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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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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 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

© IS0 2020 - All rights reserved
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Scope

5 document specifies the most important design and metrological characteristics

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‘such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited g
ated references, the latest edition of the referenced document (including any amendmen

14253-1, Geometrical product specifications' (GPS) — Inspection by measurement of wor
suring equipment — Part 1: Decision rulésfor 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-product specifications (GPS) — Inspection by measurement of
measuring equipment =Part 6: Generalized decision rules for the acceptance and 1
ruments and workpieges

14978:2018, Gepmetrical 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)

[EC.Guide 99, International vocabulary of metrology — Basic and general concepts and

tern

of calliper

Pir content
pplies. For
[s) applies.

kpieces and
pcifications

kpieces and
'uments

workpieces
ejection of
nts for GPS

ertainty in

associated

hs{VIM)

3

Terms and definitions

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

[SO and IEC 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 depth gauge

measuring instrument which gives the evaluation of a dimensional quantity of a step or depth of a
feature corresponding to the distance between the end of a beam and the face of a measuring base on
the basis of the movement of a slider, moving relative to a measuring scale on a rigid beam

Note 1 to entry: See examples in Figures 1 and 2.
Note 2 to entry: The indication can be either analogue (vernier scale or circular scale) or digital.

3.2
measuringface contact
contact befween the measuring face and an integral feature of a workpiece

3.21
full measyring face contact
contact befween the full area of the measuring face and an integral feature of a workpiece

3.2.2
partial measuring face contact
contact befween a partial area of the measuring face and an integral feature.of’a workpiece

4 Design characteristics

4.1 General design and nomenclature

The design|shall follow the general guidelines in ISO 14978,ificluding the common design characterigtics
in ISO 149[78:2018, Annex C. Examples of the general design of calliper depth gauges are showh in

Figures 1 and 2.

The scale ipterval of the main scale on the beam'of-a calliper depth gauge with a vernier scale shall be
1 mm. In the case of callipers with circular scales, the scale interval on the beam shall be either 1 mm
or 2 mm.

2 © IS0 2020 - All rights reserved
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1 |beam 6 locking screw
2 |slider 7  vernier scale
3 |depth measuring face 8  main scale
4 |base measuring face I3 length efmeasuring base
5 |measuring base
Figure 1 — Example design of a vernier calliper,depth gauge (slider with locking §crew)
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Key]
1 |beam 7  locking screw
2 |slider 8 digital display
3  depth measuring face 9  fixing holes for extension measuring base
4  base measuring face 10 hook
5 hook measuring face Iy length of measuring base
6 measuring base I,  width of hook
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4.2 Dimensions

The manufacturer shall state important calliper depth gauge design dimensions, such as those shown
in Table 1. The values shown in Table 1 are typical dimensions of the elements of calliper depth gauges
and are not requirements of this document.

For calliper depth gauges with a hook end, the manufacturer shall state the dimensions of the hook.

Table 1 — Typical dimensions of calliper depth gauges

Dimensions in millimetres
Measuring range Length, [ , of the
less than or equal to measuring base
150 100
200 100
250 100
300 100 to 150
350 100 to. 150
500 150 to250
1000 150 to 250

5 Metrological characteristics

5.1 Gen

The metro
indication§
accordancs

values canfiot be smaller than the digital step or'the scale interval on the circular scale or vernier scal

5.2 Ratg

The manuf
values app

Test value
depth gaug
20 °Cis no
measurem

A calliper ¢
gauge is th

k performedythis document allows the consequences to be included in the evaluation of]

bral

ogical characteristics and associated maximuih permissible error (MPE) values apply to
permitted for use of the calliper depth gauge'as defined by the manufacturer and when us¢
with the manufacturer’s recommendatiens. See Annex A for additional information. The |

d operating conditions

acturer shall state any rated operating conditions that apply to the MPE values. All }
y at a rated operating condition for a temperature of 20 °C exactly, unless otherwise staf]

5 shall therefore be_corrected to 20 °C to obtain the error of indication that the call
e would have produced had the test been performed at 20 °C. If temperature correctio

bnt uncertainty of the test values (see 6.2).

lepth.galige is a manually operated measuring instrument, and the user of the calliper d¢
erefore necessarily included in the measuring system that is specified in accordance ¥V

any
d in
IPE

IPE
ed.

per
h to
the

pth
vith

this docun

ent. The user shall be reasonably skilled in the operation of the calliper depth gauge.

5.3 Reference point

Calliper depth gauges with a digital display or a circular scale shall have an adjustable zero point. It
shall be possible to set calliper depth gauges with a digital display to zero in any position within the
measuring range; it shall be possible to set calliper depth gauges with a circular scale to zero within the

range of th

e circular scale.

For calliper depth gauges with an adjustable zero point, the metrological characteristics described in
this document apply when the measuring faces are properly pressed against a flat surface for zero or
offset setting, and therefore the reference point is considered fixed at this point when evaluating the

metrologic

al characteristics.
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For calliper depth gauges without an adjustable zero point, there can be an error when the depth
measuring face is brought into contact with a flat surface. This error shall be included in the evaluation
of the metrological characteristics without applying any correction for it.

5.4

Test methods

The errors of indication shall be tested with suitable instruments or measurement standards for
example with gauge blocks according to ISO 3650 and a surface plate. When testing conformity to
specification, sufficient testing shall be used to establish confidence in the results.

For

accentance testing the custamer is free to choose the test noints: hawever unless
T 57 P 7 7

otherwise

spe

Wh
des
For
ran
poil

5.5
Thd

employed to measure a measurement standard. This errof is calculated as the signed
veen the calliper depth gauge indication and the reference value of the measurement stapdard.

bet

The
inte
tol
ran
(sed

Thd

depth gauge with the minimum number-of test points according to Table 2. At least one test|

be 4
min
bea
sur

The

errgr. As such, the influence of repeatability is included in the test for partial surface contact

NO'
for ¢
defl

Im, shall be taken for both the longest and shortest measurement standards in the test

cified, the acceptance testing shall conform to the requirements in this document.

en considering test points, appropriate consideration shall be given to the calliper d
gn and operating conditions that might indicate the presence of short-length cyglic or |
calliper depth gauges with circular scales or vernier scales, the chosen testpoints sha
be of the circular or vernier scale. For example, for calliper depth gauges with circular
1ts shall be chosen that orient the pointer at various angles within the ciretular scale.

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

partial surface contact error is the error of indication when partial measuring face

partial surface contact error shall be tested by measuring a measurement standard who
rface with the base has a relatively small surface; for example a pair of gauge blocks
50 3650 standing on a suitable surface plate.at multiple test points located across the
be of the calliper depth gauge and locatedcon different positions along the base mea

Figure 3).

test points shall be distributed as evenly as practicable across the measuring range of {

t 90 % or greater of the measuring range. The reference point does not count towards sat
imum test points in Table 2. Two test points, one near the beam and one as far as possib

face contact error (see Eigure 3).
averaging of multiple indications is not permitted when calculating the partial surf3
E The pattial surface contact error is intended to detect a combination of calliper depth g

xample scalé errors, the effect of the applied measuring force, the play between the beam and t}
pction ef'the beam and the influence of the flatness of the measuring base.

bpth gauge

pcal errors.

| cover the
Scales, test

contact is
difference

se physical
according
measuring
uring face
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le from the
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G o

Figure 3 — Example of test arrangement for partial surface contact error showing
two djfferent test points near the beam and as far as practically possible fremthe beam

Table 2 — Number of test points for partial surface contact-error

Megsuring range less than or equal to Minimum number of test points
mm
150
300

1000

Over 1 000

Ry || U1

5.6 Shift error, S (limited by Sy;pg)

The shift ¢rror is the error of indication when full or partial measuring face contact is empldyed
for any mdasuring faces other than one where the zero or reference (offset) setting was performed

(see Figurd 4).

After zero pr reference (offset) settingywith the hook measuring face contacting to the base measufing
face, this efrror is calculated as thé signed difference between the calliper depth gauge indication pnd
the refererfce value of a measurement standard when using the depth measuring face, if necesdary
considering the dimension of.the hook.

Each of the types of measurement that the calliper depth gauge is designed to perform shall be
separately|tested with,at least one test point. For each, the shift error shall be tested by measuring an
appropriate measufement standard. A gauge block according to ISO 3650 can be used for testing.

6 © IS0 2020 - All rights reserved
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& o O

Key

5.7

For
For
spe

manufacturer or user to state the MPE values.‘Annex B shall be used for situations when no

are

5.8

For

gauge block

Figure 4 — Example of test arrangement for shift error

MPE values

acceptance tests, MPE values shall be stated by thedmanufacturer in accordance with this
reverification tests, the MPE values shall be stated by the user. Table 3 provides an e
cification sheet with blanks to enter the MPEvalues. This document is intended to be U

stated.

Special cases

calliper depth gauges equipped with more than one scale, for example two vernier scalg

val

calljper depth gauge using eath scale.

For|calliper depth gauges equipped with multiple measuring faces on the beam, for example

de
One

es apply to the use of thé multiple scales. Testing shall be done across the measuring r

h gauge shown'in Figure 2, the MPE values apply to all measuring faces for depth me
face shall betested for partial surface contact error, E, and the others for shift error, S.

document.
ample of a
sed by the
MPE values

s, the MPE
hnge of the

he calliper
hsurement.
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Table 3 — Example of specification sheet for metrological characteristics

Measured length, /

mm

MPE of indication

Evipg
pum

SMPE
pum

0</<50

50<1<100

00<1=<200

00<1<300

00<1<400

00<1<500

00<1<600

00<I1<700

00<1<800

8

0<1<1000

Analogue s

Cale interval or digital step:

6 Detefmination of conformity to specifications

6.1 Gen

All errors ¢f indication shall conform to the specified MPE values.

6.2 Measurement uncertainty

Evaluation

When detg
test value
guidance is

Uncertaintj
associated
uncertaint
resolution,

As in 5.2, {
gauges to

bral

6.3 Decision rule

of measurement uncertainty shall\be performed in accordance with ISO/IEC Guide 98-3.

rmining conformity with specification, the measurement uncertainty associated wif
[the test value uncertainty)'shall be evaluated in accordance with ISO 14253-5. Additi¢nal
available in ISO 14978:2018, Annex D.

y associated withCthe reference standards used in testing, as well as any uncerta
with temperatuve, shall generally be included as contributors to the measurenpent
. The errors,ef the calliper depth gauges, such as contributions from repeatability
are not included in the test value uncertainty.

he user-of the calliper depth gauges shall be skilled in the operation of the calliper de
roperly determine conformity to specifications. As discussed in ISO 14253-5, when the yiser

is sufficienEly skilled, any variation in the test values associated with the skills of the user of the call
€ Measurement uncertainty.

depth gauges 15 generally not inciuded as a CONtributor to

h a

nty

and

pth

per

When demonstrating conformity or non-conformity to specifications, the decision rule accompanying
the specifications shall be followed. If no decision rule is stated with the specifications, and no special
agreement is made between supplier and customer, then the default rule of ISO 14253-1 shall apply.

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

Calliper depth gauges shall be marked with durable serialized identification using unique
alphanumerical identification to identify the individual measuring equipment.

For the calliper depth gauge shown in Figure 2, the value of the width, /,, shall be indicated on the slider if
there is no additional vernier scale on the slider used for the measurement with the depth measuring face.

© IS0 2020 - All rights reserved
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Annex A
(informative)

Calibration guidelines for metrological characteristics

The calibration of a calliper depth gauge should generally include the evaluation of the performance of
the calliper-depth-gauge-withinits-measuringrange-

In general,|the calibration should include verification testing of all metrological characteristies|actoss
the measufing range in accordance with this document. Based on the intended use of the calliper dgpth
gauge, a tagk-related calibration should be taken into consideration.

EXAMPLE For a calliper depth gauge that is intended to only be used in a partial measuring range,| the
testing of the whole measuring range could be considered unnecessary.

10 © IS0 2020 - All rights reserved
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