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FOREWORD

ASME Standards Committee B89 on Dimensional Metrology, under procedures approved by
the American National Standards Institute (ANSI), has the responsibility of preparing standards

that encompass the inspection and the means of measuring characteristics of various geometrical
parameters, such as diameter, length, flatness, parallelism, concentricity, taper, and squareness,
Since micrometers are widely used for the measurement and comparison of some of these features,
the B89 Consensus Committee authorized formation of Project Team B89.1.13 to preparerthis
Standard.

This Standard is a revision of the first edition, ASME B89.1.13-2001. The 2001 edition was based
in part on Federal Specification GGG-C-105C, published by the General Services Administration
(GSA), as well as manufacturer’s current practices and technologies. In 2010, the’International
Organization for Standardization (ISO) published a revision of ISO 3611, thedISO standard for
outside micrometers. The goal of this revision to ASME B89.1.13 is to bring seme harmonization
between these ISO and ASME standards while not changing the fundamental concepts of ASME
B89.1.13-2001. In particular, the terminology and definitions associatéd with specifications and
testing methods have been harmonized. In addition, this revision has been updated with many
of the concepts developed and standardized by the ASME B89.7subcommittee.

This Standard was approved by the American National Standards Institute on February 20,2013.

iv
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CORRESPONDENCE WITH THE B89 COMMITTEE

General. ASME Codes and Standards are developed and maintained with the imntent 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 meet:
ings. Correspondence should be addressed to:

Secretary, B89 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016
http://go.asme.org/Inquiry

Proposing 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 Stanidard. 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.

Proposing a Case. Cases may be issued for the purpose of providing alternative rules when
justified, to permit early implementation of an approved revision when the need is urgent, or to
provide rules not covered by existing provisions.\€ases are effective immediately upon ASME
approval and shall be posted on the ASME Committee Web page.

Requests for Cases shall provide a Statement of Need and Background Information. The request
should identify the Standard, the paragraph, figure or table number(s), and be written as a
Question and Reply in the same format.as existing Cases. Requests for Cases should also indicate
the applicable edition(s) of the Standard to which the proposed Case applies.

Interpretations. Upon request, the B89 Committee will render an interpretation of any require-
ment of the Standard. Interpretations can only be rendered in response to a written request sent
to the Secretary of the B89 Standards Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submyit 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 request.

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 appeal 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 Standards Committee regularly holds meetings that
are open to the public. Persons wishing to attend any meeting should contact the Secretary of
the B89 Standards Committee.
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MICROMETERS

1 [SCOPE

This Standard is intended to provide the essential
requirements for micrometers as a basis for mutual
unflerstanding between manufacturers and consumers.
Outside, inside, and depth micrometers are described
in the Standard.

2 | DEFINITIONS

badklash: a relative movement between interacting
mgchanical parts, resulting from looseness.
(A$ME B5.54-2005) In this Standard, backlash is further
defined as the rotation of the spindle, in the opposite
dirpction of the initial reading, before spindle moves in
a linear direction. This condition is typically caused by
logseness of fit between the lead screw and adjusting
nuf.

end shake: the amount of spindle movement when an
axipl force is applied in the direction of the spindle,
altérnating towards the anvil and away from the anvil,
without rotating the spindle.

errr of indication: for a measuring instrument, difference
befween an instrument indication and the quantitybeing
measured.

NQTE: The error of indication can be writteft as*E = R — R,
where R is the indication and R, denotes the-indication of an
idegl measuring instrument measuring the, same measurand. In
the|testing and verification of a measurihg instrument, the error

of indication is typically evaluated by medsuring a calibrated refer-
encp standard. (Adapted from JCGM-106:2012)

flatpiess: the condition of a)surface or derived median
plane having all eleménts in one plane.

NQIE: A flatness toleérance specifies a tolerance zone defined by
twq parallel planes.within which the surface or derived median
plape must lie. (ASME Y14.5M-2009)

full measuriig face contact: contact between the full area
of [the measuring face and a feature of a workpiece.
(ISP 3611:2010)

Lofiaa diootiong) (AADT). £
OTCOTTOIt/{IvVIT =/~

of the spindle, alternafing from side to side, jvithout
rotating the spindle.

tolerance limit: specified upper or lower bound of permis-
sible values of a property. JCGM 106:2012)

3 REFERENCES

ASME B5.54-2005, Methods forPerformance Evdluation
of Computer Numerically'Controlled Ma¢hining
Centers

ASME B46.1-2009, Surface Texture (Surface Roughness,
Waviness, and Lay)

ASME B89.1.9-2002, Gage Blocks

ASME B89.6,2-1973 (R2012), Temperature and Hiimidity
Environmént for Dimensional Measurement

ASME B89/7.3.1-2001, Guidelines for Decisior] Rules:
Considering Measurement Uncertainty in
Determining Conformance to Specifications

ASME B89.7.3.2-2007, Guidelines for the Evaluftion of
Dimensional Measurement Uncertainty

ASME B89.7.5-2006, Metrological Traceability of
Dimensional Measurements to the SI Unit of|Length

ASME Y14.5-2009, Dimensioning and Tolerancihg

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York, NY
10016-5990; Order Department: 22 Law Driye, P.O.
Box 2900, Fairfield, NJ 07007-2900 (www.as1mje.org)

ASTM E18-08, Standard Test Methods for Rgckwell
Hardness of Metallic Materials
IEEE/ASTM SI 10-2010, American National Sfandard
for Metric Practice
Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Driye, P.O.
Box C700, West Conshohocken, PA 19438-2959
(www.astm.org)

ISO 1:2002, Geometrical Product Specifications ({zGPS) —
Standard reference temperature for geometricpl prod-
uct specification and verification
ISO 3611:2010, Geometrical product specififations

maksripernHssibleerror-tofin foratmea
suring instrument, maximum difference, permitted by
specifications or regulations, between the instrument
indication and the quantity being measured.

(JCGM 106:2012)

partial measuring face contact: contact between a partial
area of the measuring face and a feature of a workpiece.
(ISO 3611:2010)

side shake: the amount of spindle side movement when
a force is applied perpendicularly to the measuring end

(GP5) — Dimensional measuring equipment:
Micrometers for external measurements — Design
and metrological characteristics

Publisher: International Organization for Standardiza-
tion (ISO) Central Secretariat, 1, ch. de la Voie-Creuse,
Case postale 56, CH-1211 Geneve 20, Switzerland/
Suisse (Www.iso.org)

JCGM 100:2008, Evaluation of measurement data —
Guide to the expression of uncertainty in measure-
ment (GUM)
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JCGM 106:2012, Evaluation of measurement data — The
role of measurement uncertainty in conformity
assessment

JCGM 200:2008, International vocabulary of met-
rology — Basic and general concepts and associated
terms (VIM)

Publisher: Joint Committee for Guides in Metrology,
Bureau International des Poids et Mesures (BIPM),

4.1 Gepneral Design

The general design and workmanship of micrometers
shall bg such to ensure compliance with the require-
ments pf this Standard under all operational orienta-
tions, ynless otherwise specified by the manufacturer.

4.2 Refs

Micrpmeters using the metric system shall read to
the leapt count of 0.01 mm, 0.002 mm, or 0.001 mm.
Micronpeters using the inch system shall read to the least
count off 0.001 in., 0.0001 in., or 0.00005 in. Smaller values
may bq specified by the micrometer manufacturer.

4.3 Finish

The purface of graduated parts shall have a satin
chromq or dull, nonglare finish. All other exposed parts
not usqgd as measuring components shall be coated to
prevent corrosion. Exposed surfaces of measuring coms
ponents shall have a ground finish with surfadce
roughnless not to exceed 0.8 pm (32 pin.) R, ‘éxcept
where ptherwise specified within this Standard:

4.4 Identification Marking

In addition to other markings, insttuments shall be
marked in a permanent and legible_manner with the
manufgcturer’s name or trademark'se that the part num-
ber, ranjge of the instrument, and.the source of the manu-
facturef can be readily determined.

4.5 Adjustments

Each| micrometer(Shall have a means for the user to
set the Instrument-to Zero or to the reference point. Each
instrunpent shalli’be adjustable to compensate for wear
on the neasuting faces and/or wear between the screw
portion| of the spindle and the nut.

olution

4.8 Graduations

The graduations shall have the depth reduced below
the surface of the component carrying the graduations
and shall be of contrasting color. Variations in width of
the graduated lines on the thimble and fiducial line on
the barrel shall not exceed 0.030 mm (0.0012 in.).

4.9 Effect of Spindle Locking Device

= ometers—eguipped h—a-spindletocking
device, when the spindle is locked, the micrometerinydi-
cation shall not change by more than 0.002 mm" fdr a
metric-reading micrometer and 0.0001 in. for,an inch-

reading micrometer.

4.10 Definition of an Indication

The specified maximum permissible errors (the MPE
values) apply to any and all uniqaé measurement indjca-
tions made under reasonablé use of the micromeer.
Averaging of several testvalues, or other data treatment,
is not permitted when.determining conformancg to
specifications.

4.11 Temperature

All specifications are to be evaluated in accordahce
with ISO:1:2002 (20°C) unless another temperature is
specified.

Unless otherwise stated by the manufacturer, the
effective coefficient of thermal expansion (CTE) ¢f a
micrometer in the temperature range 10°C to 30°C shall
be (11.5 = 1.0) x 10%/°C. If not, then the effective JTE
with its uncertainty shall be supplied by fhe
manufacturer.

NOTE: Corrections for linear thermal expansion should be ¢on-
sidered when calibrating or using a micrometer.

4.12 Decision Rules

Unless otherwise stated, the default decision rule
when determining the conformance of a micrometet to
specifications is simple 4:1 acceptance in accordapce
with ASME B89.7.3.1.

NOTE: An example of determining conformance to specificafion
is shown in Nonmandatory Appendix D, para. D-6.7.

4.13 Traceability

All the length standards, e.g., gage blocks, used in
determining the conformance of a micrometer to spegifi-
cations must have metrological traceability per
ASME B89.7.5

4.6 Micrometers Screw Spindle

The screw spindle material shall be stabilized, preci-
sion ground, and have a hardness not less than 60 HRC.
The fit between the spindle and its bearings, including
the nut, shall be free turning without perceptible back-
lash, end shake, or side shake.

4.7 Measuring Faces

All measuring faces shall have a hardness not less
than 60 HRC.

4.14 Specifications

The micrometer manufacturer or user may specify
smaller tolerance limits and maximum permissible
errors than shown in this Standard. Specifications for
larger size micrometers and setting standards may also
be stated in accordance with this Standard. To conform
to this Standard, the same terms, definitions, and sym-
bols shall apply and be employed. Any and all differ-
ences must be stated in completeness.
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5 OUTSIDE MICROMETERS (SEE FIG. 5-1)

5.1 Frame

The frame shall be shaped to permit the measurement
of a cylinder having a diameter equal to the maximum
capacity of the micrometer caliper. The cross section
design and the frame material shall be such that when
a force of 10 N for metric-reading micrometers or 2 Ib for

Fig. 5-1 Typical Outside Micrometer

Measuring Spindle
faces Adjustable sleeve
Anvil [ Graduated thimble

l g
0123456 [
~x

N 5

inch-rpnding micrometers is npp]ipd to the anvil contact *LFric_tion
facp parallel to the spindle axis, the flexure of the frame \ o ;‘h'?ble b
shall not exceed the tolerance limits specified in F:;}Inuemal PRE
Talle 5.1-1 or 5.1-2. The frame may be insulated to pre- Ratdhet
vent the transmission of body heat. Locking asdembly
Frame device 1.
(ogdtional)

5.2 Measuring Faces

For outside micrometers with flat measuring faces,
thd maximum flatness error allowable shall not exceed
1 gm (40 pin.) for each face. Surface finish shall not
exdeed 0.1 pm (4 pin.) R,.

5.3 Spindle-Anvil Alignment

The misalignment between the anvil and spindle shall
nof exceed the maximum values indicated in Table 5.1-1
or p.1-2 at any point within the measuring range of the
migrometer.

5.4 Maximum Permissible Errors (MPE)

b.4.1 Length Measurement Error. With the microme-
ter|set to read zero at minimum travel, the length niea-
sufement error of indication, when using full measuring
facp contact, shall not exceed the maximum values indi-
catpd in Table 5.1-1 or 5.1-2 at any point within the
measuring range of the instrument. Léngth measure-
mdnt error is calculated as the difference between a
migrometer indication and the reference value of the
medasurement standard.

5.4.2 Parallelism Error.” ,The parallelism error of
indication is the maximuin difference in successive mea-
suements using partial measuring face contact at any
position on the measuring faces, but at the same nominal
point in the measuring range of the micrometer. The
patallelism exror-shall not exceed the maximum values
indicated ifi'Table 5.1-1 or 5.1-2 at any point within the
measurifigitange of the micrometer.

5.4.3 Repeatability. In ISO 3611:2010, repeatability

5.5 Interchangeable Anvils

The requirements in, Tables 5.1-1 and 5.1-2 apply to
outside micrometerstwith interchangeable aTvils as
shown. The measuting faces on the interchapgeable
anvils shall have a‘hardness not less than 60 HRC. For
interchangeable)anvils with flat measuring fages, the
maximumrflatness error allowable shall not exce¢d 1 pm
(40 ping)) and the surface finish shall not exceed|0.1 pm
(4 piny) R,.

5.6 Setting Standards

The measuring surfaces of setting standards for out-
side micrometers shall have a hardness not lgss than
60 HRC. The deviation in length from the nomihal size
shall not exceed the values listed in Table 5.6-1 ¢r 5.6-2.
For setting standards with flat faces, the parfllelism
between the faces shall not exceed 2 pm (80 wih.).

5.7 Specialty Micrometers

A large variety of specialty outside micromefers are
commercially available for measuring tubing, threads,
specialized measuring-face configurations fof use in
restricted areas, large diameter measuring faces {spheri-
cal shaped measuring faces, and conical megsuring
faces. These micrometers shall meet the general fequire-
ments covered in section 4 of this Standard. Specifica-
tions for specialty micrometers shall confornp to the
terms, definitions, and symbols employed|in this
Standard.

6 INSIDE MICROMETERS (SEE FIG. 6-1)

is defined as the error of indication when full measuring
face contact is employed on successive measurements
of the same measurand, carried out under the same
conditions of measurement. This definition of repeat-
ability is a refinement of the length measurement error
and does not control any new source of measurement
error in the micrometer. As such, in this Standard, the
specification of repeatability is optional. If specified, the
manufacturer shall express the manner in which the
repeatability is assessed and reported.

Inside micrometers may he either of fixed lehgth or
have interchangeable rods that carry the measuring
faces. The measuring faces shall have a radius of curva-
ture less than one-half of the smallest measuring range.
The measuring faces shall have a hardness not less than
60 HRC, and the surface finish shall not exceed 0.2 pm
(8 pin.) R,.

6.1 Maximum Permissible Errors (MPE)

With the micrometer set to read zero at minimum
travel, the length measurement error of indication when
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Table 5.1-1 Maximum Permissible Errors of Outside Micrometers (Metric System)

Parallelism Error

Frame Flex Maximum Length Measurement Spindle-Anvil
Range, mm (10 N), mm Error, tmm Fixed Anvil, mm Interchangeable Anvil, mm Alignment, mm
0 to 25 0.002 0.004 0.002 0.010 0.06
25 to 50 0.002 0.004 0.002 0.010 0.25
50 to 75 0.003 0.005 0.003 0.010 0.30
75 to 100 0.004 0.005 0.003 0.010 0.30
100 to 125 0.005 0.006 0.004 0.010 0.50
125 to 1§50 0.006 0.006 0.004 0.010 0.50
150 to 175 0.006 0.007 0.005 0.015 0.50
175 to 200 0.007 0.007 0.005 0.015 0.50
200 to 225 0.008 0.008 0.006 0.015 0.70
225 to 250 0.008 0.008 0.006 0.015 0.70
250 to 275 0.009 0.009 0.007 0.015 0.70
275 to 300 0.010 0.009 0.007 0.015 0.70
300 to 350 0.011 0.010 0.008 0.020 1.00
350 to F75 0.012 0.011 0.009 0,020 1.00
375 to 400 0.012 0.011 0.009 0.020 1.00
400 to 425 0.012 0.012 0.010 0.020 1.50
425 to 450 0.013 0.012 0.010 0.020 1.50
450 to 475 0.014 0.013 0.011 0.025 1.50
475 to 500 0.015 0.013 0.011 0.025 1.50
500 to 400 0.017 0.015 0.013 0.030 2.70
600 to 700 0.020 0.017 0,015 0.030 2.70
700 to §00 0.022 0.019 0.017 0.035 2.70
800 to 400 0.025 0.021 0.019 0.035 2.70
Table 5.1-2 Maximum Permissible Errors of Outside Micrometers (Inch System)
Frame Flex Maximum Length Measurement Parallelism Error Spindle-Anvil
Range, ip. (2 lbf), in. Error, xin. Fixed Anvil, in. Interchangeable Anvil, in. Alignment} in.
Oto1l 0.00010 0.00010 0.00010 0.00040 0.003
1to2 0.00010 0.00020 0.00020 0.00040 0.010
2to3 0.00010 0.00020 0.00020 0.00040 0.012
3to4 0.00015 0.00020 0.00020 0.00040 0.012
4to5 0.00015 0.00020 0.00020 0.00040 0.020
5to 6 0.00015 0.00020 0.00020 0.00040 0.020
6to7 0.00020 0.00020 0.00020 0.00040 0.020
7to9 0.00020 0.00020 0.00020 0.00060 0.028
9 to 12 0.00030 0.00030 0.00030 0.00060 0.028
12 to 18 0.00040 0.00040 0.00040 0.00080 0.060
18 to 24 0.00050 0.00050 0.00050 0.00080 0.110
24 to 30 0.00060 0.00060 0.00060 0.00100 0.110
30 to 36 0.00070 0.00070 0.00070 0.00100 0.110
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Table 5.6-1 Metric-Measure Setting Standards

Table 6.1-2 Maximum Permissible Errors of
Inside Micrometers (Inch System)

Nominal
Size, mm Size Tolerance Limits, tmm Length Measurement Error,
Range, in. *in.
0to 25 0.002
50 to 125 0.002 0Oto 4 0.00030
150 to 200 0.003 4to 12 0.00050
225 to 275 0.004 12 to 20 0.00080
300 to 425 0.005 20 to 30 0.00100
#50to-575 6-006 3010 40 U.00TZ0
600 to 750 0.007
775 to 900 0.008
When applicable, extensions, collars, orisleevep can be
used to extend the range of measurement. An adflitional
Table 5.6-2 Inch-Measure Setting Standards permissible error of 0.005 mm (0.0002:in.) will be allowed
- for each extension, collar, or sleeve, in overall lpngth.
Nominal
Size, in. Size Tolerance Limits, %in.
7 DEPTH MICROMETERS (SEE FIG. 7-1)
(2) :2 2 888823 Depth micrometers shall consist of a micrometer head
5t0 8 0.00015 fixed into a base withra flat reference surface, and inter-
9 to 11 0.00020 changeable or fixed measuring rods to measure distance
12 to 18 0.00025 in relation to, the flat reference surface.
19 to 24 0.00030
25 to 36 0.00035 7.1 Base

Fig. 6-1 Typical Inside Micrometer

Measuring face

/Fiducial line
™ 3

\ b =E
=] 0

—| 23

ZGraduated thimble

Interchangable
measuring face

Adjustable sleeve

Table 6.1-1 Maximum Permissible Errors of
Inside Micrometers (Metric System)

Length Measurement Error,

Thexeference surface of the base shall have a hhrdness
not.less than 60 HRC, shall be flat within 0.0025 mm
pér 25 mm of length (0.0001 in. per inch of length), and
shall have a finish not to exceed 0.2 pm (8 pin} R,.

7.2 Measuring Rods

For depth micrometers with interchangeable neasur-
ing rods, the rods shall be interchangeable to theasure
in increments within the travel of the micrometef screw.
All measuring rods shall be provided with a njeans to
compensate for wear. Measuring faces of rods $hall be
flat within 0.0025 mm (0.0001 in.), and the surfade finish
shall not exceed 0.1 pm (4 pin.) R,. The measuri
shall have a hardness not less than 60 HRC.

7.3 Maximum Permissible Errors (MPE)

surement error of indication when using full mepsuring

s indi-

Range,_mm tmm face contact shall not exceed the maximum val

LN 0.007 cated ir.1 Table 7.3.1-1 or 7..3.1-2 at any point within the
106to 300 0.010 measuring range of the instrument. Length

300 to 500 0.014 ment error is calculated as the difference be
560-to—756 0020 micrometer—indieation—and—the—referenee—valae of the
750 to 1 000 0.026 measurement standard.

using full measuring face contact shall not exceed the
maximum values indicated in Table 6.1-1 or 6.1-2 at any
point within the measuring range of the instrument.
Length measurement error is calculated as the difference
between a micrometer indication and the reference value
of the measurement standard.

7.3.2 Parallelism Error. The parallelism error of
indication is the maximum difference in successive mea-
surements using partial measuring face contact at any
position on the measuring face, but at the same nominal
point in the measuring range of the micrometer. The
parallelism error shall not exceed the maximum values
indicated in Table 7.3.1-1 or 7.3.1-2 at any point within
the measuring range of the micrometer.
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Fig. 7-1 Typical Depth Micrometer

Measuring rod /@
clamp device [ I

Graduated
thimble

Fig. 8.1-1 Maechanical Digital Micrometer

Mechanical
digital
display

= / :

Adjustable
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\ £ 4 line

oE Locking
Base \ ' device

Reference/ I_\ Interchangeable

surface measuring rod

Measuring
face

Table 7.3.1-1 Maximum Permissible Errors of
Depth Micrometers (Metric System)

Length Measurement Parallelism
Range, nim Error, tmm Error, mm
0to 50 0.008 0.008
50 to 10p 0.009 0.009
100 to 1p0 0.010 0.010
150 to 2p0 0.011 0.011
200 to 2p0 0.013 0.0138
250 to 3p0 0.015 0.0215

Table 7.3.1-2 Maximum Permissible Errors of
Depth Micrometers (Inch'System)

Length Measuremént Parallelism
Range, in. Error, in. Error, in.
0to2 0.00030 0.00030
2to4 0:00035 0.00035
4t06 0.00040 0.00040
6108 0.00045 0.00045
8 to 10 0.00050 0.00050
10 to 11 0.00060 0.00060

L)

Fig. 8.2-1 Electronic Digital Micrometer

Elefct.ronic Interface of
digital / output po
display

';2

D1 - 2345 y 4

EE

—

a

Control
buttons

agree with the analog reading within one digit of l¢ast
count.

8.2 Electronic Digital (See Fig. 8.2-1)

The figures of the display shall have good contfast
with the background, and the least-count digit shall
agree with the analog reading within one digit, where
applicable. The least count shall not simply be a trjn-
cated digit, but shall be rounded in accordance with
IEEE/ASTM SI 10-2010 or as specified by the manufac-
turer. The electronics shall have the ability to retain [the
zero setting when in the off mode, and micrometers

8 MICROMETERS WITH DIGITAL READOUT

In addition to meeting all of the requirements applica-
ble under this specification, the requirements in paras.
8.1 and 8.2 shall apply to micrometers with digital
readout.

8.1 Mechanical Digital (See Fig. 8.1-1)

The figures of the display shall have good contrast
with the background, and the least-count digit shall

with greater capacity than 25 mm (1 in.) shall have preset
capabilities so that a complete measurement (e.g.,
5.1254) can be displayed and transmitted. If for any
reason the microprocessor loses count (e.g., due to quick
movement or a low battery condition), an error message
shall appear on the display. Micrometers having the
ability to transfer data shall have the output protocol
designated by the manufacturer and described in suffi-
cient detail to allow for interfacing with existing
equipment.
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NONMANDATORY APPENDIX A
GOOD OPERATING PROCEDURE

GENERAL

his Nonmandatory Appendix is intended to provide
eral guidance on good operating procedures involv-
micrometers, specifically the outside, inside, and
th micrometers.

MICROMETER, OUTSIDE

.1 Zero Setting, Mechanical Micrometer

rior to taking measurements, the zero point of the
itrometer must be established. Zero setting is the first

, adjust the sleeve accordingly.

A-2.2 Zero Setting, Digital Micrometer

For a digital micrometer equipped with a'zero-setting
button, clean the faces, then close the mictometer using
thd friction or ratchet stop. Press the reset or zero button.
If ABS (absolute) or INC (incremental) zero is featured,
prgss ABS zero.

A-2.3 Zero Setting, Large Micrometers

Micrometers largerithan the 0 mm to 25 mm (0 in. to
1i1.) range modelsmust be set to zero by using a setting
standard or gage block. Use friction or ratchet stop
wHenever possible. When setting zero on micrometers
larger than'800 mm (12 in.), the micrometer should be
held im-the position of its intended use (horizontal or
veqtical)’

accurate measurements are required. It allows th¢ opera-
tor to free both hands and generally lowers, th¢ uncer-
tainty of the measurements.

A-2.6 How to Read the Micrometer,

A-2.6.1 Micrometer, Outside, Metric, 0001 mm
Resolution. Graduations areyefigraved on the|adjust-
able sleeve and graduated thimmble of a micromeger. The
adjustable sleeve is graduated in 50 equal parfs, with
each line representing\0.5 mm, which represdnts the
pitch of one thread of the micrometer spindle. The num-
bers 5, 10, and 45'%n the adjustable sleeve repfesent 5
mm, 10 mm, dnd 15 mm, respectively. The graduated
thimble has'60 lines on its circumference, with epch line
representing 0.01 mm. The numbers 5, 10, 15,|and 30
on the graduated thimble represent 0.05 mm, 0{10 mm,
0.15.:nm, and 0.30 mm, respectively.

A-2.6.2 Micrometer, Outside, Inch, 0.9001 in.
Resolution. Graduations are engraved on the|adjust-
able sleeve and graduated thimble of a micromeger. The
adjustable sleeve is graduated in 40 equal parfs, with
each line representing 0.025 in., which repres¢nts the
pitch of one thread of the micrometer spindle. The num-
bers 1, 2, and 3 on the adjustable sleeve represent
0.100 in., 0.200 in., and 0.300 in., respectively. Th¢ gradu-
ated thimble has 25 lines on its circumference, wjth each
line representing 0.001 in. The numbers 1, 2, 3, and 5
on the graduated thimble represent 0.001 in., 0{002 in.,
0.003 in., and 0.005 in., respectively.

A-3 MICROMETER, INSIDE
A-3.1 Measuring Holes

In using the inside micrometer to measure holes, one
anvil should be kept stationary and the othgr anvil
should be moved back and forth, and up and down,
while the micrometer is being expanded unt{il it no
longer moves freely. It is often useful to take rhultiple

A-2.4 Friction or Ratchet Stop

Friction or ratchet stops on micrometers provide a
uniform force when making measurements. The accu-
racy and repeatability is generally better when using
friction or ratchet stops.

A-2.5 Micrometer Stand

While one-hand operation is a common practice, the
use of the micrometer stand is recommended when more

readings to expose issues with operator technique or
workpiece form impacting the measurements.

A-3.2 Measuring Large Pieces

When large objects are measured in the horizontal
position using two-point contact, support the internal
micrometer with vee blocks or other means of support to
reduce bending. It is preferable to avoid using additional
operators, as this increases the transfer of heat from the
operator to the gage.
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A-4 MICROMETER, DEPTH
A-4.1 Hand Pressure

The important point to remember in using micrometer
depth gages is that a comparatively light force applied
to advance the thimble can raise the anvil away from
the surface upon which it is resting, thereby creating an
error in the reading. For this reason, the contact stem

the thimble, then withdrawn slightly and brought to
bear on the component two or three times to make sure
it has not overrun the proper reading.

A-4.2 Proper Reading of Graduation

Most depth micrometers are equipped with reverse
reading shells. As the depth rod extends farther from
the base reference surface, the reading will be larger.

should be lowered s ov}r carefi 1”}7 aath-a ]ig]'\f touch-on

Care-should be taken tonot-misread-the. qur‘]naﬁnn.
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NONMANDATORY APPENDIX B
ENVIRONMENTAL CONSIDERATIONS

GENERAL

This Nonmandatory Appendix is intended to provide

gemeral guidance and awareness regarding the environ-

meq

ntal considerations involving the use of outside,

insjde, and depth micrometers.
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2 TEMPERATURE

2.1 Reference Temperature

Vhenever precision measurements are made, the tem-
ature should be kept as near to the standard reference
perature of 20°C (68°F) as possible. Since most stan-
ds and measuring instruments are usually made of
b], they have practically the same coefficient of expan-
h, therefore, the requirement that the temperature
hain constant is more important than the actual
(\perature.

2.2 Heat Transfer

'he length of the standard or part being measured

change due to excessive handling. When making
ical measurements, the operator should wéar’insu-
bd gloves to avoid heating the standard ot part.

.3 Working Temperature

Vhen gages are used, especiallysin production shops,
rking temperatures are seldom at the standard refer-
e temperature. If the gage is.accurate at the standard
brence temperature, and'the coefficients of expansion
both the work part,and/gage are approximately the
he, the effect of thédeviation from 20°C (68°F) is less
n if the part anid_gage were of different materials.

b-Z.4 Difrerence Due to Dissimilar Materials

If measured parts are made of a materjal otH
that used for the micrometer (typically steel), ar
ance for temperature differences, with reference
(68°F), must be made.

B-2.5 Soak Time

Gages should be stored‘in a constant-temp)
room before they are inspected to ensure they ar
the same temperatute ds the measurement lab
The amount of soak-time required depends on
of the gage and-the desired accuracy. See ASME

er than
 allow-
to 20°C

erature
P nearly
pratory.
the size
B89.6.2

for furtherdnformation and examples of estimating

soak-out{ime.

B-3.“"HUMIDITY

The relative humidity of the atmosphere in
laboratory should preferably be kept under 45%
mize the possibility of corrosion. In general, the
ditioning system of a laboratory should req
operation at all times. This is both because the

a gage
0 mini-
pir con-
nain in
change

in humidity may cause corrosion and because there are

delays while instruments and gages reach the
temperature on the day when the laboratory is re

B-4 CLEANLINESS

Cleanliness is an important requirement for
gage laboratory. Small particles of dirt may cause
errors in precision measurements and bring aboy
sive wear of precision instruments.

proper
pened.

a good
serious
t exces-
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NONMANDATORY APPENDIX C
TEST METHODS

This Nonmandatory Appendix is intended to provide
general guidance regarding test methods for outside,
inside, fand depth micrometers.

C-1.1 Zero-Setting Check

For aJl micrometers with adjustable zero setting, when
testing|a used instrument in the as-received condition,
the zerp point(s) should be checked prior to the adjust-
ments land tests described in this Nonmandatory

ICROMETERS, OUTSIDE
isual Inspection

ine the measuring surfaces of the micrometer for
d burrs, and check to ensure that the micrometer
operatgs smoothly through its entire range of travel.
Clean the micrometer measuring faces prior to any tests.

C2.2 |

Chedk the flatness of the measuring anvils with @n
optical|flat and a monochromatic light source.

C23 |

Zero|the micrometer at the minimum travel. Using
full mdasuring face contact, check the-micrometer at
different points around the screw and\across the measur-
ing range of the micrometer. For-example, a 25 mm
micrometer can be checked using/the 7.7 mm, 12.9 mm,
17.6 min, 22.8 mm, and 25/mm’ gage block sizes; and a
1 in. myicrometer can be‘checked using the 0.210 in.,
0.420 if., 0.605 in., 0:815"in., and 1.000 in. gage block
sizes. These sizes chedk the screw at approximately the
0 deg, T2 deg, 144.deg, 216 deg, and 288 deg positions.

latness Check

ength Measurement Error Test

C-2.4 Parallelism Error Test for Micrometers 25 mm
1:n.) or Less

Fig. -:2.4-T Parallelism Error Test on Small Outs|de

Micrometer

Precision sphere

Measurement
positions

Measuring
face

the maximum difference in the measured lengths. The
five measurement locations shown in Fig. C-2.5-1 could
be used. For micrometers over 175 mm (7 in.), a ghge
block stack can be used with one gage block centered
on the anvil measuring face and the other gage blpck
moved to the positions shown in Fig. C-2.5-1 on fthe
spindle measuring face.

C-2.6 Parallelism Error Test Using Optical Parallels

The parallelism of the measuring anvils can|be

Measure a small precision sphere at different areas of
the measuring faces and report the maximum difference
in the measured diameters. The five measurement loca-
tions shown in Fig. C-2.4-1 could be used.

NOTE: A ball plug gage, tooling ball, or a coordinate-measuring
machine (CMM) ball stylus may be useful for this test.

C-2.5 Parallelism Error Test for Large Micrometers

Measure the edge of a gage block (or gage block stack)
at different locations on the measuring faces and report

10

Ll lCLl\Cd VVi'l:}l 28 k}(}lll Uf Ut}ti\.a} k}(}ll ClllC}D dl ld d 11ITUT lUL} I'O-
matic light source. The difference in thickness of the
two parallels should be equal to one-half of the spindle
revolution. For larger micrometers, a combination of
optical parallels and gage blocks may be used.

C-2.7 Setting Standards Calibration

Calibrate the setting standards on a standard measur-
ing machine or a similar machine. Gage blocks can be
used for length comparison.
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Fig. C-2.5-1 Parallelism Error Test on Large Outside
Micrometer

Gage block

N

N

0o
)

3 MICROMETERS, INSIDE

.1 Visual Inspection

Fxamine the measuring surfaces of the micrometer for
nidks and burrs, and check to ensure thatthe micrometer
brates smoothly through its entire range of travel.
mine the measuring surfaces-to-ensure the curved
facps have no flat spots. Clean themicrometer measuring
facps prior to any tests.

.2 Length Measurement Error Test

C-3.2.1 Fixed Length Inside Micrometer. Zero the

itrometer at thethinimum travel. Using full measuring
facp contact,.check the micrometer at several different
places and{positions around the micrometer spindle/
scrpw. Edrexample, a 100 mm to 125 mm inside microm-
etef can-be checked usmg a measurmg machine or gage

fGage block

Measuring
face

extension rods separately, the assembled inside rhicrom-
eter is set to zero at the minimum travel and then
checked at one point near the maximum travel

C-4 MICROMETER, DEPTH

C-4.1 Visual Inspection

Examine measuring surfaces of the micromgpter for
nicks and burrs, and check to ensure that the micfometer
operates smoothly throughout its entire range of travel.
Clean the micrometer measuring faces prior to afy tests.

C-4.2 Base Flatness Check

Set the micrometer on two gage block stack$ of the
same nominal dimension that are located at the outer
edges of the base These stacks should be within the

122. 8 mm, and 125 mm pos1t10ns A4in. to5in. 1ns1de
micrometer can be checked using a measuring machine
or gage blocks at the 4.000in.,4.210in., 4.420in., 4.605 in.,
4.815 in., and 5.000 in. positions. These sizes check the
screw at approximately the 0 deg, 72 deg, 144 deg,
216 deg, and 288 deg positions.

C-3.2.2 Inside Micrometer With Interchangeable
Rods. The test described in para. C-3.2.1 is first com-
pleted on the inside micrometer head. Using each of the

11

ing the gage block stacks to the center of the base and
take a reading. Compare the readings. The difference in
the readings is an indication of the base flatness.

NOTE: Base flatness can also be checked with an optical flat and
a monochromatic light source.

C-4.3 Length Measurement Error Test

Zero the micrometer at the minimum travel. Using
full measuring face contact, check the micrometer at
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Fig. C-4.4-1 Parallelism Error Test on Depth
Micrometer

Surface
- plate

)t points around the screw and across the measur-
ge of the micrometer. For example, a 25 mm
eter can be checked using the 7.7 mm, 12.9 mm,

17.6 min, 22.8 mm, and 25 mm gage block stack sizes;

andal

in. micrometer can be checked using the 0:210 in.,

0.420 if., 0.605 in., 0.815 in., and 1.000 in. gage block

stack si
the 0 dq

zes. These sizes check the screw at apptoximately
g, 72 deg, 144 deg, 216 deg, and 288 'deg positions.

C-4.4 PRarallelism Error Test

Mg
stack) 4

asure the edge of a gage block (or gage block
t different location§ on the measuring face and

Z

Gage blocks

Gage block

Measuring face

report the maximum difference in the measured leng
The five measurement locations shown in Fig. C-4
could be used.

C-4.5 Interchangeable Rods

For depth micrometers with interchangeable rods,
length measurement error test described in para. C
is completed using any one rod. The depth micromsg
is then separately assembled with each of the remain
rods, set to zero at the minimum travel, and then chec
at one point near the maximum travel. In addition,
parallelism error test described in para. C-4.4 should
completed using each rod separately.

hs.
4-1

the
4.3
ter
ing
ked
the
be

12


https://asmenormdoc.com/api2/?name=ASME B89.1.13 2013.pdf

ASME B89.1.13-2013

NONMANDATORY APPENDIX D
UNCERTAINTY FOR MICROMETER CALIBRATIONS

his Nonmandatory Appendix is intended to provide
gemeral guidance and awareness regarding the determi-
nafion and application of measurement uncertainty
wHen calibrating a micrometer. The examples given are
for|guidance only. The actual uncertainties will be differ-
enfl for each laboratory. The measurement uncertainty
wHen using a micrometer, e.g., to measure manufactured
wadrkpieces, is not within the scope of this Standard but
is dliscussed in ASME B89.7.3.2.

INFORMATIVE REFERENCES

ISQ /TS 23165:2006, Geometrical product specifications
PS) — Guidelines for the evaluation of coordinate
easuring machine (CMM) test uncertainty

Puplisher: International Organization for

tandardization (ISO) Central Secretariat, 1, ch. de
Voie-Creuse, Case postale 56, CH-1211 Geneve 20,
witzerland /Suisse (Www.iso.org)

Salsbury, J. G. and E. P. Morse. “Measurement uncer-
inty in the performance verification of _indicating
easuring instruments.” Precision Engineering 36

012): 218-222.

D-3 MICROMETER PARAMETERS

$pecifications are given in this Standard for the sur-

facp finish, frame flexure,maximum permissible errors

of | indication, flatness of measuring faces,
frigtion-thimble force,\Hardness, and misalignment of
thq spindles. A cémplete calibration would include all
of these paraméters. Except in rare cases, it is not practi-

cal} or necessary, to measure all of the parameters in a

caljbrations it common practice, only length measure-

ment efrors, parallelism errors, and the flatness of mea-
suffingfaces are tested. The uncertainty budgets shown

expansion, elastic deformation, cosine errors, Apbe off-
set, and others, depending on the type ofnins{rument
or material standards being measured. Netall pf these
sources contribute to the uncertainty-whén caljbrating
a micrometer.

D-5 COMMON PRACTICES
D-5.1 General

The uncertainty. birdgets presented in this
Nonmandatory Appendix are based on commdn prac-
tices used in the'calibration of micrometersf Other
approaches mayjresult in different uncertainty c¢ntribu-
tors and valdes.

D-5.2 Performance Verification

dhese uncertainty budgets are based on perfgrmance
yerifications, where the measured errors are compared
to the specification of the micrometer and phre not
assigned values used as correction factors in 13ter use
of the micrometer. In performance verification, the meas-
urand is an observed error of indication and thq instru-
ment errors, including any inherent repeatability, are
part of what is being tested and not also inclfided in
the uncertainty. For these examples, it is also apsumed
that a reasonably trained and skilled operator]is per-
forming the calibration and therefore no uncgrtainty
contributor from the operator is included; this gssump-
tion may not be valid in all cases.

D-5.3 Gage Block Size

In these examples, the calibrated value of the gage
blocks is not used, but instead the nominal size pnarked
on the gage blocks is used as the reference valje. The
gage blocks are assumed to be calibrated and| within
their tolerance grade.

D-5.4 Temperature Correction

Micrometers are often calibrated in laboratorjes with

in these examples are for the performance verification
of the length measurement error.

D-4 SOURCES OF ERROR

Common sources of error in mechanical calibrations
include the uncertainty in the master, the repeatability,
resolution, parallax errors, uncertainty in the tempera-
ture of the master, uncertainty in the temperature of
the test item, uncertainty in the coefficient of thermal

13

average temperatures of approximately 20°C (68°F) and
with some known approximate limits of thermal varia-
tion. In common practice, no correction for temperature
is made.

D-6 EXAMPLE UNCERTAINTY BUDGET
D-6.1 0 mm to 25 mm Digital Outside Micrometer

An uncertainty budget for the performance verifica-
tion of the length measurement error for a 0 mm to
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Table D-6.1-1 Uncertainty Budget for Performance Verification of the Length Measurement Error for a
0 mm to 25 mm Digital Outside Micrometer

Uncertainty Source Estimated Limit, pm Evaluation Method Distribution Divisor Standard Uncertainty, pm
Gage block tolerance 0.140 B Rectangular 1.73 0.081
Calibration uncertainty 0.060 B Normal 2 0.030
Uncertainty in CTE 0.056 B Normal 2 0.028
Nominal CTE difference 0.110 B Normal 2 0.055
Temperature difference 0.130 B Normal 2 0.065

GENERAL NOTE:

25 mm| digital micrometer is given in Table D-6.1-1.
The mifrometer error of indication was measured using
Grade () ceramic gage blocks in a temperature-controlled
room thaintained at 20°C +2°C. The temperatures of
the mifrometer and gage blocks are assumed to be
within these limits during the calibration, and the tem-
peratuge variation is assumed to be normally distrib-
uted. The difference between the temperature of the
micrometer and the gage blocks used in the calibration
was esfimated not to exceed 0.5°C. The uncertainty is
estimated for a measured length of 25 mm.

D-6.2 Uncertainty Validity Conditions

Measured length 25 mm

TemperIure range 20°C = 2°C
Temperature difference 0.5°C

Micromdter CTE (115 £ 1.0) x 107%/°C
Gage bldck CTE 9.3 £0.5) x 107°/°C
Gage blgck tolerance Grade 0 (£0.14 pm)

Gage blgck calibration
uncertainty (k = 2)

D-6.3
D-6.

0.06 pm

Reference Standard

B.1 Gage Block Tolerance. The calibrated values
of the page blocks used in the calibration were not
known| It was only known that the blocks were within
the tolgrance limits for a Grade 0 set. The blocks could
deviatqdanywhere from 0 pm te'%0.14 pum from nominal,
so a re¢tangular distribution,is’assumed.

D-6.B.2 Calibration Uncertainty Assuming a simple
acceptdnece decision-riile was used for the calibration
of the page blocks; the uncertainty in the gage block
calibrafion is afy’additional uncertainty contributor in
the miqrometer ‘calibration.

D-6.8.3-Independency. The likelihood that the gage

The expanded (k = 2) uncertainty is equal to 0.25 pm.

calibration of a micrometer can never be done'at exa¢
20°C, and if temperature correction is not being ddne,
then the uncertainty associated with.the'micrometer gnd
gage blocks not being at 20°C cantbé-estimated with [the
equation

AL = EA&Z0 - T)

where
L = the nominal length
T = the temperature
Aa = the(difference in the CTE between the ghge

blocks and the micrometer

The “difference in the CTE of the gage blocks and
migrometer is a combination of the nominal differehce
and the associated uncertainties.

D-6.4.2 Uncertainty in Nominal CTE. There is alwpys
some uncertainty in the CTE of any material. In this
example, the values shown in para. D-6.2 are assunped
to be normally distributed such that

v

Aa = [Ulam)® + Ulags)?]

where
U(agp) = the expanded uncertainty (k = 2) in Jthe
gage block CTE
U(ap) = the expanded uncertainty (k = 2) in [the

micrometer CTE
Based on the values in para. D-6.2
Ae = (12 +059)"% = 1.12 x 107/°C

and

block isWithin tolerance 15 assumed In this example to
be independent of the uncertainty when calibrating the
gage block. This assumption may not always be correct,
which would result in an overestimate of uncertainty
due to some double counting. In most practical cases,
the increase in the uncertainty is negligible.

D-6.4 Deviation From Reference Temperature

D-6.4.1 General Equation. The standard reference
temperature for length of a gage block is 20°C. The
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AL = (0.025 m)(1.12 X 10 °/°C)(2°C) = 0.056 pm

D-6.4.3 Nominal CTE Difference. If the nominal CTE
of the gage blocks and micrometer are different, as in
this example, then the following equation is applicable:

Aa = [ay - acs|

where
acp = the nominal CTE of the gage block
apr = the nominal CTE of the micrometer
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