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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.

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

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13225 was prepared by Technical Committee ISO/TC 213, Dimensional ,and geometrical prpduct
specifications and verification.

iv © IS0 2012 — All rights reserved
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Introduction

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

The ISO/GPS Masterplan given in ISO/TR 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.

For more detailed information of the relation of this International Standard to the GPS matrix model, see Annex D.

This |nternational Standard is intended to serve the purpose of promoting
— Ie relationship between the manufacturer and purchaser, and

e management of measuring instruments in the quality-assurance system.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD

ISO 13225:2012(E)

Geometrical product specifications (GPS) — Dimensional

me
me

asuring equipment; Height gauges — Design and
trological characteristics

1 Scope

This [International Standard specifies the most important design and metrological characteris
gaugps (with analogue indication or digital indication) for linear-dimensional measurements_perp

surface plate.

2

ormative references

The following referenced documents are indispensable for the application of this documen

refer
(incly

ISO

nces, only the cited editions apply. For undated references, the latest'€dition of the referenc
ding any amendments) applies.

1:2002, Geometrical Product Specifications (GPS) — Standard reference temperature fo

prodtict specification and verification

Ics of height

ndicular to a

t. For dated
ed document

geometrical

ISO [14253-1, Geometrical product specifications (GPS) —*lnspection by measurement of wolkpieces and
meaguring equipment — Part 1: Decision rules for provingegnformance or non-conformance with 3pecifications
ISO 114253-2, Geometrical product specifications (GRS) — Inspection by measurement of wolkpieces and
meaguring equipment — Part 2: Guidance for the estimation of uncertainty in GPS measurement, |in calibration
of measuring equipment and in product verification

ISO 14978:2006, Geometrical product spgtifications (GPS) — General concepts and requirements for GPS
meaguring equipment

IEC 4

0529, Degrees of protectionprovided by enclosures (IP Code)

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
meagurement (GUM:1995)

ISO/IEC Guide 99, Intefnational vocabulary of metrology — Basic and general concepts and associated terms (VIM)
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.

341

height gauge

measuring instrument in which a slider with a measuring stylus moves relative to a measuring scale on a beam
and in which this motion is along a single vertical axis nominally perpendicular to a reference plane on the
instrument base

NOTE 1 Height gauges are designed to be used with surface plates in which the reference plane of the height gauge
is placed in contact with the surface plate.

NOTE 2  Various types of measuring scales on the beam with appropriate indication are possible, such as analogue
indication, including vernier and circular scales, and digital indication.

NOTE 3 Most height gauges are capable of using various types of measuring styli, including a scriber.

© 1SO 2012 — All rights reserved
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NOTE 4

be moved by hand (manually).

NOTE 5

NOTE 6

Height gauges are sometimes equipped with a device to control the measuring force.

Height gauges are sometimes equipped with motorized motion of the slider, while on others the slider can only

Height gauges are sometimes designed only for measuring distances parallel to the beam while others

have measuring devices which allow for more complex measurements, including scanning functions and measurements

perpendicular

3.2

to the beam.

measuring-face contact

contact betw

een the measuring face and a feature of a workpiece

3.21
full measuri
contact betw

3.2.2

partial measuring-face contact

contact betw

4 Design

4.1 Genel

The general
comply with

The height g
there may b

mechan
an air bd

The general
representatiq

ng-face contact
een the full area of the measuring face and a feature of a workpiece

een a partial area of the measuring face and a feature of a workpiece

characteristics

al design and nomenclature

design and workmanship of the height gauge shall be such that its metrological characte
he requirements of this International Standard, unless-otherwise specified by the manufact

auge can be manually moved on a surface plate. Between the height gauge and surface

cal contact, or

aring system.

ns given in Figures 1 and.2 are only examples of height gauge design.

erms related to the structure«ofithe height gauge are given and illustrated in Figures 1 and 2.

:Listics

rer.

plate

The
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Key
1 instrument base 6 slider 11 main scale
2 instrument-base reference plane 7 probe extension 12 vernier scale
3 beam 8 fixing device 13 locking devices
4 guiding face 9 measuring and scribing stylus
5 fine-adjustment device 10 measuring face

Figure 1 — Example and nomenclature of height gauge with vernier scale

© 1S0O 2012 — All rights reserved 3
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Key

1 instrument base

2 instrument base reference plane
3 beam

4  guiding face

5 slider

© 00 N O

probe extension

fixing device

stylus tip (the measuring face in this example)
digital display

Figure 2 — Example and nomenclature of height gauge with digital indication on the slider
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4.2 Main dimensions

As a minimal requirement, the manufacturer shall specify the main dimensions as shown in Figure 3 and Table 1.

A
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/ \
X
/8 D

Figure 3 — Main dimensions of height gauge
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Table 1 — Main dimensions and design characteristics

Characteristics

Width of instrument base

w

Depth of instrument base D
Overall height H
L

P

Main dimensions Measuring range mm

Probe extension offset

Minimum stylus length Mmin

Maximum Qf\]lll 1S Inngfh AL

Air bearing system Yes/No if Yes: air pressure Ra
consumption I/rin

Fixing devices Yes/No

Presence of {fine adjustment Yes/No
Protection Water or dust IP code

Yes/No

4.3 Types of indicating devices

4.3.1 Genefral

Several typep of indicating devices are possible:

— analogug indicating devices with a vernier scale or circulak scale (see Figures 4 and 9);

— digital indicating devices with digital display (see Figure 10).

NOTE Combinations of these types of indicating devices are possible.

On instruments with analogue indicating devices, the scale interval and its unit shall be labelled.

On instruments with digital indicating deviees, the unit of the indication shall be labelled.
4.3.2 Analggue indicating devices with a vernier scale

4.3.21 General
The scale intgrval of the maif scale on the beam of an instrument with a vernier scale shall be specified in millimgtres.
The main scdle shallbelonger, by at least one vernier scale length, than the measuring range of the instrument.

In the case df instruments with circular scales, the scale interval on the beam may be greater than 1 mm|.

6 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=4b812fb365f7dae0bb722d61c1b0b7fa

4.3.2.2 Main scale and vernier scale

ISO 13225:2012(E)

Key
1 main scale

N
<

Brnier scale

-
n

N [=
04=-20
9
2 o 3 19 0——4
§ 6 18
3 5
3 4 17
3
1=
Ewl J
E 1
—E.
= . 3

-
=
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4  slider
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Figure 4 — Analogue indication"with main and vernier scale

4.3.2{3 Design of vernier scale

The graduating method of verniers is shown’in Table 2.

Table 2 — Graduating method of verniers

Dimensions$ in millimetres
Nain scale Graduating method of vernier Nominal vernier scale Exjplanatory
interval resolution figure

1 Divide 9 mm into 10 equal parts 0,1 Figure 5

1 Divide 19 mm into 10 equal parts 0,1

1 Divide 19 mm into 20 equal parts 0,05

1 Divide 39 mm into 20 equal parts 0,05

1 Divide 49 mm into 50 equal parts 0,02 Figure 6

Examples of vernier scales with vernier intervals of 0,1 mm and 0,02 mm are shown in Figures 5 and 6.

© 1SO 2012 — All rights reserved
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Key
1 main scale

2 vernier scate

w

IIII||II/II|IIIITIIII

Key
1  main scal¢

2 vernier sch

4.3.2.4 Scdle surfaces

Figure 5 — 0,1 vernier scale of length 9 mm

Figure 6 — 0,02 vernier scale of length 49 mm

Common types of scale surfaces on the slider are shown in Figures 7 and 8.

Key
1 beam
2 slider

3
4

=S
S erssrr )

main scale
vernier scale

Figure 7 — Standard slider with vernier scale

The height difference between the lower edge of the vernier scale surface and the main scale surface should

be as small as possible.

© 1SO 2012 — All rights reserved
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1
Key
1  bgam 3 main scale
2 slider 4  vernier scale

Figure 8 — Slider with vernier scale for reading without parallax.error

The main scale surface and vernier scale surface should be nominally at.the)same level and|the distance
between the main scale and the vernier scale should be as small as practical:

4.3.3] Main scale and circular scale

The main scale on the beam and the circular scale on the sliderare shown in Figure 9. The circular scale shall
be graduated in scale intervals. The scale interval and its unitsshall be labelled.

Key

1  main’scale 4  slider

2 circular scale 5 main scale index line
3 beam

Figure 9 — Scale reading with circular scale

4.3.4 Digital indicating devices

The electronic main scale on the beam and the digital indication on the slider is shown in Figure 10. Instruments
with an electronic digital display may also be capable of data transfer. In this case, the manufacturer shall
describe the data output protocol (interface) in sufficient detail.

The unit of indication shall be displayed.

© 1S0O 2012 — All rights reserved 9
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The manufacturer should indicate the approximate battery life.

Key

1 digital display 3 electronic main scale

2 beam

Fi

4.4 Prote(

Manufacture
to IEC 60524

4.5 Measuring and scribing stylus

The measuri

The measur|
be sharp-ed

4.6 Instru

The bottom ¢

The instrumgnt base=shall be designed in such a manner that safe upright positioning and easy movsg

of the meas
instrument c

4  slider

gure 10 — Electronic main scale on the beam and digital‘indication on the slider

ction for field use

's should indicate clearly which kind of water.and dust protection is provided (IP code, accq

).

ng and scribing styli can be interchangeable for various measurements.

ng face shall have a wear-resistant and suitable surface finish, and the scribing edge
ged.

ment base

f the instrumént base is the height gauge reference plane.

ring instrument on the surface plate are guaranteed; it shall also ensure that the meag
hnnhot slide alone across the surface plate.

rding

shall

ment
uring

The instrument base shall be designed to prevent tilting when travelling over the tapped holes or slots on the
surface plate.

If there is an

4.7 Desig

As a minimal requirement, the manufacturer shall specify the design characteristics as shown in Table 1.

10

air bearing system, the manufacturer shall give the working air pressure and consumption.

n characteristics (manufacturer’s specification)

© 1SO 2012 — All rights reserved
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5 Metrological characteristics

5.1 General

The manufacturer shall specify the maximum permissible error (MPE) for the height gauge metrological
characteristics listed in Table 3; however, not all height gauges require all the MPE values shown. The selection
of the MPE values depends on the configuration of the height gauge, as discussed in 5.4.4 and 5.4.5. Unless
otherwise specified by the manufacturer, the MPE values shall comply at any position within the measuring
range of the height gauge.

According to 7.5.1 of ISO 14978:2006, MPEs shall be given as a continuous function (e.g. straight lines
conngcting given points); see 7.5.3 of ISO 14978:2006 for the model.

Heigiht gauges with a vernier scale have a fixed zero point. Height gauges with a circular scale shall be able to
be sqt to zero within the range of the circular scale. Height gauges with a digital display shall be gble to be set
to zefo in any position within the measuring range.

5.2 | Operating conditions

The MPE values shall apply to any measuring stylus within the allowable lengths stated in Table 1; gny additional
limitations to the configuration of the measuring stylus shall be stated by(the manufacturer.

The manufacturer shall state the flatness of the surface plate used,in/the specifications of the MRE values.
If not|otherwise stated by the manufacturer, the rated operating,conditions are at a temperature qf 20°C.

The height gauge shall be operated using the proceduresciven in the manufacturer’s operating manual during
testirlg. Specific areas in the manufacturer’s manual to\be adhered to are, for example:

a) 1neasuring force;
b) probe stylus-tip calibration (for bidirectional length measurements);

c) ftemperature compensation (if available).

5.3 |Effect of slider locking

If the|slider is locked, the indication shall fulfil the following:

— ipstruments with analogue indication: the indication shall not change;
— ipstruments with digital indication: the indicated value shall not change by more than one digital step.

NOTH Thedigital display can change by one digital step if the slider is positioned just short of the position where the
indicdtion will'¢hange.

5.4 | Definition of metroloaical ct istics (limited by MPE)

5.41 General

The characteristics on the errors of indication apply to any indication based on the conditions described in 5.1
and 5.2. These characteristics apply independently of the measuring range of the height gauge. The error of
indication shall not be greater than the maximum permissible error (MPE).

5.4.2 Length measurement error E (limited by Eypg)

The length measurement error, E, is the error of indication when using the height gauge to measure lengths
perpendicular to the height-gauge base reference plane and when the contact direction is in a downward
direction. The length measurement error applies when either full measuring-face contact (3.2.1) or partial
measuring-face contact (3.2.2) is employed. See A.2.2 in Annex A for an example.

© 1S0O 2012 — All rights reserved 1
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atability of length measurement error R (limited by Rypg)

The repeatability of length measurement error, R, is the closeness of agreement between the results of
successive measurements of the same length measurement carried out at any position on the slider under the
same conditions of measurement. See A.2.3 for an example. The manufacturer shall express the manner in
which the repeatability is assessed and reported.

5.4.4 Bidirectional length measurement error B (limited by BumpE)

The bidirectional length measurement error, B, is the error of indication when using the height gauge to measure
lengths perpendicular to the height-gauge base reference plane and when the measured surfaces are in

opposing dirgTtions. The fength measurement erfor appiies when either fulrmeasuring-face contact (3.4.1) or
partial meastiring-face contact (3.2.2) is employed. See A.2.4 for an example.

Not all height gauges are designed for measuring opposing surfaces and therefore Bypg does notapply|to all
types of height gauges.
5.4.5 Squayeness error S (limited by SyvpE)
The squarengss error, S, is the error of indication when using the height gauge to measure perpendicular fo the
beam while moving the slider parallel to the beam. See A.2.5 for an example.

Not all height gauges are designed for measuring perpendicular to the beam and therefore Sype dogs not
apply to all types of height gauges.
A height galige normally requires accessories for measuring squareness. In general, additional meaguring
equipment, sich as a mechanical dial gauge (see ISO 463) and holder;is mounted in place of the measuring stylus.
The manufadturer shall state any limitations to the additional measuring equipment for which the Sype applig¢s.

Table 3 — Metrological characteristics
Characteristic MPE
Length measurement error, E
Repeatability of length measurement error, R
m

Bidirectional Jength measurement error, B H

Squareness error, S

NOTE For the indication of the MPE\numerical values, the data sheet given in Annex B can be used
6 Proving of conformance with specifications
6.1 General
For proving |of.conformance and non-conformance with specifications, ISO 14253-1 applies. Uncertainty
evaluation shattbe-performed-aceordingto1SOHFS4253-2-anrcHSOHEC-Guide-98-3«(GUM-

6.2 Measurement standards for the calibration of metrological characteristics

Measurement standards shall be used in accordance with the applicable International Standards.

See Annex C.

7 Markin

The marking

the nam

12

9

shall indicate at least the following data:

e or trade mark of the manufacturer/supplier;

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=4b812fb365f7dae0bb722d61c1b0b7fa

ISO 13225:2012(E)

— the vernier or circular scale interval (only for analogue indication);
— the unique alphanumeric identification (i.e. serial number).

Any marking shall be easily readable and permanent and shall be placed on the surface of the height gauge at
a place that will not impair the metrological quality of the equipment.

© 1S0O 2012 — Al rights reserved 13
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A.1

The test met

The methods

A calibration

(see ISO 149

A.2 Errg

A.21

The error of
measuremer|

A22 Le

The length

different pos

should alway

NOTE 1

NOTE 2  Parallelism and form deviation of the measuring face of the stylus, as well as scale errors, are included
NOTE 3  Fqrm deviations of the surface plate can influence the measurement results.
A.2.3 Repeatability of length measurement error, R (limited by R\vpg)

The repeata

measuremer
(see Figure 4

14

General

TH
within the me4

2012(E)

Annex A
(informative)

Error tests

Test methods

hods should evaluate the performance of the instrument within its measuring range.
described in A.2 do not purport to be the only valid test methods, but it is recommended to-use
curve provides the simplest means of evaluating the performance of the height\gauge unde

78).

r of Indication

indication may be tested with suitable instruments or material measures with an appro
t uncertainty, for example, with gauge blocks accordingteISO 3650, step blocks or step ga

ngth measurement error, £ (limited by Evpg)

heasurement error can be tested by measuring’ measurement standards, e.g. gauge bloc
tions within the measuring range of the height gauge (see Figure A.1). The measuring dirg
s be in the download direction.

e length measurement error, E, depends on the usage of the height gauge, e.g. the measuring pqg
suring range and the length and configuration of the measuring stylus.

bility of the.length measurement error may be tested by taking multiple measurements
t standard;\e.g. gauge blocks, at any one position within the measuring range of the height g
A 1).

hem.

r test

Driate
Liges.

s, at
ction

sition

of a
auge
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e
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/OOK\
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N
D

Key

1 height gauge
2 surface plate
3 gauge block

Figure A.1 — Test arrangement for length measurement error

© 1SO 2012 — All rights reserved

15


https://standardsiso.com/api/?name=4b812fb365f7dae0bb722d61c1b0b7fa

ISO 13225:2012(E)

A.2.4 Bidirectional length measurement error B (limited by Bypg)

The bidirectional length measurement error may be tested by measuring bidirectional measurement standards,
e.g. step gauges, which allow measuring in opposing directions (see Figure A.2).

NOTE 1 The bidirectional length measurement error depends on the usage of the height gauge, e.g. the measuring
position within the measuring range and the length and configuration of the measuring stylus.

NOTE 2 Parallelism and form deviation of the measuring face of the stylus, as well as scale errors, are included.

NOTE 3 Form deviations of the surface plate can influence the measurement results.

A.2.5 Squareness error S (limited by Svpe)

The squarengss error, S, may be tested by measuring a measurement standard. e.g. precision sguare, Which
allows for errprs of indication to be measured perpendicular to the beam of the height gauge and with refefence
to the surfage plate used with the height gauge. The measurement of squareness will usually requirg the
use of additipnal accessories, such as a mechanical dial gauge (see Figure A.3), whichmay influence the
measuremert results.

The square should be aligned by following the method in which the square was calibrated (as much as possible).

NOTE 1 Square reversal techniques could be used that eliminate the need for’the”calibration of the squard. See
Reference [5]]

NOTE 2  Fqrm deviations of the surface plate can influence the measurement results.

16 © 1S0 2012 — All rights reserved
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1 h
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ISO 13225:2012(E)

»

-

RS
\O‘
06

bight gauge
irface\plate

ep-gauge

Figure A.2 — Test arrangement for bidirectional length measurement error using a step gauge
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®
—

Key
1 height gayge probe extension
2 accessory gauge

Figure A.3 — Example of accessory gauge used for the measurement of the squareness errg

=3
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