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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
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Introduction

This part of 1ISO 13385 is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO/TR 14638). It influences chain link 5 of the chains of standards on size and
distance in the general GPS matrix.

The[ TSO/GPS Masterplan given in ISO/TR 14638 gives an overview of the 1ISO/GPS system_of which this
docpment is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this doeument and the
default decision rules given in ISO 14253-1 apply to specifications made in accordance with this document
unlgss otherwise indicated.

For|more detailed information on the relation of this part of ISO 13385 to other standards and the |GPS matrix
model, see Annex G.

© 1S0O 2011 — All rights reserved Vv
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llipers; Design and metrological characteristics

Scope

with analogue indication: vernier scale or circular scale (dial), and

with digital indication: digital display.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For, uhdated references, the latest edition of the
ment (including any amendments) applies.

14253-1, Geometrical Product Specifications (GPS) — Inspection by measurement of worh
suring equipment — Part 1: Degision rules for proving conformance or non-conforn
Cifications

14253-2:2011, Geometrical~product specifications (GPS) — Inspection by measurement of
measuring equipment —= Part 2: Guidance for the estimation of uncertainty in GPS meas|
bration of measuring equipment and in product verification

14978:2006, Gegmietrical product specifications (GPS) — General concepts and requireme
suring equipmeént

60529, Degrees of protection by enclosures (IP Code)

IEG Guide 98-3, Uncertainty of measurement— Part 3: Guide to the expression of un

part of ISO 13385 provides the most important design and metrological characteristics of callipers

For dated
referenced

pieces and
hance with

workpieces
urement, in

nts for GPS

certainty in

sarement (GUM:1995)

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated terms
(VIM)
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3 Terms and definitions

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

3.1
calliper

measuring instrument which gives the evaluation of a dimensional quantity of an internal or external feature on
the basis of the movement of a slider with a measuring jaw, moving relative to a measuring scale on a rigid
beam and a fixed jaw

See Figures

NOTE 1 q
depth measy

NOTE 2
4.3.3.

1
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NOTE 4

3.2
measuring
contact bety

3.21
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contact bety

3.2.2
partial mez
contact bety

3.23
measuring
contact bet
workpiece

NOTE
definitions.

i

4 Desig

t 1 and 2.

Lallipers with an additional measuring face at the end of the beam and a depth measuring rod(are’use
rements (see Figure 1).

'he indication may be either analogue (vernier), circular scale or digital. Regarding digital_data transfer

ee Annex C for examples of different types of callipers.

bee Annex D for examples of several types of measurements.

face contact
veen the measuring face and a feature of a workpiece

fing face contact
veen the full area of the measuring face and a feature of a workpiece

suring face contact
veen a partial area of the measuring\face and a feature of a workpiece

face line contact
lveen a line, perpendicularyto the length of the jaws, on the measuring face and a feature

orm deviations in (either the measuring face(s) or the feature are disregarded for the purposes of {

n characteristics

4.1

i for

see

of a

nese

General design and nomenclature

The general design and workmanship of the calliper shall be such that its metrological characteristics comply
with this part of ISO 13385 under all operational orientations unless otherwise specified by the manufacturer.

See Figures 1 and 2 for general design.
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Key,|

1 beam 7
2 |slider 8
3 [fixed (measuring) jaw 9
4 |sliding (measuring) jaw 10
5 |measuring faces for external measurements 11
6 |measuring faces for internal measurements 12

(crossed knife-edge faces)

1 length of jaw

I, |length of jaw for internal measurements
1 undercut depth

8

lu

9 2

depth measuring rod

measuring faces for depth-measuremen

vernier scale
main scale
locking screw
clamping device

Figure 1 — Example for a design of a calliper foryexternal, internal and depth measurement
(slider with locking screw:.or with clamping device)

0,.02 mm i_g J Py

0 1 283" 4 5 6 7 8 9 10 1 12 13 16({{52 53 54 95 cm
oo ol I “““““““\‘HH‘HH‘HH‘\H\‘\N‘HH‘HH‘HH o
0 1 2 3 4 5 6 1 8 910
-
La
\5/ %
[c

!
Key
1 beam 7  fine adjustment clamp
2 slider 8  knife edges for external measurements
3 fixed (measuring) jaw 9  locking screw
4  sliding (measuring) jaw 10 fine adjustment device
5 measuring faces for external measurements 11 vernier scale
6  measuring faces for internal measurements 12 main scale
Iy length of jaw [, width of measuring faces
I, length of jaw for internal measurements [, undercut depth

Figure 2 — Example for a design of callipers for external and internal measurement
with a fine adjustment device
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4.2 Dimensions

The dimensions of the elements which are given in Table 1 are typical dimensions.

Table 1 — Dimensions of callipers

Dimensions in millimetres

Measuring range Lengths /; and /,, of the jaws Width /. of the faces
up to Calliper according to Figure 1 Calliper according to Figure 2 n::;si::‘::::lt
I3 Ip,min Ia Ip
150 40 upto8 — — 5
200 40 to 50 upto 8 60 to 80 81010 5
250 — — 70 to 85 10 5
300 60 to 65 up to 10 70 to 100 10 5
400 — — 100 to 125 20 50r10
500 — — 100 to 150 18 to20 50r10
750 — — 100 to 150 181020 50r10
1 OOP — — 125 to 150 20 10
1 SOP — — 150 to 200 20 10 to 20
2 oob — — 150 to 200 20 10 to 20
NOTE THe measuring range given for the callipers in Figures 1 and 2 refers to the measurement of external dimensions.

The length pf the undercut, /,, is typically kept as small-as practicable.

4.3 Typgs of indicating devices

431 G¢neral

Several types of indicating devices éxist:

— analogpe indicating devices with either a vernier scale or a circular scale (see Figures 3 and 8);
— digital indicating déevices with a digital display (see Figure 9).

On calliperg with @nvanalogue indicating device, the scale interval and its unit shall be labelled.

On calliperg with a digital indicating device, the unit of the indication shall be labelled.

4.3.2 Analogue indicating devices

4.3.21 General

The scale interval of the main scale on the beam of a calliper with a vernier scale shall be 1 mm. The main
scale shall be longer by at least one vernier scale length than the measuring range of the calliper. In the case
of callipers with circular scales, the scale interval on the beam may be 1 mm or 2 mm (see Figure 8).

4 © 1S0O 2011 — All rights reserved
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4.3.2.2 Main scale and vernier scale

0,05 mml
9 10 M 12 13

‘ 14 1‘5
Key HHHW*MHH
1 main scale | ; \ ﬁ \
2 vernier scale 2 1

NOTE The actual reading in this figure is 100,00 mm.

Figure 3 — Example of analogue indicating device with vernier scale
4.3.2.3 Design of vernier scale

The| graduating method of vernier scales is shown in Table 2.

Table 2 — Graduating methods of vernier scales

Dimensions in millimetres

Main scale Graduating method of vernier scales Nominal vernier Explanatqry
interval scale interval figure
1 Divide 9 mm into 10 equal parts 0,1 Figure 4
1 Divide 19 mm into 10 equal parts 0,1
1 Divide 19 mm into 20 equa| parts 0,05
1 Divide 39 mm into 20 edual parts 0,05
1 Divide 49 mm into 50 equal parts 0,02 Figure 5

Examples of vernier scales with vernier.intervals of 0,1 mm and 0,02 mm are shown in Figures 4 and 5.

3
L |||||||||||||

[TTTTTT T |
Key 0 /
1 main scale

2 |vernier scale 2

NOTE The.actual reading in this figure is 30,0 mm.

Figure 4 — 0,1 vernier scale of length 9 mm

Key
1 main scale

2 vernier scale

NOTE The actual reading in this figure is 30,00 mm.

Figure 5 — 0,02 vernier scale of length 49 mm

© 1S0O 2011 — All rights reserved 5
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4.3.2.4

Scale surface

For common types of scale surfaces, see Figures 6 and 7.

main sc

beam
slider

The height

small as practical.

Key
1
2
3
4

main sg
vernier
beam
slider

The main s

between thé main scale and the vernier scale should be as small as practical.

43.2.5

The main s
be graduatg

Key
1
2

main s¢
circular

NOTE 1

vernier scale

Main scale and circular scale

1 2

ale

Figure 6 — Standard slider with vernier scale

1 3 24

ale
Ecale

cale surface and vernier scale surface shall be nominally_at)the same level and the distg

Figure 7 — Slider with vernier scale for readings without parallax error

Cale is located on the beam and the circulan scale is located on the slider. The circular scale 9
d in scale intervals. The scale interval and’its unit shall be labelled.

ale
scale

[he actual reading in this figure is 41,55 mm.

Figure 8 — Example of analogue indicating device with circular scale

nce

hall

4.3.3 Digi

Key
1

2 digital d

electronic main scale

rdicatima-devi

-

Figure 9 — Example of digital indicating device with digital display

isplay
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Callipers with a digital display may also be capable of data transfer. In this case, the manufacturer shall
describe the data output protocol (interface) in sufficient detail.

4.3.4 Protection for field use

Manufacturers shall express clearly which type of water and dust protection is provided (IP code according to

1all not be

measuring
e scale.

rements are

rately.

IEC 60529), and whether electromagnetic field protection is given or not.

4.4 Measuring faces

Megsuring—faces shatt—consist—of —wear-resistant mmateriat—of —suitable—surface—finish—They s
shafp-edged.

5 |Metrological characteristics

5.1 General

Calljpers with a vernier scale have a fixed zero point.

Adjuistable callipers with a digital display shall be able to be set to_ zere' in any position within the
range; adjustable callipers with a circular scale shall be able to besetto zero within the range of th
Thel metrological characteristics of this part of ISO 13385 apply.when the faces for external measu
pregsed against each other for zero setting.

NOTE Requirements for straightness, flatness and parallelism of the measuring faces are not given sepa
5.2| Effect of slider locking

If thie slider is clamped (i.e. the slider is equipped with a locking screw or a clamping device), th¢ dimension

whi

h is set shall not change and the indication shall fulfil the following conditions.

Callipers with analogue indication: the indication shall not change.

— | Callipers with digital indication: the indicated value shall not change by more than the last sigpificant digit
of the indication.

When the slider is locked, the digital display shall not change by more than one digital step.

5.3| Maximum-permissible error of indication (limited by MPE)

5.3.1 General

The-error-of-indication—characteristics—appty-toany-indications-based-orthe—zero-setting-stated-int 5.1. These

characteristics apply independently of the measuring range of the calliper. The error of indication shall not be
greater than the maximum permissible error (MPE).

NOTE The limits of permissible error cannot be smaller than the digital step or the scale interval.

5.3.2 Partial surface contact error, E (limited by £,pg)

This is the error of indication when a partial measuring face contact (3.2.2) is employed. For an example,

see

A22.

© 1S0O 2011 — All rights reserved
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5.3.3 Repeatability of partial surface contact error, R (limited by Ry;pg)
This is the closeness of agreement between the results of successive measurements of the same measurand

carried out at any position on the jaws under the same conditions of measurement. For an example, see A.2.6.
The manufacturer shall express the manner in which the repeatability is assessed and reported.

5.3.4 Scale shift error, S (limited by Sy;pg)

This is the error of indication when using measuring faces other than the measuring faces for external
measurement provided that a full contact of the measuring faces is given. For an example, see A.2.3.

NOTE $cale shift includes error of form of the measuring faces for depth measuring and change of the directign of
measuring fdrce.

5.3.5 Ling contact error, L (limited by Zy;pg)

This is the|error of indication when a measuring face line contact (3.2.3) is employed:HFor an example,
see A.2.4.

NOTE Lline contact error is especially important for used callipers.

5.3.6 Fulllsurface contact error, J (limited by Jy,pg)

This is the| error of indication when a full measuring face contact, (3{2.1) is employed. For an example,
see A.2.5.

NOTE The full surface contact error is a potential measure of the effect of the form deviation of both measuring fgces.
5.3.7 Effect (error) due to crossed knife-edge distance; K (limited by K;pg)

This is the|error of indication when the measurement is performed by using the crossed knife-edge jaws
perpendicular to the length of jaws in a small cylindrical hole. For an example, see A.2.7.

5.4 MPE|and MPL for a number of metrological characteristics

The maximum permissible error (MPE) is the extreme value of an error of a metrological characteijistic
permitted by the specification.

The maximum permissible limit.(MPL) is the extreme value of a metrological characteristic permitted by the
specificatio

=

The manufgcturer shall'specify the MPE and MPL information for the calliper metrological characteristics listed
in Figure 10. Unless otherwise specified by the manufacturer, the MPE/MPL values shall comply at|any
position within thesmeasuring range and at any orientation of the calliper.

According 0 4SO 149782006 751 MPEs shall be gi\/pn as a continuous function (pg thight lines
connecting given points); see I1SO 14978:2006, 7.5.3, for the model. Figure 10 provides an example
specification sheet for individual dimensions.

6 Indication in product documentation and data sheets

The indications shown in Table 3 are allowed for use in product documentation, drawings, data sheets, etc. as
these alternatives reduce the amount of small text in subscripts to allow for improved visibility and clarity. An
example data sheet is shown in Annex E.

8 © 1SO 2011 — All rights reserved
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Table 3 — Symbols and corresponding indications
in product documentation, drawings, data sheets, etc.

ISO 13385-1:2011(E)

Symbol used in this document Corresponding indication
Empe MPEg
Rupe MPEg
SmpE MPEg
Lvpe MPE;
TPE MPE
Kype MPE

Nominal value

Maximum permissible error of indication

Measuring force, scale interval or digital step

MPE;

mm

pm

50

100

150

200

300

400

600

800

1000

1400

1600

2000

MPER ..., pm
MPEg S, pm
MRE} oo, um
MPE oo um
MPEg oo pm
Scale interval ............... mm
Digital step ........cccouee. mm

Maximum measuring force?

a

Maximum force under which the MPEs apply; see also Annex B.

Figure 10 — Example of specification sheet for metrological characteristics

7 |Proof of conformance with specifications

7.1 General

To prove conformance and non-conformance with specifications, apply 1SO 14253-1. Uncertainty evaluation
shall be performed according to ISO 14253-2 and ISO/IEC Guide 98-3.

7.2 Measurement standards for the calibration of metrological characteristics

Measurement standards shall be used in accordance with the applicable ISO standards.

© 1S0O 2011 — All rights reserved
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8 Marking

Callipers shall be marked with serialized alphanumerical identification. For the calliper shown in Figure 2, the
value of the width, [, shall be indicated on the jaw for internal measurements.

Any marking shall be easy to read and permanent and shall be placed on the surface of the calliper in a place
that will not impair the metrological quality of the equipment.

10 © 1SO 2011 — All rights reserved
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Annex A
(informative)

Error tests

Test methods

The)

The)

A cdlibration curve provides the simplest means of evaluating the performance of the calliper und

ISO

A.2

A.2

The
unc

A.2

The
e.g.
Figu
star

NOT
mea
leng

NOT

methods should evaluate the performance of the calliper throughout its measuring range.

methods described below do not purport to be the only valid test methods, but their use:is recq

14978).

Error of indication

L1 General

error of indication may be tested with suitable instruments*or measurement standards with an
prtainty, for example with gauge blocks according to 1ISO"3650, step blocks or setting ring gaug

12 Partial surface contact error, E (limitediby £y o)

partial surface contact error may be tested by measuring a measurement standard with 5
gauge blocks, at different positions along the jaws, at any position within the measuring
re A.1). The difference between the~indicated reading and the calibrated value of the m
dard shall not exceed the MPEs spegified according to ISO 14978:2006, 7.5.3, or given in the

E1 The partial surface contact error depends on the usage of the calliper, e.g. the measuring posit
suring range, the measuring range (deflection of the beam), the clearance between the slider and the b
th of the jaws.

P R

mmended.

er test (see

appropriate
eSs.

mall faces,
range (see
casurement
Hata sheet.

on within the
eam and the

E2 Parallelism andform deviation of the measuring surface of the jaws as well as scale errors are ingluded.

. |
0,02 mm f=

0 1 2 3 4 5 6 F 8 9 10 M 12 1B % 15 1 17 18 19 20 m[]
‘HH‘HH ‘1”‘\“‘”\“‘”\“”‘\“”‘\“"‘\‘1”\”‘”\”‘”\”““ ‘ H‘HH‘HH‘HH‘H\\‘H\\‘\H\‘\H\‘“-‘-‘W\‘-\“L(\M‘w“lﬂHM(#“L\‘WLN\‘HH‘HH‘\\H‘HH‘HH‘HH‘HH‘ H‘
F :/::::::::?
Key
F  maximum measuring force
Figure A.1 — Test arrangement for partial surface contact error
© 1SO 2011 — All rights reserved 11
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A.2.3 Repeatability of partial surface contact error, R (limited by R\pg)

The repeatability of partial surface contact error may be tested by measuring a measurement standard,
e.g. gauge blocks, at any position on the measuring faces of the jaws and for any size (position within the
measuring range). The repeatability evaluated according to ISO 14978 shall not exceed the MPE given in the

data sheet.

A.2.4 Sca

le shift error, S (limited by Sy;pg)

The scale shift error may be tested by measuring a gauge block of, for example, 25 mm with the measuring

faces for extern

internal me
to ISO 1497
a separate

For a callip
setting ring

To test the
ring gauge

NOTE1 1
measuremer

NOTE2 1
5 mm (see F

NOTE3 |

8:2006, 7.5.3, or that given in the data sheet. This does not remove parallelism, which falls'u
Characteristic.

gauge of 10 mm.

scale shift error, it is important to use a measurement standard, e.g. a gauge block and a se
pf the same size.

ts and the depth measuring rod.

'he diameter of the setting ring gauge for testing callipers with\erossed knife edges shall not be less
gure A.3).

is not necessary to test the scale shift error in more than.one position within the measuring range.

A.2.5 Ling contact error, L (limited by Ly,pE)

The line contact error may be tested by measuring a cylindrical measurement standard, e.g. cylind

s for
Hing
nder

er with crossed knife edges, this test method may be performed by using a gauge block and a

ting

[he same test method may be used for testing the scale shift error between measuring faces for external

than

rical

measuring |pins, of a small diameter (appreximately 10 mm) at different positions along the jaws,
perpendicular to the plane of jaws (see Figure'A.2). The variation among two or more readings shall| not
exceed the [MPEs given in the data sheet.
NOTE 1 The test of the line contact error-is important for the detection of worn measuring faces of used callipers.
NOTE 2 I} is not necessary to test.the line contact error at more than one position within the measuring range.
0,02 mm
‘0123L56?891‘0
a -
F
Figure A.2 — Test arrangement for line contact error
12 © 1SO 2011 — All rights reserved
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A.2.6 Full surface contact error, J (limited by Jy,pg)

The full contact error may be tested by measuring a measurement standard, e.g. gauge blocks, which covers
the whole measuring surface of the jaws. The variation over two or more readings shall not exceed the MPEs
given in the data sheet.

NOTE The full contact error is independent of the measuring range. It is sufficient to test the full contact error in one
position within the measuring range.

A.2.7 Error due to crossed knife-edge distance, K (limited by K)pg)

The| effect of the crossed knife-edge distance shall be tested by measuring a setting ring gauge|not greater
than 5 mm (the manufacturer shall state the size used in the test). The effect depends on“th¢ clearance
between the measuring faces and the thickness of the knife-edge faces (see FigurefA,3). The error of
indication of the readings shall not exceed the MPEs given in the data sheet.

la

~
ly

dOV

I, |clearance

I, |thickness of the knife-edge faces
din |indicated size

dyy |overall size

Figure A.3 — Error due to crossed knife edges in small holes
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Annex B
(informative)

Advice on application

The calliper does not adhere to the conditions prescribed in the Abbe Principle. There is a tilt in the slider
caused by the clearance fit between slider and beam as well as by the pressure of the movable measuring
face again..t the pal“t tobe-meastred—Thisrestits—in—at |9u:a| deviations—that-infltence—the |||caou|;||9 value
and the err¢r of indication. To reduce this influence, the workpiece should contact the measuring faces ‘of the
calliper as glose as possible to the beam.

Temperatue and deformation factors have a length-oriented influence. As a result, the smallest possgible
uncertainty |of measurement is larger than the resolution of the measuring instrument. This-has to be tgken
into consideration when evaluating the measured result. There are additional factors thab contribute to| the
measuring uncertainty. For more details, see ISO 14253-2.

In the case|of digital indications, pay attention to environmental factors, e.g. magngtic fields, electrical figlds,
dampness, [etc., which could affect the functioning of the electronic components_6f the calliper.

14 © 1SO 2011 — All rights reserved
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Annex C

(informative)

Examples of different types of callipers

Figures C.1 to C.4 show different types of callipers.

ISO 13385-1:2011(E)

&

N

Figure C.1 — Type with an adjustable

measuring jaw

—

Figure C.2 — Basic type

o)

—

Figure C.4 — Type with half-round

Figore 'C.3 — Type with internal measuring jaws
mefe'edgvﬁces- )
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Annex D
(informative)

Examples of types of measurements

Figures D.1 to D.3 show different types of measurements.
AR D D i M e o i

Figure D.1 — External measurements

W 4

Figure D.2 — Internal measurements

Figure D.3 — Step or depth measurements
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