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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ogical characteriStics have been clarified and modified;
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parts in the ISO 13385 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO 14638). It influences the chain links F and G of the chain of standards on size and
distance in the general GPS matrix (see Annex C).

The ISO/GPS matrix model given in ISO 14638 gives an overview of the ISO/GPS system of which this
document is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this document and
the default decision rules given in ISO 14253-1 apply to specifications made in accordance with this
document, unless otherwise indicated; see ISO/TR 14253-6 for additional information on the selection
of aJternative decision rules.

For

more detailed information on the relation of this document to other standards and.the

modlel, see Annex C.

3PS matrix
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5 document provides the most important design and metrological characteristics of callij
with analogue indication: vernier scale or circular scale (dial), and

with digital indication: digital display.

Normative references

following documents are referred to in the text in suehsa way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced decument (including any amendmen

14253-1, Geometrical product specifications (GRS)*— Inspection by measurement of wor
suring equipment — Part 1: Decision rules for verifying conformity or nonconformity with sp|

14253-5, Geometrical product specifications (GPS) — Inspection by measurement of wor:
suring equipment — Part 5: Uncertainty.in verification testing of indicating measuring inst

TR 14253-6, Geometrical productspecifications (GPS) — Inspection by measurement of
measuring equipment — Part 6! Generalized decision rules for the acceptance and 1
ruments and workpieces

14978:2018, Geometrical product specifications (GPS) — General concepts and requireme
suring equipment

IEC Guide 98-3 . Uncertainty of measurement — Part 3: Guide to the expression of und
surement (GUM:1995)

IEC Guide\99, International vocabulary of metrology — Basic and general concepts and
hs (VIM)

3

Terms and definitions

Ders

bir content
pplies. For
[s) applies.

xpieces and
ecifications

xpieces and
ruments

workpieces
ejection of
nts for GPS

ertainty in

associated

For the purposes of this document, the terms and definitions given in ISO 14978 and ISO/IEC Guide 99

and

the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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31
calliper

measuring instrument which evaluates a dimensional quantity of an internal or external feature on
the basis of opposing contact from the movement of a slider with a measuring jaw, moving relative to a

measuring

scale on a rigid beam and to a fixed jaw

Note 1 to entry: See examples in Figures 1, 2 and 3.

Note 2 to entry: Callipers can be equipped for additional measurements, such as depth and step measurements
(see Figures 1 and 2).

Note 3 to entry—thetmdicatiomrcanr beeitheramatogue {vermier scate or tircutar scateyordigitat——

3.2

measuring face contact

contact betf

3.21
full measy
contact bet

3.2.2
partial me
contact bet

3.2.3

ween the measuring face and an integral feature of a workpiece

ring face contact
ween the full area of the measuring face and an integral feature of a'Workpiece

asuring face contact
ween a partial area of the measuring face and an integral fedture of a workpiece

measuring face line contact

contact bef
integral fes

4 Desig

4.1 Gen

The design
in ISO 1497

The scale i

iture of a workpiece

n characteristics

bral design and nomenclature

shall follow the general guidelines in ISO 14978, including the common design characteris
8:2018, Annex C. Examples\of the general design of callipers are shown in Figures 1, 2 an

hterval of the main sealeon the beam of a calliper with a vernier scale shall be 1 mm. In

case of callipers with circulaniseales, the scale interval on the beam shall be either 1 mm or 2 mm.

4.2 Dimensions

The manuf
values sho;
this docun

hcturer shall state important calliper design dimensions, such as those shown in Table 1.
vn in Table 1 are typical dimensions of the elements of callipers and are not requirement
enti, Table 1 does not include the length of the undercut, which is typically kept as sma

ween a line, nominally perpendicular to the length‘of the jaws, on the measuring face angl an

tics
d 3.

the

The
s of
]l as

practicablg.

For callipers equipped with a depth measuring rod, the manufacturer shall state the cross-sectional
dimensions of the rod, for example @ 1,5 mm for round section or 1,2 mm x 3 mm for rectangular

section.
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Key
1 |beam 9  digital display
2 |slider 10 main scale
3 |fixed (measuring) jaw 11 locking screw
4 |sliding (measuring) jaw 12 measuring faces for'step measurement
5 |measuring faces for external measurements 13 undercut
6 |measuring faces for internal measurements 14 thumb roller
(crossed knife-edge faces) I, lengthefjaw for external measurements
7 |depth measuring rod I, length of jaw for internal measurements
8 |measuring faces for depth measurement
Figure 1 — Example design of callipers with digital display for external, internal, d¢pth and
step measurement
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"S13 -/ 10
[ - 9
3
/ 4
5
Key
1 |beam 8  measuring faces for depth measurement]
2 slider 9  vernier scale
3 fixed (measuring) jaw 10 main scale
4  sliding (measuring) jaw 11 locking screw
5 measuring faces for external measurements 12 measuring faces for step measurement
6  measuring faces for internal measurements 13 undercut
(crossed knife-edge faces) I, length of jaw for external measurements
7  depth measuring rod I, length of jaw for internal measurements

Figure 2 — Example design of vernier callipers for external, internal, depth and step

© IS0 2019 - All rights reserved
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Key
1 beam 10 fine adjustment device
2 slider 11 vernier scale
3 fixed (measuring) jaw 12 main scale
4  sliding [measuring) jaw 13 undercut
5 measuifing faces for external measurements I,  length of jaw for external measurements
6  measuifing faces for internal measurements I, length of jaw for internal measurements
7  fine adjustment clamp I.  length ofknife-edge jaw for external measuremepnts
8  knife eqges for external measurements Iy widthof measuring faces
9  locking|screw
Figure 3 — Example design of vernier callipers for external and internal measurements and
with a fine.adjustment device
Table 1 —Typical dimensions of callipers
Dimensions in millimgtres
Measuring Lengths [, [, and I of the jaws Width [, of the
range . . faces for intpr-
less thah Callle.er accordlng to Calliper according to Figure 3 nal measure-
igure®1 or 2
or equal fo ment
Ia Ib Ia Ib Ic
150 40 8to 20 50 8to 10 25t0 35 5
200 40 to 50 8to 25 60 to 80 8to 10 25t0 35 5
300 60 to 65 10 to 30 70 to 100 10to 12 35to 45 5
500 70t OC 15 +5.40 100 t5-150 15 t5.20 CO0ta 60 C orl10
750 70 to 95 15 to 40 100 to 150 15to 20 50 to 60 S5or10
1000 100 to 130 20to 60 125to0 150 20to 30 50to 60 10to 20
1500 100 to 130 20to 60 150 to 200 20to 30 50 to 60 10to 20
2000 100 to 130 20to 60 150 to 200 20to 30 50 to 60 10 to 20
NOTE The measuring range refers to external measurements for the callipers in Figures 1, 2 and 3.
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5 Metrological characteristics

5.1 General

The metrological characteristics and associated maximum permissible error (MPE) values apply to
any indications permitted for use of the calliper as defined by the manufacturer and when used in
accordance with the manufacturer’s recommendations. The MPE values cannot be smaller than the
digital step or the scale interval on the circular scale or vernier scale.

5.2 Rated operating conditions

Theg manufacturer shall state any rated operating conditions that apply to the MPE valugs. All MPE
valuies apply at a rated operating condition for a temperature of 20 °C exactly, unlesscotherwise stated.
Test values shall therefore be corrected to 20 °C to obtain the error of indication-that the calliper
woyld have produced had the test been performed at 20 °C. If temperature correction to 40 °C is not
performed, this document allows the consequences to be included in the evaluation of the mdasurement
uncertainty (see 6.2).

A cplliper is a manually operated measuring instrument, and the user of the calliper i$ therefore
necpssarily included in the measuring system that is specified in accerdance with this dociiment. The
usef shall be reasonably skilled in the operation of the calliper.

5.3| Reference point

Callipers with a digital display or a circular scale shall’have an adjustable zero point. Calli$ers with a
digijtal display shall be able to be set to zero in any pesition within the measuring range; calllipers with
a circular scale shall be able to be set to zero within the range of the circular scale.

For|callipers with an adjustable zero point, the'metrological characteristics described in thi§ document
apply when the measuring faces for external measurements are properly brought into fontact for
zer( setting, and therefore the reference point is considered fixed at this point when evajuating the
metfrological characteristics.

For|callipers without an adjustable zero point, there can be an error when the external [measuring
facgs are brought into contactiwith each other. This error shall be included in the evaludtion of the
mefrological characteristics-without applying any correction for it.

5.4 Test methods

The errors of indication shall be tested with suitable instruments or measurement stanflards with
an gppropriate-neasurement uncertainty, for example with gauge blocks according to ISO[3650, step
gauges or sefting ring gauges. When testing conformity to specification, sufficient testing shjall be used
to establishconfidence in the results.

For|dceeptance testing, the customer is free to choose the test points; however, unless|otherwise
specified; the acceptarnce testing sitatt COMToTTT to te TeqUITEnents 1 tis doCuIent.

When considering test points, appropriate consideration shall be given to the calliper design and
operating conditions that might indicate the presence of short-length cyclic or local errors. For callipers
with circular scales or vernier scales, the chosen test points shall cover the range of the circular or
vernier scale. For example, for callipers with circular scales, test points shall be chosen that orient the
pointer at various angles within the circular scale.

5.5 Partial surface contact error, E (limited by Ey;p)

The partial surface contact error is the error of indication when partial measuring face contact
is employed to measure a measurement standard using the external measuring faces. This error

© IS0 2019 - All rights reserved 5
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is calculated as the signed difference between the calliper indication and the reference value of the
measurement standard.

The partial surface contact error shall be tested by measuring measurement standards at multiple test
points located across the measuring range of the calliper (see Figure 4) and located on the external

measuring

faces at different distances away from the beam (see Figure 5).

The test points shall be distributed as evenly as practicable across the measuring range of the calliper
with the minimum number of test points according to Table 2. At least one test point shall be at 90 %
or greater of the measuring range. The reference point does not count towards satisfying the minimum
test points in Table 2. Two test points, one near the beam and one near the tip of the jaws, shall be taken

for both th
(see Figurd

The averag

e longest and shortest measurement standards in the test for partial surface contact-e
1 5).

[ror

ring of multiple indications is not permitted when calculating the partial surfaceé confact
error. As suich, the influence of repeatability is included in the test for partial surface cortdct error.

cale
the

ent

NOTE1 The partial surface contact error is intended to detect a combination of calliper errors, including s
errors, the ¢ffect of the applied measuring force, the play between the beam and the slider, the deflection o
beam, and the influence of the parallelism and flatness of the external measuring faces.
NOTE 2  The partial surface contact error is influenced by the line contact erroras discussed in Annex A.
7
L = . =
= ] | S
[} 1 20 nnn 920 100 110 1‘20 130 140 15L mm_____ O
L n h BUU L SR B SN T 5 u
S — ey o >
e —&\J‘}
/ ”/ -
/
j/ p

Figure 4 +— Example of test arrangement for partial surface contact error showing two differ

test points located across the measuring range

&P

-

0 1
I n |

{

20 9 100 110

=
N
LU b

o ——)

5

-

Figure 5 — Example of test arrangement for partial surface contact error showing the shortest
measurement standard being measured both near the beam and near the tip of the jaws
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Table 2 — Number of test points for partial surface contact error

Measuring range less than
or equal to
mm

150
300
1000
Over 1 000

Minimum number
of test points

|||

5.6

5.6

The
med
facq
refe

Thd
use

Eac
wit
med

5.6

For
test
intq

50 fnm, unless a larger size is necessary due to the design of the calliper, for example due to t

the

Shift error, S (limited by Sypg)

1 General

shift error is the error of indication when full or partial measuring face corttact is emplo
isuring faces other than the external measuring faces. After zero setting with'the external
s as in 5.3, this error is calculated as the signed difference between the calliper indicat
rence value of a measurement standard when using any of the other\measuring faces.

applicability of the shift error depends on the design of the calliper. Typical shift errors
of internal measuring faces, depth measuring rod, and the step measuring faces.

h of the types of measurement that the calliper is designed to perform shall be separ
 at least one test point. For each, the shift error, shall be tested by measuring an
isurement standard.

2  Shift error — Internal measuring faces

internal measuring faces, a setting ring gauge or other internal reference standard shall
ing (see Figure 6). The size of the measurement standard used to test for shift error whe
rnal measuring faces shall be larger;than 20 mm, with the default size being between !

faces for internal measurement as shown in Figure 3.

Figure 6 — Example of test arrangement for shift error — Internal measuremé

yed for any
measuring
on and the

include the

jtely tested

ppropriate

be used for
h using the
P0 mm and
he width of

tnt

5.6.

3 Shift error — Crossed knife-edge internal measuring faces

For callipers which use crossed knife-edge internal measuring faces, an additional shift error can occur
when measuring a small cylindrical internal diameter. The effect depends on the gap between the
measuring faces and the thickness of the knife-edge faces (see Figure 7). Unless otherwise stated, this
metrological characteristic applies to callipers with a measuring range less than or equal to 300 mm.

The shift error due to crossed knife-edge internal measuring faces shall be tested by measuring a small
internal cylindrical measurement standard, for example a setting ring gauge, with a nominal size of

5m

©IS

m in diameter (see Figure 8).

02019 - All rights reserved
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2
J
4

Key

1 gap between the measuring faces

2 thicknéss of the knife-edge faces

3 indicatgd size

4 overall gize

Figure 7 — Error due to crossed knife-edge internal measuring faces in small holes

Figure|8 — Exaniple of test arrangement for shift error — Internal measurement of 5 mm
diameter using the crossed knife-edge internal measuring faces

5.6.4 Shift-error — Depth or step measuring faces

For depth or step measuring faces, a gauge block and surface plate or other step height measurement
standard shall be used for testing. By default, the size of the measurement standard used to test for
shift error when using the depth or step measuring faces shall be less than 50 mm. See Figures 9 and 10.

8 © IS0 2019 - All rights reserved
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L L

Figure 9 — Example of test arrangement for shift error — Depth measurement

il
a

I Eﬁ

L L

Figure 10 — Example of test arrangementfor shift error — Step measuremernt

5.7] MPE values

For| acceptance tests, MPE values shall be stated by the manufacturer in accordance| with this
document. Table 3 provides an example'of a specification sheet with blanks to enter the MPE|values. For
reverification tests, the MPE values.shall be stated by the user. This document is intended|to be used
by the manufacturer or user to state the MPE values. Annex B shall be used for situations wlien no MPE
valyes are stated.

5.8 Special cases

For|callipers equipped with more than one scale, for example two vernier scales, the MPE values apply
to the use of the'mwltiple scales. Testing shall be done across the measuring range of the calliper using
each scale.

For|callipers equipped with multiple external jaws, for example the calliper shown in Figure|3, the MPE
valyes/apply to all pairs of measuring faces for external measurement. One pair of the exfernal jaws
sha|l'be tested for partial surface contact error, E, and the others for shift error, S.

6 Determination of conformity to specifications

6.1 General

All errors of indication shall conform with the specified MPE values.

6.2 Measurement uncertainty

Evaluation of measurement uncertainty shall be performed in accordance with ISO/IEC Guide 98-3.
When determining conformity with specification, the measurement uncertainty associated with a

© IS0 2019 - All rights reserved 9
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test value (the test value uncertainty) shall be evaluated in accordance with ISO 14253-5. Additional
guidance is available in ISO 14978:2018, Annex D.

Uncertainty associated with the reference standards used in testing, as well as any uncertainty
associated with temperature, shall generally be included as contributors to the measurement
uncertainty. The test value uncertainty shall generally not include contributions from the errors of the
calliper, such as the calliper repeatability or resolution.

As in 5.2, the user of the calliper shall be skilled in the operation of the calliper to properly determine
conformity with specifications. As discussed in ISO 14253-5, when the user is sufficiently skilled, any
variation in the test values associated with the skills of the user of the calliper is generally not included

as a contributor to the measurement uncertainty.

6.3 Decision rule

When de
the specifi
agreement

NOTE

7 MarkKi

nstrating conformity or non-conformity to specifications, the decision rule¢‘accompany
cations shall be followed. If no decision rule is stated with the specificatiéons; and no spd
is made between supplier and customer, then the default rule of ISO 14253-1 applies.

Information on the selection of an alternative decision rule can be found in-ISO/TR 14253-6.

Table 3 — Example specification sheet for metrological characteristics

Maximum permissible error’of indication

Measured length, |
SmpE

pum

Evipg
mm pm
0<1<50
50<1<100
100 <1 <200
200 <1 <300
300 <1< 400
400<1<500
500<1<600
600<1<700
700 <1< 800
800 < [1<900
900 <11 000

Analogueé scale interval or digital step:

ring
cial

ha
L=a—2

with

ric

Callipers

JTrortT o ice crerroroT oIy TrererrerrreoreroTT TTT THreer pPrictrrert

identification to identify the individual measuring equipment.

NOTE For the calliper shown in Figure 3, the value of the width, I;, can be indicated on the jaw for internal
measurements.
10 © IS0 2019 - All rights reserved
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Annex A
(informative)

Calibration guidelines for metrological characteristics

General
Fenera:

Thd
wit

Ing
the
tasl

EXA
any

A.2

Lin
med
med
face
alsa
call
not

Pri
med

—

in idlentifying potential problemstassociated with localized wear or parallelism of the measy

The

15 mm diameter cylindrical measuring pin, at different positions along the entire external

face
ran

EMP

calibration of a calliper should generally include the evaluation of the performance, of {
hin its measuring range.

eneral, the calibration should include verification testing of all metrological‘characteris
measuring range in accordance with this document. Based on the intended use of the
-related calibration should be taken into consideration.

MPLE For a calliper that is intended to only be used for external diameter measurements, t
metrological characteristics associated with shift error (see 5.6) can be‘considered unnecessary

Line contact error

e contact error is the error of indication when measuring face line contact is employed us

isuring faces. Line contact error detects the effects of the parallelism of the external
s as well as any flatness error or localized weéar. The parallelism of the external meas
influences the partial surface contact errory E. Line contact error is therefore importa
ipers for the detection of worn measuring faces but often not necessary for new callipers.
necessary to test the line contact error‘at more than one position within the measuring r

r to testing for line contact error it is recommended that the light gap between t}

line contact error is tested by measuring a small cylindrical measurement standard, foy

s, perpendicular to'the plane of jaws (see Figure A.1). The line contact error is calcul
be of the measured values. The MPE value for line contact error is equal to the range of
; = *+a then the\MPE for line contact error is 2a.

he calliper

tics across
calliper, a

he testing of

ng a single

isurement standard, for example a cylindrical measuring pin, at any position along the external

measuring
iring faces
ht for used
tisusually
hnge.

e external

isuring faces when brought into close contact with each other is observed. Gaps of light can be useful

ring faces.

example a
measuring
hited as the
Evpps 1-€. if
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Figure A.1 — Example of test arrangement for line contact error
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