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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 (fFECyomattmatters of efectrotechnical standardizatiorn.

Draft International Standards adopted by the technical committees are circulated to the member,_bodieg for voting.
Publication ag an International Standard requires approval by at least 75 % of the member bodijes casting a vote.

International $tandard ISO 3650 was prepared by Technical Committee ISO/TC 213, Dimehsional and geometrical
product specifications and verification.

This second gdition cancels and replaces the first edition (ISO 3650:1978), which has been technically reyvised.

Annexes A, Bland C of this International Standard are for information only.
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Introduction

This International Standard is a geometrical product specification standard and is to be regarded as a general GPS
standard (see ISO/TR 14638). It influences chain link 6 (Calibration requirements — Calibration standards) of the
chain of standards on size and distance.

For more detailed information on the relation of this standard to the GPS matrix model, see annex B.

Gauge bl%ks are length standards representing specified fractions of the unit of length, thebmetre, of the
international system of units Sl. Depending on the kind of application and the required quality,’gaupge blocks are
offered in peveral grades. The calibration of the gauge blocks, i.e. the measurement of.thé length value at a
specified point of the measuring face and the evaluation of the measurement uncertaipty, is the|basis for the
application|of gauge blocks as length standards.
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Geometrical Product Specifications (GPS) — Length
standards — Gauge blocks

1 Scope

This Intern
with a rects

Limit deviations and tolerances are stated for the calibration grade K and for the(grades 0, 1 and

measuring

2 Normg

The follow

Internationgl Standard. At the time of publication, the editions indicated were valid. All standards

revision, a
possibility d
registers of

ISO 1:1975

ISO 1101:-
symbols, in

ISO 6507-1

ISO 14253
measuring

Internation
OIML, 2nd

3 Definit

htional Standard specifies the most important design and metrological characteristics of
ngular cross section and a nominal length |, ranging from 0,5 mm to 1000 mm.

purposes.

tive references
ng standards contain provisions which, through reference in this text, constitute proy
nd parties to agreements based on this International Standard are encouraged to in
f applying the most recent editions of the standasds indicated below. Members of IEC and

currently valid International Standards.

, Standard reference temperature for indistrial length measurements.

1), Geometrical Product Specifications (GPS) — Geometrical tolerancing — Generalitig
dication on drawings.

:1997, Metallic materials =< Viickers hardness test — Part 1: Test method.

1:1998, Geometrical. Product Specifications (GPS) — Inspection by measurement of w
equipment — Part. 1 -Decision rules for proving conformance or non-conformance with spe

h/ vocabulary ofvbasic and general terms in metrology (VIM). BIPM, IEC, IFCC, 1SO, IU
edition, 1993:

ons

gauge blocks

2 for various

isions of this
hre subject to
vestigate the
ISO maintain

s, definitions,

brkpieces and
cifications.

PAC, IUPAP,

For the purposes of this International Standard, the definitions given in ISO 14253-1, VIM and the following apply.

3.1
gauge bloc

k

material measure of rectangular section, made of wear-resistant material, with one pair of planar, mutually parallel
measuring faces, which can be wrung to the measuring faces of other gauge blocks to make composite assembilies,
or to similarly finished surfaces of auxiliary plates for length measurements

1) To be published. (Revision of ISO 1101:1983)
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3.2

length of a gauge block
I

perpendicular distance between any particular point of the measuring face and the planar surface of an auxiliary
plate of the same material and surface texture upon which the other measuring face has been wrung

See figure 1.
NOTES

1 The length of a gauge block, I, includes the effect of one-face wringing (see 8.3.1).

2 The length,[T, 1S a physical quantity consisting of a numerical value and a lengin unit (e.g. metre, minmetre or imicrometre).
If only the numerical value is treated (e.g. in tables), the units should be stated explicitly.
3.3
central length|of a gauge block
I
Cc
length of a gauge block taken at the centre point of the free measuring face
See figure 1.
NOTE — Lenpth | is a special instance of length I.
Key
1  Auxiliary plate
Figure 1 — Centratlength |, and another example of length | at any point of a gauge block wrung {o the
plane surface of an auxiliary plate

3.4
deviation of the length at any point from nominal length
e

algebraic difference | -1,

3.5
deviation from flatness

fq
minimum distance between two parallel planes between which all points of the measuring face lie

See figure 2.
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1) See7.].

Figure 2 — Deviation fy from flatness

3.6
variation in|length
v

difference etween the maximum length I, and the minimum length | ;,

max
See figure B.

NOTE — The variation in length is equal to the sum of the deviations f_ and.f, from the central length | .

& W
>
«
w
+~

[ max

l min

iz
NOTE — See table-4.

Figure 3 - Nominal length |;; central length | ; variation v with f,and f; limit deviations tg for the length at
any paint_proceeding from the nominal length

3.7

wringing

property of the measuring faces of gauge blocks to adhere to other measuring faces or to faces with similar surface
finish as a result of molecular forces

4 Nomenclature of faces

See figure 4.
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a) fo

b) fo

r nominal lengths | < 6 mm

r nominal lengths | = 6 mm

Key

1 Left hand

2 Right han

3

4 Marked m

5 Side face$
6 Marked si

NOTE — For

5 Basis of
5.1 Unitofl

The metre is
General Conf

The definition
Weights and

measuring face
[ measuring face

Unmarked measuring face

easuring face
]

de face
the complete marking, see 6.3.

Figure 4(— Nomenclature of faces

measurement, traceability, reference condition
ength: metre

defined as the-length of the path travelled by light in vacuum in 1/299 792 458 of a sq
brence of Weights and Measures, 1983).

is ,realized by working wavelength standards recommended by the International Co
Vieasures (CIPM).

©1SO

cond (17th

mmittee of

5.2 Traceability of the length of a gauge block

The measured length of a gauge block is traceable to national or international length standards, if the measurement
result can be related by an unbroken chain of comparison measurements each with stated uncertainties to a gauge
block which has been calibrated by interferometry using appropriate wavelength standards.

5.3 Reference temperature and standard pressure

The nominal length and the measured lengths of a gauge block apply at the reference temperature of 20 °C (see
ISO 1) and the standard pressure 101 325 Pa = 1,013 25 bar.

NOTE — The effect on the length of a gauge block caused by deviations from the standard pressure may be ignored under
normal atmospheric conditions.
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5.4 Reference orientation of gauge blocks

The length of a gauge block up to and including 100 mm nominal length refers to the vertical orientation with the
measuring faces horizontal.

The length of a gauge block over 100 mm nominal length refers to the horizontal orientation with the block
supported on one of the narrow side faces, without additional stress, by suitable supports each at a distance of
0,211 times the nominal length from the ends. When such a gauge block is measured by interferometry in horizontal
orientation, the weight of the auxiliary plate wrung to one of the measuring faces shall be compensated.

6.1 Genegral dimensions

The nominal dimensions of the cross section and their limit deviations are given in table 1.

Table 1 — Cross section

Dimensior]s in millimetres

Cross section Nominal length, |, a b
nominal limit nominal limit
deviation deviation
05=<l,<10 30 _
Q n 0 9 0,05
-0,3 -0,20
d 10 <1, = 1000 35

If gauge blpcks with nominal lengths over 100-mm are provided with coupling holes, the dimensions gnd location of
holes shall|be as shown in figure 5. Gauge blocks of grade K shall not be combined with coupling deviges.

Dimensiorns in millimetres

=Tl

1

+0,2

® 10 0

AN
(2]

S

™

Figure 5 — Dimensions of coupling holes in mm

Key
1 Measuring face

6.2 Material properties
6.2.1 Material

Gauge blocks shall be made of high grade steel or of other similarly wear-resistant material capable of being
finished with surfaces that will wring readily, and which will be stable for length within the tolerances in table 2.
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6.2.2 Coefficient of thermal expansion

©1SO

The coefficient of thermal expansion of steel gauge blocks in the temperature range 10 °C to 30 °C shall be

(11,5 + 1,0) x

10° K™

The coefficient of expansion with its estimated uncertainty of determination shall be supplied with steel grade K

gauge blocks, and also for all gauge blocks of all grades made of materials other than hardened steel.

6.2.3 Hardness

The measuring faces of steel gauge blocks shall have a Vickers hardness of not less than 800 HV 0,5 (see

ISO 6507-1).

6.2.4 Dimeng

The maximunp permissible changes in length per year of gauge blocks are stated in table 2. They appl
are not exposed to exceptional temperatures, vibrations, shocks, magnetic-fields or

gauge blockg
forces.

6.3 Marking

Each gauge H
individually id
may be markg
of 2,5 mm x 2

If the grade is

ional stability

Table 2 — Dimensional stability

Grade | Maximum permissible change in length periyear
K £ (0,02 um + 0,25 x 10°x)
0
1 + (0,05 um + 0,5%10° x 1)
2

NOTE — | is expressed in millimetres.

y when the
mechanical

lock shall be permanently marked with its nominal length in millimetres and shall be permanently and

entifiable in characters npt less than 1,5 mm high. Gauge blocks smaller than 6 mm non
bd on a measuring face;-but an area of 9 mm x 12 mm at the centre of the measuring face 2

.5 mm in each of theZfour corners shall be left clear of any marking.

indicated on the gauge block, the following markings shall be used:

N grade KoK

D

hinal length
Ind an area

O calibratio
O gradeO:
0O grade 1:
O grade 2:=

Gauge blocks of nominal lengths greater than 100 mm shall bear marks located 0,211 x |, from the measuring
faces, indicating the support positions (see 5.4).

7 Metrological requirements

7.1 General

Each gauge block shall conform to the requirements of its grade, as indicated below.
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Conformance with specifications shall be proved in accordance with ISO 14253-1.

The requirements of tables 3 and 4 applies to the measuring faces of the gauge block omitting a border zone with a
maximum width of 0,8 mm as measured from the plane of the side faces. In this border zone the surface shall not lie
above the plane of the measuring face.

Grade K blocks shall comply with the tolerance t, for limit deviations from nominal length as grade 1. Very close
tolerances for flathess and variation in length for grade K blocks are given in tables 3 and 4. These gauge blocks

are intended for calibrating other gauge blocks and shall always be used in connection with a calibration certificate.

7.2 Flatness tolerance,

t

7.2.1 Gau

The deviati
not exceed
unwrung st

7.2.2 Gau
The deviat

exceed the
not less tha

With the g4

7.3 Meas

The measu
they do not

je blocks with nominal lengths exceeding 2,5 mm
pn fy from flatness of each measuring face of a gauge block of nominal length greater-tharn
the appropriate tolerance in table 3, whether the gauge block is wrung to an auxiliary pla
pte.

e blocks with nominal lengths up to 2,5 mm
on f, from flatness of each measuring face of a gauge block of nominal length up to 2,5

appropriate tolerance in table 3 when the gauge block is wrung(to an auxiliary plate with
n 11 mm.

uge block in the unwrung state, each measuring face shall)be flat to within 4 um.

Table 3 — Flatness,tolerance t;

Flatness tolerance, t;
Nominal length, 1, um
Grade
mm K 0 1 2
0,5 =1;= 150 0,05 | 0,1 0,15 | 0,25
150« |, =< 500 0,1 0,15 | 0,18 | 0,25
500 <1,=1000 0,15 | 0,18 | 0,2 0,25

uring faces

ring faces of all gauge blocks shall wring readily. Fine scratches without burrs may be a
impair the wringing property.

2,5 mm shall
te or is in the

mm shall not
A thickness of

ccepted when

The edges of the measuring faces shall be rounded to a radius not exceeding 0,3 mm or provided with a chamfer
not exceeding 0,3 mm. The transition between the chamfer and the measuring face shall be such that the wringing

property of

the measuring faces is not impaired.

7.4 Side faces

7.4.1 Flatness

The flatnes

s tolerance (see ISO 1101) of the side face is 40 um for nominal lengths up to 100 mm.

For nominal lengths over 100 mm up to 1000 mm the flatness tolerances are given by

40

um+40 x 1076 x | |
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7.4.2 Parallelism

©1SO

The deviation from parallelism (see ISO 1101) of a side face with the opposing side face as a datum shall not
exceed 80 um for nominal lengths up to 100 mm.

For nominal lengths over 100 mm up to 1000 mm the parallelism tolerances are given by

80 um +80 x 106 x|

7.4.3 Perpendicularity

The perpendigularity tolerance (see ISO 1101) of a side face with a measuring face as a datum is give|

(see figure 6)

Table 4 — Perpendicularity tolerance

Nominal length, 1,

Perpendicularity tolerance

mm um
10=<I1,=<25 50
25 <1, <60 70
60 < I, < 150 100

150 < |, < 400 140
400 <[, = 1000 180

/3

;-

n in table 4

Key
1  Side face
2 Measuring face

Np

3 Deviation from perpendicularity

Figure 6 — Perpendicularity deviation of side faces with a measuring face as a datum

The angle between adjacent side faces shall be 90° + 0°10'.
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Table 5 — Limit deviation, tg, of the length at any point of the measuring face from nominal length
and tolerance, t,, for the variation in length

Nominal length, Calibration grade K Grade 0 Grade 1 Grade 2
In
limit deviation | tolerance | limit deviation | tolerance | limit deviation | tolerance | limit deviation | tolerance
of length at for the of length at for the of length at for the of length at for the
any point from| variation in | any point from | variation in [ any point from | variation in | any point from | variation in
nominal length length nominal length length nominal length length nominal length length
+ 1, t tt, L tt, L T, L
mm pm pm pm pm pm pm pm pm
05=<I] <10 0,2 0,05 0,12 0,1 0,2 0,16 0,45 0,3
10<Il]=<25 0,3 0,05 0,14 0,1 0,3 0,16 0,6 0,3
25 <I|{=50 0,4 0,06 0,2 0,1 0,4 0,18 0,8 0,3
50<I{=75 0,5 0,06 0,25 0,12 0,5 0,18 1 0,35
75 <= 100 0,6 0,07 0,3 0,12 0,6 02 1,2 0,35
100 <] =< 150 0,8 0,08 0,4 0,14 0,8 0,2 1,6 0,4
150 <] =< 200 1 0,09 0,5 0,16 1 0,25 2 0,4
200 < |} < 250 1,2 0,1 0,6 0,16 1,2 0,25 2,4 0,45
250 < 1] =< 300 14 0,1 0,7 0,18 14 0,25 2,8 0,5
300 < 1] =< 400 1,8 0,12 0,9 0.2 1,8 0,3 3,6 0,5
400 <1 f =500 2,2 0,14 11 0,25 2,2 0,35 4,4 0,6
500 < || =< 600 2,6 0,16 1,3 0,25 2,6 0,4 5 0,7
600 < I| =700 3 0,18 1,5 0,3 3 0,45 6 0,7
700 < 1] =< 800 3,4 0,2 1,7 0,3 3,4 0,5 6,5 0,8
800 < I < 900 3,8 0,2 1,9 0,35 3,8 0,5 7,5 0,9
900 < l,|= 1000 4,2 0;25 2 0,4 4,2 0,6 8 1
7.4.4 Edges
The edges |between.thé side faces shall have a radius or chamfer of not greater than 0,3 mm.
8 Calibratieh of gauge blocks

8.1 General

Measurement of gauge blocks is outlined in 5.1 and 5.2 as a sequence starting from the basic definition of the unit
of length and proceeding through the stage of interferometry for high grade (preferably K grade) gauge blocks. One
or several further stages of measurement by comparison may follow for measurement of other grade gauges. More
details of the stages are given in 8.3 and 8.4 respectively. The measurement result of length and the associated
uncertainty shall be supplied in a calibration certificate.
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8.2 Wringing test

The wringing property of measuring faces of the gauge block is tested using an optical flat which shall satisfy a
flatness tolerance of 0,1 um.

The wrung measuring face shall be observed through the optical flat and shall be clear of interference bands, colour
and bright spots.

For gauge blocks of grade 1 and 2 bright spots or shades are permitted to a minor extent.

8.3 Measurement by interferometry

8.3.1 Measufed length

The length of|a gauge block as shown in figure 1 (of grade K is recommended) shall be measured at the centre of
the measuring face using the method of interferometry.

Measurement of the deviations f, and f, from the central length (see 3.6) shall be made at the points of maximum
length |, and minimum length |,,,;, of the gauge block (see figure 3).

8.3.2 Auxiliafy plate
The auxiliary plate upon which the gauge block is wrung during the meastrement shall be in accordance with 3.2
and 6.2, i.e. it should consist of the same material as the gauge blocksahd have a wringing surface df the same
surface finish as the measuring faces of the gauge block. If auxiliary plates of some other materigl, such as
crystalline quartz, are used, then the corrections made necessary hy,the different physical material properties need
to be taken info account (see 8.3.3). The auxiliary plate shall be not less than 11 mm thick and shall havg a wringing
face with a flatness deviation less than 0,025 pm over a diameter of 40 mm.

8.3.3 Corrections to measurements by interferometry

Corrections shall be made to the calculations for significant influences; e.g.:

O temperatire, atmospheric pressure and atmospheric humidity on the wavelength of light;

O deviation|of temperature of the gauge block from 20 °C;

O the wringing action on the length of the gauge block when the gauge block and the auxiliary plate are of
different materials;

O surface tgxture and optical phase changes on the reflection of the light wave;
O the apertpre of thelinterferometer (diaphragm size and focal length) on the position of the interference fringes;

O compression of the gauge block over 100 mm when measured in vertical orientation.

8.3.4 Calibration certificate

The calibration certificate shall contain the measurement results, in particular the central length |, or the deviation of
central length from nominal I, —|,,, the estimated uncertainties, and a statement of traceability with reference to the
wavelength standards used. The certificate shall state which measuring face of the gauge block was wrung during
the measurement and whether the gauge block was wrung in turn to the auxilliary by each of the two measuring
faces. The calibration certificate shall also state the coefficient of thermal expansion used to adjust the results to
lengths at 20 °C (see 8.3.3).

10


https://standardsiso.com/api/?name=d95502e1f4041ebc5f106b9eb88c4c80

©1SO ISO 3650:1998(E)

8.4 Measurement by comparison
8.4.1 Principle of measurement

In order to determine the length of a gauge block by comparison, the difference of its central length from that of a
reference gauge block is measured and applied algebraically to the length of the reference. For the probing, the
measuring faces of each gauge are touched from opposite directions as shown in figure 7, and the length difference
is measured by a high resolution length indicator.

Key
1 Centre|point

Figure 7 — Measurement of central lengthiby comparison taking the perpendicular distance from the gentre
of(@ymeasuring face to the opposite one

8.4.2 Cenfral length

A measurement by comparisen‘transfers the central length of a standard gauge block to a gauge block under test.
The referepce gauge bloCk may either directly be measured by interferometry or related through dne or several
stages by qomparison to.a reference gauge measured by interferometry.

NOTE — The effeet-0f'one wringing, which is included in the length of the reference gauge block measured by interferometry,
is transferrefl by the~comparison measurement.

8.4.3 MethodZof dnfnrmining Inngfh h\]/ anpnricnn

The relatively small difference in central length between a reference gauge block of known central length and
another gauge of unknown central length is measured by a high resolution length indicator (see annex A).

8.4.4 Variation in length

The measurement by comparison may be used to explore the variation in length. The variations between readings
at the centre and at the four corners of the measuring face approximately 1,5 mm from the side faces could be
regarded as representative for determining the variation in length. If representative points other than near the
corners of the measuring face are used for the determination of the variation in length, their position shall be
described.

11
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