TECHNICAL ISO/TS
SPECIFICATION 27893

First edition
2009-02-01

Vacuum technology — Vacuum
gauges — Evaluation of the uncertainties
of results of calibrations by direct

comparison with a reference gauge

Technique du vide — Manemétres & vide — Evaluation de ['incertitude
des résultats des étalonnagé€s par comparaison directe avec lin
manometre de référenge

————— Reference number
= — ISO/TS 27893:2009(E)

©1S0 2009


https://standardsiso.com/api/?name=3af77c0fa7d76f4cd87210f1726d62c4

ISO/TS 27893:2009(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

—COPYRIGHT PROTECTED DOCUMENT

© 1S0 2009

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2009 — All rights reserved


https://standardsiso.com/api/?name=3af77c0fa7d76f4cd87210f1726d62c4

ISO/TS 27893:2009(E)

Contents Page
o T (=312 o T (o iv
1

2

3 Terms and definitioNs ........ceeeeiiiiiiiiiieccrrr s rrssssas s e rsssnsnsssnseseessnnsTabusdresheesennnannnnns 2
4 Symbols and abbreviated terms ..o e e e b e 3
5 Basic concept and model ............ccciiiiinn g e Pey s s 3
5. £ 0T 4 T 2 Lo Yo (= = VO UUY N 4
5. L T o 4= 0 A1 ¢ Lo Yo = =S UUNSUUY N 4
5. Combination of the two models.........cccoiiiiiiiicii e S rans s esas s s sen s sesnsssshenssssssnanans 5
6 Calculation of uncertainty in the sum model...........ccccocminrnmbedinnn e, 5
6. Total uncertainty (sum model) ........cccvcimriiiii g R T b —— 5
6. Uncertainty contributions due to reference standard ......... <00 e b 6
6. Uncertainty contributions due to unit under calibration{.........cccoecvmminriicnii e, 7
6. Uncertainty contributions due to calibration method-or calibration conditions..............|.............. 8
6. L 2V7=T = T T30 - Vo3 o N S SO SRS 8
7 Calculation of uncertainty in the quotient model ..., 9
7. Total uncertainty (quotient model) ...........ccccn i b e 9
7. Uncertainty contributions due to reference standard ............ccccccimriiriinscccccecerrre b 9
7. Uncertainty contributions due to the unititinder calibration ..........ccccooiiiiiiiiriiirciccccccccc b, 10
7. Uncertainty contributions due to calibration method or calibration conditions ............{............ 11
7.5 Coverage faCtor ... e ——— 12
8 Combination of the sum and quatient model for error of reading ..........cccoeeiceiiicnninni e, 13
9 Reporting uncertainties .........h b ———— 13
9.1 Uncertainty budget.......q..imi b - 13
9.2 (02111 oY1= 14 Lo g T o= o 1 0= 1 = E 14
S]] T o |- o 3V S K 15

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=3af77c0fa7d76f4cd87210f1726d62c4

ISO/TS 27893:2009(E)

Foreword

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

ies

(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

overnmental and

non-goverimental, in liaison with ISO, also take part in the work. ISO collaborates closely withy, the

Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationpl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ftask of technical committees is to prepare International Standards. Draft International Standards

the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents
technical gommittee may decide to publish other types of document:

an

, a

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technical experts in
an ISO working group and is accepted for publication if it is approved by more than 50 % of the membgrs

of the [parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agteement between the members of a techn

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further three years, at which time it must either be transformed into
Internationfal Standard or be withdrawn.

cal

ittee and is accepted for publication if it is approved by 2/3 of the members of the committee casting

ra
is
an

Attention i$ drawn to the possibility that'some of the elements of this document may be the subject of patent

rights. 1ISO| shall not be held responsible’for identifying any or all such patent rights.

ISO/TS 27893 was prepared by Technical Committee ISO/TC 112, Vacuum technology.
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Vacuum technology — Vacuum gauges — Evaluation of the
uncertainties of results of calibrations by direct comparison

w

ith a reference gauge
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Scope

s Technical Specification gives guidelines for the determination and reporting of me
certainties arising during vacuum gauge calibration by direct comparison with* a reference]
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ordance with ISO/TS 3567. It describes methods for uniform reporting of ufcertainties in vacy
ificates. Uncertainties reported in accordance with this Technical Specification are transfera

t
13(3 that the uncertainty evaluated for one result can be used as a compenent in the uncertainty

nother measurement or calibration in which the first result is used.

s specification defines two measurement models that are sufficiént to cover most practical cases
possible that the models given cannot be applied to newly developed vacuum gauges.

b final uncertainty to be reported in a certificate is evaluated from the uncertainties of the input

scribed; however, a complete list of the possible quantities that may have an influence on the
outside the scope of this Technical Specification.

TE It is intended to give such details in Technical Specifications for the calibration of specific typeg
ges.
Normative references

following referenced documents are indispensable for the application of this document.
rences, only the edition_cited applies. For undated references, the latest edition of the
cument (including any ‘amendments) applies.

W

D/TS 3567, Vacuum gauges — Calibration by direct comparison with a reference gauge

D/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of un
asurement (GUM:1995)

D/IEC, Guide 99:2007, International vocabulary of metrology — Basic and general concepts and

asurement
gauge in
um gauge
ble in the
evaluation

. However,

quantities

I influence quantities. The principal quantities that may affect the result of a vacuum calibration are

final result

of vacuum

For dated
referenced

certainty in

associated

ter

ms_(VIM)
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TS 3567, ISO/IEC Guide 98-3,

ISO/IEC G

3.1
corrected

uide 99 and the following apply.

reading

value resulting after the reading of the gauge has been corrected for systematic errors (e.g. for the results
given in the calibration certificate of the reference standard)

3.2

long-term

instability

possible clhange of calibrated value after long periods of time

EXAMPLE
NOTE

3.3
model
(uncertaint

34
offset
Zero error

Change that has resulted from transportation of the device.

Long-term instability is different from reproducibility as defined in ISO/IEC Guide 99:2007;3.7.

y of measurement) mathematical model set out in ISO/IEC Guide 98-3

(of a measuring instrument)

datum measurement error where the specified measured quantity value is zero

NOTE

EXAMPLE
limit applied

3.5
deviation

Adapted from ISO/IEC Guide 99:2007, 4.28.

The reading when there is no pressure (absofuie or differential) or a pressure far below the resolu
to a vacuum gauge.

pf offset

The possible difference of an offset (3.4) value at the time of the measurement of the offset (3.4) and

time when

3.6
reference
reference
standard,
organizatig

NOTE

EXAMPLE
ISO/TS 356

a pressure reading is taken

gauge
standard

generally havingcthe highest metrological quality available at a given location or in a gi
n, from which measurements made there are derived

Adapted from{ISO/IEC Guide 99:2007, 6.6.

The'gauge or standard that gives traceability to the S| unit in the calibration apparatus in accordance

ion

the

en

vith

3.7

calibration pressure
(vacuum gauges) pressure evaluated from the corrected reading of the reference standard and all necessary
corrections (e.g. for known differences between gauge ports) at the gauge port of the unit under calibration

© 1SO 2009 — All rights reserved
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4 Symbols and abbreviated terms

Symbol or
abbreviated term

Designation

Unit

in relative units

5

In
giv
pre
Te
pre

Th

cal
pre

T
cal

=2

uucC unit under calibration (vacuum gauge)

e error of reading

Dind pressure indication of a UUC Pa')

Dstd pressure indication of reference gauge (reference standard) Pa
corrected for known deviations

r the quantity determined by a calibration in the quotient model

S a sensitivity of the output of a vacuum gauge

Xind indication of a UUC any unit

X; (often unknown) input quantities and corrections

Ap error of reading in absolute units

op; (often unknown) deviations in the pressure unit Pa

Octf the effective accommodation coefficient of a spinning rotor gauge

Basic concept and model

B vacuum gauge calibration in accerdance with ISO/TS 3567, the corrected reading of a refere
es the value of the quantity that.is-traceable to the Sl. All vacuum gauges shall be calibrated
ssure. This means that the user, of the vacuum gauge calibrated in accordance with ISO/TS 356
Chnical Specification obtainsya clear assignment of the output quantity of the gauge to the
ssure, the pascal.

b value of pressure ‘obtained from the corrected reading of the reference standard output can
defermine the pressure at the entrance port of the unit under calibration (UUC). This is refe
bration pressure value. Often the corrected reading of the reference standard is identical to the

ssure value-and valid for all gauge ports.

b calibration pressure value can be used to determine an error of the reading, Ap, of the
bration. In this case, a sum model gives an adequate description of the measurement.

nce gauge
n terms of
57 and this
Sl unit of

be used to
rred to as
calibration

unit under

The calibration pressure value can also be used to determine a correction factor, a sensitivity coefficient, an
effective accommodation coefficient or a gauge constant, in which case a quotient model gives an adequate
description of the measurement.

In both models it can be assumed that all the input quantities are uncorrelated.

1)

1 Pa=0,01 mbar.

© 1SO 2009 - All rights reserved
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5.1 Sum model

In the sum model, the difference between the reading of the UUC, p,,4, and the “true” calibration pressure
traceable to the Sl units is taken as the measurand, Ap. The calibration pressure is given by the reference
standard pressure value, pgq4, and possibly by a correction term, 6p,, due to the calibration method
considering known effects like height correction, thermal transpiration, and pressure non-uniformity. The
general sum model thus becomes

Ap = ping — (Pstd +3Pm) (1)

The first tgrm refers 1o the UUC, the second 1o the reference standard, and the third 1o the calibration methjpd.
The sum df the last two terms gives the calibration pressure value. All quantities shall be expressed inthg SI
unit of pregsure, the pascal.

Each of these terms is again expressed by another model equation, which makes all necessary corrections

due to offpets, temperature corrections, deviation of indication from the Sl value in aceordance with the
calibration|certificate, etc.

5.2 Qugqtient model

In the quotient model, the ratio of the reading of the UUC, x4, and the standard pressure value, py, is taken
as the measurand, r. The general quotient model thus becomes

s [ x, @
btd

The numgdrator refers to the UUC, the denominator to the)reference standard, and the product to the
calibration|method and conditions. The latter may be alsorbe defined by the vacuum gauges under study,
e.g. the ea:ission current in a hot cathode ionization gauge- It is possible to express x;,q4 in any reasonable Uinit,

Xi
r=—
p

e.g. that af pressure, voltage or current. The X; may be expressed in any meaningful physical unit or|be
without dimension.

Each of these factors is expressed by anothér model equation, which makes all necessary corrections dug to
offsets, temperature corrections, deviation of indication in accordance with calibration certificate, etc.

Examples pf r are
a) fc_1 he reciprocal of a dimensionless correction factor, where x;,q = p;,q @and X; = 1;

b) § h sensitivity of thre,ahalogue output, 7,4, of a capacitance diaphragm gauge, where x4 = Ving;

c) S n sensitivity 'of the analogue output, V4, of a thermal conductivity gauge, where x;,4 = Vi,qg;

|
-

d) o the effective laccommodation coefficient of a spinning rotor gauge, where x;,q = p,q» When oy =
vas entered into the controller;

e) S  asensitivity of a Bayard-Alpert gauge with a hot cathode, where x;,4 = /;,4 is the positive ion current
of the collector and X, = 1/I,, where I, is the emission current.

4 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=3af77c0fa7d76f4cd87210f1726d62c4

ISO/TS 27893:2009(E)

5.3 Combination of the two models

It is possible to evaluate some of the input quantities in each model by either of the two models. First, for
example, pyq as well as its uncertainty can be evaluated by the quotient model, thus

Xind
r

Pstd =

©)

The result can then be used in Equation (1). This is unavoidable, if r is given in the certificate applying
Equation (2) (e.g. the sensitivity of an analogue output).

It is
left
Sp
ea

Th

or,

Se

6.1

Th

, however, not recommended to combine the sum and quotient model in one equation. Thisctask
to experts, since complicated sensitivity coefficients may appear that are not covered-in)thig
ecification for reasons of clarity. The relative error of reading, e, however, is a common/case
by to handle combination of the two methods is possible.

e error of reading, e, can be expressed mathematically as

_ Pind ~(Psta +8m)
(pstd +6pm)

— pind _1
Pstd T%m
if op, =0
o= Pind ~ Pstd
Pstd
— Pind -1
Pstd

e Clause 4 for the designations of p; 4, Pstg>» @nd dp,,. The uncertainty of e is described in Clause

Calculation of uncertainty in the sum model

Total uncertainty (sum model)

b total uncertdinty in the sum model, u(Ap), is given by

u(ApY=N U ping)? + u( petg )2 + u(Spp)2

wh

ere

u(ping)  is the standard uncertainty of the indication of vacuum gauge UUC;
u(pstg)  is the standard uncertainty of the value of standard pressure;

u(dp,) is the standard uncertainty of the deviations due to the calibration method.

© 1SO 2009 - All rights reserved
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6.2 Uncertainty contributions due to reference standard

The measurement of the standard pressure, p, is given by

Pstd = Pind,std ~ Poffs,std T dp drft,std T 8Pcal,std + 8Pt,std + 8PT,std + 8Pres,std

where

Pind,std

is the indication of the reference standard;

Poffs,std
P arft,dd
Opcal st
0p, std
7 std

dp res,gtd

is the offset (zero deviation) of the reference standard;

is the deviation of offset due to drift (in most cases, dp g stqg = 0);

is the correction in accordance with the calibration certificate;

is the deviation due to long-term instability (in most cases, dp; 4 = 0);
is the deviation due to temperature at the calibration laboratory;

is the deviation due to other influences (e.g. inclination. of device) (in most cas
6pres,std =0).

All quantities in Equation (6) refer to the reference standard gauge.

NOTE If the offset is deducted or adjusted to zero in the device itselfipos st = 0.

The standard uncertainty of the standard pressure, u(pgy), is then given by

u(pstd) = \/u(pind,std)2 +u(poffs,std)2 +“(6pdrft,std)2 +“(8pcal,std)2 +u(spt,std)z +u(6pT,std)2 +u(8pres,std)2

where

u(Pind fta)
u(Pofts|std)
u(Bpgrtt sta)

u(8pcy ,std)

u(5pt,srd)

is the uncertainty originating from the dispersion of measurement values, includ
dispersion due to digitizing, resolution scatter, etc.;

is the uncertainty of-the offset values at measurement of the offset [without reproducibility
the offset covered by u(dp i stg)];

is the uncertainty of the offset values at time of calibration due to offset drift or of
systematic dependencies (e.g. due to the frequency dependence of spinning rotor gauges

issthe uncertainty of the standard in accordance with the calibration certificate;

is the uncertainty component allowing for the long-term instability;

ing

of

ner

u(dp T,std)

”(8Pres,std)

is the uncertainty component due to the temperature influence under the conditions of the

calibration laboratory;

is the uncertainty due to the specific conditions at the calibration laboratory (e.g. differ
mounting position of built-in devices).

ent

For a pjngstq that has not been obtained from repeated observations, estimate u(pjny¢tq) from scientific
judgement based on all of the available information on the possible variability (including uncertainty
component due to digitizing, repeatibility, etc.).

For a temperature at calibration different from that shown in the calibration certificate, u(dp;¢q) should be
included, if significant.

© 1SO 2009 — All rights reserved
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6.3 Uncertainty contributions due to unit under calibration

The measurement of the pressure of the UUC, p;.4, is given by

3:2009(E)

Pind = Pind,uUC ~ Poffs,uuC +Pdrit,uuc +9Pres,uuc (8)
where

Pind,UUC is the indication of the UUC;

Poffs,UUC is the offset (zero point deviation) of the UUC;

paftuuc IS the deviation of offset drift (in most cases, py yuc = 0);

dres,uuc  represents the deviations due to other influence (e.g. inclination) (in most cases,

8pres,UUC =0).
The standard uncertainty of the measurement of the pressure with UUC, u(p 48),1s then given by
2 2 2 2
u(puuc) = \/“(pind,UUC) +u(1?offs,uuc) +u(5pdrft,uuc) +u(5pres,uuc) 9)

where

u(Ping,uuc)

u(pots,uuc)

u(Bpgrit,uuc)

“(Spres,UUC)

is the uncertainty originating from the dispersion of measurement values of UUQ, including

dispersion due to digitizing, resolution scatter, etc.;

is the uncertainty of the offset values of the UUC at measurement of the offs|
reproducibility of the offset covetéd by the following quantity);

is the uncertainty of the ‘offset values of the UUC due to offset drift or other
dependencies (e.g. due-to speed dependence in the case of spinning rotor gauge

represents the other-uncertainty components, which can also stem from the calib
e.g. temperature.influences.

et (without

systematic

5);

ation item,

Fol a ping.uuc that has not.been obtained from repeated observations, estimate u(pjg yyc) frof scientific
judgement based on all of the available information on the possible variability (including
commponent due to digitizing, repeatibility, etc.).

If the above-mentioned dependencies or values are not known, or cannot be estimated by the
labporatory, or manufacturer's specifications are not available, carry out at least two repeat measur
different days.)The uncertainty component of the values of the calibration item, u(p;,q), is then determined from

uPing) = u(prep,ind)

Lincertainty

calibration
ements on

(10)

where u(preping) is the repeatability (standard deviation) of the (at least) three measurement values
determined for one pressure point or over a larger range.

© 1SO 2009 - All rights reserved
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6.4 Uncertainty contributions due to calibration method or calibration conditions

The sum of the deviations of the pressures caused by the calibration method, dp,,, is given by
Opm =08PT.m +0Pctm + 0P m (an

where

drm  represents the deviations of the pressures due to different temperatures at the connecting
flanges:

dsm| represents the deviations of the pressures at the connecting flanges due to height differendes,
desorption, leaks, conditions of flow, pumping speed (e.g. in the case of cold-cathode fon
gauges);

6pt7m represents the deviations due to the measuring method (e.g. variations~of the calibrafion
pressure with time when standard and calibration item are not read simultaneoUsly).

The standard uncertainty of the calibration method, u(3p,,), is then given by

”(Spm) = \/”‘(SPT,m)2 +”(8pcf,m)2 +”(8Pt,m)2 (112)
where

u(Spr ) is the uncertainty component of the deviations of thie pressures at the connecting flanges dug to
different temperatures;

u(Spgsln) is the uncertainty component of the deviations of the pressures at the connecting flanges dug to
desorption, leaks, conditions of flow, pumping speed;

u(dp, ) is the uncertainty component of the deviations due to the measuring procedure.

6.5 Coverage factor

The expanded uncertainty, U(Ap), is'given by

U(Ap =ku(Ap) n3)
where
k is the'coverage factor;

u(Ap) is.the standard uncertainty.

The coverage factor is chosen based on the level of confidence needed for the application. In general, k is in
the range 2 (confidence level of approx. 95 %) to 3 (confidence level of approx. 99 %).

If nothing else has been specified (between customer and calibration laboratory), take & = 2.

8 © 1SO 2009 — All rights reserved
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7 Calculation of uncertainty in the quotient model

7.1 Total uncertainty (quotient model)

The total uncertainty in the quotient model is best expressed as a relative uncertainty, u(r)/r, and is given by

2 2 2
u(r) _ H(XUUC)} {u(pstd)} {H(Xi)} 14
r \/{ xuuc " Pstd +Z X, a4

4

where
xyuc  is the value of the output of the vacuum gauge UUC;
Dstd is the value of the value of standard pressure;

X; are the value of the correction factors due to the calibration method’and conditions.

7.2 Uncertainty contributions due to reference standard

The measurement of the standard pressure, pgy, in the sum model an@its associated uncertainty ig described
in6.2.

When Equation (3) is applied it is

u(Pstd) _ \/{u(xmd)r {H(F)T (15)
Pstd Xind r

where
Xind is the indication of the reference standard (pressure, voltage, current, etc.);
r is the the quantity as.defined by Equation (2).

The measurement of the indication, x4, of the reference standard is given by

Xind = Xind,std ~ Xoffsrstd + Oarftstd T X7 std + Mels std (16)
where
Xind sta-\V IS the indication of the reference standard (pressure, voltage, current, etc.);

Yoisstd IS the offset of the reference standard;

dgrstq IS the deviation of the offset (in most cases, dxy 5t = 0);
dxrgg IS the deviation due to temperature at the calibration laboratory;

dgsstq  represents the deviations due to other influences (e.g. corrections for inclination) (in most
cases, dxgg stg = 0)-

All quantities in Equations (15) and (16) relate to the reference standard gauge.

© 1SO 2009 - All rights reserved 9
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The standard uncertainty of the measurement of the indication of reference standard, u(x;,4), is then given by

2 2 2 2 2
”(xind) :\/”(xind,std) ‘H‘(xoffs,std) +”(8xdrft,std) +”(8xT,std) +”(6xels,std) (17)
where
ulxingstg) 1S the uncertainty originating from the dispersion of measurement values of reference
standard, including dispersion due to digitizing, resolution scatter, etc.;
u(xofsfstq) 1S the uncertainty of the offset values of the reference standard at measurement of the offset
(without repeatability of the offset);
u(Bxgrg stg) IS the uncertainty of the offset values of the reference standard due to offset drift’or otper
systematic dependencies (e.g. due to speed dependence in the case of.‘spinning rqtor
gauges);
u(dxy dg) is the uncertainty component due to the temperature influence under-the conditions of fhe
calibration laboratory;
u(Sxgd stg) represents other uncertainty components, which can also steni”from the calibration itgm,
e.g. temperature influences.
The value|of the reference standard, r, is calculated from the value #ya siq given in the certificate plus|an
allowance for long-term drift, 87, ¢ty 7cert std
r = reprtstd (1407 std) ('8)
Usually 8r/fqg = 0, but u(dr, gq) # 0.
The respegtive uncertainty, u(r)/r, is given by

u(r)

r

7.3 Unc

2 2
I “(rcert,std) + ”(Srt,std) (
Tcert,std Tcert,std

ertainty contributions due to the unit under calibration

The measyirement of the indieation, x;,4, of the UUC is given by

19)

Xind 9 Xind,uuc =Xsffs,uuc *+ O drt,uuc + S eis,uuC (RO)
where
Xind,ulbe is the indication of the UUC (Inrpqanp, \mltngp, current_etc )

xOffS,UUC iS the Offset;

g uuc i the deviation of offset (in most cases, dxy4 yuc = 0);

dgisuuc represents the deviations due to other influences (e.g. corrections for inclination) (in m

cases, dxg s yuc = 0)-

All quantities in Equation (20) relate to the UUC.

10

ost
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The standard uncertainty of the measurement of the pressure with UUC, u(x;,4), is then given by

u(Xing) = \/”(xind,UUC)z +”(xoffs,UUC)2 +”(5xdrft,uuc)2 +“(5xels,uuc)2

where

(21)

u(xing yuc) s the uncertainty originating from the dispersion of measurement values of UUC, including

dispersion due to digitizing, resolution scatter etc.;

Fo
fro
un

val
are

component of the values of the calibration item, u(p,,q4), as follews:

wh
pre

7.4

ulxofrs,uuc) 1S the uncertainty of the offset values of the UUC at measurement of the offs
repeatability of the offset);

u(Sxgr yuc) is the uncertainty of the offset values of the UUC due to offset drift-or.'other
dependencies (e.g. due to speed dependence in the case of spinning.rotor gauges

u(dxgis yuc) represents other uncertainty components, which can also stem from the calibr|
e.g. temperature influences.

a measurement value that has not been obtained from repeated observations, estimate the
m scientific judgement based on all of the available informationcon~the possible variability
certainty component due to digitizing, offset variations, etc.). If the above-mentioned depen

ues are not known, or cannot be estimated by the calibration-laboratory, or manufacturer's sp
not available, carry out at least two repeat measurementsHyon different days. Determine the

u(ping) = ”(prep,ind)

ssure point.

Uncertainty contributions due‘to calibration method or calibration conditions

pt (without

systematic

)

ation item,

incertainty

(including
dencies or
pcifications
incertainty

(22)

ere u(preping) is the repeatability (standard deviation) of the measurement values determined for one

741 The X; are either due to the ealibration method (e.g. a pressure ratio between the flanges) or due to

theg calibration condition (e.g. thetemission current of an ion gauge). The latter values may be given by the

mgnufacturer (often nominal values) or measured at the time of calibration.

It makes sense to distinguish the uncertainties of the X; for the different cases.

7.4.2 Correctionfactors, X, for r, caused by the calibration method, may be given by factors consjdering:

a) | different témperatures at the connecting flanges;

b) | different pressures at the connecting flanges due to height differences, desorption, leaks, cdnditions of
flow,'pumping speed (e.g. in the case of cold-cathode ion gauges);

c) variations of the calibration pressure with time when standard and calibration items are not read

simultaneously, etc.
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7.4.3 |If the X; for a measuring condition are taken from the manufacturer (e.g. a nominal value of the
emission current) the uncertainty u(X;) should be given as well or, if not available, shall be estimated from
scientific judgement based on all of the available information on the possible variability.

The uncertainty of the X; due to the calibration condition, x(X;), when measured is typically given by

WX = (X iima) 40X ) +u(Xos)+0(Xrgm) +u( X 000)” (23)

where

u(X; ing) is the uncertainty originating from the dispersion of measurement values of X, including
dispersion due to digitizing, resolution scatter etc. (e.g. in the case of emission current fhe
standard deviation of the current);
u(X,

icq) is the uncertainty of X; due to the calibration certificate and other factars’ as long-tgrm

instability of the instrument measuring X; (e.g. in the case of the emission current the
uncertainty of the current meter);

u(X;ofts)  is the uncertainty of the offset values of X; at measurement of the effset without repeatablity
of the offset (e.g. a bias of the current meter measuring the emission current);

u(X; q) i the uncertainty of the offset values of X; due to offset drift/or other systematic dependendies
(e.g. drifting emission current control);
u(X; oi4) is the other uncertainty components, e.g. temperature influences.

NOTE If X;= 0" (e.g. O = I, the emission current of an ionizatien gauge), the relative uncertainty is given by

The last term is easier to evaluate.

7.5 Coverage factor

The expanded uncertainty, U(r), is_given by

U(r) :ku(r) (p4)
where
k is the coverage factor;

u(r) | is-the standard uncertainty.

The coverage factor is chosen based on the level of confidence needed for the application. In general, & is in
the range 2 (confidence level of approx. 95 %) to 3 (confidence level of approx. 99 %).

If nothing else has been specified (between customer and calibration laboratory), take £ = 2.
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