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FOREWORD

ISO (the Internationa! Organization for Standardization) is a worldwide federation
of national standards institutes (ISO member bodies). The work of developing
] tional Standards is carried out through 1SO technical committees. Every
r body interested in a subject for which a technical committee has been set
up haj the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with IS0, also take part in the work,

tional - Standard 1SO 3650 was developed by Technicalk Committee
3, Limits and fits, and was circulated to the member bodies in
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INTERNATIONAL STANDARD I1SO 3650-1978 (E)

Gauge blocks

1 SCOPE AND FIELD OF APPLICATION - ' used solely for measuring the lengths of otller gauge blocks
b mparison, as well for gauge black d
This International Standard specifies the most important eri:t(:/ oF; r::a:ur;g puerpo:sas. SN, cks used for a

dimensional and quality characteristics of gauge blocks with
a rectanglilar cross-section and a length ranging from 0,5 up 2 NOMENCLATURE, TERMINOLOGY AND

to and ingluding 1 000 mm. DEFINITIONS
Deviationp and tolerances are specified for four grades of 94 Nomenclature of gauge blocks
accuracy,|i.e. 00, 0, 1 and 2, and information concerning a

“calibratipn’* grade is given, thus providing for gauge blocks See figure 1.

Gauge length

Measuring faces

Side faces

Gauge length

-

FIGURE 1 — Nomaeanclature
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2.2 gauge block : A block of rectangular section, made of
durable material, with one pair of plane, mutually parallel
measuring surfaces.

NOTE — It is a characteristic of a gauge block that the measuring
faces are made with such surface quality that they will adhere to
measuring faces of other gauge blocks or to similarly finished plane
surfaces. {Adhering is commonly described as ‘‘wringing’’; see 2.7.)

2.3 length of a gauge block : The length of a gauge block
at a particular point of the measuring face is the perpen-
dicular distance between this point and a rigid plane surface

2.6 variation in length: The difference between the
maximum and minimum lengths at any points on the
measuring faces of a gauge block (see figure 4).

- 2.7 wringing : The property of the measuring faces of a

gauge block enabling them to adhere to other similarly
flat and well-finished surfaces by molecular forces.

3 BASIS OF MEASUREMENT

3.1 The unit of length, the metre, is defined as equal to

of the same nhaterial and surface texture upon which the
other measurirlg face has been wrung (see figure 2).

NOTES
1 The length takes into account one wringing.

2 Requirementy for the conditions. of measurement by inter-
ferometry and by comparison are given in annex B.

2.4 central lehgth : The length of a gauge block according
to 2.3, taken| at the centre point of a measuring face.

2.5 deviation| from flatness: The minimum distance
between two | parallel planes. which just envelop the
measuring face|(see figure 3).

16560 763,73 wavelengths in vacuum of the urperturbed
radiation corresponding to the transition”\between the
levels 2p,, and 6d, of the krypton atom of mass pumber 86
{11th General Conference of Weights and Measures, 1960).
In practice, this wavelength may be-produced by means
of a 86Kr gas discharge lamp ~{Engelhard lamp) under
specified conditions of operation.

3.2 When a gauge block of high-grade is to belused as a
reference standard of length, i.e. for transference of length
to other gauge blocks by use of a comparator, then its
lengths, as defined\in 2.3, and located at the centre of the
block, shall be_measured in terms of wavelengtrl{s of light
using the method known as interferometry (see annex B).

\{

FIGURE 2 — Length of a gauge block
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Deviation
From flatness

I1SO 3650-1978 (E)

FIGURE 3 — Deviation from flatness (see table 3)

Nominal length

Variation in ength
(see table 4)

3.3 The nominal length_and measured length of a gauge
block agply at the teference temperature of 20 °C and
standard| air pressure of 101,325 kPa (1 013,25 mbar).

NOTE — [The effect on the tength of a gauge block of variations
from the |standard air pressure encountered under normal atmos-

Deviation from
nominai length

FIGURE 4 — Variations in length (see table 4)

4 GENERAL DIMENSIONS, MATERIAL

MARKING

4.1 General dimensions

The dimensions of the cross-section and

are-givenin-table1
are te—1-

Permissible deviation

(see table

4)

pheric conditions may be ignored.

34 The lengths of gauge blocks up to and including
100 mm refer to the length of the gauge block in the
vertical position, i.e. with the measuring faces horizontal.

The lengths of gauge blocks over 100 mm refer to the
length of the gauge block in the horizontal position, the
block being supported on one of the smaller side faces
without additional stress by two suitable supports, each
at a distance of 0,211 times the nominal length from the
ends,

TABLE 1

AND

their tolerances

Values in millimetres

Nominal length, /
c N Face Face
ross-section over 1._|p to ?nd length width
including
o]
g % - 10,1 30 _ 0.3
2% -0,05
i 9 02
Face 10,1 1000 |35 -g s
length ‘
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Where longer gauge blocks are provided with holes for
coupling blocks together and. for supporting the wrung
joint, the dimensions and location shall be as shown in
figure 5.

TABLE 2

Values in micrometres {um)

Grades Maximum permissible change in length per year
NOTE — Gauge blocks of nominal lengths below 1 mm may be
made with sections other than 30.-mm X 9 mm. Og + (0,02 + 0,000 5 1)
s 1
; 2 + (0,05 + 0,001 1)
’ F=—rromimattengti-ir-mitimetres
4.3 Marking

Measuring face

256+ 0,5 mm

FIGURE 5 - Ppsition of hole for coupling longer gauge blocks

4.2 Material

42,1 Gauge bjocks shall be made of a wear-resistant
material, capablp of being worked to give a fine finish that
will readily wring and which by nature, or when sujtably
treated, will be ¢onstant in length.

4.2.2 The coei]:icient of thermal expansion ¢f steel gauge
blocks in the tefnperature range 10 to 30 °C shall be within
the limits (11,5 &£ 1,0) x 1078 per degree(Calsius.

If other materihls are used, the manufacturer shall state
the coefficient df expansion and jts\limits.

4.2.3 The surface hardness/of the measuring faces of

steel gauge blocks shall be.not less than 800 HV.

4,2.4 When galige blocks are made of materials other than
steel, the physidal properties of these materials (coefficient
of expansion, modulus of elasticity, etc.) shall be given by
the manufacturer and shall be taken into account as appro-
priate.

.4.2.5 Dimensional stability of a material shall be confirmed
by tests on samples over a period, during which the
temperature of the sampies shall be kept within the range
10 to 30°C, and the influence cf other forces such as
vibration, shock and magnetic fields shall be avoided.

The maximum permissible changes in length are given in
table 2; the period of test shall be sufficiently long for any
change in length to be distinguishable from: the accuracy
of measurement of length.

4

Each gauge block shall be legibly and permanentlly marked
with its nominal size, in figures atdeast 1,5 mm |high, and
with the name of the manufacturer;-or a trademark.

marked on a measuring face but an area of 9 mm|x 12 mm
at the centre of the measuring faces shall be lefft clear of
any marking.

Gauge blocks smaller than ‘6“'mm nominal lengtl may be

Grades 00, Q. and “calibration grade” blocks| shall be
marked with aserial number.

It is desirable for gauge blocks of other grades 3lso to be
identifiable.

Gauge blocks of nominal lengths greater than 100|mm shall
bear marks located (0,211 xI) mm from the measuring
faces, indicating the support positions (see 3.4).

5 ACCURACY

5.1 General

Each gauge block shall conform to the requirermpents for
accuracy appropriate to its grade, as given beiow.

The requirements for accuracy apply to an arga of the
measuring face omitting a border zone of 0,8 mm maximum,
as measured from the side faces.

In this excluded border zone the surface shall not|lie above
the plane of the measuring face.

The requirements specified below are related in all cases to
iRiti i i ment in
clause 3 and the conditions of measurement set out in
annex B.

NOTE — In addition to the four grades for which deviations and
tolerances are given in tables 3 and 4, a grade known as ‘‘calibration
grade’” is also recognized. Blocks of this grade are intended solely
for calibrating other gauge blocks where it-is the actual length of
the block that is used in computations. For this reason it is there-
fore less important that it shouid be very close to nominal than
that it should be -accurately known, “Calibration grade’’ blocks are
thus required to have a high gquality of geometrical form but
relatively large deviations from nominal length are permissible and
these blocks shall comply with Grade 00 tolerances for flatness
and variation in length and Grade 1 deviations from nominal length.
Each block of this grade shall be supplied with a calibration certifi-
cate stating its measured length.

l/
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5.2 Flatness tolerance TABLE 3

5.2.1 Gauge blocks greater in nominal length than 2,5 mm . Maximum permitted daviation
Nominal length from flatness

The deviation from flatness of each measuring face of a mm Hm

gauge block of nominal length greater than 2,5 mm shall "up to and

not exceed the value given in table 3 for the appropriate over including G'_"de

grade. This requirement shall apply whether the gauge 00 0 1 2

block is wrung to a rigid plane surface or is in the unwrung

state, - ~ 150 005 | 010 | 015 | 0256

5.2.2 Gauge blocks 2,5 mm in length or smaller 150 500 0,10 0,15 0,18 0,25

Gauge Hlocks 2,6 mm in nominal length or smaller shall 500 1000 0,15 0,18 0,20 0,25

be tested when wrung to the rigid plane surface of an

auxiliary] body with a thickness of at least 11 mm. With

the gauge block in this condition, the deviation from
f each measuring face shall not exceed the value

flatness

given in fable 3 for the appropriate grade.

With thd gauge block in the unwrung state, each measuring 5.4 Deviation from nominal length at any [point

face shall be flat to within 4 pm. The deviation from\nominal {ength, at any point, shall not

5.3 Vaifation in length exceed the tolerances for the appropri‘a% grade given in

table 4, i.e{ any point on the measuring flace of the gauge

The variption in length of a gauge block shall not exceed _block must lie between two parallel planes whose distance

the tolefance given in table 4 for the appropriate grade apart does not exceed the tolerances spegified in table 4
(see figure 4). (see figure 4).
TABLEY
1 2 3 4 5 6 7 8- 9 10
Tolerances and permissible variations, 4m
Rarge of
nominlll lengths Grade 00 Grade O Grade 1 Grade 2
™ Tolerances ) Tolerances Tolerances Toleranges
over |[UP ™ and| on nominal | Permissible. ] on nominal Permissible | on nominal | Permissible | on nomina) | Permissible
ve including fength at variation fength at variation fength at variation length ft variation
any point in length any point in length any point in length any point in length
- 10 + 0,08 0,05 £0,12 0,10 © +0,20 0,16 + 045 0.30
10 25 + 0,07 0,05 +0,14 0,10 + 0,30 0,16 +0,6 0,30
25 50 0,10 0,06 + 0,20 0,10 + 0,40 0,18 + 0,8 0,30
50 75 +0,12 0,06 + 0,25 0,12 + 0,50 0,18 + 1,0 0,35
75 100 +0,14 0,07 + 0,30 0,12 + 0,60 0,20 +1,2 0,35
100 150 + 0,20 0,08 + 0,40 0,14 + 0,80 0,20 +1,6 0,40
150 200 +£0.25 0,009 + 0,50 0,16 + 1,00 0,25 + 20 0,40
200 250 * 0,30 0,10 + 0,60 0,16 + 1,20 0,25 + 2,40 0,45
250 300 + 0,35 0,10 + 0,70 0,18 + 1,40 0,25 + 2,80 0,50
300 400 + 0,45 0,12 + 0,90 0,20 + 1,80 0,30 + 3,60 0,50 _
400 500 + 0,50 0,14 +1,10 0,25 + 2,20 0,35 + 4,40 0,60
500 600 + 0,60 0,16 + 1,30 0,25 + 2,60 0,40 + 5,00 0,70
600 700 +0,70 0,18 + 1,50 0,30 + 3,00 0,45 + 6,00 0,70
700 800 + 0,80 0,20 +1,70 0,30 + 3,40 0,50 + 6,50 0,80
800 900 +0,90 0,20 + 1,90 0,35 + 3,80 0,50 + 7,50 0,90
900 1 000 % 1,00 0,25 + 2,00 0,40 + 4,20 0,60 * 8,00 1,00
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5.5 Measuring faces

The measuring faces shall be free from surface defects
likely to have an adverse effect on the use of the gauge
block. Fine lapping scratches without burrs may be accepted
when they do not affect the wringing quality or accuracy.

The measuring faces of all gauge blocks shall wring readily.

The edges of the measuring faces shall be rounded to a
radius not exceeding 0,3 mm or chamfered 0,3 mm and
smoothly rounded between the chamfer and the measuring
face by a prg i
property of the measuring faces.

5.6 Side faces

5.6.1 Flatness

The deviation [from flatness of the side faces (i.e. the
distance between two paralle! planes which just envelop the
side face} shall not exceed 80 um for gauge blocks of
nominal lengths|up to and including 100.

For longer lengths the deviation expressed in micrometres
shall be

80+ 0,08/

where [ is the ngminal length in millimetres.

8.6.2 Parallelis

The deviation from parallelism of the side faces (i.e. the
difference between the measurements of the distance
between the sidp faces concerned taken at the ends of-the
-gauge block) shiall not exceed 40 pum for gauge blocks of

Squareness deviation

nominal lengths up to and including 100 mm.

For longer lengths the tolerance expressed in micrometres
shall be

40+ 0,041

where [ is the nominal length in millimetres.

5.6.3 Squareness

The side faces shall be square to the measuring face to

figure 6).
TABLE S
Nominal length Deviation from squareness
mm
r up to and m
ove including s

10 25 50
25 60 70
60 160 . ., 100
150 400 140
400 1 000 180

The’ side faces shall be mutually square to within 10'.

5.6.4 Edges

All edges between the side faces shall have a chlamfer or
radius of not more than 0,3 mm.

1.

Side face __| g

907]

Measuring face

/

FIGURE 6 — Squareness deviation
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A.1 The
permissib
nominal |

ANNEX A

DERIVATION OF TOLERANCES — FORMULAE

tolerance values specified in table 4 for the
le deviation of the measured length from the
ength are calculated from the formulae in table 6.

TABLE 6

ISO 3650-1978 (E)

TABLE 7

Tolerances in

micrometres (um)

Variation in length

Grade
Formula
Deviations in micrometres (Hm) ————.
00 (0,05 30,000 21}
Deviation of measurod tength 0 (0,10 +0,000 3 1)
Grade from nominal length
1 (0,16 + 0,000 45 1)
Formula : 3
2 (0,30 + 0,000 7 })
00 "~ £(0,06 +0,0011])
0 £ (0,10 + 0,002) A3 Th J )
\ . e conventions rounding [the calculated
* 1 . . . . ;
+(020+0,0041) tolerances given in table 4 are given in table|8.
2 £ (0,40 + 0,008 1)

1 is the maximum nominal length for each range (columns 1

and 2 in

Lable 4) expressed in millimetres.

The calchilated values are rounded in accordance with the

conventic

A.2 Thg
ation in

ns in clause A.3.

values specified in table 4 for permissible vari-
ength are calculated from the formulae.in-table 7.

1 is the mhaximum nominal length for each range (columns 1

and 2 in

The calc
conventi

table 4) expressed in millimetres:

Lilated values are rounded, in“accordance with the

bns in clause A.3.

TABLE 8
Values in micrometres (tm)
Magnitude of tolerance v
up to and Roundpd down to
over . .
including
- 0.1 D,01
0.1 0,2 0,02
0,2 0,5 D,05
05 2 D,10
2 5 D,20
5 10 0,650
10 - 1,00
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B.1 GENERAL

ANNEX B

CONDITIONS FOR THE MEASUREMENT OF LENGTH
(See clauses 2 and 3)

The length of a gauge block may be measured by inter-
ferometry (or a method capable of giving equivalent results)

or by comparlson with a gauge block used as a reference

standard but it
gauge blocks. tl
to be measure

t are used as’ reference standards of length
by interferometry. In practice, these are

likely to be blocks of Grades 00 and “‘calibration grade’’.

Conditions for the measurement of Iength by both methods
are described bglow.

B.2 MEASUREMENT BY INTERFEROMETRY

B.2.1 To comgl
L is measured af

B.2.2 To fulfi

y with the requirements of 3.2, the length
the centre of the block (see figure 7).

the requirements of sub-clause 2.3, the

rigid plane surfpce to which the measuring face is wrung

must be of the same material and surface texture as the
measuring face to which the interferometric measurements
are being made.

The auxiliary body providing this surface shall have a
be flat to
within 0,025 pm over a diameter of 40 mm.and| shall not
be concave.

When the gauge block is measuredin the forizontal
position and the auxiliary body is wraing to one r]n‘\easuring\
face, the mass of the auxiliary body-must be compensated
for.

B.2.3 The results of a fmeasurement of length [by inter-
ferometry should be corrected for possible departyres from
ideal conditions of measurement, for example :

— effects of < temperature, barometric pressure and
humidity, upon wavelengths in air; ,

— effécts of temperature and barometric prpssure or
of optical phase shift on the length.

L is the central length )
measured by this method

AN

FIGURE 7 — Central length measured by interferometry
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