—this—dees—se i Q he—man i 0 bereduced—Ge much higher

expe
costs
syste
chang

The

feasi
relat
spec
rega
re-t

reco
othe

diture is needed for achieving greater short-term capability indices or lesser short-term rahgg
result from supplementing or equipping the machine tool with additional components (e(g: dirg
ns, probing devices) and additional control circuits (e.g. measurement control, thermal com
Fing to a more expensive manufacturing method (e.g. from turning to grinding).

required values shall be specified with considerations of the technical‘poessibility and
bility. In this sense, it is not suitable to set uniform boundaries(for all processes
onship between the short-term capability indices and the requirédjtolerances shall b
al consideration. As proof of short-term capability naturally guarantees a statistica
rding the manufacturing process, current tolerances set by the designer for safety reaso
ught. According to current short-term capability indices;‘the thresholds given in
mended for evaluating short-term capability. In individual cases, it can be of advant
" agreements.

values. Such
ct measuring
bensation) or

economical

The direct
e taken into
confidence
hs should be
Table 1 are
age to make

The basis for the recommendation of the limits is the fact that, for long-term capability with increased
influgncing factors, a Cs value of at least 1,33 should ‘be attained (see reference [10]). The cplculation of
the characteristic values is described in 6.7.
For ¢ertain processes or features, it can be appropriate for manufacturer/supplier and|the user to
disrdgard the Cs value and only agree on a €{value. For example, this can be the case if the detting of the
process is very complicated, but principally-unproblematic (see 6.4) or if features which depend largely
on the cutting tools are investigated, e.g:the diameter during drilling, countersinking and repming.
Table 1 — Recommended values for short-term process capability parametdrs
Process/feature G Cok Ry Ry sk Notes

Norrhal processes or 21,67 | 21,67 — — For example diameter or length in
featyres uncontrolled processes
In-pgocess measurément — — <100% | <100 % | The full tolerance may be used
contfol
Roughness values — — if <80 % |In many cases, there is only an upper limit;

necessary < therefore, only Ry,sk is specified|

80 %
One-sided limited — 21,67 — <60 % |The manufacturer/supplier and the user
tolerance shall agree on which of the two
characteristic values is used for acceptance.

Other special processes 21,67 | 21,67 <60 % <60 % | The manufacturer/supplier and the user
or features (e.g. meas. shall agree which values, i.e. Cs and Csk or
control) Rvs and Rvsk are relevant for acceptance.

Whenever applying an in-process measurement control, agreed action limits for the control algorithm
shall be defined. These have, for instance, a safety margin of 10 % to 20 % towards the tolerance limits.
In this case, short-term capability is proven if all values are within the tolerance limits.
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Roughness values are usually not very scattered. Therefore, they result in a high confidence against
exceeding a limit. In such cases, it is sufficient to keep a safety margin of 10 % of the tolerance towards
the tolerance limit. Due to the strong influence of the position of the measuring area on the surface of the
workpiece on the roughness value, it is advisable to perform repetitive measurements in different areas
on some workpieces and, if necessary, calculate the average of the measured values.

Features with one-sided tolerance shall be evaluated only by their critical parameters. The question of
whether Cs or Rysk are relevant for acceptance shall be agreed between the manufacturer/supplier and
the user.

For other special processes or features, the question of relevance of the characteristic values shall be
agreed upon by the manufacturer/suppher and the user for each 1nd1v1dual case. For example in the case
of multi-spipdle ma Veral
identical cl
estimation ¥
multiple of t
or clamping
clamping uni
within limitg i
each spindlg
Depending

workpiece, 1
unit in ordsg
workpieces

t can be useful to carry out an adjustment run with two to three workpieces per cla
r to determine the scattering and setting of the workpiecé contact surface. The s
destined for evaluation can then be taken from one clamping unit.

The maximy
size of the nf
due to thern

|, the
rend
this

m permissible trend due to thermal distortion depends on the manufacturing methog
achine tool and the production and ambient condifions. During the warm-up phase, a {
nal distortion of up to 40 um/h can be expected (see Reference [8]). As described in 6.3,

trend is oftg
therefore, o
individual c3

6.3 Warm-

A warm-up
tool is opers
importance
equilibrium
running the
For small bg

importance
test method

n of lesser importance for machine tools undergoing short-term capability tests. It
nly be agreed upon as relevant by the manufacturer/supplier and the user for acceptan
iSes.

up procedure

procedure should be planned. for the short-term capability test to ensure that the ma
ting in thermal equilibriumyIf, nevertheless, the trend due to thermal distortion is of s
to the user or the warm-up period cannot be extended until the machine tool is in the
a permissible trend §hall be agreed between the manufacturer/supplier and the user b
test and also be conisidered during the analysis.

tches, the thermoelastic deformation due to mixed or interrupted production is of gr|
for the thermial behaviour of the machine tool. This behaviour may be evaluated using
5, such as.direct thermal tests (e.g. according to ISO 230-3) or a suitable machining test

shall,
cein

rhine
ecial
rmal
pfore

bater
bther

6.4 Adjustment

The adjustment run serves the purpose of adjusting the process to the target value (or preferred or
reference value) of a characteristic. A target value can be equal to the middle of the tolerance zone for
features with a two-sided tolerance or to zero for zero-limited features. A.3 shows the effects of the
setting on the remaining tolerance. If the mean value is not in the middle of the tolerance zone, the
remaining area which can be used by production is limited. This means, for instance, that for a
displacement of the mean value by a quarter of the tolerance and a Csk requirement of 1,67, the remaining
6s area (roughly the maximum permissible range) is only 30 % of the tolerance.

How exact the adjustment of the process should be in terms of the set value depends, among other factors,
on how much work is involved and the importance of the mean value position varies for each individual
case. For instance, one can expect that keeping the mean value in the middle of the tolerance zone is time-
consuming, but in principle, possible without any problem. In such a case, it can be useful to set the
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process such that the mean value is only roughly in the middle of the tolerance zone, and only agree on
the short-term capability index, C;, or the short-term range value, Ry, as acceptance criteria.

The blanks shall be supplied with the required quality and shall have acquired the ambient workshop
temperature. Uncoated cutting tools shall not be used in mint condition as they are subject to high initial
wear. Besides the consequence on workpiece dimensions, such high initial wear increases the cutting
force significantly. For this reason, if an uncoated tool in mint condition is being used, some cutting runs
shall be performed before the adjustment runs.

If the trend due to thermal distortion is evaluated, the trend due to tool wear shall also be determined.
This may be predetermined on the basis of previous experience in similar cutting conditions or may be
measured with a microscope or contact stylus instrument. As a rule, the assumption of linear tool wear

and neasuring the tool before and after the acceptance test is sufficient, since the tool ism
mint| condition. If it is known that the tool life is much larger than the manufacturing tin
applied manufacturing parameters during the acceptance test, the evaluation of the |tool v
abandoned.

6.5 Production

The workpieces shall be manufactured in sequence and without interruption. Since any c
method and the time period of manufacture affects the process and therefore distorts the ad
behafviour, manufacturing of workpieces shall be a continuouds process. Disturbances
manfifacturing process, such as vibration of the foundation (floor), temperature variation an
on the machine tool, may be recorded in order to facilitate the interpretation of the measure
a latgr date and, if necessary, to initiate a new test.

If md
shor
evalu
that

6.6

asurement control or trend compensation is part-¢f the machine tool, they shall be ing
-term capability test, i.e. the machine tool shall not be tested without the control

bhort-term range values shall be calculated-instead of the short-term capability indices.

easurement

Accofding to the feature tolerances, requirements shall be set for the measuring device, the nj

bt applied in
he using the
year may be

hange in the
tual process

during the
d vibrations
ment data at

luded in the
During the

ation, the changed distribution function of the features shall be taken into account in suich a manner

easurement

locatjon (air-conditioned room ‘for measuring, shop floor) and the measurement method. The

meagqurements may only be pefformed by trained personnel. The temperature of the meas
and the workpiece shall not differ from the ambient temperature of the measuring location.

Ever
as th

The
reco
smal

The

y time form toleranees-are being checked, the surface quality of the tested pieces shall be
ere is a danger of-false interpretation of roughness as form errors.

easuring device shall have an adequately high resolution. Conformity to the following
mended: resolution <0,03 T, where T is the tolerance of the feature under test, in ord
enoughdnfluence of the resolution to the standard deviation s; of the measurement eq

uitability of the measuring device applied for the short-term capability evaluation sha

lring device
considered,

condition is
er to have a
uipment.

11 be proven

by a
meas

measurement system short-term capability evaluation. This is carried out by i

neasuring a
ion of the

measurement equipment standard deviation sg. The measurement standard may be a sample workpiece.
If no suitably accurate sample workpiece is available, a workpiece from normal production may be used.
The measurements for sg shall be carried out under constant and repeatable conditions. The measuring
device standard deviation sg shall conform to the following requirement:

6 -SgS0,15 T

or sg < 2,5 % of T, where T is the tolerance of the feature under test.

Conformity to this requirement means that the deterioration of the short-term capability index due to the
standard deviation of the measuring device is sufficiently small (less than 1,1 % for Cs = 1,00 and less than
4,2 % for Cs = 2,00) and therefore may be neglected. If this requirement is not fulfilled, the measuring
device may not be used for the short-term capability test as the results can be corrupted (see A.4). The
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reduction of the standard deviation associated with the process by the amount of the standard devi

ation

associated with the measuring device is not a suitable method for correcting the result as it strongly

increases the statistical uncertainty.

If critical values are evaluated, the measurement uncertainty, U (coverage factor equal 2) shall be less

than or equal to 10 % of the tolerance.

6.7 Computation and analysis

6.7.1 General

The statistical analy51s ofa short term capablllty evaluatlon shall not consist only ofthe calculatlon of the

short term gapab

ability,
cially

iduals

(see ISO 78 0-2), histograms and probability charts] and calculate the appropriate statistical parameters

can be of grj
Annex C. The procedure is demonstrated by an example in Annex D.

The main stpps comprising analysis are shown in Figure 2. The verification of the.shert-term capa
of the measuring system is the prerequisite for the useful evaluation of the short-term capability.

at help. A possible calculation sequence for the analysis is provided in the~forms given in

bility

Based upon|the knowledge of the process and by means of a control chart«for individuals, a dedision

should be
instance, th|
roughness vialues. If it is a special process or a special feature, the trénd’correction described in 6.
not carried ¢ut.

ade as to whether a special process or feature is subject to ‘evaluation. This cover

5, for

e inclusion of a measurement control, non-adjustable touols, multi-spindle maching¢s or

V.2 is
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| Measurementdata | :4
4
Control chart for
individuals
- - \\\ ~
Trend correction " Regular process with ™ Eliminate outlier value
(see 6.7.2) - significant rend? (see 6.7.3)
~ .
l NO
» Outlier value test
(see 6.7.3)
l “YES
N £ A
- . YES %
<__ Does an outlier value >————p<_Elimihate outlier value? -
T exist? g [~(max.1 value)
i NO NO
A 4
Histogram REPEAT EVALUATION —

T

. \Stability test
(x —s control chart;
see 6.7.4)

Eliminate instability

Process under

Possible to eliminate

YES

YES proved

Short-term capability

control? NO instability?
YES NO
Computation of
characteristic values
according to agreement
between manufacturer/
supplier and user
(see 6.7.5)
RV,s s RV.s‘ncm and
NO ‘Rv‘sk < Rv4sk‘nom7
Storttermrcapabitity ot YES

proved

Figure 2 — Evaluation diagram
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6.7.2 Trend correction

A control chart for individuals is used to evaluate the total trend, § Xio.,r of the measurement data. Applying
the knowledge of the trend due to tool wear, §X, (known or measured in similar processes), the trend due
to thermal distortion, X, may be calculated as given by Formula (1), if no special influences are
apparent:

0X g = X

tot, T a (1)

Since the short-term capability indices are always calculated using an estimation of the standard
deviation, & [see Formulae (14) and (15)], a small trend due to group formation during the calculation
of the standfrd deviation shall be eliminated. Nevertheless, one cannot rule out that, due to the trendl, the
mean value [can exceed the permissible control limit, so in the case of doubt, a trend correctiof) may be
carried out. [If a strong trend is present, a trend correction may be carried out to evaluate the‘trend and
the scattering of measured features associated with the process separately. The measurément datp are
corrected uging Formulae (2) and (3):

X; ¢ =Xj —(i—l)'SX

I, tot,w (2)
where
oX, |1 X, (3)
tot,w n—-1 tot, T
X; T s the ith trend-corrected measurement;
X; s the ith measurement (not trend-corrected);
SXtot w S the total trend per workpiece.

If a trend c@rrection is carried out, the subsequient calculations shall be carried out using the trend-
corrected data. The range, R, the mean value; X and an estimation value for the standard deviatioh, &,
(via fivefold|measurement grouping) shall be calculated as given by Formulae (4) to (7):

range:
R:Xma) ~Xmin (4)
mean value:
X :;'4-4)(]-
i (5)
estimated stlandard deviation:
~ S
o=—— 6
0,9 (6)
where
_ 1 &
S =—- S.
m Z J

I (7)

and sj according to Formula (A.3), where n is replaced by the sample size of the jth group.
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NOTE Constant in Formula (6) 0,94 is for group sample size of five; constant in Formula (6) becomes 0,89 for
group sample size of three.

6.7.3 Outlier management

The existence of outliers among the measurements of the 50 workpieces shall be tested.

The outlier value test described in ISO 5725-2 and other references is based, among other things, on the
assumption of Gaussian normal distribution; thus, it can only be applied for normally distributed
measured values associated with processes or features (see ISO 5725-2, ISO 14253-2 and Reference [9]).
If Formulae (8) and (9) are fulfilled, xmax and/or xmin shall be the outlier values (significance level: 1 %;
sample size: 50):

X o >X+3,34:6 (8)

K . <X-3,34-6 9)
If anjoutlier value is present, a new outlier test shall be carried out without thisyalue. In th¢ case of two
or mpre outlier values, the reason shall be sought and the short-term capability test shall bg repeated as
the grocess is obviously not under control. If only one outlier value is found, a decision may| be made on
whether to proceed with the calculations without this value or to repéat'the entire short-term capability
test.

6.7.4 Stability of the process

The gtability of the process shall be checked as follows.

A hiktogram shall be drawn in order to have a‘*visual representation of the distribution of the
meaqurement values. For 50 values, classification ifito seven classes is recommended.

The §tability of the process is evaluated using a*X—s control chart. If the mean values and the standard
devigtions of the groups are within the control limits (Uc. and Lci), i.e. the conditions ¢lescribed in
Formulae (10) to (13) are fulfilled by all £Q-groups (j = 1 to 10), the process shall be considefed as stable
(signiificance level a = 1 %; sample siZe of group n = 5):

v, <Uqy=x+1,156 (10)

v 2 Loy - =x—1,15:6 (11)

5, < Uy, 5 =1,93¢ (12)

5,2 Loy 250,236 (13)
where

X isthe mean value according to Formula (5);
o isthe standard deviation according to Formula (6).

Once again, if the control limits are exceeded, the reasons shall be investigated and the test shall be
repeated. If the instability cannot be remedied, the calculation of the short-term capability indices shall
not be permitted. In this case, upon agreement between the manufacturer/supplier and the user, only the
short-term range values may be used as the acceptance criteria.
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6.7.5 Calculation of indices

6.7.5.1 General

The characteristic values that are agreed upon by the manufacturer/supplier and the user before the
acceptance test shall be calculated. Recommendations are given in Table 1 (see 6.2) and in the agreement
sheets/forms (see Annex B). These are as given by Formulae (14) to (18):

short-term capability index:

T
C.=— 14
s ed (14)
critical shorf-term capability index:
short-term gange value:
R
RV,s A
7 (16)
or
R
Ry, . =—-100
V,S T
in per cent;
critical shorf-term range value:
R _ | *max =3 . )_C_xmin
Vsk o 5 % max
sL—x  X—Lgy, (17)
or
| *max -X . )_C_xmin
RV,sk - U = = max~100
sL—X  Yoig
in per cent;
(if agreed upon) trend due to thermal distortion:
X :E‘Iﬁ J —0X
td totT o) [18)
where
T is the tolerance of the feature under test;
o is the standard deviation according to Formula (6);
1 n
x=—)» x; isthe mean value of population and n is the number of measurements, generally n = 50;
n
i=1
U, is the upper specification limit;
16 © ISO 2022 - All rights reserved
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LSL is the lower specification limit;

OX g is the trend due to thermal distortion according to 6.7.2;

6Xtot T is the total trend of the measurement data (in relation to all values) according to 6.7.2;
0X is the trend due to tool wear according to 6.7.2.

a

6.7.5.2 One-sided limited features

For one-sided limited features, short-term capability indices and short-term range values are calculated
by cdnsidering mean values and the [ower or upper tolerance limits. The calculation of critical values is
similar to the procedure applied in the case of two-sided limited features. The(taSes given in
Formulae (19) to (22) shall be differentiated:

a) limited towards upper limit:

- SL ™
C = 19
X —X
R — max
V,sk =
Ugy, =% (20)

b) limited towards lower limit:

XLy
o= L 21
R L= )_(_Xmin
Vsk — =
XL, (22)

6.7.3.3 Surface roughness values

For qurface roughness vatues, where the 16 % rule in accordance with ISO 4288 applies, |at least two
roughness measurements per workpiece shall be carried out. If any values are out of upper or lower
tolerpnce, up to 16.% of the measurements (i.e. 8 measurements for a population of p0) may be
disrggarded; the evaluation of the short-term range value (or short-term capability index) shall be
evalyated with the remaining roughness values.

For roughness values, the short-term range value is recommended.

7 Cactaorcinfluonc:
UdAlCilULI I 1 <

7.1 General

The dominant problems for the short-term capability evaluation of a machining process on a metal-
cutting machine tool are the various external influencing factors which increase manufacturing
uncertainty without allowing the machine tool manufacturer any form of direct influence, even though
the robustness of the machine behaviour under various influences can be understood as a quality
criterion. Table 2 provides a list of the most relevant factors, which are described in more detail in 7.2 to
7.4.
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Apart from the ambient influences, such as workshop temperature variation, the process parameters and
tool wear directly influence the working accuracy. Additional measurement deviations can be expected
due to the deflection caused by increasing cutting forces due to tool wear. Variations in the dimensions
of the blanks and unsuitable clamping of the blanks also have negative influence on the working accuracy.

Table 2 — Factors influencing short-term capability evaluation

Factors affecting the accuracy of the workpiece

built-up edge

geometric adcuracy
of the tool

bearing clearance

histeresis and backlash

maintenance

information flow,
etc.

external heat
sources or heat
sinks, etc.

Process: Machine tool: Operator: Environment: Workpiece
. . I . . material:
feature/tolerance static and dynamic qualification vibration caused by
process para{meters Tompliance training Trearby Tracies COTITPUSTtON
. thermal distortion N temperature heat treatment
cutting forcefs motivation o
accuracy performance variation residual stresses
lubricated/dry e working and . 1
L of axes positioning . ambient : .
machining environmental o | dimension and
system g temperature # 20 °C
conditions surface of blanks
tool wear

pre-machining
change of batch

static and dynanjic

stiffness of
workpiece

mounting/foundation
tool offset affer tool 8/
change, etc. transfer function of

feed drives, etc.

clamping face, etc.

Factors affecting measurement Factors affecting analysis

Influences/}jssues: Influences/issues:

measuremerjt resolution and uncertainty manually or computer-aided analysis method

measuremerjt method statistical uncertainty

operator methods for non-normal distributions
maintenance computational accuracy, etc.
environmen

temperature| of workpiece, measurement device and
surrounding]

surface roughness, etc.

7.2 Thermial influences

The working accuracy of a machine tool is dependent upon its geometric, static, dynamic and thgrmal
characteristjcs. The machine short-term capability shall always be seen in connection with the prpcess
loads whic
process time.

are _defined hy the process parameters, and the requirements rpg:\rdino tolerancd and
(=]

Internal and external heat sources and process heat in the cutting zone lead to thermo-elastic
deformation at the work point. The magnitude of these deformations depends on the process parameters,
the process conditions (dry or lubricated) and the thermal condition of the machine tool (warm-up phase
or operating phase in thermal equilibrium).

The thermal displacement as a function of time, ¢, in the warm-up phase can be approximated by an
exponential function expressed in Formula (23):
t

. l-e 7

Ax(t)=Ax,,,
(23)
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where

T is the thermal time constant.

According to the type and size, the thermal time constants for cutting machine tools are in the range of
20 min to 6 h, for maximum displacements Axmax of a few micrometres up to 100 um. If the acceptance
test is carried out in the thermal equilibrium phase, depending on the machine tool, warming-up periods
of 40 min up to 12 h shall be expected in order to ensure that the displacement of the machine tool has
reached 85 % of the maximum displacement. Otherwise, a trend of between 5 pm/h and 40 pm/h is
expected due to thermal distortion during the warm-up phase.

Machlne tools subject to thlS document are usually apphed to large batch productlon In the case of three-

eration S8 rirthe warm-up
vhich can be
n the warm-

phas

is only apparent as an 1ncreased ad]ustment frequency at the beglnnlng of the week ¥
controlled by using statistical process control methods. In this respect, thermal distortion i
up phase is of less importance for a short-term capability study.

NOTH  Systematic investigations regarding the influence of ambient thermal conditiohsyon the wor
of cufting machine tools show displacements at the cutting point of between 0,5 um/f€and 8 um/°C d
tempeprature variation. Delay times, i.e. times between temperature change and resulting displacemgd
5 h atfe expected.

king accuracy
lie to ambient
nt, of 0,5 h to

7.3 Influences due to measuring uncertainty

The measuring uncertainty lowers the short-term capability indices as these are calculat
standlard deviation of the measured features, which in turh'depends on the standard dev
meaguring device, e.g. a gauge. In A.4, one can see that for a standard deviation of measuriy

of 60
by t
meas

bd using the
ation of the
g device, Sg
0 is reduced
hnce of the
[see 6.6).

% of the actual process standard deviation, s, the actual capability index of Cacc = 2,0
ne measurement scattering to Cs=1,71. Fhis example demonstrates the import
urement short-term capability as a prerequisite for the application of such equipment

Clauge A.4 also includes information on the reasons for the requirement on the measuremenit equipment

standlard deviation s, i.e. 6'5g <0,15-T, T'being the tolerance of the feature under test.

7.4 Influences arising from statistical analysis

7.4.1 Confidence level and sample size

The {ype and methodglogy of the statistical evaluation also influence the result of a short-term capability
invegtigation. The projection of the accuracy of manufacturing 50 workpieces onto large batch production

is asjociated withuncertainties. It is stressed that the short-term capability index determine
evalyation of¢he machining process on a metal-cutting machine tool is, therefore, only an e
the aftual process capability. If, for instance, a short-term capability index of Cs = 1,71 is deteq]
50 mleasurements, the actual capability index for the basic population is between 1,39 anc
upor] a—¢onfidence level of 95 % (see A.5) and based upon the assumption of normal dis

d during the
stimation of
mined using
| 1,95 based
tribution of

characteristic value. Hence the uncertainty, U, for the capability index, Cs (confidence level 95 %) is +0,28.

The short-term capability index, in the case of acceptance tests normally determined using a small sample
therefore generally differs from a long-term capability index for the same process, which is determined
over a very large sample, e.g. several weeks of production. Nevertheless, this means that fulfilling the
requirement of Cs = 1,67 not only entails a narrowing of the tolerance by 40 % (10 s range within the
tolerances), but also aiming at much smaller ranges in order to successfully complete the acceptance test.

7.4.2 Type of distribution

The short-term capability indices shall be calculated by means of the determination of the standard
deviation of the measurement data. An implicit assumption is that the process can be described using the
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normal distribution. This does not apply in full for all machining processes. Furthermore, the distribution
of one-sided tolerances (for example many tolerances of form and location) are often asymmetric as they
have a physical limit on one side. For this reason, other statistical programmes and distribution models
as a supplement to the normal distribution have been developed. The respective mathematical
algorithms allow the determination of a distribution function for the individual data set. Equivalent
standard deviations are then calculated and used for comparison with a normal distribution curve.
Nevertheless, treating the measurement data in a purely mathematical way without taking the technical
and physical conditions into account leads to a situation in which various distribution functions are
calculated as approximations by the statistics programs, without being able to decide which of these
describes the actual relationships in the best way. Together with the calculation of the equivalent
standard deviations, this leads to the calculation of very different short-term capability indices depending
on the chosgn distribution model.

It is, therefq
other hand,
account pro
is, however,

For this rea

individuals,

re, not sensible to derive a distribution model based upon measurement data enly. O
the choice of the distribution function cannot be purely formalistic, but has to takd
Cess knowledge and physical circumstances. Additional information is provided in A.6

Son, it is recommended to carry out the process evaluation by means)of control charf

x-S control charts and histograms, and to calculate the short-term capability indices

not always possible for acceptance tests based on the low number of 50-éasurementy.

h the
into
This

s for
with

h the
pond
(see
f the

in estimation of the standard deviation, derived by grouping the measurement data. I
cial process or characteristic, in which a Gaussian distribution does obviously not corres
birical distribution, the range of the measured values is taken as the acceptance criterior
yidual cases, it can be reasonable to use other or additional criteria for the analysis ¢
hbility also in accordance with ISO 22514-3:2020, 7:5,"and ISO 22514-4:2016.

the help of :
case of aspe
with the em
6.2). In indi
process cap
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Annex A
(informative)

Additional information related to statistical evaluations

A.1 Relationship between centred and shifted distributions

The ¢ritical short-term capability index, Cs, considers also the location of the mean [see Figure A.1 a)].

Y 7 T
¥v-T
a,
a
N
Ly s i :s'+ Us %Xy
1 I
M x'

a) Centred and shifteddistribution

T
T
1
1
T i
|
. i
I 1
| i
| 1
I i
| !
I !
6| 5. S5 6s, S5 2s3 655 2s3
C.=10  b;:99,970202 % C.=133 b,:99.99366 % C,= 167  by:99.99994 %
b,: 0,26996 % b, : 0,006 % b, : 0,00006 %
5,=0,75 5, s3= 0,65,
b) Remaining area for 6-s
Key
X1 characteristic value Cs short-term capability index
Y1 frequency Lst. lower specification limit
a1 centred distribution with X and s M mean of Lsi. and UsL
az  shifted distribution with X' and s’ T tolerance
b1  share of parts estimated as in conformity with UsL upper specification limit
specification
bz share of parts estimated as not in conformity with y shift ration for shifted distribution (see Formula (A.4))
specification

Figure A.1 — Short-term capability and shifted distribution
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In this context, Formulae (A.1) and (A.2) apply with the assumption of normal distribution.

Short-term capability index (for the case of normal distribution):

T
6-s (A1)
where

Cs is the short-term capability index;

T is the tolerance;

s is the standard deviation [see Formula {A.3]] of characteristic value, evaluated from 50
workpieces.

Critical shont-term capability index (for the case of normal distribution):

c. =] —Lg;, Ug,—x

Sk - ) .
3-s 3-s |min
(A.2)

where

Csk  igthe critical short-term capability index;

% igthe mean value;

LSL idthe lower specification limit;

U,  igthe upper specification limit;

s idthe standard deviation [see Formula (A.3)] of characteristic value, evaluated from

5D workpieces.
dard deviation (sample size n):
—\2
X;—X)
n-1 (A.3)

It is noted that estimating the standard deviation according to formula (A.3) is used instead of formjula
(6). It means that the/oyerall variability is evaluated instead of the variability within subgroups.
Shift ratio (de€-Figure A.1) for shifted distribution with x’ and s":

XM
T (A.4)
where
_UstLg,
2

Sample standard deviation of the shifted distribution [see Figure A.1 a)]

s'=(1-2-¥)-s (A.5)
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Assuming normally distributed features, a short-term capability index of 1,0 indicates that 99,73 % of all
characteristic values of the population are within the specified tolerance (see Figure A.1). For time and
cost reasons, a short-term capability evaluation is usually carried out on the basis of a small number of
machined parts (in the context of this document, it is 50). Therefore, the ascertained short-term capability
index is only an estimation of the real short-term capability of the machining process. In order to
compensate for this statistically given uncertainty with respect to a later large batch production, higher
values for the short-term capability index are required, e.g. C5 > 1,33 or Cg > 1,67. As it can be seen in

Figure A.1 b), this means that not only six times the standard deviation shall be within the specified
tolerance but even eight or ten times.

Figure A.3 exemplifies the effect of an increasing short-term capability index in terms of a reduction of

the z
is sh

A2

pne of conformity within the specified tolerance. A further reduction of Cg occurs if the
fted away from the centre of the specified tolerance.

Correlation between short-term range values, Ry g, and standar

deviation

Figui
depe]
Six ti
Conv
dem
valug

e A.2 shows the correlation between the standard deviation afid the short-term

nding upon the sample size. In the case of a Gaussian distribution for a confidence leve
mes the standard deviation is 1,33 times greater than the rangefor a sample size of 50
ersely, it means that a short-term range value Ry ¢ of 45 % equals a Cg of 1,67. This exan

nstrate the magnitude of the ratio of the short-term:capability indices to the short
s, as the short-term range values can only be recommehded for non-normally distribut

distribution

d

range value
10£99,73 %
workpieces.
ple can only

-term range
ed values.
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X
Kmin [ . Hinang
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Ly - R ol UsL
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a) Histogram and characteristic values for normal distribution
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|
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n
100

50
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b) Number of samples n and ratio of range R to six‘times standard deviation s for normal
distribution

90 ‘
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a0 [ 2 Cs= 167
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n

c) Ratio pfrange R to tolerance T for different number of samples n and different short-term

rnpnhilify indices C, fornormal distribution

Key
Cs  short-term capability index s standard deviation of measured values
Ly, lower specification limit T  tolerance

sample size, default n = 50 U, upper specification limit

R range of measurement values

Figure A.2 — Comparison of characteristic values for normal distribution
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Mean value not in the middle of the tolerance zone

As a rule, based on the production of five workpieces, the adjustment is supposed to test whether the
critical distance of the mean value from the tolerance limits Cgy fulfils the following condition:

Ax,20,45T

This is equal to an offset of 5 % for values with two-sided tolerances. For a short-term capability index Cg

of 1,67 (see Figure A.3), this results in a reduction of the 6s area related to the tolerance from 60 % to
54 %. If the mean value of the measurements for the adjustment is outside the area for Ax, the process

shall

shall
acce
meas

Key
q

i

ll.)t: 1 CDCt dCPClldills uyuu thc 1atiu Uf thc DiAfUld ataudcu d dcviatiuu Ollld t}lC tU}Ul dlilT,
be repeated. Otherwise, the manufactured workpieces may already be counted
ptance workpieces as long as the manufacturing process was not interrupted fort60 lon
urement of the adjustment products.

100
%
80

]
90%
| ° Cox = 1,00

1
' 68%

4%

-Cgc=1,33
5o .

(6-s/T)
40

N\

" Cgx =167

Ol

I45% Csk:_E‘DD

20

.o

0
0.00 0,05 010

0,20
(OIT)

0.30 0.40 0,50

ffset of mean value Csk critical short-term capability index

plerance zone s standard deviation of process

Figure'A.3 — Effects if the mean value is not in the middle of the tolerance za
(offset of the mean value)

and the test
fowards the
g during the

ne

A4

Measurement uncertainty and short-term capability index

Measurement uncertainty, expressed by the standard deviation of the measuring device, Sg directly

influences the short-term capability index as shown in Figure A.4.
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081lc . =100 \X_

bl B vact T ]
0,6
o0 02 04 06 08 10
(Sg/Sact)
Key
C evaluatpd capability index Sact  actual standard deviation of process
Cace  actual dapability index of process Sg standard deviation of measuring device

Figure A.4 — Change of capability index by standard devidatien of measuring device

It is apparent that for continuous process improvement and lesser tolerances, the requirements o

measureme
means that
This correld

minimum nn

1t equipment with regard to the process standard deviation can no longer be fulfilled

for short-term capability, only the reference to‘the tolerance of the workpieces is required.
tes to the straight line “6 sg=0,15 Tmip\ih the diagram for the determination of the

jeasurable tolerance, Tminp, for a givenmeasurement device standard deviation, Sg;

Figure A.5.
400 l C=2,00
um [6*55=0,15"s |
9 v~ _Ac=167
300 Tonin = 40°54°C
L~ -
r 3 C=1,33
6'Sg=0n15'Tmin /
Tmin 200 = 40- -~ —=C=1,00
min Tmin = 40 Sg /j,..--*""‘#
SN
100 v —
4’"‘“ — a
-
=
0
0 T 2 3 7 pm 5
Sq
Key
C  capability index Sg standard deviation of measuring device
s standard deviation of process Tmin minimum measurable tolerance for capability

evaluation

Figure A.5 — Standard deviation of measuring device and minimum tolerance
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Confidence level and sample size

Figure A.6 shows the confidence level of capability indices depending upon the sample size.

22
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Key
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12
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n
elevant confidence level Cq critical short-term capability index
apability index n ,sample size

hort-term capability index

re A.6 — Confidence level and sample size; n, under the assumption of normal dis
the characteristic values

Type of distribution and capability index evaluation

e A.7 exemplifies the preblem of selecting a type of distribution using an exam
urements. As the histogram with density function shows, all three distribution models
bution, logarithmié-normal distribution and Weibull distribution) are good approxima

confirmed by the smdlland similarly sized mean deviations of the measurement data from tk

distr]
lie be

bution function/ Nevertheless, the short-term capability indices differ largely. While t
tween 1,517and 1,88, Cg values of 0,67 to 1,47 are calculated.

tribution of

ble with 50
(see normal
tions. This is
e calculated
he Cg values
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e Normal | Log-normal Weibull
Distribution
25 (a) (b) (c)
% M
20 ax. 66% | 7,95% 6,53 %
deviation
y ¥ Meanvalue | 0,39% | 0,41% 0,41 %
10 s 5,88 6,63 5,33
S Cs 1,70 1,51 1,88
0 Csk 1,47 0,67 1,16
Key
y1  density fynction, in per cent X mean value
Cs  short-terin capability index a normal distribution
Csk  critical shjort-term capability index b logarithmic-normal distribution

S standard feviation of process c Weibull distribution

Figure A.7 — Influence of selected type of distribution
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Agreement forms
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Agreement form 1 of 4

Test plan

General information

Machine tool description

Machine serial no.

Workpiece description

Workpiece no.

Matg¢rial

Quaptity of workpieces/random test

Machining time/workpiece, £,

Quantity of workpieces, Mnp (recom.:nmp :50)

Overall machining time, tiot

Qua11tity of workpieces for analysis, n (recom.: n=50)

Ran410m inspection (recommended sample size of gtoup: 5)

Sch(ldule/logistic

a) Preparation

Manufacturer (M) Place (M/C)
Customer (C)

Date

Blanks

Tools

Clanmping devices

Machine tool

Operator for maghine tool

Meapuring déviees

Operatof. for measuring

b) Dates

Start End

Duration

Preparation/set-up

Warming-up phase

Adjustment

Production

Measurement

Analysis
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Agreement form 2 of 4 General information

Blanks

Material, Heat-treatment, Surface, Hardness, Strength, Tolerance of allowance, Tolerance of fixtures, etc.

Test conditions

Setting of fixture of machine tool

ads
ns induced by surrounding production)

Particular lo
(e.g. vibratid

of test

Max. variati
recommend

n of ambient temperature during examination;
bd limits: temperature change within +3 °C during time

Max. temper]
recommend

ature gradient during evaluation;
bd: within a maximum of +2 °C/h or -2 °C/h

Features

No. Description of feature Nom. size Dimension|
1

2

3

4

5

6

7

8

9
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Agreement form 3 of 4

Feature dependent data I

Characteristic values

Recommendations for characteristic values see | Required short-term Required short-term range
at the end of this form capability indices values

e fls(iwer limit) Eﬁ;per limit) 'Z;)lerance G Cax Ry Rk
1

2

3

4

5

6

7

8

9

Maximum permissible trend due to thermal distortion [pm/workpiece]

6 Xid perm 8Ytdperm 6Ztd,perm

Recommended characteristic values

Progess/feature Cs Csk Rv,s Ry sk Notes

Normal processes or >1,67 >1,67 - - For example, diameter or length in

features uncontrolled processes.

In-process - - <100 % <100 % |The full tolerance may be used.

meagurement control

Roughness values = - ifnecessary | <80 % |In many cases there is only anjupper limit;

<80 % therefore, only R, is specified.

One{sided limited - 21,67 - <60 % |The manufacturer/supplier and the user

tolerjance shall negotiate which of the two
characteristic values is used for
acceptance.

Othdr special 21,67 21,67 <60 % <60 % |The manufacturer/supplier and the user

processes or features shall agree on whether Cs and Csk or Ry
and Rv,sk are relevant for acceptance.
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Agreement form 4 of 4 Feature dependent data II

(if necessary for each feature separately)
Feature
Technology

Cutter material

Cutter geomptry

Roughing conditions

Finishing co

hditions

Expected to

1 wear (e.g. flank wear)

Expected trgnd due to tool wear 8Xaexp

Measuremegnt

Location

Device

Device seria

no.

Resolution

Standard de

iation of\measuring device, sg

0,03T

> resolution ?

[ 1yes [ ] no: use another measuring device!

T/40

> 57

[1yes [ ] no: use another measuring device!

Set-up of measuring device (e.g. filter, strategy; note
special circumstances separately)

32
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Annex C
(informative)
Evaluation forms

Analysis form 1 of 4 General information

Machine tool/workpiece

Workpiece description

Workpiece material

Feature/nominal

Lowgr specification limit (LSL) Tolerance, T = Usy, ~ LsL

Uppér specification limit (USL)

Meapuring device

Devike serial no. Resolution Standard deviation, sg
0,03|T = > resolution? and
T/40= > sg?

[1vyds Analysis can be carried out

[In No analysis allowed! Repeat measurement'with a more precise measuring device!
Trend Tool wear

Trerd due to tool wear, §Xa

Permissible trend due to thermal distortion for.50 workpieces
(lf C 'iteria), SXtd,perm (8 Ytd,perm; Sth,perm, respectively)

Ambient temperature Within declared limits? [1ves[]no

Jamb, Omin Imax AUamb, max
Meafkurement data, x; (with'trend) values in as deviation from set point

j— 1 2 3 4 5 6 7 8 9 10
1 1 6 11 16 21 26 31 36 41 46
2 2 7 12 17 22 27 32 37 42 47
3 3 8 13 18 23 28 33 38 43 48
4 4 9 14 19 24 29 34 39 44 49
5 5 10 15 20 25 30 35 40 45 50
Now, generate the control chart for individuals. For normal processes/features and a significant trend, first
perform trend correction (sheet: 3 of 4) and carry out all other calculations with trend-corrected data.

X

5

Formulae: f]. :%.kzsixk sj= %g(;} ~x, )2
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Analysis form 2 of 4 Graphical representation
@
1 5 10 15 20 25 30 35 40 AN 50
- I
o ©)
= n
E 2 3 4 5 6 7 8 9 i 10
k | AXkk a b AXkk = K * RIT + Xnin
1
> ©)
3
4
5
5]
7
Key
a count pfameasured values x; in class (xi < AXk k) 1 control chart for individuals
b number of measured values in a class 2,3 X—s control chart
k class for histogram 4 histogram
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Analysis form 3 of 4 Correction of trend
Correction of trend
Only for normal processes/features and significant trend (e.g. not for in-process control, not adjustable tool, etc.)
Overall trend (single value chart) 6Xt0t’ w
Overall trend per workpiece (ref. 50 values) 5 SXtot T 6Xtot, T
Xtot w
n-1 49
Trend due to thermal distortion 80X q =8X o T —0X,
Trerd due to thermal distortion per workpiece (ref. 5 Xy Xy
X = =
50 vplues) dw =, 1 49
Trend-corrected measurement data X; Xpp =X U—1)8X o
J 1 2 3 4 5 6 7 8 9 10
k
1 1 6 11 16 21 26 31 36 41 46
2 2 7 12 17 22 2.7 32 37 42 47
3 3 8 13 18 23 28 33 38 43 48
4 4 9 14 19 24 29 34 39 44 49
5 5 10 15 20 25 30 35 40 45 50
X
5j
1< 1<
Formulae: X; :EZ |7 Z(Xf -, )
k=1 =1
If the trend was corrected; the following calculations shall be performed with the corrected data, X;
Maxjmum value, X Minimum value, Xmin
Range, R:Xmax “¥min =1 K _
Total average value, x=—- X;
10 4 i
Ug, 11X X—Lg,
X nax -X )_(_Xmin
USL X )_(_LSL
Avg. standard dev. Estimation of the standard deviation
(factor for sample size of group 5),
. S
o=——
0,94
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