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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 E.

© 1S0O 2011 — All rights reserved Vv
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lliper depth gauges; Design and metrological characte

Scope

part of ISO 13385 provides the most important design and metrological.characteristics of c3
pes:

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 cited editions apply. For\undated references, the latest edition of the
ment (including any amendments) applies:.

14253-1, Geometrical Product Speglifications (GPS) — Inspection by measurement of worh
suring equipment — Part 1: Decision 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 measuringcequipment and in product verification

14978:2006, Geometrical product specifications (GPS) — General concepts and requireme
suring equipmient

60529;-Degrees of protection by enclosures (IP Code)

liper depth

For dated
referenced

pieces and
hance with

workpieces
urement, in

nts for GPS

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

PYWIaIN IV I NaYaV~)

certainty in

meastiretrnenit (OO NWITIII)

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

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=33dd45c3304f907b987bb0f941675c08

ISO 13385-2:2011(E)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1ISO 14978, ISO/IEC Guide 99 and the
following apply.

3.1

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

See Figure (1.
NOTE The indication may be either analogue (vernier), circular scale or digital. Regarding data transfer, see4.3.2.
3.2

measuring|face contact
contact betyveen the measuring face and a feature of a workpiece

3.21

partial megsuring face contact
contact betyveen a partial area of the measuring face and a feature of a workpiece

4 Design characteristics

4.1 General design and nomenclature
The generil design and workmanship of the calliper-dépth gauges shall be such that its metrological
characterisfics comply with this part of ISO 13385 under-all operational orientations unless otherwise specified
by the manyfacturer.

See Figure [1 for general design.

3-71AZ4 5 2 1
aw

| 0,02 mm:
. J Py
0 1 2 3 4 5 6 71 8 9 10 1M 12 13 144{52 53 54 55 cm
‘\H\‘HH‘HH‘HH‘\H\‘ ;;;g“g::g“:993“9393“9s‘w‘u\w‘“\\\““\\\““\\\\\\;;;‘ \‘\\H‘\\H‘\H\‘\\R\‘\H\‘\H\‘H\\‘HH‘HH‘HH‘HH‘HH \\‘\\\\‘\H\‘HH‘HH‘HH‘HH‘
| 1.2 3 L 5\6 1 8 9 1014

3
6 1

l4

Key

beam 5 locking screw
2 slider 6  vernier scale
3  measuring face 7  main scale

4  measuring base

ly  length of measuring base

Figure 1 — Example for a design of a calliper depth gauge (slider with locking screw)

2 © 1S0O 2011 — All rights reserved
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Dimensions

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

For
320

4.3

4.3.

SeV

On

On

4.3.

4.3.

The

Table 1 — Dimensions of calliper depth gauges

Dimensions in millimetres

-2:2011(E)

Measuring range Typical length, /j, of the

up to measuring base
+56 +66

200 100

250 100

300 100 to 150

350 100 to 150

500 150 to 250

600 150 to 250

calliper depth gauges with changeable bases, the following base lengths are preferred: 180 m
mm.

Types of indicating devices

1 General

eral types of indicating devices exist:

analogue indicating devices with either’a vernier scale or a circular scale (see Figures 2 and 7
digital indicating devices with a.digital display (see Figure 8).

Calliper depth gauges with afnalogue indicating devices, the scale interval and its unit shall be I3
calliper depth gauges-with a digital indicating device, the unit of the indication shall be labelled.

2 Analogueindicating devices

R.1 General

seale interval of the main scale on the beam of a calliper depth gauge with a vernier scale shg

The

m, 260 mm,

belled.

I be 1 mm.

main scale shall be longer by at least one vernier scale length than the measuring range of!

the calliper

depth gauge. In the case of calliper depth gauges with circular scales, the scale interval on the beam may be
1 mm or 2 mm (see Figure 7).

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

li 0,05 mm
9 10 1 12 13 1 15;
H‘HH%L&W*#MM\‘W

Key . \
1 main scale

1.2 3 L S5\6 178910
2 vernier scale 2 1

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

Figure 2 — Example of an 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

Nianitnef\;:aalle Graduating method of vernier scales N:;:ilza::‘\t':::;fr Exg;;:?;ory
1 Divide 9 mm into 10 equal parts 0,1 Figure 3
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 4

Examples df vernier scales with vernier intervals:of 0,1 mm and 0,02 mm are shown in Figures 3 and 4.

1
3 A
'"'!l'l'.'|'||.'.'|'|I|""

Key 0 5/ 10
1 main scale

2  vernier cale 2

NOTE The actualreading in this figure is 30,0 mm.

Figure 3 — 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 4 — 0,02 vernier scale of length 49 mm

4 © 1S0O 2011 — All rights reserved
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4.3.2.4 Scale surface

For common types of scale surfaces, see Figures 5 and 6.

12

1 main scale

2 vernier scale
3 beam 3 L"
4 slider

Th [ P IR H 4 lorek il ol £ dlo H 1 k. ol bl H 1 wh |d b
ITCIYTTU UNTTTTIIUC UTLWTTITT UTC TUYT UT UTC VETTTICT SLaltT SuUlTatt artu uic 1ialT sLdiT suUlTdltT S ou e as

sm3ll as practical.

Figure 5 — Standard slider with vernier scale

ey 1T 392 &

1 main scale

2 |vernier scale
3 beam

4 |slider

Thel main scale surface and vernier scale surface shall be nominally at the same level and the distance
between the main scale and the vernier scale should be as smallas practical.

Figure 6 — Slider with vernier scale for readings without parallax error

4.3..5 Main scale and circular scale

Thel main scale is located on the beam and th€)circular scale is located on the slider. The circular scale shall
be graduated in scale intervals. The scale interval and its unit shall be labelled.

Key
1 main scale

2 circular scale

NOTE The-actual reading in this figure is 41,55 mm.
Figure 7 — Example of analogue indicating device with circular scale

4.3.B _Digital indicating devices

C 5339
Key mm |
1 electronic main scale

2  digital display I '

Figure 8 — Example of digital indicating device with digital display

© 1S0O 2011 — All rights reserved 5
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Calliper depth gauges 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

IEC 60529)

, and whether electromagnetic field protection is given or not.

4.4 Measuring faces

Measuring
be sharp-eq

5 Metrd

5.1
Calliper def
Adjustable
measuring

the scale.

The metrol

facesshattconsistof wear-resistant materiat-of suitabtesurface finish—Measuringfacessiat

ged.

logical characteristics

General

th gauges with a vernier scale have a fixed zero point.

Calliper depth gauges with a digital display shall be able to be set to-zero in any position within
Fange; adjustable callipers with a circular scale shall be able to\be set to zero within the rang

bgical characteristics of this part of ISO 13385 apply‘when the measuring faces are preg

against a flat surface, e.g. a surface plate for zero setting.

NOTE f

5.2 Effeq

If the slider
not change

Callipe

Callipe
signific

When the s

Requirements for the flatness of the measuring faces.are not given separately.

t of slider locking

is clamped (in the case of a slider equipped with a locking screw), the dimension which is set §
and the indication shall fulfil the follewing conditions.

- depth gauges with analoguéjindication: the indication shall not change.

- depth gauges with digital indication: the indicated value shall not change by more than the
ant digit of the indication.

ider is lockedrithe digital display shall not change by more than one digital step.

5.3 Maximum permissible error of indication (limited by MPE)

5.3.1 Gen

eral

not

the
e of

sed

hall

last

The error-of-indication characteristics apply to any indications based on the zero setting stated in 5.1. These
characteristics apply independently of the measuring range of the calliper depth gauges. 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, £ (limited by £ypg)

This is the error of indication when the measurement is performed by using a part of the measuring face
(partial measuring surface) at any position along the base and at any position within the measuring range. For
an example, see A.2.2.

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=33dd45c3304f907b987bb0f941675c08

ISO 13385

5.3.3 Repeatability of partial surface contact error, R (limited by R\,pg)
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This is the closeness of the agreement between the results of successive measurements of the same
measurand carried out closest to the beam under the same conditions of measurement. For an example, see
A.2.3. The manufacturer shall express the manner in which the repeatability is assessed and reported.

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 characteristic
permitted by the specification.

The)

spe

The

cha

com

Acc]
con
spe

6

The]
theq

maximum permissible limit (MPL) is the extreme value of a metrological characteristic perm
Cification.

facteristics listed in Figure 9. Unless otherwise specified by the manufacturer, the’MPE/MPL
ply at any position within the measuring range and at any orientation of the calliper depth gaug

pbrding to ISO 14978:2006, 7.5.1, MPEs shall be given as a continuous function (e.g. st

hecting given points); see 1SO 14978:2006, 7.5.3, for the model~Figure 9 provides ¢
Cification sheet for individual dimensions.
Maximum permissible error of indication
Nominal value Measuring force,'scale interval or digital step
MPEj
AL il MPE
............................ pm
50 f
100 Scale interval ............... mm
150 Digital step .......cccveeeeeee. mm
200 Maximum
300 measuring force? .................. N
400
600
@  Maximum ferce under which the MPEs apply; see also Annex B.

Figure. 9 — Example of specification sheet for metrological characteristics

Indication in product documentation and data sheets

indications shown in Table 3 are allowed for use in product documentation, drawings, data shq

itted by the

manufacturer shall specify the MPE and MPL information for the calliper depth|gauge metrological

values shall
e.

raight lines
n example

pets, etc. as

elalternatives reduce the amount of small text in subscripts to allow for improved visibility an

i clarity. An

exa

ple o a data sheel IS shown In Annex C.

Table 3 — Symbols and corresponding indications
in product documentation, drawings, data sheets, etc.

Symbol used in this document

Corresponding indication

Empe

MPE;

Rvpe

MPE,

© 1S0O 2011 — All rights reserved
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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. For information on
calibration, see Annex D.

8 Marking

Calliper depth gauges shall be marked with serialized alphanumerical identification.

Any markinfy shall be easy to read and permanent and shall be placed on the surface-of the calliper in a place
that will notlimpair the metrological quality of the equipment.

8 © 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=33dd45c3304f907b987bb0f941675c08

ISO 13385

Annex A
(informative)

Error tests

A.1 Test methods

Thel methods should evaluate the performance of the calliper depth gauges throughout its measuri

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

A c
und

A.2 Error of indication

A.2

The
unc

A.2

The
inte
gau
the
readg
ISO

Itis
NOT

Pay

-2:2011(E)

blibration curve provides the simplest means of evaluating the performance of the calliper d
er test (see 1SO 14978).

L1 General

error of indication may be tested with suitable instruments*or measurement standards with an
brtainty, for example with gauge blocks according to ISO"3650 or step blocks.

.2 Partial surface contact error, E (limitediby £y pg)
partial surface contact error may be tested by measuring a measurement standard who
face with the base has a relatively small“surface, e.g. gauge blocks according to 1ISO 365
e blocks), standing on a surface plate according to ISO 8512-2:1990, grade 1, at different pog

ing and the true value of the measurement standard shall not exceed the MPEs specified §
14978:2006, 7.5.3, or given inthe data sheet.

possible to reduce the testexpense by testing the straightness of the base.
E Form deviation of the measuring surface of the base as well as scale errors are included.

attention to the flatness of the surface plate.

g range.
mmended.

epth gauge

appropriate

se physical
D (a pair of
itions along

base, at any position within the méasuring range (see Figure A.1). The difference between the indicated

ccording to

© 1S0O 2011 — All rights reserved
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"
. \‘HH‘HH‘HH‘HH‘HH‘\H\

10

9

8
|

5

0,02 mm

2

1

‘HH‘\\H‘HH‘HH‘HH‘ L

0

Key
F  maximum measuring force

Figure A.1 — Test arrangement for partial surface contact error

A.2.3 Repeatability of partial surface contact error, R (limited by Ry,pc)

The repeatpbility of partial surface contact error may be-tested by measuring a measurement standard,
e.g. gauge plocks, at any position on the measuring face~of the measuring base and for any size (posjtion
within the measuring range). The repeatability evaluated according to 1ISO 14978 shall not exceed the MPE
given in the|data sheet.

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

Advice on application
The measuring system of calliper depth gauges is in line with the conditions prescribed in the Abbe Principle

when the measuring face of the base contacts the part to be measured in an adequate length so that there will

b 1 | P dlo ok okl 4o H 1 ol tlo KA H '
e o artguiar UTviatiuris tiat TTHTucTTIVT UTC TTITTeasutintTy valuT artu uTe TITuUT Urimriaiteaturt.

Temperature and deformation factors have a length-oriented influence. As a result, the Smallgst possible
uncgrtainty of measurement is larger than the resolution of the measuring instrument. This’ has fo be taken
into| consideration when evaluating the measured result. There are additional factors that contrlbute to the
measuring uncertainty. For more details, see ISO 14253-2.

In the case of digital indications, pay attention to environmental factors, e.g. magnetic fields, elegtrical fields,
dampness, etc., which could affect the functioning of the electronic componefts of the calliper depth gauge.

© 1SO 2011 — All rights reserved 11
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Annex C
(informative)

Data sheet (example)

This data sheet is intended for communication between technical experts and the purchasing department of
the same company.

Name of equipment e e e e e e e nnna e e

Dethiled characteristics =~ e e e |
(e.d. scale layout, clamping deVICE, ......cccooiiiiiiiiiiie e fins e Ve |
fingradjustment device, e S e [
IP protection, ...): e reeee e e nneeeee e L e e

ACCESSOIMIEE:  eeeerereeerer——————————————————aaraanrannrnsnssyon Sasdesrnrnrnrnrntnrnnnrnrnnnrnnnns|rnnns
o TT= 1 0] (=T =TH | ] o] 1= == S U

Delivery reqUIremMents: R e e e s e e e e e e e anannnan e |eee s
Price range](Optional): e e e e e e s e s e e e e e e e snnnn eeaeees]eenns

Additional rEQUIrEMENS s | e e
(e.g. inspection report, calibration certificate): ... e

The|design and metrological characteristics.refer to the International Standard ISO 13385

Design characteristics

Length d (/) of measuring base: - T s mm

Measuring fange: SN ——————————— mm

Metrologicpl characteristics

Scale interval/digital step: . “) ..l mm
Repeatability (MPER): </~" . Mm
Errors (MPE) of indication
Nominal value MPE;
mm um

Organization: ........cccceoiioiiiiee e

Department: ..., Person responsible: ..........vveieieieiiiiiiieiiieieieeeieieeenaens

Date: ..o

12 © 1SO 2011 — All rights reserved
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Annex D
(informative)

Calibration of metrological characteristics

-2:2011(E)

The methods shall evaluate the performance of the calliper depth gauge within its measuring range.

Th
larg
cali

For
are
cali

The)
may

Itis
ina

giUIUdi bdiibldtiull di b'dbil bbdib‘ pU;IIi Ul di Cdbil ullglidi bicp OUVCI ﬁlc Illb‘dbulillg Idriyc WI“ Lk
e number of readings. When it is considered that the intended use of the calliper does not wd
pration, partial calibration or task related calibration should be taken into consideration.

the determination of the errors of indication, a suitable number of intervals are necessary. The
dependent on the scale interval or digital step and the measuring range used. Using th
pration curves with a fixed zero can be recorded (see ISO 14978:2006, Figure-5).

MPE function for the characteristics can also be defined according to(Figure 10 in 1ISO 149
be obtained from the specification sheet.

possible to perform a modified global calibration by using a suitable'sampling technique, but th
N increase in the uncertainty of measurement.

pcessitate a
rrant global

se intervals
pse values,

78:2006, or

is will result
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