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Errata
to

ASME B89.1.9-2002

Gage Blocks

The errata corrections listed below apply to ASME B89.1.9-2002. Corrected figures and tables

Change

Dimensions revised; reference point added to
second and last drawings

Entries in last three columns revised

Entries in last three columns revised

(1) ¢ deleted from top callout
(2) 0.02 and 0.03 revised to read 0.2 and 0.3,
respectively

V replaced by + in four places

V replaced by * in six places

follow.

Page Location

3 Fig. 1B

4 | Table 1a
| Table 1b

Fig. 5

14 | Table B1
| Table B3

26 Table G1

(1) Inlast column, 18th through 29th entries
revised
(2) Inlast row, first five entries revised
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1/, distance between edge
of block and edge of

. /ﬂ/szth

1/, distance between edge

of block and edge of i I i 1/2 width

countersink
FIG. 1B REFERENCE POINTS OF SQUARE GAGE BLOCKS

TABLE 1a
DIMENSIONS IN MILLIMETERS
a (width) b (depth)

Cross Section Nominal length, |, Nominal Tolerance Nominal Tolerance
Square 0 to 1000 24.1 +0.2 24.1 +0.2
Rectangle 0.5 up to 10 30 +0.0/-0.3 9 -0.05/-0.20

Over 10 up to 1000 35 +0.0/-0.3 9 —-0.05/-0.20

GENERAL NOTE: Square gage blocks have a 6.7 mm +0.1 mm center hole. The hole is
countersunk on both sides 70 deg to 84 deg for blocks 5 mm and longer. Blocks under 5 mm
are not countersunk.

TABLE 1b
DIMENSIONS IN INCHES
a (width) b (depth)

Cross Section Nominal Length, /, Nominal Tolerance Nominal Tolerance
Square 0 to 40 0.95 +0.01 0.95 +0.01
Rectangle 0.01 to 0.2 1.181 +0.074 0.355 +0.020

-0.084 -0.010
Over 0.2 up to 40 1.378 +0.010 0.355 +0.020
-0.207 -0.010

GENERAL NOTE: Square gage blocks have a 0.265 +0.010 in. center hole. The hole is counter-
sunk on both sides 70 deg to 84 deg for blocks 0.2 in. and longer. Blocks under 0.2 in. are not
countersunk.
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1002 ®

4 | 0.3 [A|B| X-Axis
$ | 1 |A|B]| Y-Axis

Y
X
+
Fa

FIG.5 DIMENSIONS OF COUPLING HOLES (mm)

TABLE B1 EXAMPLE OF TOLERANCE
CHANGES

Size GGG-G-15C This Standard

1mm  Grade 2, +0.10/-0.05 uom Grade 0, +0.12 pm
75 mm Grade 3, +0.45/-0.22 pm  Grade AS-1, £0.50 pm
0.1in. Grade 2, +4/-2 p.in. Grade 0, +5 pin.
2.0in. Grade 3, +16/-8 pin. Grade AS-1, £16 pin.

TABLE B3 LENGTH TOLERANCE

COMPARISON
Size GGG-G-15C This Standard
1 mm Grade 1, £ 0.05 pm Grade AS-1, +0.20 pm
75 mm Grade 2, + 0.25/-0.12 pom Grade AS-2, £1.00 pm
0.1 in. Grade 1, = 2 pin. Grade AS-1, £8 pin.
1.0 in. Grade 2, +4/-2 p.in. Grade AS-2, +24 pin.
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TABLE G1 INCH GAGE BLOCK SIZES (IN INCHES)

0.0055 0.0202 0.052 0.1007 0.130 0.20008
0.006 0.0203 0.053 0.1008 0.131 0.20009
0.0065 0.0204 0.054 0.1009 0.132 0.250
0.007 0.0205 0.055 0.101 0.133 0.300
0.0075 0.0206 0.056 0.102 0.134 0.350
0.008 0.0207 0.057 0.103 0.135 0.400
0.0085 0.0208 0.058 0.104 0.136 0.450
0.009 0.0209 0.059 0.105 0.137 0.500
0.0095 0.021 0.060 0.106 0.138 0.550
0.010 0.022 0.0625 0.107 0.139 0.600
0.01005 0.023 0.070 0.108 0.140 0.650
0.0101 0.024 0.078125 0.109 0.141 0.700
0.0102 0.025 0.080 0.109375 0.142 0.750
0.0103 0.026 0.090 0.110 0.143 0.800
0.0104 0.027 0.09375 0.111 0.144 0.850
0.0105 0.028 0.100 0.112 0.145 0.900
0.0106 0.029 0.10001 0.113 0.146 0.950
0.0107 0.030 0.10002 0.114 0.147 1.000
0.0108 0.03125 0.100025 0.115 0.148 2.000
0.0109 0.040 0.10003 0.116 0.149 3.000
0.011 0.046875 0.10004 0.117 0.150 4.000
0.012 0.050 0.10005 0.118 0.160 5.000
0.013 0.05005 0.10006 0.119 0.170 6.000
0.014 0.0501 0.10007 0.120 0.180 7.000
0.015 0.0502 0.100075 0.121 0.190 8.000
0.015625 0.0503 0.10008 0.122 0.200 10.000
0.016 0.0504 0.10009 0.123 0.20001 12.000
0.017 0.0505 0.1001 0.124 0.20002 16.000
0.018 0.0506 0.1002 0.125 0.20003 20.000
0.019 0.0507 0.1003 0.126 0.20004

0.020 0.0508 0.1004 0.127 0.20005

0.02005 0.0509 0.1005 0.128 0.20006

0.0201 0.051 0.1006 0.129 0.20007
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Date of Issuance: July 12, 2002

The next edition of this Standard is scheduled for publication in 2007. There
will be no addenda or written interpretations of the requirements of this
Standard issued to this edition.

ASME is the registered trademark of The American Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria for
American National Standards. The Standards Committee that approved the code or standard
was balanced to assure that individuals from competent and concerned interests have had an
opportunity to participate. The proposed code or standard was made available for public review
and comment that provides an opportunity for additional public input from industry, academia,
regulatory agencies, and the public-at-large.

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device,
or activity.

ASME does not take any position with respect to the validity of any patent rights asserted in
connection with any items mentioned in this document, and does not undertake to insure anyone
utilizing a standard against liability for infringement of any applicable letters patent, nor assumes
any such liability. Users of a code or standard are expressly advised that determination of the
validity of any such patent rights, and the risk of infringement of such rights, is entirely their
own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is not to
be interpreted as government or industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in
accordance with the established ASME procedures and policies, which precludes the issuance
of interpretations by individuals.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Three Park Avenue, New York, NY 10016-5990
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FOREWORD

The United States gage block standard has not changed substantively since GGG-G-15B
of 1970. During the intervening years there have been a number of very important shifts
in the use of gage blocks, a large growth of internationalization in design and manufacture
of parts, and even changes to basic concepts like uncertainty and traceability. With al of
these factors in mind, the B89.1.9 Committee began to consider a total rewrite of the
standard in the early 1990s. Our basic criteria were to adhere to the International Standard
ISO 3650 as closely as possible, while making necessary additions to adapt the standard
to measuring practice in the United States.

The most obvious additions were specifications for inch system gage blocks. We have
avoided the more traditional term “English” system because the metric system is the lega
system of units in England. The International Standard also only defines rectangular gage
blocks, the United States being perhaps the only country to have square “Hoke” style blocks
in significant numbers. Since the new grades have some of the same designations as the
old standard we have added prefix “AS’ to the names of Grades 1 and 2 to prevent
misidentification. We have also added a Grade 00 with tolerances near those of the current
U.S. Grade 1. While the committee basically agreed with the logic behind the 1SO 3650
grade tolerances, we aso recognized that the use of graded sets is deeply imbedded in
some industries, and the loss of the high accuracy grade would be a hardship for some users.

There are a large number of appendixes to the standard. Most of these appendixes have
information that is not in the current 1SO 3650, but was in GGG-G-15C or previous editions
of B89.1.9. The two largest and most important of these describe the differences between
this Standard and its predecessors in Nonmandatory Appendix B, and the definition and
tolerances on gage block accessories in Nonmandatory Appendix H.

The committee would aso like to acknowledge the large number of people who, while
not members of the committee, were kind enough to attend an occasional meeting or send
comments on the early drafts of the standard. These interactions increased the committee’s
knowledge of actual gage block use in industry, and were very important in drafting the
changes made to 1SO 3650 to correspond to U.S. practice.

This Standard was approved as an American National Standard on January 14, 2002.
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CORRESPONDENCE WITH THE B89 COMMITTEE

General. ASME Codes and Standards are developed and maintained with the intent to
represent the consensus of concerned interests. As such, users of this Standard may interact
with the Committee by requesting interpretations, proposing revisions, and attending Committee
meetings. Correspondence should be addressed to:

Secretary, B89 Main Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

Proposed Revisions. Revisions are made periodically to the standard to incorporate changes
that appear necessary or desirable, as demonstrated by the experience gained from the
application of the standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should
be as specific as possible: citing the paragraph number(s), the proposed wording, and a
detailed description of the reasons for the proposal, including any pertinent documentation.

Interpretations. Upon request, the B89 Committee will render an interpretation of any
requirement of the standard. Interpretations can only be rendered in response to a written
request sent to the Secretary of the B89 Main Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submit his’/her request in the following format:

Subject: Cite the applicable paragraph number(s) and provide a concise description.

Edition: Cite the applicable edition of the standard for which the interpretation
is being requested.

Question: Phrase the question as a request for an interpretation of a specific

requirement suitable for general understanding and use, not as a request
for an approval of a proprietary design or situation.

Requests that are not in this format may be rewritten in the appropriate format by the
Committee prior to being answered, which may inadvertently change the intent of the
original reguest.

ASME procedures provide for reconsideration of any interpretation when or if additional
information which might affect an interpretation is available. Further, persons aggrieved by
an interpretation may appea to the cognizant ASME committee or subcommittee. ASME
does not ‘‘approve,’’ ‘‘certify, rate;’ or ‘‘endorse’’ any item, construction, proprietary
device, or activity.

Attending Committee Meetings. The B89 Main Committee regularly holds meetings that
are open to the public. Persons wishing to attend any meeting should contact the Secretary
of the B89 Main Committee.
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ASME B89.1.9-2002

GAGE BLOCKS

0 INTRODUCTION

Gage blocks are length standards representing specific
fractions of the unit of length, the meter, of the
international system of units (SI). Depending on the
kind of application and the required quality, gage blocks
are offered in several grades. The calibration of gage
blocks includes the measurement of the length value
a a gspecified point of the measuring face and the
evaluation of the measurement uncertainty.

1 SCOPE

This Standard specifies the most important design
and metrological characteristics of gage blocks with a
rectangular or square cross-section and a nominal length
I, ranging from 0.5 mm to 1 000 mm for metric sizes
and 0.010 in. to 40 in. for inch sizes. It is not the
intent of this Standard to preclude the use, by contractual
agreement, of gage blocks of other shapes, grades or
materials.

Limit deviations and tolerances are stated for the
calibration Grade K and for the Grades 00, 0, AS-1,
and AS-2 for various measuring purposes.

NOTE: To avoid confusing Grades 1 and 2 with previous definitions,
the prefix “AS’ for “American Standard” should be used for all sets
using the grade tolerances in this Standard.

NOTE: The characteristics of Grades K, 0, AS-1, and AS2 are
identical to those of the same name in 1SO 3650: Gage Blocks,
with the exception that in this Standard the length of the block is
defined when measured in the vertica orientation. Grade 00 has
been added to conform more closely to the current U.S. Standard
(see section Al).

2 NORMATIVE REFERENCES

The following standards contain provisions that,
through reference in this text, constitute provisions of
this Standard. At the time of publication, the editions
indicated were valid. All standards are subject to revi-
sion, and parties to agreements based on this Standard
are encouraged to investigate the possibility of applying
the most recent editions of the standards indicated
below. ANSI maintains registers of currently valid
International Standards and U.S. National Standards.

Copyright ASME International
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ASME Y14.5-1994, Dimensioning and Tolerancing

Publisher: The American Society of Mechanical Engi-
neers (ASME International), Three Park Avenue,
New York, NY 10016-5990; Order Department: 22
Law Drive, Box 2300, Fairfield, NJ 07007-2300

ASTM E 18-94, Standard Test Methods for Rockwell
Hardness and Rockwell Superficial Hardness of Me-
tallic Materials

ASTM E 140-95, Standard Hardness Conversion Tables
for Metals

Publisher: The American Society for Testing and Materi-
als (ASTM), 100 Barr Harbor Drive, West Consho-
hocken, PA 19428-2959

ISO 1: 1975:; Standard reference temperature for indus-
trial length measurements

1SO 6507-1: 1997, Metallic materials - Vickers hardness
test - Part 1. Test method

ISO 3650: 1998, Gauge Blocks

ISO, International Vocabulary of Basic and Genera
Terms in Metrology (VIM), 1993

SO, Guide to the expression of uncertainty in measure-
ment: 1993, corrected and reprinted in 1995 (GUM)

Publisher: International Organization for Standardization
(1S0), 1 rue de Varembe, Case Postale 56, CH-
1121, Geneve 20, Switzerland, Suisse

3 DEFINITIONS

3.1 Gage Block

A gage block is a block of rectangular or square
section, made of wear-resistant material, with one pair
of planar, mutually parallel measuring faces. The mea-
suring faces shall have surfaces that can be wrung (see
para. 3.7) to the measuring faces of other gage blocks
to make composite assemblies, or to similarly textured
surfaces of auxiliary plates for length measurements.

3.2 Length of a Gage Block /

The length of a gage block at a particular point of
the measuring face is the perpendicular distance between
this point and the planar surface of an auxiliary plate
of the same material and surface texture upon which

Not for Resale
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Auxiliary
plate

FIG. 1A GAGE LENGTH /; AND ANOTHER
EXAMPLE FOR LENGTH / AT ANY POINT OF A
GAGE BLOCK WRUNG TO THE PLANE
SURFACE OF AN AUXILIARY PLATE

the other measuring face has been wrung (see para.
3.4 and Figs. la and 1b)

The length of a gage block | includes the effect of
one face wringing (see para. 8.3.1).

NOTE: The length | is a physical quantity consisting of a numerical
value and a length unit (e.g., meter, inch). If only the numerical
value is treated (e.g., in tables), the units should be stated explicitly.

3.3 Gage Length /; of a Gage Block

3.3.1 Gage Length of a Rectangular Gage
Block. The gage length I, of a rectangular gage block
is the length of a gage block taken at the reference
point. For rectangular gage blocks, the reference point
is taken at the center of the free measuring face (see
Fig. 1a).

NOTE: Iy is a special instance of length I.

3.3.2 Gage Length of a Square Gage Block.
The gage length Iy of a square gage block is the length
of a gage block taken at the reference point, midway
between the hole or outer edge of countersink and the
edge of the block nearest to the size marking. If the
size marking is on the side of the block, the top of
the block is either above or to the right of the marking,
depending on the orientation of the writing. If the block
is marked on the top gaging surface, the reference
point is located midway between the hole and the edge
of the block to the right of the size marking (see Fig. 1b).

Copyright ASME International
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3.4 Deviation of the Length at any Point
From Nominal Length e

The deviation of the length e at any point from
nominal length I, is the algebraic difference | — I..

3.5 Deviation From Flatness f;

The deviation fy from flatness is the minimum distance
between two parallel planes between which all points
of the measuring face lie (see Fig. 2).

3.6 Variation in Length v

The variation v in length is the difference between
the maximum length |, and the minimum length l;p.
It is equal to the sum of the deviations f, and f, from
the gage length |y (see Fig. 3).

3.7 Wringing

Wringing is the property of the measuring faces of
gage blocks to adhere to other measuring faces or to
faces with similar surface texture as a result of molecular
forces (see Nonmandatory Appendix F, section F5).

4 NOMENCLATURE OF FACES

Rectangular and square gage blocks (see Fig. 4).

5 BASIS OF MEASUREMENT, TRACEABILITY,
AND REFERENCE CONDITION

5.1 Units of Length (Meter, Inch)

The meter is defined as the distance traveled by
light in vacuum in 1/299 792 458 of a second (17th
General Conference of Weights and Measures, 1983).
The definition is realized by working wavelength stan-
dards recommended by the International Committee of
Weights and Measures (CIPM). One inch is 25.4 mm,
exactly.

5.2 Traceability

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

Not for Resale
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1/, distance between edge
of block and edge of
countersink

ASME B89.1.9-2002

1/, distance between edge

of block and edge of o 1/, width
countersink g
” P A

FIG. 1B REFERENCE POINTS OF SQUARE GAGE BLOCKS

i

Deviation f,
from flatness

\/‘/\/\/\/_\/_

FIG. 2 DEVIATION FROM FLATNESS f,

5.3 Reference Temperature and Standard
Pressure

The nominal length and measured lengths of a gage
block apply at the reference temperature of 20°C (68°F)
(see ISO 1) and the standard air pressure 101.325 kPa
(760 mm Hg).

NOTE: The effect on the length of a gage block caused by deviations
from the standard pressure may be ignored under normal atmospheric
conditions.

5.4 Reference Position of Gage Blocks

The defined length of a gage block refers to the
vertical position, with the measuring faces horizontal.
Blocks can be measured in any orientation if corrections

Copyright ASME International
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v= lmax_ Imin
fo=lmax— lg
fu: lg = Imin _ fo
te —— * —
1 g f,l v
fe
Imax
I" Ig Imin

FIG. 3 NOMINAL LENGTH, I, ; GAGE LENGTH,
Iy ; VARIATION, v WITH £, and f, ; LIMIT
DEVIATIONS, t., FOR LENGTH AT ANY POINT,
PROCEEDING FROM THE NOMINAL LENGTH
(See Para. 7.1 and Tables 4a and 4b)

for deformation are made (see Nonmandatory Appendi-
ces D and ). The orientation of blocks over 100 mm
(4 in.) in length should be recorded in the calibration

report.

6 GENERAL DIMENSIONS, MATERIAL
PROPERTIES, AND MARKING

6.1 General Dimensions

The nominal dimensions of the cross-section and
their limit deviations are given in Tables 1a and 1b.
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Marked
measuring face

Unmarked
measuring face

GAGE BLOCKS

Side faces
< Right-hand (top) T
measuring face !
\ P
1 1
.\\ . /‘-. e
100 \ Side faces N
[N} 1
1 1
\ Marked ’,»i’l“:h_\
1 1 =
I

/\
side face PRSI p
m B3 0 /
Left-hand (bottom) —7\

measuring face

FIG. 4 NOMENCLATURE OF FACES OF GAGE BLOCKS

TABLE 1a
DIMENSIONS IN MILLIMETERS
Cross a (width) b (depth)
Section Nominal length, /, Nominal Tolerance Nominal Tolerance
Square 0 to 1000 +0.2 24.1 +0.2
Rectangle 0.5 up to 10 0 C -0.05
Over 10 up to -0.3 9 -0.20
1000
GENERAL NOTE: Square gage blocks have a 6.7 mm £0.1 mm center hole. The hole is
countersunk on both sides 70 deg to 84 deg for blocks 5 mm and longer. Blocks under 5 mm
are not countersunk.

If rectangular gage blocks with nominal length over
100 mm are provided with coupling holes, the dimen-
sions and location of holes shall be as shown in Fig.
5. Rectangular gage blocks of Grade K shall not be
combined with coupling devices.

6.2 Material Properties

6.2.1 Material. Gage blocks shall be made of high
grade steel or of other wear-resistant materials capable
of being finished with surfaces that will wring readily,
and that will be stable for length within the tolerance
in Table 2.
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6.2.2 Coefficient of Thermal Expansion. The
coefficient of thermal expansion of steel gage blocks
in the temperature range 10°C to 30°C shall be (11.5
+ 1.0) x 10°/ °C.

The coefficient of expansion with its uncertainty of
determination shall be supplied with steel Grade K and
Grade 00 gage blocks, aso with al grades made with
materials other than hardened steel.

6.2.3 Hardness. The measuring faces of steel gage
blocks shall have a Vickers hardness of not less than
800 HV 0.5 (see 1SO 6507-2) or Rockwell C62 (see
ASTM E 18-94 and ASTM E 140-95).
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TABLE 1b
DIMENSIONS IN INCHES
Cross a (width) b (depth)

Section Nominal Length, /, Nominal Tolerance Nominal Tolerance
Square 0 to 40 0.95 +0.01 0.95 +0.01
Rectangle 0.01 to 0.2 1.181 +0.074

-0.084 0.355 +0.020

Over 0.2 up to 40 1.378 +0.010 -0.010
-0.0207

GENERAL NOTE: Square gage blocks have a 0.265 +0.010 in. center hole. The hole is counter-
sunk on both sides 70 deg to 84 deg for blocks 0.2 in. and longer. Blocks under 0.2 in. are not

countersunk.
¢10+g.02®
4 |0.03[A B | X-Axis
Y $ [ 1 |A]|B] Y-Axis
|_X
@
{25}

FIG.5 DIMENSIONS OF COUPLING HOLES (mm)

TABLE 2 DIMENSIONAL STABILITY length may be marked on a measuring face, but an
Maximum Permissible Change in Length Per area of 9 mm x 12 mm at the center of the_ measuring
Year face and an area of 25 mm X 2.5 mm in each of

Grade (Ih in meters) the four corners shall be left clear of any marking.
K, 00, 0 £ (0.02um + 0.25 x 107 /) Square gage blocks may be marked on the measuring
AS-1, AS-2 + (0.05pm + 0.5 x 107 ) face, but the quadrant of the face where the measure-

ments are made shall be left clear of any marking.
Gage blocks for which a calibration certificate is

6.2.4 Dimensional Stability. The maximum per-
missible changes in length per year of gage blocks are
stated in Table 2. They apply when the gage blocks
are not exposed to exceptional temperatures, vibrations,
shocks, magnetic fields or mechanical forces.

6.3 Marking

Gage blocks shall be permanently marked with the
nominal length and the name or trademark of the
manufacturer in characters not less than 1.5 mm high.
Rectangular gage blocks smaller than 6 mm nominal

issued shall be marked with an identification number.
It is recommended that all other gage blocks, especially
gage blocks of Grades K, 00, and 0, should likewise
be identifiable.

If the grades are indicated on the gage block, the
following markings shall be used:

Calibration Grade = K:K

Grade = 00: 00

Grade = 0: 0
Grade = AS1: -
Grade = AS2: =
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TABLE 3 DEVIATION FROM FLATNESS TOLERANCE f

Deviation from flatness tolerance t; in pum (pin.)

Style and Grade

K 0 AS-1 AS-2
Nominal Length All 00 00 All All All
Range for /, Styles Rectangular Square Styles Styles Styles
0.5 mm up to 50 mm 0.05 0.05 0.05 0.1 0.15 0.25
0.010 in. up to 2 in. (2) (2) (2) (4) (6) (10)
50 mm up to 150 mm 0.05 0.05 0.07 0.1 0.15 0.25
2 in. up to 6 in. (2) (2) (3) (4) (6) (10)
Over 150 mm up to 500 mm 0.1 0.1 0.1 0.15 0.18 0.25
Over 6 in. up to 20 in. (4) (4) (4) (6) (7) (10)
Over 500 mm up to 1 000 mm 0.15 0.15 0.15 0.18 0.20 0.25
Over 20 in. up to 40 in. (6) (6) (6) (7) (8) (10)

7 METROLOGICAL REQUIREMENTS

7.1 General

Each gage block shall conform to the requirements
of its grade (see Tables 4a and 4b), as indicated below.

NOTE: In previous editions, the quantity “parallelism of the gaging
faces” was specified in place of variation in length.

The requirements of Tables 3, 4a, and 4b apply to
the measuring faces of the gage 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 measur-
ing face.

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

7.2 Deviation From Flatness Tolerance f;

7.2.1 Gage Blocks With Nominal Length
Exceeding 2.5 mm (0.1 in.). The deviation fy from
flatness of each measuring face of a gage block of
nominal length greater than 2.5 mm (0.1 in.) shall not
exceed the appropriate tolerance in Table 3, whether
the gage block is wrung to an auxiliary plate or is in
the unwrung state.

7.2.2 Gage Blocks With Nominal Length up
to 2.5 mm (0.1 in.). The deviation fy from flatness
of each measuring face of a gage block of nominal
length up to 25 mm (0.1 in.) shall not exceed the
appropriate tolerance in Table 3 when the gage block
is wrung to an auxiliary plate (see para. 8.3.2) with a
thickness of not less than 11 mm.

With the gage block in the unwrung state, each
measuring face shall be flat to within 4 wm (160 win.).
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7.3 Measuring Faces

The measuring faces of al gage blocks shall wring
readily. Fine scratches without burrs may be accepted
when they do not impair the wringing property. 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 Side Face Flatness. The deviation from
flatness of the side faces shall not exceed 40 pm for
nominal length up to 100 mm (4 in.). For nominal
length over 100 mm (4 in.), the tolerances shal be
given by 40 um + 40 x 10° I,

7.4.2 Side Face Parallelism. The deviation from
paralelism (including form deviations) of a side face
with the opposing side face as a datum shall not exceed
80 wm for nominal lengths up to 100 mm (4 in.).
For nominal lengths over 100 mm (4 in.) up to 1000
mm (40 in.), the tolerances shall be given by
80 pm + 80 x 10° I,

7.4.3 Side Face Perpendicularity. The deviation
from perpendicularity of a side face with a measuring
face shall not exceed the values given in Table 5 (see
Fig. 6).

7.4.4 Side Face Edges. All edges between the
side faces shall have a radius or chamfer of not more
than 0.3 mm (0.013 in.).
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TABLE 5 PERPENDICULARITY TOLERANCE

Perpendicularity

Tolerance
Nominal Length pm (in.)
From 10 mm up to 256 mm 50
From 0.1 in. up to 1 in. (0.002)
From 25 mm up to 60 mm 70
From 1 in. up to 2 in. (0.003)
From 60 mm up to 150 mm 100
From 2 in. up to 6 in. (0.004)
From 150 mm up to 400 mm 140
From 6 in. up to 16 in. (0.005)
From 400 mm up to 1 000 mm 180
From 16 in. up to 40 in. (0.006)

r Deviation from perpendicularity —|

Side face

90/ \90

Measuring face

FIG. 6 PERPENDICULARITY OF A SIDE FACE
WITH A MEASURING FACE

8 CALIBRATION OF GAGE BLOCKS

8.1 General

Measurement of gage blocks is outlined in paras.
5.1 and 52 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) gage blocks. One or severa further stages
of measurement by comparison may follow for measure-
ment of other grade gages. More details of the stages
are given in paras. 8.3 and 8.4, respectively. The
measurement result of length and the associated uncer-
tainty shall be supplied in a calibration certificate.
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8.2 Wringing Test

The wringing property of measuring faces of the
gage block is tested using an optical flat that shall
satisfy a deviation from flatness tolerance of 0.1 pm.

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

For gage blocks of grade AS-1 and AS-2 bright
spots or shades of a minor extent (less than ¥, of total
area) are permitted.

8.3 Measurement by Interferometry

8.3.1 Measured Length. The length of a gage
block as shown in Figs. 1a and 1b (Grade K is
recommended) should be measured at the reference
point of the measuring face using the method of interfer-
ometry. The block shall be positioned with the bottom
(see Fig. 4) wrung to a reference surface of the same
material and surface texture (see para. 3.2). If the
measurement deviates from these conditions, the calibra-
tion report shall describe the differences and any correc-
tions necessitated by the changes.

Measurement of the deviations fy and f, from the
gage length (see para. 3.6) shall be made at the points
of maximum length |5 and minimum length |, of
the gage block (see Fig. 3).

8.3.2 Auxiliary Plate. The auxiliary plate upon
which the gage block is wrung during the measurement
shall meet the requirements of para. 6.2 (i.e., it should
consist of the same materia as the gage block and
have a wringing surface of the same surface texture
as the measuring faces of the gage block). If auxiliary
plates of some other material, such as fused quartz or
fused silica, are used, then the corrections made neces-
sary by the different physical material properties need
to be taken into account (see para. 8.3.3). The auxiliary
plate shall be not less than 11 mm thick and it shall
have a wringing face with flatness deviations of less
than 0.025 wm over a diameter of 40 mm.

8.3.3 Corrections to Measurements by Inter-
ferometry. Corrections shall be made to the calcula
tions for significant influences, e.g.:

(a) temperature, atmospheric pressure and atmo-
spheric humidity on the wavelength of light;

(b) deviation of temperature of the gage block from
20°C (68°F);
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FIG. 7 MEASUREMENT OF GAGE LENGTH BY COMPARISON TAKING THE PERPENDICULAR
DISTANCE FROM THE REFERENCE POINT OF A MEASURING FACE TO THE OPPOSITE FACE

(c) wringing action on the length of the gage block
when the gage block and the auxiliary plate are of
different materials;

(d) surface texture and optical phase changes on the
reflection of the light wave;

(e) the aperture of the interferometer (diaphragm
size and focal length) on the position of the interference
fringes;

(f) deformation of the gage block when measured
in horizontal orientation.

8.3.4 Calibration Certificate. The calibration cer-
tificate shall contain the measurement results, in particu-
lar the gage length |, or the deviation of the gage
length from nomina, Iy — I, , the k=2 expanded
uncertainty (see GUM), and a statement of traceability
with reference to the wavelength standards used. The
certificate shall state which measuring face of the gage
block was wrung during the measurement and the
coefficient of therma expansion used to adjust the
results to length at 20°C (see para. 8.3.3).

8.4 Measurement by Comparison

8.4.1 Principle of Measurement. In order to
determine the length of a gage block by comparison,
the difference of its gage length from that of a reference
standard gage block is measured and applied algebrai-
caly to the length of the reference standard. For the
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probing, the measuring faces of each gage are touched
from opposite directions in the manner shown in Fig.
7, and the length difference is measured by a high-
resolution length indicator.

8.4.2 Gage Length. A measurement by comparison
transfers the gage length of a reference standard gage
block to a gage block under test. The reference standard
gage block may either directly be measured by interfer-
ometry or related through one or severa stages by
comparison to a standard measured by interferometry.

NOTE: The effect of one wringing, which is included in the length
of the reference standard gage block measured by interferometry, is
transferred by the comparison measurement.

8.4.3 Method of Determining Length by Com-
parison. The relatively small difference in gage length
between a reference standard gage block of known
gage length and another gage of the same nomina
length but unknown gage length is measured by a high
resolution length indicator.

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 reference
point and at the four corners of the measuring face,
approximately 1.5 mm (0.060 in.) 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

Not for Resale



GAGE BLOCKS

the determination of the variation in length, their posi-
tion shall be described.

8.4.5 Corrections. Corrections for the following
effects should be made when calculating the result of
comparison for the length of gage blocks concerned
(see para. 8.4.2):

(@) bias of the measuring device (see VIM 5.25);

(b) influence of temperature differing from 20°C and
different coefficients of thermal expansions of the two
gage blocks under comparison;
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(c) influence of different deformations at the contacts
of the anvils with the measuring faces of the two gage
blocks made of different materials.

8.4.6 Calibration Certificate. The cdibration cer-
tificate shall contain the measurement results, in particu-
lar the gage length |, or the deviation of the gage
length from the nominal length, Ig - I, , the k = 2
expanded uncertainties and a statement of traceability.
The calibration certificate shall also contain the coeffi-
cient of thermal expansion of the gage blocks used for
making the correction according to para. 8.4.5.
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NONMANDATORY APPENDIX A
GRADE 00

A1 INTRODUCTION

Gage Blocks were invented to provide a way to
make accurate length standards for a very wide range
of lengths with only a few gages. The gages are
combined in different combinations by wringing to
provide the needed length. A few well-characterized
gages were not adequate because of the limited range
of existing high accuracy indicators. One of the reasons
for the development of gage block grades was to allow
the user to make gage block stacks of known worst
case deviation from nominal. If this worst case uncer-
tainty was acceptable for use, the user did not have
to consult the calibration report and calculate the length
of each stack from the reported deviations of the
individual blocks.

“Current gaging practice is in a transition from these
traditional short-range indicators to longer range indica-
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tors such as laser interferometers and linear gratings.
These long-range indicators can be calibrated using a
very small set of artifacts, and for a small set of gages
the use of the calibrated corrections is very simple.
Thus, the need for wringing stacks of gage blocks and
the associated calculations is unnecessary. The length
tolerance in Tables 4a and 4b reflect this change in
use of gage blocks. Since the transition to long range
indicators is not complete, this appendix describes an
aternative grade for gage blocks to be used in addition
to the grades in the main body of the standard.

A2 GENERAL

The geometry requirements (deviation from flatness
and variation in length) for Grade 00 are the same as
those of Grade K in this Standard. The length tolerances
are generally ¥, of those for Grade K, and are given
in Tables 4a and 4b.
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NONMANDATORY APPENDIX B
DIFFERENCES BETWEEN FORMER
GGG-G-15C AND THIS STANDARD

TABLE B1 EXAMPLE OF TOLERANCE TABLE B2 SUGGESTED REPLACEMENT
CHANGES GRADES
Size GGG-G-15C This Standard Former Federal Grade Grades

1 mm Grade 2, +0.10/-0.05 pom Grade 0, v 0.12 pm
75 mm Grade 3, +0.45/-0.22 pum Grade AS-1, ¥V 0.50 pm
0.1in. Grade 2, +4/-2 p.in. Grade 0, V 5 pin.
2.0in. Grade 3, +16/-8 pin. Grade AS-1, V 16 pin.

(Reference GGG-G-15C) (This Standard)

B1 INTRODUCTION

This appendix is intended to be a guide in highlighting
the major differences between Federal Specification
GGG-G-15C and this Standard. The earlier edition of
this Standard, ANSI/ASME B89.1.9-1984 (R1997), is
nearly identical in content to GGG-G-15C (1971).

B2 BILATERAL TOLERANCING

The tolerances in this Standard are all bilateral and
symmetric about zero. In GGG-G-15C, some of the toler-
ances were weighted on the plus side to allow for wear.

B3 POINTS ON GAGING SURFACE WITHIN
TOLERANCE BAND

All the points on the gaging surface must be within
the stated tolerance in this Standard. Under GGG-G-
15C, the length (size) tolerance applied only to the
reference or measuring point. Points near the corners
or edges could exceed the length tolerance due to
variation in length (parallelism) of the block.

GGG-G-15C

|

Tolerance
applied to
Reference Point

T

1 00

2 0

3 AS-1
AS-2

TABLE B3 LENGTH TOLERANCE
COMPARISON

Size GGG-G-15C This Standard

1 mm Grade 1, V 0.05 um Grade AS-1, V 0.20 um
75 mm Grade 2, + 0.25/-0.12 pm Grade AS-2, V 1.00 pm
0.1in. Grade 1, V 2 pin. Grade AS-1, V 8 pin.
1.0 in. Grade 2, +4/-2 pin. Grade AS-2, V 24 pin.

B4 PARALLELISM

The term parallelism as used in GGG-G-15C is
replaced in this Standard by variation in length (see
para. 3.6).

B5 LENGTH TOLERANCES
B5.1 Suggested Replacements for Former
Federal Grades

While not exact, the grades in Table B2 are listed
as a guide to users when ordering replacement blocks
for sets with former Federal Grades:

This Standard

All points on gaging
surface must be within
stated tolerance.

FIG. B1 CHANGE IN DEFINITION OF TOLERANCE BAND FOR LENGTH
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Close comparison of the length tolerances of the
suggested grades in Table B2 to those of the former
Federal Grades, may reveal that the suggested grades
of the standard are slightly larger. This is partly due
to the expansion of the tolerance to include all the
points of the gaging surface (see section B3), and
partly due to the bilateral tolerancing. The suggested
replacements in Table B2 are not exact.

B5.2 Grade K

A Grade K has been introduced in this Standard
that has no analogous former Federal Grade. The in-
tended use of this grade is as a comparison standard
for calibration. These blocks have tighter tolerances for
variation in length and deviation from flatness than
most blocks, but have a fairly large length tolerance.
As comparison masters, they must be used with correc-
tions for their calibrated lengths.

B5.2.1 Grade K vs. Grade 00. The tolerance for
variation in length and deviation from flatness for Grade
00 are comparable to Grade K in this Standard (see
Nonmandatory Appendix A and Tables 4a and 4b).
Grade 00 has tighter length tolerances than Grade K.
Therefore, Grade 00 blocks may be used as Grade K
blocks, but Grade K blocks cannot be used as Grade 0O.

B5.3 Grade AS-2

A Grade AS-2 has been introduced into this Standard
with tolerances approximately double those of any
former Federal Grade. This grade is intended for use
in applications where extreme accuracy is not required.
It is also recommended that corrections for their cali-
brated length be made during use.

B5.4 Different Tolerances for Grades AS-1
and AS-2

Grade AS-1 and Grade AS-2 block tolerances of
this Standard should not be confused with tolerances
of former Federal Grades 1 and 2. These tolerances
are very different. The length tolerances can be four
times or more greater than the former Federal tolerances.
The tolerances for deviation from flatness and variation
in length are also very different.

B5.5 Former Federal Grade 0.5

Former Federal Grade 0.5 or an equivalent is not
listed in this Standard.
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B6 TOLERANCING IN THE METRIC SYSTEM

Tolerances in this Standard are given primarily in
the metric system, except where specifically applicable
to the length (size) of an inch system block.

B7 ACCEPTANCE/REJECTION OF GAGE
BLOCKS (i.e., OUT OF TOLERANCE
CONDITION)

B7.1 Acceptance/Rejection: Former Federal
Specification GGG-G-15C

Federal Specification GGG-G-15C contained a table
for the Allowance of Measurement Uncertainty. For
new gages, the tolerances used for acceptance/rejection
were increased both plus and minus by the amount
given in the table that depended on the grade and
length of the block. For used gage blocks, it was
recommended that blocks that exceeded twice the length,
variation in length, or deviation from flatness tolerances
for new gages be replaced.

B7.2 Acceptance/Rejection: This Standard

This Standard does not recommend any particular
criteria for making infout of grade decisions. Gage
block manufacturers and suppliers should specify in
their literature or catalog the acceptance criteria used
to assign grades. The buyer may, of course, either
accept these criteria or specify different criteria when
buying new blocks.

B7.3 Used Gage Blocks: Customer
Specification for Acceptance/Rejection

There is no special rule for used gage blocks in the
new standard. For used gage blocks, users may specify
other replacement tolerances according to their needs.
The calibration/testing laboratory should note and imple-
ment these customer specified replacement tolerances
as part of the laboratory’s contract review procedures.

B8 APPENDICES

Specification for accessories, the listing of some gage
blocks sets, packaging, and testing/inspection methods
have been moved to the appendices. Other appendices
regarding possible sources of measurement uncertainty,
gravity, atmospheric effects on gage blocks, and the
use and care of gage blocks have been added for
informational purposes to the user.
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NONMANDATORY APPENDIX C
TESTING METHODS

C1 SIZE MEASUREMENT

C1.1 Measurement by Interferometry

To comply with the requirement of para. 3.4, the
length Iy is measured at the gage points defined in
Figs. 1la and 1b. To fulfill the requirements of para.
3.3, the plane surface (auxiliary plate) 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, or phase
shift corrections must be applied.

NOTE: The phase shift associated with a block or auxiliary plate
may change if relapped, and should be remeasured.

The auxiliary plate providing the measuring reference
surface shall have a thickness of at least 11 mm and
the surface shall be flat to within 0.025 pwm over any
40 mm diameter area and shall not be concave. When
the gage block is measured in the horizontal position
and the auxiliary plate is wrung to one measuring
face, compensation must be made for the mass of the
auxiliary plate.

The results of a measurement of length by interferom-
etry should be corrected for possible departure from
ideal conditions of measurement. For example:

(a) effects of temperature, barometric pressure, and
humidity upon wavelengths of light in air;

(b) effects of temperature, barometric pressure, and
optical phase shift on the length
(Note that standard atmospheric pressure is 101.325
kPa);

(c) geometric effects such as obliquity and slit correc-
tions.

The report of an interferometric measurement should
state which of the two measuring faces of the gage
block was wrung to the rigid plane surface during
measurement. If not otherwise specified, the left-hand
measuring face, or the unmarked face in the case of
marking on one of the measuring faces, should serve
as the reference plane. (It may be noted that this face
often has the superior wringing quality.)

If required, a mean may be taken of two measure-
ments with each face wrung to the auxiliary plane
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surface in turn. If this procedure has been followed,
it should be stated in the report.

C1.2 Measurement by Comparison

The length of a gage block, as measured by compari-
son with a reference standard (master gage block), is
the distance from one point of a measuring face to
the point of the opposite measuring face measured
perpendicular to the plane of one of the measuring
faces (see Fig. 7). Measurement by comparison entails
the use of a measuring device that usually has mechani-
cally operated anvils contacting the two measuring faces
of the gage block.

The master gage block used to set the measuring
device should be of a superior geometry (deviation
from flatness and variation in length) to the gage block
being measured. The calibrated lengths of the master
blocks should be used for all calibrations. A more
accurate result of measurement will be achieved by
this method if the master gage block and the block to
be measured are made of the same material.

When using a method of comparison by contact, the
effect of the measuring force applied by the measuring
device may have to be taken into account, particularly
if the blocks have nominal lengths less than 1.5 mm.
In the case of gage blocks of different materials, any
differences in their thermal properties (coefficient of
thermal expansion) or elastic properties (contact defor-
mation) will also have to be taken into account.

C2 VARIATION IN LENGTH

The variation in length measurement of gage blocks
shall be the maximum variation in length between the
gaging faces, excluding 0.8 mm at the edges of the
faces, and shall meet the requirements of Tables 4a and
4b, and para. 7.4.4. Using a point-to-point mechanical
comparator, five points should be measured: the refer-
ence point and four points near the corners or the mid-
points along the block edges. Points should be made
1.5 mm from the edges. The positions of the measure-
ment points should be stated in the report if the variation
in length is reported or the grade tolerance verified.
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C3 FLATNESS OF GAGING SURFACE

For tolerance Grades K and 00, the deviation from
flatness of the gaging surfaces on blocks 2.5 mm
and longer shall be measured unwrung in a flatness
interferometer using monochromatic light of known
wavelength and viewed within 2 deg of normal inci-
dence. The deviation from flatness in any direction
over the gaging surface, excluding 0.8 mm on the
edges, shall not exceed the tolerances given in Table
3. (Blocks of tolerance Grades K and 00 under 2.5
mm shall be measured for deviation from flatness when
they are wrung to an optical flat.)

For tolerance Grades 0, AS-1, and AS-2, the deviation
from flatness of gaging surfaces on blocks 2.5 mm
and longer shall be measured either in a flatness interfer-
ometer or a light box. If the light box method is used,
the deviations shall be measured with a master optical
flat and monochromatic light of known wavelength.
The interference fringe shall be viewed at an angle
within 10 deg of normal incidence. The deviation
from flatness in any direction over the gaging surface,
excluding 0.8 mm on the edges, shall not exceed the
tolerances given in Table 3. Since the majority of
tolerance Grades 0, AS-1, and AS-2 under 2.5 mm in
length are not precisely flat in their free state, the test
for variation in length (see paras. 3.7 and 7.4.4) is
considered sufficient.
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C4 SURFACE TEXTURE ON GAGING
SURFACES

The gaging surfaces, after thorough cleaning, shall
be visually examined. Those appearing to have the
rougher surface texture shall be compared visually with
samples known to have good wringing characteristics.
Those blocks that appear to be questionable shall be
subject to the following guidelines, and the test for
wringing quality below.

The quality of the texture of the gaging surfaces
plays an important part in the firmness of adherence
when wrung, but the relationship between surface texture
and wring quality has not been fully established. As
a practical guide, a maximum value of 0.025 pm Ra,
measured in accordance with ANSI B46.1-1996, shall
not be exceeded.

C5 WRINGING QUALITY

Only those blocks that are questionable on the visual
surface texture test above shall be tested for wringing
quality. The wringing property of measuring faces of
the gage blocks is tested using an optical flat that shall
satisfy a deviation from flatness tolerance of 0.1 um.
The wrung measuring face shall be observed through
the optical flat and shall be clear of interference bands,
color, and bright spots. For gage blocks of Grade AS-
0, AS-1, and AS-2, minor bright spots or shades shall
be permitted.
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NONMANDATORY APPENDIX D
POSSIBLE SOURCES OF MEASUREMENT UNCERTAINTY

D1 INTRODUCTION

The calculation of uncertainty for a measurement is
an effort to convey an idea of the reasonableness of
the result according to standardized rules. There are
many “standard” methods of estimating and combining
components of uncertainty. An international effort to
standardize uncertainty statements has resulted in an
ISO report, “Guide to the Expression of Uncertainty
in Measurement” (see GUM). This method is used by
the National Institute of Standards and Technology and
is recommended for all laboratories. There are a number
of published discussions of gage block measurement
uncertainty that may be consulted for further guidance
(1-3).

Uncertainty sources are classified according to the
estimation method used. Type A uncertainties are esti-
mated statistically. The data used for these calculations
can be from repetitive measurements of the workpiece,
measurements of check standards, or a combination of
the two. Uncertainties estimated by any other method
are called Type B. For dimensional calibrations, the
major sources of Type B uncertainties are thermometer
calibrations, thermal expansion coefficients of gages,
deformation corrections, index of refraction corrections
and apparatus specific sources.

D2 UNCERTAINTY SOURCES

This appendix presents some of the typical sources
of uncertainty for gage block calibrations made by
mechanical comparison. They are:

(a) master gage calibration

(b) long term reproducibility

(c) thermal expansion

(1) thermometer calibration

(2) thermal expansion coefficient

(3) thermal gradients (gage-gage, gage-scale)
(d) elastic deformation

(1) probe contact deformation

(2) compression of artifacts under their own weight
(e) scale calibration

(1) stability, drift
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(2) sensor calibration—artifact standards, linearity,
fit routine
(3) effects of environmental variation—scale ther-
mal expansion
(f) instrument geometry
(1) abbe offset and instrument geometry errors
(2) scale and gage alignment (cosine errors)
(3) gage support geometry (anvil flatness, block
flatness, etc.)
(g) artifact geometry

D2.1 Master Gage Calibration

The uncertainty associated with the master gage is the
reported uncertainty from the higher echelon laboratory
that calibrated the master block. It is the responsibility
of the laboratory to understand the uncertainty statements
reported by their calibration source and convert them, if
necessary, to the form specified in the GUM.

D2.2 Long Term Reproducibility

It might be possible to list the causes of measurement
variability, such as operator variation, thermal history
of the artifact, electronic noise in the detector; but to
assign accurate quantitative estimates to these causes
is difficult. The best method to determine reproducibility
is to compare repeated measurements of the same
artifact from either customer measurement histories or
laboratory owned check standards.

For example, if a check standard is measured weekly
over a period of years, the block measurement history
includes variations from different operators, instruments,
environmental conditions, thermometer and barometer
calibrations. The history data then reflects these sources
in a realistic and statistically significant way. The history
data are fit to a straight line and the deviations from
the best fit line are used to calculate the standard
deviation o.

If a number of check standards are used that reason-
ably span the range of lengths and materials usually
calibrated by the laboratory, the laboratory will have a
realistic and well documented measure of the calibration
reproducibility.
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D2.3 Thermal Expansion

There are three major sources of error. First, the
thermometer used to measure the temperature has some
uncertainty. If the master gage block and the calibrated
block are of the same material and nominal size this
uncertainty source is negligible.

Secondly, if the measurement was not made at exactly
20°C, thermal expansion correction must be made using
an assumed thermal expansion coefficient. If the master
and calibrated blocks are the same material, this source
of uncertainty is minimized. However, even in this
case, blocks of the same material may have slightly
different coefficients of thermal expansion (CTE). As
a general rule, an estimate of £10% is reasonable unless
the :CTE of both blocks have been measured.

Finally, there can be a temperature gradient between
the :master block and the test block.

Mathematically, the thermal expansion correction can
be expressed as:

ALi = (1(20 - T|) Li

ASME B89.1.9-2002

that measurement must be analyzed and an uncertainty
budget prepared.

D2.5 Scale Calibration

The electronic or mechanical transducers generally
have a very short range and are calibrated using gage
blocks calibrated by interferometry or by a higher
echelon of mechanical comparison. The uncertainty of
the sensor calibration depends on the uncertainty in
the artifacts and the reproducibility of the sensor system.
Several artifacts are used to provide calibration points
throughout the sensor range and a least squares fit is
used to determine linear calibration coefficients. The
standard deviation of the slope can be used to find the
uncertainty for typical calibrations. If most of the
laboratory calibrations span a range of L and the
standard deviation of the slope is §S then the standard
uncertainty might be estimated as (L X 8S).

D2.6 Instrument Geometry

L; = the artifact length Each instrument has a characteristic geometry that,
AL; = the length correction if not perfect, will lead to errors. The specific uncertainty
« = the thermal expansion coeffecient depends on the instrument, but for gage block compara-
T, = the artifact temperature tors the major source is the probe alignment and

Note that under the more typical shop environments
where the temperature is over 20°C, the correction is
negative; that is, the block is longer than its calibration
by AL.

The uncertainty in the length difference between the
two blocks of the same material has three components:
one from the temperature uncertainty 6T, one from the
thermal expansion coefficient uncertainty 6T, and one
from possible gradients between the blocks (T; — To).

8Ly, = al(6T) + L (20 - T) (6a) + aL (T; - T))

For two blocks of different materials, this equation
becomes more complex because the thermal expansion
coefficients are no longer the same.

D2.4 Mechanical Deformation

All mechanical measurements involve contact of sur-
faces and all surfaces in contact are deformed. For
gage blocks, a correction is needed whenever the master
block and test block are made of different materials.
These deformations can be calculated from standard
formulas, or obtained from nomographs in reference 4
of para. 2.8. If the radius of curvature is measured,
the uncertainty in the deformation corrections is negligi-
ble. If the correction is measured, the uncertainty in
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reference surface geometry.

Reference surface geometry for gage block compari-
sons includes the roundness of the contacts (two-contact
comparator) or one contact and the anvil that supports
the block (one-contact comparator). For one-contact
comparators, the geometry of the support combined
with the flatness of the gage block face may cause a
bias in the measurement.

The alignment error is the angle difference and offset
of the measurement scale from the actual measurement
line. Examples are the alignment of the two opposing
heads of a two probe the gage block comparator and
the squareness of the probe to the support anvil in one
probe comparators.

D2.7 Artifact Geometry

Perhaps the most difficult source of uncertainty to
estimate is the effects of the test gage geometry on
the calibration. In para. 3.3 of the standard a note
points out that each mechanical comparison assigns
the wringing layer length of a block measured by
interferometry to each block traceable to it by mechani-
cal comparisons. Thus, if the bottom of a test block
is much less flat than the master block (a common
situation for all but K and 00 blocks) a bias is introduced
into the measurement.
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A related uncertainty is introduced if blocks are
wrung together. The calibrated length of each block is
the point-to-point length plus the wringing film assigned
from the origina interferometrically measured master
block. Since both blocks are not perfectly flat, when
the two faces are wrung together the distance between
the two gage points may not be the same as the
wringing film length assigned from the master block.

D2.8 References

Uncertainty evaluation for the measurement of gauge
blocks by optical interferometry, 34, 779-493 (1997)
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NONMANDATORY APPENDIX E
THIN GAGE BLOCKS (LESS THAN 1.0 mm or 0.040 in.)

/Thin block
|

Optical flat

FIG. E1

E1 INTRODUCTION

Thin gage blocks are harder to calibrate and harder
to use than other gage blocks. The purpose of this
appendix is to illustrate the difficulties in using this
group of gage blocks, and to emphasize that extra care
and thought should be taken when using them to keep
uncertainties as low as expected.

E2 OUT OF FLAT CONDITION

Gage blocks up through 2.5 mm (0.100 in.) are not
usualy within the flatness tolerance if unwrung. The
deviation from flatness of these gages in their free
state (unwrung) may be up to 4 um (see para. 6.2.2).
Generally however, the greater the length (size), the
flatter the block will be in its free state. A 2 mm
block is usually flatter than a 1 mm block that is
usualy flatter than a 0.5 mm block. This out of flatness
in the free state is usualy only a problem for blocks
under 1 mm (0.040 in.).

E3 INCREASED UNCERTAINTY

This lack of flatness in the free state may cause
increased uncertainty during use or calibration.
E3.1 Combination of Gage Blocks

Because it is not usualy possible to view the wring
of a gage block unless wrung to an optical flat, a thin
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This band pattern was viewed after
wringing a 0.5 mm gage block. The
block had a flatness of approximately
2.5 um or 100 uin. in its free state.

ERRORS IN WRINGING OF THIN BLOCKS

Contact point

Thin gage block

Reference

Measuri surface

ng error

GENERAL NOTE: The method shown is NOT recommended
for measuring gage blocks.

FIG. E2 CURVATURE OF THIN BLOCKS CAN
CAUSE MEASUREMENT ERRORS

block may not entirely wring out flat during use. This
can lead to errors when used in combinations with other
gage blocks. If thin blocks are used in a combination, it
would be good practice to check the wrung combination
for final flatness before use.

E3.2 Thin Blocks Used Alone

Even when used alone, measuring system geometry
may introduce errors.

It is recommended that a comparator with top and
bottom point contacts be used for the calibration of
thin gage blocks. Blocks should be measured and then
turned over and measured again. The smallest result
should be reported.
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NONMANDATORY APPENDIX F
USE AND CARE OF GAGE BLOCKS

F1 INTRODUCTION

The correct use and care of gage blocks is of the
utmost importance when attempting to perform close
tolerance measurements. This appendix will explain the
extra care required to maintain and correctly use gage
blocks to maintain the accuracy and integrity of
their use.

F2 CLEANING GAGE BLOCKS

This cleaning procedure is used for both rectangular
and sgquare gage blocks. Cleaning gage blocks properly
and thoroughly is extremely important. A gage block
with even a thin film covering of grease and grime
will never be accurate, and will only serve to damage
the block when used in this manner. Gage blocks
should be cleaned in a non-chlorinated organic solvent
such as mineral spirits. Although used in the past,
solvents such as trichloroethylene and benzene should
not be used because of their severe health risks. Place
the gage blocks in a tank or bath that is large enough
to completely submerge the blocks in the cleaning
solvent. A rubber mat should be placed on the bottom
of the tank to reduce the risk of scratching or burring
the gage blocks. Soak the gage blocks for a short
period of time. Use a clean, soft, lint free cloth or
soft bristle brush dampened with solvent to loosen
solidified contaminants. Wipe the blocks dry with a
lint free cloth or towel.

Specia attention must be given to the center hole
for square gage blocks. While cleaning the blocks, as
described above, run a long, small diameter, medium
bristle brush through the center bore to dislodge any
contaminants. Then dry with a small soft cloth tied to
the end of a weighted string. Weighted end first, pull
the string and the cloth through the hole. This process
may have to be repeated two to three times. Check
for dryness prior to using the gage block.

Blocks with only a very thin oil coating may be
cleaned effectively with a water free alcohol, such as
ethanol or propanol. This cleaning is often used even
after cleaning with solvents such as mineral spirits to
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remove small traces of oil that remain after the solvent
is removed.

Extreme caution should be exercised in handling all
gage blocks.

F3 DEMAGNETIZATION

Demagnetize steel blocks that retain a magnetic field
prior to use for measurement or calibration. Good quality
electronic demagnetizers and gauss gages (meters) are
available through several industrial catalogs.

F4 STONING AND DEBURRING GAGE
BLOCKS

Nicked or badly scratched measuring faces of gage
blocks will never permit a good “wring” and may aso
give inaccurate readings. A gage block requires good
overal geometry to measure properly.

For removing small nicks and scratches on gage
blocks, there are three different, optically flat deburring
stones available. All types of stones are used in the
same manner, but are used on different materials. Black
granite and Natural Arkansas stones are used on steel
blocks to remove burrs and nicks caused by normal
use. The sintered aluminum oxide stone, with a serrated
top face, will work well on all blocks (including tungsten
and chromium carbide) to aggressively remove severe
nicks and gouges that may be above the measuring
surfaces.

If done correctly, this stoning or deburring process
will not lessen the quality or integrity of the gage
block. Using a carrier of natural mineral spirits on the
stone during the deburring process is preferred by some.
It does not show a negative effect or increased wear
factor on the gage block. Placing the clean gage block
upon the deburring stone, and with a very light force
of approximately 0.8 N (3 0z), move the burred measur-
ing face of the gage block in a figure eight pattern
on the deburring stone. Excess pressure applied to the
block may reduce the length or change the geometry
of the block.
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After a short time (approximately five seconds or
less), stop and clean the gage block thoroughly. Check
the measuring face of the gage block by wringing it
to a glass or quartz auxiliary plate (see para. 8.3.2).
View the wrung face through the optical flat looking
for bands or light areas. It is usualy helpful to use a
monochromatic light source when viewing the wrung
face. In most cases, depending upon the required gage
block grade tolerance, a “smudge” (one light band
spread over a large ared) should appear. Repeat the
deburring procedure as necessary until the block wrings
successfully to the optical flat (see section C5).

NEVER USE AN ABRASIVE TO REMOVE
BURRS FROM GAGE BLOCKS.

Abrasives used on any deburring stone or lap, or
even excess pressure applied to serrated aluminum
oxide stone, will remove enough materia from the
gaging surface to change the measured length of the
block.

F5 WRINGING GAGE BLOCKS

Wringing gage blocks together properly is essential
to achieve an accurate gage block setup. The phenome-
non of wringing gage blocks together seems to occur
for a number of reasons, including adhesive action
from the surface tension of an ultra thin film of oil
or moisture held between two blocks and some type
of molecular attraction or bond between materials. The
better the geometry of the blocks, the better the wring
can be.

F5.1 How to Wring Gage Blocks

This wringing process is used quite frequently and
will result in an effective bond of the gage blocks
without any measurable wear to their measuring sur-
faces. The items you will need are a clean, soft,
absorbent, lint free cloth, a small bottle of mineral
spirits for use as a cleaner, a pad of clean white “dust
free” paper, and a small container of good quality light
instrument oil. First clean the blocks well by applying
a small amount of minera spirits to the cloth, paying
close attention not to scratch the measuring faces. Rub
gently until clean. Lay a piece of clean paper on a
flat, non-absorbent clean surface and place a couple of
drops of oil on one area of the paper. Now, take one
+ of the previously cleaned gage blocks and place it with
- the measuring face down on the paper, sliding it gently
~in the oiled area. Pick up the gage block and wipe it
= with a figure eight motion on a clean non-oiled area
- of the paper to clean off the excess oil. Note, when
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cleaned correctly, the oil should only be visible as a
slight discoloration to the measuring surface of the
block. Quickly, and with light pressure, slide it onto
the cleaned surface of the other gage block. With a
circular motion, carefully dlide the block half out of
engagement and then back into a matched position. A
good wring will give strong resistance when dliding
the blocks into their final position.

F6 STORAGE

It is important to clean and remove any fingerprints
from steel gage blocks prior to storage as oils contained
in the fingerprints may contain acids that will corrode
and stain the blocks.

Gage blocks that are not in use should be stored in
a closed container supplied by the manufacturer. Steel
blocks that are not in constant use, or that are stored
in an area where the relative humidity exceeds 50%,
should be coated with a preservative oil recommended
by the gage block manufacturer. Gage blocks should
be oiled individually by spraying or dampening a clean,
soft, lint free cloth with the preservative oil and then
wiping the cloth over the entire surface of each gage
block. Do this for each block.

NOTE: When oailing gage blocks, never spray a preservative oil
directly into the gage block case hoping to get the whole set at one
time. This oil will collect in the case and over time, will combine
with dust and grime to damage the blocks.

F7 PACKAGING GAGE BLOCKS FOR
SHIPMENT

When shipping gage blocks, take every precaution
possible to ensure safe travel. Steel blocks should be
oiled (see section F6). All blocks should be packaged
in a case specifically designed for transport, available
from the gage block manufacturer. The proper case
should not alow the blocks to shake during transit.
Some cases will require added cushioning. A thin piece
of foam or bubble wrap should remedy the situation.
Place a piece of wax paper between the oiled gages
and the cushioning to prevent the padding from ab-
sorbing any oil off the gage blocks.

NOTE: Too much extra padding is not a good idea, especidly if
the blocks are thin. The added pressure could warp the blocks or
damage the case.

Once all blocks are packaged in the case correctly,
the case itself should be locked, if possible, with the
key taped securely to the outside top of the case. Now,
wrap the case in a heavy brown packaging paper, and
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strap the paper around the case in at least two or three
places with a good strong tape, such as an industria
grade fiberglass tape. When these steps are completed,
package the case in a heavy-duty box for shipping.
Make sure the shipping box is large enough to allow
for at least 75 mm (3 in.) of solid packing material
on al sides and corners of the wrapped gage block
case. If the gage blocks are to be returned, regquest the
sender to re-package the blocks in the same manner
received.

F8 TIE RODS

There a number of mechanical devices to clamp gage
blocks together, intended to ensure the safe transport of
wrung gage block stacks. Long rectangle blocks have
a hole (see Fig. 5) set at each end for this purpose.
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There are also rods with internal threads at the ends
that fit into the hole in sguare blocks. Blocks are
clamped together using screws that have heads that
match the countersink angle of the holes so they can
screw into the rod and lie completely below the gaging
surface of the block.

There are two serious misuses of tie rods that must
be avoided.

(a) Tierods must be loosened before using the stack
as a length standard. Even small pressure from the tie
rod can have a serious effect on the length of the gage
block stack.

(b) A tie rod is not a substitute for wringing the
blocks together. If the blocks are merely stacked and
connected with the tie rod, the length of the stack is
completely disconnected from their calibrations and
should not be used as a length standard.
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NONMANDATORY APPENDIX G
GAGE BLOCK SIZES AND SETS

G1 GAGE BLOCK SIZES

The following table lists the most common size gage
blocks manufactured. The list is not complete because
special sizes are always being made. Listed sizes are not
necessarily standard with all gage block manufacturers.

G2 GAGE BLOCK SETS

Many compositions of gage block sets are available
in both inch and metric sizes. The compositions and
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numbers of gage blocks in sets may vary somewhat
as offered by different gage block manufacturers. For
that reason, only a few of the more common sets are
described in this appendix. For the selection of set
composition best suited to the user’s requirements,
reference to manufacturer’s catalogs is recommended.
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TABLE G1 INCH GAGE BLOCK SIZES (IN INCHES)

0.0055 0.0202 0.052 0.1007 0.130 0.20008
0.006 0.0203 0.053 0.1008 0.131 0.20009
0.0065 0.0204 0.054 0.1009 0.132 0.250
0.007 0.0205 0.055 0.101 0.133 0.300
0.0075 0.0206 0.056 0.102 0.134 0.350
0.008 0.0207 0.057 0.103 0.135 0.400
0.0085 0.0208 0.058 0.104 0.136 0.450
0.009 0.0209 0.059 0.105 0.137 0.500
0.0095 0.021 0.060 0.106 0.138 0.550
0.010 0.022 0.0625 0.107 0.139 0.600
0.01005 0.023 0.070 0.108 0.140 0.650
0.0101 0.024 0.078125 0.109 0.141 0.700
0.0102 0.025 0.080 0.109375 0.142 0.750
0.0103 0.026 0.090 0.110 0.143 0.800
0.0104 0.027 0.09375 0.111 0.144 0.850
0.0105 0.028 0.100 0.112 0.145 0.900
0.0106 0.029 0.10001 0.113 0.146 0.950
0.0107 0.030 0.10002 0.114 0.147 10.000
0.0108 0.03125 0.100025 0.115 0.148 20.000
0.0109 0.040 0.10003 0.116 0.149 30.000
0.011 0.046875 0.10004 0.117 0.150 40.000
0.012 0.050 0.10005 0.118 0.160 50.000
0.013 0.05005 0.10006 0.119 0.170 60.000
0.014 0.0501 0.10007 0.120 0.180 70.000
0.015 0.0502 0.100075 0.121 0.190 80.000
0.015625 0.0503 0.10008 0.122 0.200 100.000
0.016 0.0504 0.10009 0.123 0.20001 120.000
0.017 0.0505 0.1001 0.124 0.20002 160.000
0.018 0.0506 0.1002 0.125 0.20003 200.00
0.019 0.0507 0.1003 0.126 0.20004
0.020 0.0508 0.1004 0.127 0.20005
0.02005 0.0509 0.1005 0.128 0.20006
0.020 0.05 0.100 0.12 0.2000
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TABLE G2 METRIC GAGE BLOCK SIZES (IN MILLIMETERS)

ASME B89.1.9-2002

0.20 1.06 1.41 2.11 2.46 16.0
0.25 1.07 1.42 2.12 2.47 16.5
0.30 1.08 1.43 2.13 2.48 17.0
0.40 1.09 1.44 2.14 2.49 17.5
0.405 1.10 1.45 2.15 2.5 18.0
0.41 1.11 1.46 2.16 2.6 18.5
0.42 1.12 1.47 2.17 2.7 19.0
0.43 1.13 1.48 2.18 2.8 19.5
0.44 1.14 1.49 2.19 2.9 20.0
0.45 1.15 1.5 2.20 3.0 20.5
0.46 1.16 1.6 2.21 35 21.0
0.47 1.17 1.7 2.22 4.0 21.5
0.48 1.18 1.8 2.23 4.5 22.0
0.49 1.19 1.9 2.24 5.0 22.5
0.50 1.20 2.0 2.25 5.5 23.0
235
0.60 1.21 2.0005 2.26 6.0
0.70 1.22 2.001 2.27 6.5 24.0
0.80 1.23 2.002 2.28 7.0 24.5
0.90 1.24 2.003 2.29 7.5 25.0
1.0 1.25 2.004 2.30 8.0 30.0
1.0005 1.26 2.005 2.31 8.5 40.0
1.001 1.27 2.006 2.32 9.0 50.0
1.002 1.28 2.007 2.33 9.5 60.0
1.003 1.29 2.008 2.34 10.0 70.0
1.004 1.30 2.009 2.35 10.5 75.0
80.0
1.005 1.31 2.01 2.36 11.0
1.006 1.32 2.02 2.37 1.5 90.0
1.007 1.33 2.03 2.38 12.0 100.0
1.008 1.34 2.04 2.39 12.5 125.0
1.009 1.35 2.05 2.40 13.0 150.0
1.01 1.36 2.06 2.41 13.5 175.0
1.02 1.37 2.07 2.42 14.0 200.0
1.03 1.38 2.08 2.43 14.5 300.0
1.04 1.39 2.09 2.44 15.0 400.0
1.05 1.40 2.10 2.45 15.5 500.0
27
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TABLE G3 81 PIECE INCH GAGE BLOCK SET (ALL SIZES IN INCHES)

Range Blocks Included In Set
9 blocks 0.1001 thru 0.1009 in steps of 0.0001
0.100 thru 12.000 in steps of 0.001 49 blocks 0.101 thru 0.1490 in steps of 0.001
0.200 thru 12.000 in steps of 0.0001 19 blocks 0.050 thru 0.950 in steps of 0.050

4 blocks 1.000 thru 4.000 in steps of 1.000

TABLE G4 88 PIECE INCH GAGE BLOCK SET (ALL SIZES IN INCHES)

Range Blocks Included In Set
9 blocks 0.1001 thru 0.1009 in steps of 0.0001
0.100 thru 12.000 in steps of 0.001 49 blocks 0.101 thru 0.149 in steps of 0.001
0.200 thru 12.000 in steps of 0.0001 19 blocks 0.050 thru 0.950 in steps of 0.050
0.300 thru 12.000 in steps of 0.000025 4 blocks 1.000 thru 4.000 in steps of 1.000
V46 thru 12.000 in steps of Ve 3 blocks 0.100025, 0.10005, 0.100075

4 blocks 1/16, 5/64, 3/32, 7/64

TABLE G5 36 PIECE INCH GAGE BLOCK SET (ALL SIZES IN INCHES)

Range Blocks Included In Set
1 block 0.050
9 blocks 0.1001 thru 0.1009 in steps of 0.0001
0.200 thru 8.000 in steps of 0.001 9 blocks 0.101 thru 0.109 in steps of 0.0010
0.300 thru 8.000 in steps of 0.0001 9 blocks 0.110 thru 0.190 in steps of 0.0100

5 blocks 0.100 thru 0.500 in steps of 0.1000
3 blocks 1.000, 2.000, 4.000

TABLE G6 8 PIECE INCH LONG GAGE BLOCK
SET (ALL SIZES IN INCHES)
Blocks Included In Set

5.000 7.000 10.000 16.000
6.000 8.000 12.000 20.000

TABLE G7 28 PIECE INCH THIN GAGE BLOCK SET (ALL SIZES IN

INCHES)
Range Blocks Included In Set
0.020 thru 0.240 in steps of 0.001 1 block 0.02005
0.040 thru 0.240 in steps of 0.0001 9 blocks 0.0201 thru 0.0209 in steps of 0.0001
0.060 thru 0.240 in steps of 0.00005 9 blocks 0.021 thru 0.029 in steps of 0.001

9 blocks 0.010 thru 0.090 in steps of 0.010

28

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS Not for Resale



NONMANDATORY APPENDIX G ASME B89.1.9-2002

TABLE G8 45 PIECE METRIC GAGE BLOCK SET (ALL SIZES IN
MILLIMETERS)

Range Blocks Included In Set
9 blocks 1.001 thru 1.009 in steps of 0.001
1.0 thru 450 in steps of 0.1 9 blocks 1.010 thru 1.090 in steps of 0.010
2.0 thru 450 in steps of 0.01 9 blocks 1.100 thru 1.900 in steps of 0.100
3.0 thru 450 in steps of 0.110 9 blocks 1.000 thru 9.000 in steps of 1.000

9 blocks 10.000 thru 90.000 in steps of 10.00

TABLE G9 88 PIECE METRIC GAGE BLOCK SET (ALL SIZES IN

MILLIMETERS)
Range Blocks Included In Set
1 block 0.5
1.0 thru 450 in steps of 0.100 1 block 1.0005
1.0 thru 450 in steps of 0.010 9 blocks 1.001 thru 1.090 in steps of 0.001
2.0 thru 450 in steps of 0.001 49 blocks 1.10 thru 1.490 in steps of 0.010
3.0 thru 450 in steps of 0.0005 18 blocks 1.00 thru 9.500 in steps of 0.50

10 blocks 10.0 thru 100.0 in steps of 10.0

TABLE G10 112 PIECE METRIC GAGE BLOCK SET (ALL SIZES IN

MILLIMETERS)
Range Blocks Included In Set
1 block 0.5
1.0 thru 250 in steps of 0.100 1 block 1.0005
1.0 thru 250 in steps of 0.010 9 blocks 1.001 thru 1.090 in steps of 0.001
2.0 thru 250 in steps of 0.001 49 blocks 1.100 thru 1.490 in steps of 0.010
3.0 thru 250 in steps of 0.0005 48 blocks 1.000 thru 24.500 in steps of 0.500

4 blocks 25.000 thru 100.000 in steps of 25.000

TABLE G11 8 PIECE METRIC LONG GAGE
BLOCK SET (ALL SIZES IN MILLIMETERS)
Blocks Included In Set

125.000 175.000 250.000 400.000
150.000 200.000 300.000 500.000
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NONMANDATORY APPENDIX H
GAGE BLOCK ACCESSORIES

(c) straight measuring jaws
(d) base blocks
/\ Scribers and center points are not covered in this
appendix other than they shall be compatible for use
l in style and material with gage blocks described in
the body of this Standard, and shall have wringing
surfaces, as applicable, of similar wringing quality as
\ gage blocks. Tolerances for scribers and center points
o are usually far greater than for gage blocks and the
Wringing surface accessories listed above.

Various other items to hold gage blocks and accesso-

FIG. H1 HALF ROUND JAW ries together during use may be provided by manufactur-
ers such as external clamps for rectangular style blocks,
H1 INTRODUCTION or tie rods and screws for square style blocks. These

types of items are not covered in this appendix. Users
should consult the manufacturer for specific details for
accessory items not covered.

The use of gage blocks may be expanded by using
gage block accessories. For example, extension jaws
when used with gage blocks may form an internal or
external caliper. A base block may be used to make a
height gage out of a gage block stack, and scribers and H3 MATERIAL
center points allow for scribing arcs of precise radius.

Material properties shall conform to para. 5.2 of this

Standard.
H2 SCOPE

The following types of accessories are covered in H4 ACCURACY REQUIREMENTS

this appendix:
(&) haf round jaws Accuracy requirements shall apply to wringing sur-
(b) internal extension jaws faces of gage block accessories, omitting a border zone
g 8 Width of body:
Dist. D @ Rectangular style:
l— along Not less than 34 mm ——
radius Square style:

Not less than 24 mm

Top of
radiux

\\D/Z D/z
/ ~<— Relief
lg
Reference J \
——— Gage length Wringing surface

point

Side View of Half Round Jaw

FIG. H2 SIDE VIEW OF HALF ROUND JAW
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Center point must
be on or above the

ASME B89.1.9-2002

B AN g

2R

R I

wringing surface

L Wringing

surface

FIG. H3 CENTER POINT OF RADIUS OF HALF ROUND JAW

Area of
\( suppoﬁ
Extended
radius\ /

Sides must remain/

inside extended
radius

L Wringing

surface

FIG. H4 ABBREVIATED ARC OF HALF ROUND
JAW

with a maximum width of 0.8 mm as measured from
the plane of the side faces. Surfaces in this border
zone shall not be above the plane of the wringing
surface and shall conform to para. 6.3. The squareness
of side faces shall conform to para. 6.4.

H5 HALF ROUND JAWS

H5.1 Length / of a Half Round Jaw

The length (size) of a half round jaw is the maximum
perpendicular distance from the wringing surface to the
top of the radius.

H5.2 Gage Length /; of a Half Round Jaw

The gage length |y is the length of the half round
jaw at the reference point. The reference point for a
half round jaw is located on the top of the radius,
halfway between the end and start of the radius.
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/ Finished surfaces \

Internal

-~ T

dimension

Gage block stack

FIG. H5 EXTENSTION JAWS TO MAKE
INTERNAL DIMENSION USING GAGE BLOCKS

H5.3 Length Tolerance

The deviation of the measured length from the nomi-
nal size shall not exceed £0.8 pm (£32 pin) at any
point along the radius.

If sold new in pairs, the sum of the deviations of
the lengths (size) from nomina at the two reference
points shall not exceed +1.0 pm (+40 win.). This paired
tolerance shall not apply to used half round jaws.

H5.4 Variation in Length

The variation in length at any point on the radius
with respect to the wringing surface shall not exceed
0.3 pm (12 pin.). Variation in length shall be tested
by measuring the length at two auxiliary points, one
close to the start and the other close to the end of the
radius, plus the reference point. The distance of these
auxiliary points from the end or start of the radius
shall not exceed 0.8 mm (0.032 in.). The variation in
length is the maximum length minus the minimum
length at these auxiliary points and the reference point.
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H5.5 Flatness of Wringing Surface

The deviation from flatness of the wringing surface
shall not exceed 0.3 pm (12 pin.).

H5.6 Design

H5.6.1 Radius. The center point of the radius must
be on or above the wringing surface.

The radius need not be a full radius as only a line
contact is usualy made between the jaw and an object
to be measured. However, the radius must be wide
enough to provide support during use. If an abbreviated
arc is used, the sides of the jaw containing the radius
shall provide clearance for use and shall remain inside
the extended radius.

H5.6.2 Minimum Width. The minimum width of
the body of the haf round jaw, excluding the radius
portion, shall be:

(8 34 mm for rectangular style jaws

(b) 24 mm for square style jaws

H5.6.3 Relief. A relief shall be placed between the
body and the radius portion of the jaw. If an abbreviated
radius is used on the jaw, then only surfaces that might
be outside the extended radius need to be relieved.
This relief is to provide clearance during use (see para.
H5.6.1).

H5.7 Marking

Half round jaws shal be permanently marked with
the nominal length and the name or trademark of the
manufacturer on a side face in characters not less than
1.5 mm high.

Measured at 4 corners

NONMANDATORY APPENDIX H

H6 INTERNAL EXTENSION JAWS
H6.1 Design

These jaws have no nominal size and have only
one wringing surface. Their purpose is to extend the
measuring surface of gage blocks to create a known
internal dimension. They should be robust or thick
enough to resist deflection or deformation during use.

H6.2 Flatness

The deviation from flatness of the wringing surface
shall not exceed 0.3 pm (12 pin.).

H7 STRAIGHT MEASURING JAWS
H7.1 Design

Straight measuring jaws are finished to a length (size)
like a gage block, and have two paralel measuring
(gaging) surfaces that define the gage length. These
jaws have a greater width than gage blocks so the
gaging surfaces may extend beyond a gage block to
create internal or external dimension.

H7.2 Length of a Straight Measuring Jaw

The length of a straight measuring jaw is defined
as a gage block in para. 3.3.

H7.3 Gage Length of a Straight Measuring
Jaw

The gage length | and the reference point are defined
as in para. 3.4. For rectangular style straight measuring
jaws, the reference point is in the center of the gaging
surface. For square style straight measuring jaws, the
reference point is % the distance between the center

Jaws with tapered extensions
measured at 2 corners
and end of jaw

Measured at 4 corners

x x

) . )
Reference point A

® ° '
x \ x x

Marked side /

Rectangular Style Straight
Measuring Jaw

Reference point \

Square Style Straight Measuring Jaws

Marked side

FIG. H6 REFERENCE POINTS FOR VARIATION IN LENGTH MEASUREMENT
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Top wringing

/ surface of riser

™

Base

[
Underside of base —/

Relief (optional)

Support surface

Front View Of Rectangular Base Block

FIG. HZ7 RECTANGULAR BASE BLOCK NOMENCLATURE

Hole for accessories

Top wringing surface
parallel to underside

<— ~ —>]

Underside

Supporting surface

FIG. H8 BASE BLOCK

hole or countersink and the edge of the block nearest
the size marking.

H7.4 Length Tolerance

The length at any point on a measuring surface shall
not exceed +0.6 pm (24 pin.).

If sold new in pairs, the sum of the deviations of
the lengths (size) from nomina at the two reference
points shall not exceed +0.8 pm (£32 win.). This paired
tolerance shall not apply to used straight measuring jaws.

H7.5 Variation in Length

The variation in length of a straight measuring jaw
is defined in para. 3.7 and shall not exceed
0.3 wm (12 pin.). Variation in length shall be tested
per para. 7.4.4, except as noted below:

If representative points other than those shown above
are used for the determination of variation in length,
their position shall be described.
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H7.6 Flatness of Gaging Surfaces

The deviation from flatness of the gaging surfaces
shall not exceed 0.3 pm (12 pin.).

H7.7 Marking

Straight measuring jaws shall be permanently marked
with he nomina length and the name or trademark of
the manufacturer on a side face in characters not less
than 1.5 mm high.

H8 BASE BLOCKS

H8.1 Introduction

Base blocks are used in combination, wrung to gage
blocks to provide a nominal dimension perpendicular
to a supporting surface such as a surface plate. The
base block is in contact with the supporting surface
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/ 1
17.5 mm
v

Reference point

Centered

FIG. H9 REFERENCE POINT FOR RECTANGULAR BASE BLOCK

and should be capable of supporting a wrung stack of
gage blocks at least 300 mm high in a stable manner.
Base blocks must have a method of securing or attaching
the wrung gage blocks to the base block.

H8.2 Design

,Other designs than those described in the appendix
may be suitable for use.

H8.2.1 Rectangular Style Base Block. The rect-
angular base block usualy consists of a riser block
with a top wringing surface mounted on a supporting
base. The riser has the same depth as a rectangular
gage block and has clearance around and below it for
the use of externa clamps.

H8.2.2 Square Style Base Block. The sguare
style base block is usually a single flat piece with two
parallel surfaces, finished to a length (size), and with
a countersunk through hole to accept screw heads and
tie rods for assembling combinations with square gage
blocks.

An area on the top wringing surface around the hole,
not less than 24.1 mm x 24.1 mm, must be suitable
for wringing.

H8.3 Length of a Base Block

The length (size) of a base block at any point of
the top wringing surface is the perpendicular distance
from that point to the supporting surface.

H8.4 Gage Length of a Base Block

The gage length |y is the length of the base block
a the reference point.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

H8.4.1 Rectangular Style Base Block. The refer-
ence point for the gage length |, is located in the
center of the top wringing surface, 17.5 mm from the
front of the riser.

H8.4.2 Square Style Base Block. The reference
point for the gage length |4 is 8.5 mm from the center
line of the accessory hole in the direction of the
marked size.

H8.5 Length Tolerance

The deviation of the length shall not exceed +0.6
pm (£24 pin.) from the nomina length at any point
on the top wringing surface.

H8.6 Variation in Length

The variation in length shall not exceed 0.3 pm
(12 pin).

The top wringing surface should be checked for
length at four auxiliary points in the area where gage
blocks would normaly be wrung. The variation in
length is the maximum length minus the minimum
length at these auxiliary points and the reference point.

H8.6.1 Rectangular Style. The width of the top
wring surface must be at least 35 mm.

If representative points other than the auxiliary points
shown above are used for the determination of the
variation in length, then their positions must be de-
scribed.

H8.6.2 Square Style. If representative points other
than the auxiliary points shown above are used for the
determination of the variation in length, then their
positions must be described.
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H8.7 Flatness H8.8 Marking

Base blocks shall be permanently marked with the
nomina length and the name or trademark of the
manufacturer on a side face in characters not less than

H8.7.1 Top Wringing Surface. The top wringing
surface shall have deviation from flatness not greater
than 0.3 um (12 win.).

1.5 mm high.
H8.7.2 Underside. The underside of the base block
shall have deviation from flatness not greater than 1.0
wm (40 pin.), and shall not rock on a surface plate.
The underside surface of the base block may be relieved.
C/L of hole
Marked side Reference point

Minimum area:

24.1 mm x 24.1T mm / |

suitable for
wringing 8.5 mm

FIG. H10 REFERENCE POINT FOR SQUARE BASE BLOCK

ETE
l ==
0 S
17.5 mm mlE
3mm T
3mm

Reference point

FIG. H11 REFERENCE POINTS FOR VARIATION IN LENGTH OF RECTANGULAR BASE BLOCK
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NONMANDATORY APPENDIX |
GRAVITY AND ATMOSPHERIC EFFECTS ON GAGE BLOCKS

11 INTRODUCTION

When aforce is exerted on any material, the material
deforms. For steel and other gage block materials, this
effect is small but not completely negligible. There are
two-dimensional effects due to the elastic properties of
gage blocks. The first is the compression of blocks
under their own weight. The second is the effect of
changing atmospheric pressure. Both effects are small,
but for long blocks (blocks with lengths greater than
100 mm or 4 in.) and for laboratories above sea level
by 1 000 m or more, the effects may not be negligible.

12 GRAVITY EFFECTS ON GAGE BLOCKS

When a block is supported horizontaly, the force
on each point is the weight of the steel above it, and
the steel is dlightly compressed. The compression is,
however, not in the direction of the gaging dimension
of the block, and the effect is negligible. The block
will bend, however, and if not supported correctly, the
gaging faces will not be paradlel. If measured in a
horizontal position, the block should be supported on
one side face (the narrow side face for rectangular
blocks) without additional stress by two suitable sup-
ports each at a distance of 0.211 times the nominal
length from each end. The weight of an auxiliary plate
wrung to one end of the measuring faces shall be
compensated.

If the block is set upright, the force is now in the
direction of the gaging surfaces, and for very long
blocks, the weight of the block can become significant.
Solved analytically, the change in length of a block is
found to be:
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AL = plL?2E
where
AL = change in length (shortening)
p = densisty of material
g = acceleration of gravity
L = nomina length of the block
E = Young’s modulus for the materia

For steel gage blocks, the shrinkage is:

AL = (7.8x10%kg/m®x9.8m/s*x L)/ (2x 210x 10° N/m?)
= 0.18x1075%L? in meters

For example, a 500 mm gage block is shorter by
0.045 pum (1.8 win.) when measured in the vertica
orientation.

I3 ATMOSTPHERIC PRESSURE EFFECTS ON
GAGE BLOCKS

For many laboratories situated significantly above
sea level, the atmospheric pressure is reduced. For
example, at 1 500 m, the atmospheric pressure is approx-
imately 84 kPa, a drop of about 17 kPa or 16%.
The change in length (4L) depends on the pressure
change (4P) and the elastic modulus (E) given by the
formula:

AL/L = AP/E
Using the elastic modulus of steel as 210 x 10° N/
m? and the pressure change of 17 kN/m?, we find the
change in length to be:

AL/L = -81x107°

For a 500 mm gage block, the length is increased
by 40 nm (1.6 win.) at an atitude of 1500 m.
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