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FOREWORD

The U.S. gage block standard has not changed substantively since Federal Specification GGG-G-15C of 1975. During the
intervening years, there have been several very important shifts in the use of gage blocks, a large growth of interna-

tionflization in design and manulacture of parts, and even changes to basic concepts like uncertainty and tra
With all of these factors in mind, the ASME B89.1.9 Committee began to consider a total rewrite of ASME B89.
early 1990s. The basic criteria were to adhere as closely as possible to the International Standard ISO 3650 whil
necgssary additions to adapt ISO 3650 to measuring practice in the United States.

ASME B89.1.9 includes specifications for inch system gage blocks as well as metric system gage blocks. T
natipnal Standard defines only rectangular gage blocks, yet the United States also has a significantnumber of squ
stylg blocks. Since the grades in this Standard have some of the same designations as the GGG*G315C standard,
“AS”[(American Standard) was added to the names of Grades 1 and 2 to prevent misidentification. A Grade 00
add¢d with tolerances near those of the Grade 1 per GGG-G-15C. While the committee bdsically agreed with
behind the ISO 3650 grade tolerances, it was also recognized that the use of graded.séts is deeply embedded
indystries, and the loss of the high-accuracy grade would be a hardship for some users.

A$ME B89.1.9 includes nine Nonmandatory Appendices. Most of these appendices have information that is 1
curilent ISO 3650 but was in GGG-G-15C or previous editions of ASME,B89.1.9. The most important of]
Nonmandatory Appendix A, which describes the differences between this 'Standard and its predecessors.

A$SME B89.1.9-2023 significantly revises ASME B89.1.9-2002 (R2012). Discussion of gage block accessories
moved from an appendix to the body of the Standard. As with other ASME B89 standards, the default decision
beerp implemented, and the measurement uncertainty discussion has been updated to include additional source
to pfovide a more complete example. Additionally, this Standard'contains a new Nonmandatory Appendix H cov
contlact measuring instrument. The addition of Nonmandatory Appendix H eliminates the reliance of this Sta
ASME B89.1.2M, as all necessary information is now. contained in this Standard.

The committee would like to acknowledge the many people who, while not members of the committee, W
enofigh to attend an occasional meeting or send.comments on the early drafts of this Standard. These intd
incrpased the committee’s knowledge of actual-gage block use in industry and were very important in dra
chanpges made to ISO 3650 to correspond.to\U.S. practice.

This Standard was approved by the American National Standards Institute (ANSI) on February 23, 2023
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CORRESPONDENCE WITH THE B89 COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose
revifions or cases, report errata, or request interpretations. Correspondence for this standard should be sent tq the staff
secrptary noted on the committee’s web page, accessible at https://go.asme.org/B89committee.

Revisions and Errata. The committee processes revisions to this Standard on a periodic basis to incorporatd changes
that|appear necessary or desirable as demonstrated by the experience gained from the application of the Jtandard.
Approved revisions will be published in the next edition of the Standard.

In| addition, the committee may post errata on the committee web page. Errata become effective on the datg posted.
Users can register on the committee web page to receive e-mail notifications of posted “errata.

This Standard is always open for comment, and the committee welcomes proposals/for revisions. Such groposals
shoyld be as specific as possible, citing the paragraph number, the proposed wording;:and a detailed descriptipn of the
reaspns for the proposal, including any pertinent background information andssupporting documentation.

Cases

(d) The most common applications for cases are

(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements

(3) to allow users to gain experience with alternative or potential additional requirements prior to incorjporation
direftly into the Standard

(4) to permit the use of a new material or process
(H) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be copsidered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freelom of manufacturers, constructors, or owners.to choose any method of design or any form of construgtion that
conforms to the Standard.
(d) Aproposed case shall be written asa question and reply in the same format as existing cases. The proposal ghall also
incliide the following information:

(1) a statement of need and background information

(2) the urgency of the case (e.g.\the case concerns a project that is underway or imminent)
(3) the Standard and the paragraph, figure, or table number

(4) the editions of the Standard to which the proposed case applies

(d) A caseis effective foruse/when the public review process has been completed and it is approved by the dognizant
supgrvisory board. Appreved cases are posted on the committee web page.

Interpretations. Upon request, the committee will issue an interpretation of any requirement of this Stanjdard. An
interpretation camrbeissued only in response to a request submitted through the online Interpretation Submittal Form at
httpp://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatjic e-mail
confirming (feCeipt.
ASME does not act as a consultant for specific engineering problems or for the general application or understanding of

the $tandard requirements. If, based on the information submitted, it is the opinion of the committee that the|inquirer
ShOL ldcanlraccictanecn tharnaiiac ol ha watipmad vth tha pncoaaandation th ot oo accictan o ahtainad ’lquirers

TS EEITaS SISt CE e requtseyw e rerarCavy Hh-therecommendationthatsuenassistance be-optatheas

can track the status of their requests at https://go.asme.org/Interpretations.

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

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations as they are
issued.
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Committee Meetings. The B89 Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend any meeting should contact the secretary of the committee. Information on future committee meetings
can be found on the committee web page at https://go.asme.org/B89committee.
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GAGE BLOCKS

1 INTRODUCTION

Gage blocks are length standards representing specific lengths, traceable to the meter, of the International’S
Units (SI). Depending on the kind of application and the required quality, gage blocks are offered in seyéral’gra
caliljration of gage blocks includes the measurement of the length value at a specified point of the measurning fac
evalpation of the measurement uncertainty.

2 SCOPE

This Standard specifies the most important design and metrological characteristics of gage blocks with a recta
squgdre cross section and a nominal length, I, ranging from 0.1 mm to 1 000 mm for metric sizes and 0.004 in. to
inchlsizes. Itis not the intent of this Standard to preclude the use, by contractual agreemnent, of gage blocks of othe
grades, or materials.

Limit deviations and tolerances are stated for the calibration Grade K and thie)Grades 00, 0, AS-1, and AS-2 fo
mealuring purposes.

NOTE: The characteristics of Grades K, 0, AS-1, and AS-2 are identical to those 6fthe same name in ISO 3650:1998, with the
that fin this Standard, the length of the block is defined when measured {n‘the vertical orientation.

ORMATIVE REFERENCES

The following standards contain provisions that, throughreference in this text, constitute provisions of this §
At tle time of publication, the editions indicated were\valid. All standards are subject to revision, and parties
menits based on this Standard are encouraged to investigate the possibility of applying the most recent editio
standards indicated below. The American National Standards Institute (ANSI) maintains registers of currern
Intefnational Standards and U.S. National Stadndards.

ASME B46.1. Surface Texture (Surface Roughness, Waviness, and Lay). The American Society of Mechanical E

ASME B89.7.1. Guidelines for Addressihg Measurement Uncertainty in the Development and Application of A
Standards. The American Society bf Mechanical Engineers.

ASME B89.7.3.1. Guidelines for Detision Rules: Considering Measurement Uncertainty in Determining Confor
Specifications. The American Society of Mechanical Engineers.

ASME B89.7.3.2. Guidelines for the Evaluation of Dimensional Measurement Uncertainty. The American S
Meechanical Engineefs.

ASME B89.7.4.1. Measurement Uncertainty and Conformance Testing: Risk Analysis. The American Society of M4
Engineers.

ASME B89.7.5:Metrological Traceability of Dimensional Measurements to the SI Unit of Length. The American §
Mechanical Engineers.

ASME Y14:5. Dimensioning and Tolerancing. The American Society of Mechanical Engineers.

ASTMEL8-20. Standard Test Methods for Rockwell Hardness of Metallic Materials. The American Society for Te
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exception
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ociety of
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Matertats:
ASTM E140-12b(2019)e1. Standard Hardness Conversion Tables for Metals. The American Society for Testing a
rials.

nd Mate-

Engineering Metrology Toolbox (2023). National Institute of Standards and Technology. https://emtoolbox.nist.gov
ISO 1. Standard reference temperature for industrial length measurements. International Organization for Standardiza-

tion.
ISO 3650:1998. Gauge Blocks. International Organization for Standardization.

ISO 6507-1. Metallic materials — Vickers hardness test — Part 1: Test method. International Organization for Stan-

dardization.
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ISO/IEC 17025. General Requirements for the Competence of Testing and Calibration Laboratories. International Orga-
nization for Standardization.

JCGM 100:2008. Evaluation of measurement data — Guide to the expression of uncertainty in measurement. Joint
Committee for Guides in Metrology.

JCGM 200:2012. International Vocabulary of Metrology — Basic and general concepts and associated terms. Joint
Committee for Guides in Metrology.

Resolution 1 of the 17th General Conference of Weights and Measures (1983). International Bureau of Weights and
Measures. https://www.bipm.org/en/committees/cg/cgpm/17-1983/resolution-1

4 DEFINITIONS
4.1 Gage Block

A gage block is a block of rectangular or square section, made of wear-resistant material, with ofie pair of plgnar,
mutuallyf parallel measuring faces. The measuring faces shall have surfaces that can be wrung{see para. 4.7) tq the
measuring faces of other gage blocks to make composite assemblies or to similarly textured surfacesof auxiliary plates for
length njeasurements.

4.2 Length of a Gage Block, [

The lehgth of a gage block at a particular point of the measuring face is the perpendicular distance between this goint
and the glanar surface of an auxiliary plate of the same material and surface texture on' which the other measuring fac¢ has
been wrling (see para. 4.4 and Figures 4.2-1 and 4.2-2).

The lgngth of a gage block, I, includes the effect of one face wringing {se€ para. 9.3.1).

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

4.3 Ga

4.3.1 Gage Length of a Rectangular Gage Block. The gagelength, 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 Figure 4.2-1).

e Length of a Gage Block, L,

NOTE: Gqge length, [, is a special instance of length; &

4.3.2 [Gage Length of a Square Gage Block. The gage length, I, of a square gage block is the length of a gage block taken
at the reference point, midway between-thehole or outer edge of the countersink and the edge of the block nearest t¢ the
size marking. If the size marking is onthe-side of the block, the top of the block s 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 pointis located
midway [between the hole and-the“edge of the block to the right of the size marking (see Figure 4.2-2).

4.4 Deyiation of the Length at Any Point From Nominal Length, e

The dg¢viation of thevength, e, at any point from the nominal length, 1, is the algebraic difference I - I,.

4.5 Deviation From Flatness, f4

The d¢viatien from flatness, f;, is the minimum distance between two parallel planes between which all points of the
measuring\face lie (see Figure 4.5-1).

4.6 Variation in Length, v

The variation inlength, v, is the difference between the maximum length, /., ,,, and the minimum length, /,.,;,,. It is equal to
the sum of the deviations f; and f, from the gage length, I, (see Figure 4.6-1).
4.7 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 E, section E-5).
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Figure 4.2-1
Gage Length, L;, and Another Example for Length, L, at Any Point of a Gage Block Wrung
to the Plane Surface of an Auxiliary Plate

Depth \ / -
\ Width

.-" /

Auxiliary
plate

Figure 4.2-2
Reference Points of Square Gage Blocks

1/, distance between edge
of block and edge of

countersink \/ 1/, width
\/ \/ >

.07

1/, distance between edge
of block and edge of 1/, width

countersink \/R /<
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Figure 4.5-1

Deviation From Flatness, f4

\f‘\f

/

d

Nominal

GENERAL

Figure 4.6-1

Length, L,; Gage Length, l; Variation, v, With f, and f,;; and Limit Deviations, t., for Length at Any P
Proceeding From the-Nominal Length

v= Imax - Imin
fo = Imax - Ig

fu = lg - lmin

4—0"’-

>

Imax

lmin

NOTE: Se€ para. 8.1 and Tables 7.1-1 and 7.1-2.

bint,
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5 NOMENCLATURE OF FACES

See Figure 5-1 for rectangular and square gage blocks.

Figure 5-1
Nomenclature of Gage Block Faces

Marked
measuring face

¢ Unmarked
measuring face
7

Side faces

/

Right-hand (top)
measuring face )

/

g —————

1
1
S~ Side faces — i
1
Marked J:"‘
1
I

Left-hand (bottom)

measuring face

100

ki

\
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6 BASIS OF MEASUREMENT, TRACEABILITY, AND REFERENCE CONDITION
6.1 Units of Length (Meter, Inch)

The meter is defined as the distance traveled by light in a vacuum in Yh99 792 455 Of a second (Resolution 1 of the 17th
General Conference of Weights and Measures, 1983). The definition is realized by working wavelength standards rec-
ommended by the International Committee of Weights and Measures. One inch is 25.4 mm exactly.

6.2 Metrological Traceability

All thefTenigth standards used 1 the calibration of a gage bIock shall exhibit metrological traceability per ASME B89

6.3 Reference Temperature and Standard Pressure

The ngminal length and measured lengths of a gage block apply at the reference temperature of 20°C (68%F) (see IS

and the ptandard air pressure 101.325 kPa (14.700 psi).

NOTE: THe effect on the length of a gage block caused by deviations from the standard pressure may bé)ignored under no

atmosphdric conditions.

6.4 Reflerence Position of Gage Blocks

.7.5.

01)

rmal

The d¢fined length of a gage block refers to the vertical position, with the measuring faces horizontal. Blocks can be

measured in any orientation if corrections for deformation are made (see Nonmandatory Appendix G). The orientati

blocks oper 100 mm (~4 in.) in length should be recorded in the calibratiog\report.

7 GENHERAL DIMENSIONS, MATERIAL PROPERTIES, AND MARKING

7.1 General Dimensions

The npminal dimensions of the cross section and their limit deviations are given in Tables 7.1-1 and 7.1-2.

n of

If recthngular gage blocks with nominal length over 100 mim are provided with coupling holes, the dimensions|and
location pfholes shall be as shown in Figure 7.1-1. Rectangular gage blocks of Grade K shall not be combined with coupling
devices.

Table 7.1-1
Dimensions in Millimeters
Width, a | Depth, b
Cros$ Section Nominal Length, I, Nominal Tolerance Nominal Tolerance
Square 0.5 to 1000 24.1 +0.2 24.1 +0.2
Rectangle 0.1 to 10 30 +0.0/-0.3 9 -0.05/-0.20
Over. 10.t6 1000 35 +0.0/-0.3 9 -0.05/-0.20

GENERALNOTE: Square gageé blocks have a center hole of 6.7 mm * 0.1 mm. The hole is countersunk on both sides 70 deg to 84 deg for b

5 mm and longer. Blocks‘under 5 mm are not countersunk.

locks

Table 7.1-2
Dimensions in Inches
Width, a | Depth, b
Cross Section Nominal Length, I, Nominal Tolerance Nominal Tolerance
Square 0.01 to 40 0.95 +0.01 0.95 +0.01
Rectangle 0.004 to 0.2 1.181 +0.074/-0.084 0.355 +0.020/-0.010
Over 0.2 to 40 1.378 +0.010/-0.0207 0.355 +0.020/-0.010

GENERAL NOTE: Square gage blocks have a center hole of 0.265 in. + 0.010 in. The hole is countersunk 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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Figure 7.1-1
Dimensions of Coupling Holes

10+00.2
4 | 0.3 |[A|B| X-Axis
v ¢ | 1 [A]|B] Y-Axis

/

——x 7 /

[A]

(25}
GENERAL NOTE: Dimensions are in millimeters.
Table 7.2.1-1
Dimensional Stability
Maximum Permissible Change in
Grade Nominal Length, I, per Year, m
K, 00, 0 + (0.02 um + 0.25 x 1076 1)
AS-1, AS-2 + (0.05 pm + 0.5 x 107° 1)
7.2 |Material Properties
7.2.1 Material. Gage blocks shall be made’of high-grade steel or of other wear-resistant materials, such as cliromium

carb
wrir
7.
10°
uncq

7.
ISO

7.
Tab
field

ide, tungsten carbide, and cerami¢.(partially stabilized zirconia), capable of being finished with surfaces
g readily and that will be stableMor length within the tolerance in Table 7.2.1-1.

to 30°C (50°F to 86°F),shall be known to within +1.0 x 107®/°C (1.0 x 107°/°F). The coefficient of expansio
rtainty of determination shall be supplied with all grades.

.3 Hardness. Themeasuring faces of steel gage blocks shall have a Vickers hardness of not less than 800 H
£6507-1) or Rockwell C62 [see ASTM E18-20 and ASTM E140-12b(2019)e1].

2.4 Dimensional Stability. The maximum permissible changes in length per year of gage blocks are
e 7.2.1-1.Phey apply when the gage blocks are not exposed to exceptional temperatures, vibrations, shocks,
s, of-mechanical forces.

that will

.2 Coefficient of Thermal Expansion. The coefficient of thermal expansion of gage blocks in the temperatyre range

h with its

y 0.5 (see

stated in
nagnetic

7.3

‘Markimg

Gage blocks shall be permanently marked with the nominal length and the name or trademark of the manufacturer in
characters notless than 1.5 mm (0.06 in.) high. Rectangular gage blocks smaller than 6 mm (0.24 in.) nominal length may
be marked on a measuring face,butanarea of 9 mm x 12 mm (0.35 in. x 0.47 in.) at the center of the measuring face and an
area of 2.5 mm x 2.5 mm (0.1 in. x 0.1 in.) in each of the four corners shall be left clear of any marking. Square gage blocks
may be marked on the measuring face, but the quadrant of the face where the measurements are made shall be left clear of

any

marking.


https://asmenormdoc.com/api2/?name=ASME B89.1.9 2023.pdf

ASME B89.1.9-2023

Gage blocks for which a calibration certificate is issued shall be marked with an identification number. It is rec

om-

mended 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:

Gage Block Grade Marking
K K
00 00
0 0
AS-1 -
AS-2 +

8 METROLOGICAL REQUIREMENTS

8.1 General
Each gage block shall conform to the requirements of its grade (see Tables 8.1-1 and 8,1-2).

The rgquirements of Tables 8.1-1, 8.1-2, and 8.2.1-1 apply to the measuring faces of the gage’ block omitting a bojrder

zone with a maximum width of 0.8 mm (0.03 in.) as measured from the plane of the side faces. In this border zone
surface ghall not lie above the plane of the measuring face.

Grade|K gage blocks are intended for calibrating other gage blocks and shall alvays be used in connection w
calibratipn certificate.

8.2 Deviation From Flatness Tolerance, t;

8.2.1 [Gage Blocks With Nominal Length Exceeding 2.5 mm (0.1in.). The deviation from flatness, f;;, of each measy
face of g gage block of nominal length greater than 2.5 mm (0.1 in.) shall not exceed the appropriate toleran
Table 8.2.1-1, whether the gage block is wrung to an auxiliarysplate or is in the unwrung state.

8.2.2 (Gage Blocks With Nominal Length up to 2.5 mm (0.1in.). The deviation from flatness, f;;, of each measuring

the

th a

ring
e in

face

ofagageplock of nominal length up to 2.5 mm (0.1 in.) shallnotexceed the appropriate tolerance in Table 8.2.1-1 whef the

gage blogk is wrung to an auxiliary plate (see para. 9332) with a thickness of not less than 11 mm (0.43 in.).
With the gage block in the unwrung state, each.medsuring face shall be flat to within 4 pm (160 pin.).

8.3 Measuring Faces

The mpasuring faces of all gage blocks shall wring readily. Fine scratches without burrs may be accepted when thg
not impdir the wringing property. The €dges of the measuring faces shall be rounded to a radius not exceeding 0.3
(0.012 ip.) or provided with a chamfer not exceeding 0.3 mm (0.012 in.). The transition between the chamfer
measuring face shall be such that the wringing property of the measuring faces is not impaired.

8.4 Side Faces

8.4.1 Bide Face Flatness: The deviation from flatness of the side faces shall not exceed 40 pm for nominal length {

100 mm| (4 in.). For, fiominal length over 100 mm (4 in.), the tolerances shall be given by 40 um + 40 x 107° I},

8.4.2 [Side Face Parallelism. The deviation from parallelism (including form deviations) of a side face with
opposing sidesface as a datum shall not exceed 80 pm (0.003 in.) for nominal lengths up to 100 mm (4 in.).
nominallengths over 100 mm (4 in.) up to 1 000 mm (40 in.), the tolerances shall be given by 80 um + 80 x 10

y do
mm
and

pto

the
For
1.

8.4.3 Side Face Perpendicularity. The deviation [rom perpendicularity of a side face with a measuring face shal
exceed the values given in Table 8.4.3-1 (see Figure 8.4.3-1).

8.4.4 Side Face Edges. All edges between the side faces shall have a radius or chamfer of not more than 0.3
(0.012 in.).

8.5 Conformance Test (Application of Decision Rule)

not

mm

The default decision rule when determining the conformance of a gage block to specifications stated in this Standard
depends on the gage block grade as shown in Table 8.5-1. The decision rules stated in Table 8.5-1 are in accordance with
ASME B89.7.3.1. For new gage blocks, the default decision rule applies unless otherwise agreed upon by both the customer
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Table 8.2.1-1
Deviation From Flatness Tolerance, t;

Deviation From Flatness Tolerance, t; pm (pin.)

K 00 00 0 AS-1 AS-2

Range for Nominal Length [,,, mm (in.) All Styles  Rectangular Square All Styles All Styles All Styles
0.1 to 50 (0.004 to 2) 0.05 (2.0) 0.05 (2.0) 0.05 (2.0) 0.1 (4.0) 0.15 (6.0) 0.25 (10.0)
Over 50 to 150 (over 2 to 6) 0.05 (2.0) 0.05 (2.0) 0.07 (2.0) 0.1 (4.0) 0.15 (6.0) 0.25 (10.0)
Over 150 to 500 (over 6 to 20) 0.1 (4.0) 0.1 (4.0) 0.1 (4.0) 0.15 (6.0) 0.18 (7.0) 0.25 (10.0)
Over500 10 1000 (over 20to 207 015 (6707 015607 0156707 018707 0°207 (8707 0735 (10.0)

Table 8.4.3-1
Perpendicularity Tolerance
Nominal Length, mm (in.) Perpendicularity Toleranee, mm (in.)

From} 10 to 25 (from 0.1 to 1) 0.050,(0:002)
From] 25 to 60 (from 1 to 2) 0.0704(0.003)
From] 60 to 150 (from 2 to 6) 0.100 (0.004)
Fron] 150 to 400 (from 6 to 16) 0.140 (0.006)
From] 400 to 1 000 (from 16 to 40) 0.180 (0.007)

Figure 8.4.3-1
Perpendicularity of a Side Face With’the Measuring Face

r Deviation from pefpendicularity —|

Side face

90 deg/— \90 deg

Measuring face

Table 8.5-1
Default Decision Rule When Determining Conformance of Gage Blocks

Gage Block Grade Default Decision Rule
K Simple 2:1 acceptance

Uu SIMIPIE 1.1 dCCePtdIice

0 Simple 1.5:1 acceptance

AS-1 Simple 2:1 acceptance

AS-2 Simple 3:1 acceptance

11
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and supplier. For used gage blocks, the default decision rule applies unless the user states an alternative decision rule. This
decision rule shall be used in the calibration of the gage blocks.

When using a simple acceptance decision rule, a simple 4:1 acceptance decision rule is preferable. The decision rules
shown in Table 8.5-1 are due to the practical and economic limitations in achieving lower measurement uncertainties in
the calibration of gage blocks using technology available at the time of the publication of this Standard.

Users should consider the implications of the measurement uncertainty associated with the decision rule used (see
Nonmandatory Appendix J).

9 CALIBRATION OF GAGE BLOCKS

9.1 General

Measyrement of gage blocks is outlined in paras. 6.1 and 6.2 as a sequence starting from the basic definition ofthe unit of
length arjd proceeding through the stage of interferometry for high-grade (preferably Grade K) gage blocks:-One or seyeral
further dtages of measurement by comparison may follow for measurement of other grade gages, More details of the
stages arfe given in paras. 9.3 and 9.4, respectively. The measurement result of length and the associated uncertainty ghall
be supp]ied in a calibration certificate.

9.2 Wr

The wfinging property of measuring faces of the gage block is tested using an opticalflat that shall satisfy a devidtion
from flagness tolerance of 0.1 pum.
The wiung measuring face shall be observed through the optical flat and shallde clear of interference bands, color|and
bright spots.
For gape blocks of Grades K, 00, and 0, no bright spots or shades should be visible. For gage blocks of Grades AS-1 and AS-
2, brightl spots or shades of a minor extent (less than a quarter of the\total area) are permitted.

nging Test

9.3 Measurement by Interferometry

9.3.1 Measured Length. The length of a gage block as showmn in Figures 4.2-1 and 4.2-2 (Grade K is recommen({led)
should be measured at the reference point of the measuring face using the method of interferometry. The block shall be
positiong¢d with the bottom (see Figure 5-1) wrung to a reference surface of the same material and surface texture|(see
para. 4.2).Ifthe measurement deviates from these conditions, the calibration report shall describe the differences and any
correctigns necessitated by the changes.

Measyrement of the deviations fy and f,, frontthe gage length (see para. 4.6) shall be made at the points of maxifhum
length, If,., and minimum length, I.,;,, of the gage block (see Figure 4.6-1).

9.3.2ﬂr\uxiliar_y Plate. The auxiliary plate on which the gage block is wrung during the measurement shall meet the
requirenpents of para. 7.2 (i.e,, it should eonsist of the same material as the gage block and have a wringing surface of the
same sufface texture as the measuring faces of the gage block). If auxiliary plates of some other material, such as flised
quartz of fused silica, are used, then'the corrections made necessary by the different physical material properties ne¢d to
be taken|into account (see patay9.3.3). The auxiliary plate shall be not less than 11 mm (0.43 in.) thick, and it shall hgve a
wringing face with flatness\deviations of less than 0.025 um (1 pin.) over a diameter of 40 mm (1.5 in.).

9.3.3 Corrections to'Measurements by Interferometry. Corrections shall be made to the calculations for significant
influencgs, including-the following:

(a) temperaturesatmospheric pressure, and atmospheric humidity on the wavelength of light
(b) ddviation of the gage block temperature from 20°C (68°F)

(c) wiinging action on the length of the gage block when the gage block and auxiliary plate are of different matefrials
(d) surfacetexture and opticat pirase changes o thre reftectionrof the tightwave
(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

9.3.4 Calibration Certificate. The calibration certificate shall contain the measurement results, in particular the gage
length, I, or the deviation of the gage length from nominal, I; - I,; the k = 2 expanded uncertainty (see JCGM 100); the
simple N:1 acceptance decision rule used (see para. 8.5); 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 measurementand
the coefficient of thermal expansion used to adjust the results to length at 20°C (68°F) (see para. 9.3.3). The calibration
certificate shall be issued in compliance with ISO/IEC 17025.

12
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Figure 9.4.1-1
Measurement of Gage Length by Comparison Taking the Perpendicular Distance From the Reference Point
of a Measuring Face to the Opposite Face

9.4

9
leng
stan

Figure 9.4.1-1, and the length difference is measured by, a high-resolution length indicator.

9,
gage
thro

NOT
tran

9,
ence
mea

9,
vari
in.)
poin
posi

9,

4.1 Principle of Measurement. To determine the length of a‘gage block by comparison, the difference o

Measurement by Comparison

th from that of a reference standard gage block is measuréd-and applied algebraically to the length of the
dard. For the probing, the measuring faces of each gage are’touched from opposite directions in the manner

4.2 Gage Length. A measurement by comparison transfers the gage length of a reference standard gage I
block under test. The reference standard gage-block may be either directly measured by interferometry o
ugh one or several stages by comparisen to a standard measured by interferometry.

E: The effect of one wringing, which is inclidéd in the length of the reference standard gage block measured by interfer
ferred by the comparison measurement.

4.3 Method of Determining. Length by Comparison. The relatively small difference in gage length betwee
standard gage block of known'gage length and another gage of the same nominal length but unknown gage
sured by a high-resolution’length indicator.

4.4 Variation in Léngth. The measurement by comparison may be used to explore the variation in ler
htions between réadings at the reference point and four corners of the measuring face, approximately 1.5 m
‘rom the side-faces, could be regarded as representative for determining the variation in length. If repre
ts other than'near the corners of the measuring face are used for the determination of the variation in len
fion shall’be described.

4.5Corrections. Corrections for the following effects should be made when calculating the result of comp3

F its gage
eference
shown in

lock to a
r related

pbmetry, is

h a refer-
length is

gth. The
m (0.060
bentative
bth, their

rison for

the

ength of gage blocks concerned (see para. 9.4.2):

(aJ bias of the measuring device (see JCGM Z200]
(b) influence of temperature differing from 20°C (68°F) and different coefficients of thermal expansions of the two
gage blocks under comparison
(c) influence of different deformations at the contacts of the anvils with the measuring faces of the two gage blocks

mad

e of different materials

9.4.6 Calibration Certificate. The calibration certificate shall contain the measurement results, in particular the gage
length, I, or the deviation of the gage length from the nominal length, I, - I,;; the k = 2 expanded uncertainties; the simple
N:1 acceptance decision rule used (see para. 8.5); and a statement of traceability. The calibration certificate shall also

13
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contain the coefficient of thermal expansion of the gage blocks used for making the correction according to para. 9.4.5. The
calibration certificate shall be issued in compliance with ISO/IEC 17025.

10 GAGE BLOCK ACCESSORIES
10.1 General

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 stepped-measurement standard that could be used in the calibration of

10.2 Scope

This Standard covers the following types of gage block accessories:

(a) hglf-round jaws

(b) infernal extension jaws

(c) stfaight measuring jaws

(d) bdse blocks

Scribefs and center points are not specifically covered other than they shall be compatibléfor‘use in style and matprial
with gagp blocks and shall have wringing surfaces, as applicable, of similar wringing quality-as gage blocks. Tolerances for
scribers [and center points are usually far greater than for gage blocks and the accessories listed above.

Manuffacturers may provide items such as clamps, tie rods, or screws to hold gage blocks and accessories toggther
during use. This Standard does not cover these items. Users should consult the manufacturer for specific detail§ for
accessorly items not covered.

10.3 Material

Materl]al properties shall conform to para. 7.2.1.

10.4 Tqlerance Requirements

Tolergnce requirements shall apply to wringing surfacés of gage block accessories, omitting a border zone with a
maximuimn width of 0.8 mm (0.03 in.) as measured from the plane of the side faces. Surfaces in this border zone shall n¢t be
above thg plane of the wringing surface and shall conforih to para. 8.1. The squareness of side faces shall conform to para.
8.4.

10.5 H3lf-Round Jaws

10.5.1) Length [ of a Half-Round Jaw:\The length (size) of a half-round jaw is the maximum perpendicular disthnce
from thg wringing surface to the top of the radius (see Figures 10.5.1-1 and 10.5.1-2).

10.5.2] Length Tolerance. The.deviation of the measured length from the nominal size shall not exceed +0.8 um (+32
pin.) at any point along the radius.
Ifhalffround jaws are sold\new in pairs, the sum of the deviations of the lengths (size) from nominal at the two refergnce
points shall not exceed{#1.0 pm (+40 pin.). This paired tolerance shall not apply to used half-round jaws.

10.5.3| Variation.inkength. The variation in length at any point on the radius with respect to the wringing surface $hall
notexceg¢d 0.3 wm(12 pin.). Variation in length shall be tested by measuring the length at two auxiliary points, one clope to
the start{and.the\other close to the end of the radius. The distance of these auxiliary points from the end or start of the
radius leall not exceed 0.8 mm (0.03 in.). The variation in length is the maximum length minus the minimum length at
these auliliarypoints.

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

10.5.5 Design

10.5.5.1 Radius. The center point of the radius shall be on or above the wringing surface (see Figure 10.5.5.1-1). The
radius need not be a full radius as only a line contact is usually made between the jaw and an object to be measured.
However, the radius shall 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 (see Figure 10.5.5.1-2).
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10.5.5.2 Minimum Width. The minimum width of the body of the half-round jaw, excluding the radius portion, shall
be

(a) 34 mm (1.34 in.) for rectangular-style jaws
(b) 24 mm (0.94 in.) for square-style jaws

10.5.5.3 Relief. A relief shall be placed between the body and 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 reliefis to provide
clearance during use (see para. 10.5.1).

10.5.6 Marking. Half-round jaws shall 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 (0.06 in.) high.

Figure 10.5.1-1
Half-Round Jaw

TN

\\ Wringing“surface

Figure 10.5.1-2
Side View of Half-Round Jaw

2 S | Width of body:
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Figure 10.5.5.1-1
Center Point of Radius, R, of Half-Round Jaw
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Figure 10.5.5.1-2
Abbreviated Arc of Half-Round Jaw
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10.6 Internal Extension Jaws

10.6.1| Design. Internal extension jaws:have no nominal size and have only one wringing surface. Their purposelfis to
extend the measuring surface of gage blodks to create a known internal dimension (see Figure 10.6.1-1). They should be
robust of thick enough to resist deflection or deformation during use.

10.6.2 Flatness. The deviationfrom flatness of the wringing surface shall not exceed 0.3 pm (12 pin.).

10.7 Straight Measuring Jaws

10.7.1| Design. Straight measuring jaws are finished to a length (size) like a gage block and have two parallel measyring
(gaging)|surfaces thatdefine the gage length. These jaws have a greater width than gage blocks so the gaging surfacesjmay
extend Heyond a‘gage block to create internal or external dimensions.

10.7.2| Length of a Straight Measuring Jaw. The length of a straight measuring jaw is defined as a gage blogk in
para. 4.3.

10.7.3 Length Tolerance. The length atany point on a measuring surface shall not exceed 0.6 pm (+24 pin.). If straight
measuring jaws are sold new in pairs, the sum of the deviations of the lengths (size) from nominal at the two reference
points shall not exceed +0.8 pm (+32 pin.). This paired tolerance shall not apply to used straight measuring jaws.

10.7.4 Variation in Length. The variation in length of a straight measuring jaw is defined in para. 4.6 and shall not
exceed 0.3 pm (12 pin.). Variation in length shall be tested per para. 8.4.4, with the exception as shown in Figure 10.7.4-1.

Ifrepresentative points other than those shown in Figure 10.7.4-1 are used for the determination of variation in length,
their position shall be described.
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Figure 10.6.1-1
Extension Jaws to Make Internal Dimension Using Gage Blocks

Finished surfaces
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Gage block stack

Figure 10.7.4-1
Reference Points for Variation in Length Measurement
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>< > :
>< > < > x ‘
Marked side / Marked side
Rectangular-Style Straight Square-Style Straight Measuring Jaws

Measuring Jaw

19.7.5 Flatness of Gaging Surfaces. The deviation from flatness of the gaging surfaces shall not exceed 0.3 pm (12

10.7.6 Marking. Straight measuring jaws shall be permanently marked with the nominal length and the jname or
trademark of the manufacturer on a side face in characters not less than 1.5 mm (0.06 in.) high.

Base Blocks

10.8.1-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
surrace—ana—snotraoHe—<apante—o ‘-iiG“iva'-‘i‘Z‘ OT—gage—orotrKS—a eas VAV v 1ighina
stable manner. Base blocks shall have a method of securing or attaching the wrung gage blocks to the base block.

10.8.2 Design. Base block designs other than those described in this section may be suitable for use.

10.8.2.1 Rectangular-Style Base Block. The rectangular base block usually 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 external clamps (see Figures 10.8.2.1-1 and 10.8.2.1-2).
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10.8.2.2 Square-Style Base Block. The square-style base block is usually a single flat piece with two parallel
surfaces, finished to alength (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, notless than 24.1 mm x 24.1
mm (0.95 in. x 0.95 in.), shall be suitable for wringing (see Figures 10.8.2.2-1 and 10.8.2.2-2).

10.8.3 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.

10.8.4 Length Tolerance. The deviation of the length shall not exceed +0.6 um (+24 pin.) from the nominal length at
any point on the top wringing surface.

10.8.l5<LVariation in Length. The variation in length shall not exceed 0.3 pm (12 pin.). The top wringing surface’shpuld
be checKked for length at four auxiliary points in the area where gage blocks would normally be wrung. The variati¢n in
length id the maximum length minus the minimum length at these auxiliary points and the reference point.

10.8.5.1 Rectangular Style. The width of the top wringing surface shall be atleast 35 mm (1.38 in.)nIf répresentgtive
points other than those shown in Figure 10.8.5.1-1 are used for the determination of the variation in léngth, their positions
shall be [described.

10.8.5.2 Square Style. If representative points other than a point in each corner are used for the determinati¢n of
variation} in length, their position shall be described.

10.8.6] Flatness

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

10.4.6.2 Underside. The underside of the base block shall have deviation from flatness not greater than 1.0 punj (40
uin.) and shall not rock on a surface plate. The underside surface of.the base block may be relieved.

10.8.7| Marking. Base blocks shall be permanently marked withtli€ nominal length and the name or trademark of the
manufacturer on a side face in characters not less than 1.5 mm*(0.06 in.) high.

Figure 10.8.2.1-1
Rectangular Base Block

Top wringing
surface of riser

Base

[ N |
Underside of base /

Relief (optional)

Support surface
™

A\

Front View of Rectangular Base Block
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Figure 10.8.2.1-2
Reference Point for Rectangular Base Block
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Figure 10.8.2.2-1
Square Base Block

Hole for accessories
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Figure 10.8.2.2-2
Reference Point for Square Base Block
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Figure 10.8.5.1-1
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NONMANDATORY APPENDIX A
DIFFERENCES BETWEEN FORMER GGG-G-15C,
ASME B89.1.9-2002 (R2012), AND THIS STANDARD

A-1{INTRODUCTION

This Appendix acts as a guide to highlight the major differences between Federal Specification
GGQ@-G-15C, ASME B89.1.9-2002 (R2012), and this edition of this Standard. An earlier edition of this Standard,
ANS[/ASME B89.1.9-1984 (R1997), is nearly identical in content to GGG-G-15C.

NOTE: Federal Specification GGG-G-15C (1970), Gage Blocks and Accessories (Inch and Metric)¢/was canceled in 1999.

A-2| BILATERAL TOLERANCING

The tolerances in this Standard are all bilateral and symmetric about zero. In-GGG-G-15C, some of the toleranfces were
weighted on the plus side to allow for wear (see Table A-2-1).

A-3| POINTS ON GAGING SURFACE WITHIN TOLERANCE BAND

All the points on the gaging surface shall be within the stated tolerance in this Standard. Under GGG-G-15C, the length
(siz¢) tolerance applied only to the reference or measuring point. Points near the corners or edges could exceed the length
tolefance due to variation in length (parallelism) of thé’block (see Figure A-3-1).

A-4| PARALLELISM
The term parallelism as used in GGG-G-15C-is replaced in this Standard by variation in length (see para.|(4.6).

A-5| LENGTH TOLERANCES

A-5{1 Suggested Replacements‘for Former Federal Grades

While not exact, the gradesinTable A-5.1-1 arelisted asa guide to users when ordering replacementblocks for sets with
formper Federal Grades.
Close comparison of thelength tolerances of the suggested grades in Table A-5.1-1 to those of the former Federal Grades
may]| reveal that the siiggested grades of this Standard are slightly larger. This is partly due to the expansi¢n of the
tolefance to inclade all the points of the gaging surface (see section A-3) and partly due to the bilateral tol¢rancing.
The[suggested replacements in Table A-5.1-1 are not exact.

A-6( ACCESSORIES

S; ecification for accessories are-in-this Standard

A-7 ACCEPTANCE/REJECTION OF GAGE BLOCKS (OUT-OF-TOLERANCE CONDITION)

A-7.1 Used Gage Blocks: Customer Specification for Acceptance/Rejection

There is no special rule for used gage blocks in this Standard. For used gage blocks, users may specify other replacement
tolerances according to their needs. The calibration/testing laboratory should note and implement these customer-
specified replacement tolerances as part of the laboratory’s contract review procedures.
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A-8 APPENDICES

The listing of some gage block sets, packaging, and testing/inspection methods has 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.

Table A-2-1
Length Tolerance Comparison

Length Tolerance

Size GGG-G-15C I ASME B89.1.9
SI Units
1 mm Grade 1, £0.5 pm Grade 00, £0.07 um
Grade 2, +0.10/-0.05 pm Grade 0, £0.12 ym
75 mm Grade 3, +0.45/-0.22 pum Grade AS-1, £0.50 pm
U.S. Customary Units
0.1 in. Grade 1, #2 pin. Grade 00, 3 pirky
Grade 2, +4/-2 pin. Grade 0, £5 (uin,
2.0 in. Grade 3, +16/-8 pin. Grade AS-1y#16 pin.
Figure A-3-1
Change in Definition for Tolerance Band in Length
GGG-G-15C ASME B89.1.9
Tolerance
applied to [Note (1)]

reference point

T

NOTE: (1] All points on gaging surface-shall be within stated tolerance.

Table A-5.1-1
Suggested Replacement Grades

Former Federal Grade

(Reference GGG-G-15C) ASME B89.1.9 Grades
1 00
2 0
3 AS-1
AS-2
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NONMANDATORY APPENDIX B

POSSIBLE SOURCES OF MEASUREMENT UNCERTAINTY

B-1/INTRODUCTION

The calculation of uncertainty for a measurement is an effort to convey an idea of the reasonablenéss of the result

accdrding to standardized rules. There are many “standard” methods of estimating and combining components
tainfy. An international effort to standardize uncertainty statements has resulted in an ISO report, Guide to the E

pf uncer-
[pression

of Upcertainty in Measurement (see JCGM 100). This method is used by the National Institute of Standards ahd Tech-
noldgy and is recommended for all laboratories. There are a number of published discussionis’of gage block meagurement

uncgrtainty that may be consulted for further guidance.
Uhcertainty sources are classified according to the estimation method used. Type Atuncertainties are estimat

bd statis-

tically. The data used for these calculations can be from repetitive measurements_of the workpiece, measurements of
chedk 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 e
coefficients of gages, deformation corrections, index of refraction corrections, and apparatus specific sourc

B-2| UNCERTAINTY SOURCES

compparison. They are

(d) master gage calibration

(H) long-term reproducibility

(d) 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 @inder their own weight

(d) scale calibration

(1) stability, drift

(2) sensor calibration; artifact standards, linearity, fit routine
(3) effects of environmental variation: scale thermal 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.)
(d) artifact geometry

B-2{1Master Gage Calibration

kpansion
PS.

This Appendix presents some of the typical sources of uncertainty for gage block calibrations made by m¢chanical

The uncertainty associated with the master gage is the reported uncertainty from the higher echelon labora

tory that

calibrated the master block. Itis the responsibility of the laboratory to understand the uncertainty statements reported by

their calibration source and convert them to the standard uncertainty form specified in JCGM 100.
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B-2.2 Long-Term Reproducibility

It might be possible to list the causes of measurement variability, such as operator variation, thermal history of the
artifact, and 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

custome

r 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, and thermometer and barometer calibra-
tions. The history data then reflect these sources in a realistic and statistically significant way. The history data are fit to a

straight
Ifanu
the labo

B-2.3 Tlhermal Expansion

For th
uncertai
master 3
are statd

where ¢

The ufcertainty for each component is the relative standard length uncertaifity, whereas the standard uncertg

compong
Symbg

u(as),
u(T,

B-2.3.

where u
ture ind
repeatal

B-2.3.

B-2.3.

H Al < P £ £l £ie 1o dt ] laoi £l + < pn s | M

IIIC, dITU UIC UTVIAUUILIS TTUIITD UIT UCOU TIU TITIIC dI'C USTU LU LAItUIdLU UIIU SoudITudiu Ut viativll U,
mber of check standards are used that reasonably span the range of lengths and materials usually calibrate
Fatory, the laboratory will have a realistic and well-documented measure of the calibration repradueib

e mechanical comparison, there are three primary thermal-related uncertainty contributions, These includ
hties associated with the material (block) temperature reading, the thermal expansion-coeéfficients of bot}

d in the form
ui(1) = lefulx;)

is the sensitivity coefficient.

nts in the equations are in their appropriate units.
Is that appear on the right-hand side of equations in paras. B=2.3.1 through B-2.3.4 are the following:
a. = thermal expansion coefficient of the client block
as = thermal expansion coefficient of the master block
L = nominal length
T. = temperature of the client block
Tref = reference temperature of 20°C
Ts = temperature of the master block
p/(a.) = standard uncertainty of the thermal“expansion coefficients for the master and client blocks, res
tively, ppm/°C
- T,) = standard uncertainty of the temperature gradient, °C

L Material Temperature Uncertainty, ur
ur = |L(as - ac)' u(es)

;) is typically a combined.standard uncertainty itself, composed of the calibration uncertainty of the temg
cator, potential drift-behavior from manufacturer specifications or calibration history analysis, and rea
ility.

P Thermal Expansion Coefficient Uncertainty of the Master Block, ur,

ury, = IL(T; — 20)| u(ay)

B Thermal Expansion Coefficient Uncertainty of the Client Block, ur,

d by
lity.

=

b the
| the

nd client block, and the potential temperature gradient between the master and client block. The uncertainties

inty

pec-

era-
ding

ure = |L(T, = 20)| u(a,)

B-2.3.4 Thermal Gradient Between the Master and Client Block, Urmc

ume = ILal u(T; — T)

For simplicity, the list provided in this Appendix does not include the higher order correlated terms. In most cases, in
their absence, this abbreviated guidance should still provide a reasonable estimate to within 10%.
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B-2.4 Mechanical Deformation

All mechanical measurements involve contact of surfaces, 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. If the blocks are of similar
material, the elastic properties themselves determine how much the material deforms when measured with a contact
system. The amount of deformation depends on the spherical radii of the measuring and reference contact tips, measuring
forces of the contact tips, and material of the gage block being measured.

Since the first two factors may vary from one instrument to another, the deformation values for the different materials
should be determined using values that apply to the specific comparator being used in the calibration procedure.

Instead-of-deriving-the-equationsfor-this-partiettarconditionfromHertzian-theorysPuttockandThwaitefrom the
Natipnal Standards Laboratory of Australia published Technical Paper No. 25, Elastic Compression of Spheres|and Cyl-
indgrs at Point and Line Contact, in 1969 that has the formulas already derived for almost all contact geonietrieqfound in
dime¢nsional metrology. To make the task even simpler, the National Institute of Standards and Technology (NIST) in
Gaithersburg, MD, with the permission of the National Standards Laboratory of Australia has automated the caldulations.
Thiq elastic deformation calculator can be found at the NIST Engineering Metrology Toolbox:
httpk://emtoolbox.nist.gov.

B-3| EXAMPLE UNCERTAINTY BUDGET
B-3|1 Calibration of Gage Block by Mechanical Comparison

Altypical calibration laboratory calibrates steel gage blocks of lengths from(0;1 mm to 100 mm in an enviropment of
(209C £ 1°C), and the master and customer blocks are always within +0.1°C gf.each other. An uncertainty statemept for the
length of the gage block with validity conditions to be those specified bysthe measurand-defining conditions is required.
Thiq is a multiple measurement scenario since the uncertainty statement will be applied to many future gdge block
measurement results.

B-3{2 Measurand

e measurand is the length of the gage block as defined-in this Standard. This definition is based on an interfefrometric
length measurement at 20°C. National measurement institutes also provide gage block calibrations based on m¢chanical
comlparison so the transfer of the interferometrically,based definition to a mechanical (point-to-point) length if already
incliided in the calibration report of the master blocks.

B-3|3 Uncertainty Validity Conditions

Meapured length 25 mm
Reproducibility 0.030 pm
Temlperature range 20°C £ 1°C
Temlperature difference between blocks 0.1°C

Temlperature indicator reading uncertainty (k = 2) 0.07°C

Customer gage block)CTE (11.5 £ 1.0) % 1076/°C
Master gage block GTE (10.8+0.5) ¥ 107¢/°C
Master gage block calibration uncertainty (k = 2) 0.050 pm
Comjparater.\Specifications:

Dual 6:4-mm-diameter diamond or tungsten carbide (6% Co) spherical contacts

Upper—tomntactforce 683N

Lower contact force 0.28 N

B-3.4 Measurement Method and Environment

The measurement method will be by mechanical comparison to a master gage block in an environment of 20°C + 1°C
(over all measurements) and is essentially homogeneous in the measuring volume. The calibration includes comparison
of customer gage block to a “Master” that is steel. The “Masters” are calibrated by a higher echelon calibration laboratory.
Since the master and customer’s blocks are all steel, it is assumed that they have similar CTEs and elastic properties
(Young’s modulus and Poisson’s ratio).
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B-3.5 Temperature Correction

Gage bocks are typically calibrated in laboratories where the average temperature is approximately 20°C with some
known limits of thermal variation. In common practice, no temperature correction is made. However, some laboratories
may perform temperature correction. If temperature correction is performed, that statement will be added to the cali-
bration certificate and the associated uncertainty evaluated and included.

B-3.6 Input Quantities

Choosing input quantities is guided by the availability of data and the description of the measurement process.

B-3.6.1 Reproducibility (Type A). Creating an input quantity called reproducibility, based on the check standard (Iiata,
is advanfageous as it includes the effects of many (nuisance) influence quantities, including cleanliness/contamination,
multiplefoperator effects, block geometry effects, comparator’s transfer ability, and scale calibration because the check
standard data include several scale recalibrations. (In this example, it is assumed the comparator is reutinely recal-
ibrated.)] One standard deviation due to reproducibility was 0.030 pm, which is the standard uncertainty, uyep.

Urep = 0.030 pm

B-3.6.2 MasterBlock Calibration (Type B). From the certificate, the expanded uncertainty,Jywith a coverage factpr of
k = 2, is]0.050 pm. The standard uncertainty, Umaster, i the following:

_ 0.050pm _
Umaster = T = 0.025 pm

B-3.6.3 Thermal Effects (Type B). The standard reference temperaturefor'length of a gage block is 20°C.

B-3.6.3.1 Material Temperature Uncertainty. For this example, theXcomparison is between two steel gage blpcks
(similar materials); therefore, no correction is being made to 20°C as themominal thermal expansion coefficients of poth
blocksisfssumed to be the same. The temperature-indicating device Ghcertainty is simply divided by 2 to get the stanglard
uncertaipty in temperature. Therefore, the standard uncertainty inlength due to the temperature-indicating device, ju,, is
negligible.

ur = IL(as - ac)| u(es)

[0.025 m:(10.8 — 11.5)/°C|(0.035°C)
0.001 pm

B-3.6.3.2 Thermal Expansion Coefficient\Uncertainty, Master Block. The manufacturer’s specifications are given
for the (JTE values for the master block and the distribution is unknown, so to convert to standard uncertainty form, a
rectangylar distribution is assumed.
wa) = 05/°C
) V3

The standard uncertainty.in length is obtained by substituting this result into the appropriate equation from
para. B-2.3.2.

= 0.29/°C

IL(T; — 20)] u(a)
1(0.025 m (21°C — 20°C)[(0.29/°C)
0.008 pim

UTm

B-3.6.3.3 Thermal Expansion Coefficient Uncertainty, Client Block. The manufacturer’s specifications are giveh for
the CTE values for the client block and the distribution is unknown, so to convert to standard uncertainty form, a
rectangular distribution is assumed.

1.0/°C
u(as) = \/g

The standard uncertainty in length is obtained by substituting this result into the appropriate equation from
para. B-2.3.3.

= 0.58/°C
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ure = |IL(T; — 20)| u(a)
0.025 m (21°C — 20°C)|(0.58/°C)
0.015 pm

B-3.6.3.4 Thermal Gradient Between the Master and Client Blocks. The maximum temperature gradient (differ-
ence) between the master and client blocks was given as 0.1°C, which is interpreted as the full width of a rectangular
distribution in the conversion to standard uncertainty in temperature form.

_01/°C
2.3

EN

u(T. — T,) =0.03/°C

Tl\e standard uncertainty in length is obtained by substituting this result into the appropriate equation from
pard. B-2.3.4. The higher of the two thermal expansion values was used so that the calculation was conseryative.
urme = Lalu(T; — Ty)
[(0.025m)(11.5/°C)|(0.03°C)
0.009 pm

B13.6.4 Deformation (Type B). Although we have like materials, in that both blocks ar€ a mild or carbon stee], such as
AISI|52100 Steel or Grade D2 Steel, there is uncertainty in the elastic properties that-détermines how much the{material
defgrms when measured with a contact system. Before declaring that the contributien-s negligible, this must be shown to
be the case, even for nominally like materials. The simplest approach is to detekmine what the variability in the elastic
modulus and Poisson’s ratio could be, then using the appropriate Puttock and Thwaite formula (Engineering Metrology
Toolbox, 2023) for sphere-to-plane deformation, calculate the potential deformation errors, and convert that grror into
the ptandard uncertainty form.
Using the forces and tip material and diameter in the appropriate formula, along with the range of values published for
AISI|52100 steel, the extremes and maximum potential error can'be’ determined. Values for the elastic modulys of AISI
5210 vary from 190 GPa to 210 GPa, and Poisson’s ratio varies'from 0.27 to 0.30. Applying the formula varying only
Poisson’s ratio within the given range, the results show thiswariability has no real effect on the deformation results.
However, varying the elastic modulus between the extremes results in a potential deformation difference of 0,012 pm.

Deformation, pm

Applied Force, N E =190 GPa E =210 GPa
0.83 (top force) 0.162 0.154
0.28 (bottom force) 0.079 0.075
Total deformation 0.241 0.229
Deformation difference| 0.012

The potential deformatian error is converted to standard uncertainty form by assuming the error to be the full width of
a reftangular distribution.
0.012 ym

Udef = ﬁ
B-3|7 Combined and Expanded Uncertainty

= 0.004 pm

Usingthe values determined in para. B-3.6, the associated standard uncertainty is estimated as shown in Tabl¢ B-3.7-1.
Thelcombined uncertainty, u,, is then calculated as

U = \/(“rep)2 + (“master)2 + (“T)2 + (”Tm)2 + (“Tc)2 + (“Tmc)2 + (”def)2

\/ (0.030)% + (0.025)% + (0.001)% + (0.008)> + (0.015)% + (0.009)% + (0.004)*
0.044 pm

The temperature measurement uncertainty and deformation uncertainty (third and seventh terms, respectively) will
not have an impact on the result, due to the comparison of like materials and the dominance of the master uncertainty and
reproducibility terms.

27


https://asmenormdoc.com/api2/?name=ASME B89.1.9 2023.pdf

ASME B89.1.9-2023

The expanded uncertainty, U, using a coverage factor, k = 2, is calculated as
U = 2u, = 2(0.044 pm) = 0.088 pm
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Table B-3.7-1
Uncertainty Budget for the Length Measurement of a 25-mm Steel Gage Block
Uncertainty Source Standard Uncertainty, pm
Reproducipility of mechanical comparison from check standard 0.030
Calibratiop of master block 0.025
Temperatyire indicator 0.001
Thermal gxpansion coefficient of master block 0.008
Thermal gxpansion coefficient of client block 0.015
Thermal gradient between master and 0.009
client bJock
Deformatipn error due to uncertainty in elastic properties for both master and<elient blocks 0.004

GENERAL|NOTE: The expanded (k = 2) uncertainty is equal to 0.088 pm,
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NONMANDATORY APPENDIX C
TESTING METHODS

C-1|SIZE MEASUREMENT

C-1]1 Measurement by Interferometry

T¢ comply with the requirement of para. 4.4, the length I, is measured at the gage points definedun Figures 4
4.2-p. To fulfill the requirements of para. 4.3, the plane surface (auxiliary plate) to which the measuring face is wr
be of the same material and surface texture as the measuring face to which the interferometric measurements
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 should have a thickness of at least 11 mm (0.43
the furface should be flat to within 0.025 pm (1.0 pin.) over any 40-mm (1,57-in.) diameter area and shou
congave. When the gage block is measured in the horizontal position and the auxiliary plate is wrung to one m
face| compensation shall be made for the mass of the auxiliary plate,

The results of a length measurement by interferometry should be.cotrected for possible departure from idé
tionf of measurement. For example

(a) effects of temperature, barometric pressure, and humidity*on wavelengths of light in air

(H) effects of temperature, barometric pressure, and optical phase shift on the length

NOTE: Standard atmospheric pressure is 101.325 kPa (14.7 psi}

(d) geometric effects such as obliquity and slit carrections

The report of an interferometric measurement shipuld state which of the two measuring faces of the gage b
wruhg to the measuring reference surface during measurement. If not otherwise specified, the left-hand measu
or the unmarked face in the case of marking en'one of the measuring faces, should serve as the reference plane. (
notdd that this face often has the superiar wringing quality.)

Iffequired, a mean may be taken of two measurements with each face wrung to the auxiliary plate surface in tu
prodedure has been followed, it should be stated in the report.

C-1j2 Measurement by Comparison

Le length of a gage block, as measured by comparison with a reference standard (master gage block), is the|
one point of a measuring face to the point of the opposite measuring face measured perpendicular to the plal

}.2-1 and
ing must
re being

in.), and
d not be
easuring

al condi-

lock was
ring face,
tmay be

rn. If this

distance
ne of one
tusually

ed for all
the block

should be aken into account, particularly if the blocks have nminal lengths less than

ing device

1.5 mm

(0.06 in.). In the case of gage blocks of different materials, any differences in their thermal properties (coefficient

of thermal expansion) or elastic properties (contact deformation) will also have to be taken into account.

C-2 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 (0.03 in.) at the edges of the faces, and shall meet the requirements of Tables 7.1-1 and 7.1-2 and para.
8.4.4. Using a point-to-point mechanical comparator, five points should be measured: the reference point and four points
near the corners or the midpoints along the block edges. Points should be made 1.5 mm (0.06 in.) from the edges. The
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positions of the measurement points should be stated in the report if the variation in length is reported or the grade

tolerance

verified.

C-3 FLATNESS OF GAGING SURFACE

For tolerance Grades K and 00, the deviation from flatness of the gaging surfaces on blocks 2.5 mm (0.1 in.) and longer
shall be measured unwrung in a flatness interferometer using monochromatic light of known wavelength and viewed
within 2 deg of normal incidence. The deviation from flatness in any direction over the gaging surface, excluding 0.8 mm
(0.03 in.) on the edges, shall not exceed the tolerances given in Table 7.2.1-1. [Blocks of tolerance Grades K and 00 under

2.5 mm
For tg

(0.1 in.)|and longer shall be measured either in a flatness interferometer or in a light box. If the light box, me

ad o olo o1l 1 1L | e £ £k 1 ) & s 1 £lod]
U. 1 111 J olldll UT THTAS U TU 1TUT UTVIAQUUIT ITUHLT IIatITS S WIITIT UITY d1' T VW1 uus U dlr uptitdal 114at. |

lerance Grades 0, AS-1, and AS-2, the deviation from flatness of gaging surfaces on blocks-2.5

mm

thod

is used, fhe deviations shall be measured with a master optical flat and monochromatic light of known wavelength.

The intefference fringe shall be viewed at an angle within 10 deg of normal incidence. The deviation fromflatness in

direction

Table 8.4.1-1. Since the majority of tolerance Grades 0, AS-1,and AS-2 under 2.5 mm (0.1 in.) in length-are not precisel

in their free state, the test for variation in length (see paras. 4.7 and 8.4.4) is considered suffi¢ient.

C-4 SURFACE TEXTURE ON GAGING SURFACES

The gqging surfaces, after thorough cleaning, should be visually examined. Those appéaring to have the rougher sut
texture should be compared visually with samples known to have good wringing characteristics. Those blocks thatap
to be qulestionable should be subject to the guidelines and test for wringing.quality in section C-5.

The quality of the gaging surface texture plays an important part in the firmness of adherence when wrung, bug
relationghip between surface texture and wring quality has not been fully.established. As a practical guide, a maxir

value of

C-5 WR

Only those blocks that are questionable on the visual surfaee texture test in section C-4 should be tested for wrin
quality (Where agreed upon with the customer). The wringing property of measuring faces of the gage blocks is te
using an pptical flat. The test should satisfy a deviation frém flatness tolerance of 0.1 pm (3.94 pin.) on both gaging surf
ofthe gage block. The wrung measuring face should bé-observed through an optical flat and should be clear of interfer
lor, and bright spots. For gage blocks of Grades K, 00, and 0, no bright spots or shades should be visible. For gage
blocks of Grades AS-1 and AS-2, minor bright.spots or shades should be permitted.

bands, c

over the gaging surface, excluding 0.8 mm (0.03 in.) on the edges, shall not exceed the-tolerances give

0.025 um Ra, measured in accordance with ANSI B46.1-2019,>should not be exceeded.

INGING QUALITY TEST

any
n in

y flat

face

pear

the

num

ging

sted

aces
ence
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NONMANDATORY APPENDIX D
THIN GAGE BLOCKS [LESS THAN 1.0 mm (0.040 in.)]

D-1| INTRODUCTION

Thin gage blocks are harder to calibrate and use than other gage blocks (see Figures D-1-1 and D-1-2)!The p
this Appendix is to illustrate the difficulties in using this group of gage blocks and to emphasize that extra care ang
shoyld be taken when using them to keep uncertainties as low as expected.

D-2| OUT-OF-FLAT CONDITION

Gage blocks up through 2.5 mm (0.100 in.) are not usually within the flatness tolerancedf unwrung. The deviat
flatrjess of these gages in their free state (unwrung) may be up to 4 um (157.5 pin.) (see para. 7.2.2). Generally, ]

irpose of
| thought

ion from
however,

the greater the length (size), the flatter the block will be in its free state. A 2-mm,(0x080-in.) block is usually flattler than a

1-mm (0.040-in.) block that is usually flatter than a 0.5-mm (0.020-in.) block. Thisout of flatness in the free state
only] a problem for blocks under 1 mm (0.040 in.).

D-3| INCREASED UNCERTAINTY
This lack of flatness in the free state may cause increased uncertainty during use or calibration.

D-3|1 Combination of Gage Blocks

Be¢cause it is not usually possible to view the wring of &gage block unless wrung to an optical flat, a thin block

s usually

may not

entirely wring out flat during use. This can lead to errors when used in combinations with other gage blocks. If thiin blocks

are pised in a combination, it would be good practice to check the wrung combination for final flatness bef

D-3|2 Thin Blocks Used Alone

Eyen when used alone, measuring system geometry may introduce errors. The specifications in this paragrap
only] be used if blocks meet the freé:state flatness specification.
When using a vertical comparator with dual opposed aligned upper and lower gage heads (

ore use.

h should

tee also

Nonmandatory Appendix H for ‘eemparator types) for measurement, the block should be measured with the top of

the plock pointing up. In this’/scenario, the measured deviation is the true value, as the process elimin|
condave or convex (bent)\condition inherent in the block.

Whereas using a vertical comparator with single lower gage head or vertical comparator with single upper g
(see|also Nonmandatery Appendix H for comparator types) for measurement, the block should be measured tw
witH the top of the block pointing up, and second, rotated 180 deg in the horizontal plane and measured with the {
block pointing down. The smallest of the two deviation results should be reported, thus eliminating any effe
condave or ‘convex (bend) condition inherent in the block.

ates any

age head
ice: first,
op ofthe
ct due to

hffect the

henla-comparator is used, the contact geometry radius to radius (ball tips), will create deformation and will
mealured deviation. Therefore, it is necessary to apply deformation corrections depending on the force and t

p radius

(Engineering Metrology Toolbox, 2023) and then report the undeformed deviation.
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Figure D-1-1
in Wringing of Thin Blocks

| __— Regular block

/ Thin block

This band pattern was viewed after wringing a 0.5-mm (0.020-in.) gage block. The block had a flatness of approximately 2

in its free state.

Optical flat

| [Note (1)]

Curvature of Thin Blocks Can Cause Measurement Errors

Measuri

Figure D-1-2

Contact point

Thin gage'block

Reference

ng error surface

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

5 um
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NONMANDATORY APPENDIX E
USE AND CARE OF GAGE BLOCKS

E-1{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 pccuracy and integrity of their use.

E-2| CLEANING GAGE BLOCKS

This cleaning procedure is used for both rectangular and square gage blocks. Cleaning gage blocks progerly and
thorjoughly is extremely important. A gage block with even a thin film covering of gréase'and grime will never belaccurate
and will only serve to damage the block when used in this manner. Gage blocks should be cleaned in a nonchlorinated
orggnic solvent such as mineral spirits. Although used in the past, solvents such as trichloroethylene and benzerje 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
subinerge the blocks in the cleaning solvent. A rubber mat should be plaeed,on the bottom of the tank to reduce the risk of
scrakching or burring the gage blocks. Soak the gage blocks for a shortperiod of time. Use a clean, soft, lint-free clofth or soft
bristle brush dampened with solvent to loosen solidified contaminants: Wipe the blocks dry with a lint-free cloth|or towel.
Special attention should be given to the center hole for square gage blocks. While cleaning the blocks, as described
aboye, 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 cloth through|the hole.
Thiq process may have to be repeated two to three tifaes. Check for dryness prior to using the gage block.
Blocks with only a very thin oil coating may be cleanéd effectively with a water-free alcohol, such as ethanol or gpropanol.
Thiq cleaning is often used even after cleaning with’solvents such as mineral spirits to remove small traces df oil that
rempin after the solvent is removed.

Extreme caution should be exercised in-handling all gage blocks.

E-3| DEMAGNETIZATION

Demagnetize steel blocks thatretain a magnetic field prior to use for measurement or calibration. Good qudlity elec-
tronlic demagnetizers and gauss.gages (meters) are available through several industrial catalogs.

E-4/ STONING AND DEBURRING GAGE BLOCKS

Nicked or badly sCratched measuring faces of gage blocks will never permit a good “wring” and may also give Incorrect
readings. A gage(block requires good overall geometry to measure properly.
For removifig-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
natyral Arkansas stones are used on steel blocks to remove burrs and nicks caused by normal use. The sintered aJuminum
oxide stone, with a serrated top face, will work well on all blocks (including tungsten and chromium carbide) tp aggres-
sively Temove severe nicks and gouges that may be above the measuring suriaces.

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 on the deburring stone, and with a
very light force of approximately 0.8 N (3 0z), move the burred measuring 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.

After ashorttime (approximately 5 s 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. 9.3.2). View the wrung face through the optical flat
looking for bands or light areas. It is usually helpful to use a monochromatic light source when viewing the wrung face. In
most cases, depending on the required gage block grade tolerance, a “smudge” (one light band spread over a large area)
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should appear. Repeat the deburring procedure as necessary until the block wrings successfully to the optical flat (see
section C-5).

WARNING: 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 material from the gaging surface to change the measured length of the block.

E-5 WRINGING GAGE BLOCKS

Wringing gage blocks together properly is essential to achieve an accurate gage block setup, The phenomengn of
wringing gage blocks together seems to occur for anumber 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
materialp. The better the geometry of the blocks, the better the wring can be.

E-5.1 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
measuraple wear to their measuring surfaces. The items one will need are a clean, soft, absorbent, lint-free cloth; a small
bottle offmineral spirits for use as a cleaner; a pad of clean white “dust-free” paper; and a small eontainer of good quplity
light insfrument oil. First, clean the blocks well by applying a small amount of mineral spitits to the cloth, paying ¢lose
attention) not to scratch the measuring faces. Rub gently until clean. Lay a piece of clean paper on a flat, nonabsorbent dlean
surface, gnd place a couple of drops of oil on one area of the paper. Then take one of thepreviously 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 nonoiled area of the paper to clean off the excess oil. When cleaned correctly, the oil
should oply be visible as a slight discoloration to the measuring surface of theblock. Quickly, and with light pressure, $lide
it onto tHe cleaned surface of the other gage block. With a circular motion,carefully slide the block half out of engagerpent
and ther] back into a matched position. A good wring will give strong resistance when sliding the blocks into their final
position

E-6 STPRAGE

It is inhportant 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 Hlocks that are notin use should be stored ina'closed container supplied by the manufacturer. Steel blocks thaft are
not in cqnstant use, or that are stored in an area'where the relative humidity exceeds 50%, should be coated wjth a
preservdtive 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 pach
gage blogk. Do this for each block.

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

E-7 PACKAGING GAGE'BLOCKS FOR SHIPMENT

When|[shipping gage blocks, take every precaution possible to ensure safe travel. Steel blocks should be oiled [(see
section §-6). All blocks should be packaged in a case specifically designed for transport, available from the gage block
manufadturer, The”proper case should not allow the blocks to shake during transit. Some cases will require added
cushionihg. 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 absorbing any oil off the gage blocks.

NOTE: Too much extra padding is not a good idea, especially 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. Then wrap the case in a heavy brown packaging paper, and strap the paper around
the case in at least two or three places with a good, strong tape, such as an industrial-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 atleast 75 mm (3 in.) of solid packing material on all sides and corners of the wrapped gage block case. If the gage
blocks are to be returned, request the sender to repackage the blocks in the same manner received.
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E-8 TIE RODS

There are anumber 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 Figure 7.1-1) set at each end for this purpose.

There are also rods with internal threads at the ends that fit into the hole in square 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.

Serious misuses of tie rods that should be avoided are the following:

(a) Tie rods should be loosened before using the stack as a length standard. Even small pressure from the tie rod can

hav d OSC1 ;Uuo \,ff\,\-t UIT ‘\—.h\, }\,LISLII Ul th\, sasp b]lU\,}\ ota\,}\.
(H) Atierodisnotasubstitute 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.

35


https://asmenormdoc.com/api2/?name=ASME B89.1.9 2023.pdf

