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FOREWORD

ASME B89 Standards Committee on Dimensional Metrology, under procedures approved by the American National
Standards Institute, has the responsibility of preparing standards that encompass the inspection and the means of
measuringcharacteristicsof variousgeometricalparameters suchasdiameter, length, flatness, parallelism, concentricity,
taper, and squareness. Since calipers arewidely used for themeasurement and comparison of some of these features, the
B89 Consensus Committee authorized formation of Project Team B89.1.14 to prepare this Standard.
The International Organization for Standardization (ISO) also develops standards in dimensional metrology. ISO stan-

dardsareapplicable in theUnitedStatesbutmaynotaddressall theneedsofAmerican industry, suchas theuseofboth the
U.S. Customary and SI systems. This Standard has been developed to be consistent with ISO 13385-1:2011, which
addresses the design andmetrological characteristics of calipers. This Standard has also been developed to complement
ISO13385-1:2011byproviding additional information useful in the specification, verification, and calibration of calipers.
This Standard is not intended to contradict ISO 13385-1:2011 but does include additional technical information and
requirements that exceed ISO 13385-1:2011.
This Standard adopted some material from the obsolete Federal Specification GGG-C-111C, published by General

Services Administration (GSA), as well as manufacturer’s current practices and technologies. In addition, this
Standard includes many of the uncertainty and traceability concepts developed and standardized by the ASME
B89.7 Subcommittee.
This Standard was approved by the American National Standards Institute on February 27, 2018.
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CORRESPONDENCE WITH THE B89 COMMITTEE

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

Secretary, B89 Standards Committee
The American Society of Mechanical Engineers
Two Park Avenue
New York, NY 10016-5990
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 Standard. Such proposals should be as specific as possible,

citing the paragraph number(s), the proposed wording, and a detailed description of the reasons for the proposal,
including any pertinent documentation.

Proposing a Case. Casesmay be issued to provide 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. Cases 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 and 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 Standards Committeewill render an interpretation of any requirement of the
Standard. Interpretations canonlybe rendered in response to awritten request sent to theSecretaryof theB89Standards
Committee.
Requests for interpretation should preferably be submitted through the online Interpretation Submittal Form. The

form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will receive an
automatic e-mail confirming receipt.
If the Inquirer is unable to use the online form, he/she may mail the request to the Secretary of the B89 Standards

Committee at the above address. The request for an interpretation should be clear and unambiguous. It is further rec-
ommended that the Inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.
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. Please provide a condensed and precise question, composed in such away that a
“yes” or “no” reply is acceptable.

Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or
information.
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Requests that arenot in the format describedabovemaybe rewritten in the appropriate formatby theCommitteeprior
to being answered, which may inadvertently change the intent of the original request.
Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or

understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.
ASMEprocedures provide for reconsideration of any interpretationwhen or if additional information thatmight 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 and/or telephone confer-
ences that are open to the public. Personswishing to attend anymeeting and/or telephone conference should contact the
Secretaryof theB89StandardsCommittee. FutureCommitteemeetingdates and locations canbe foundon theCommittee
Page at http://go.asme.org/B89committee.
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CALIPERS

1 SCOPE

This Standard provides the essential requirements for
the specification, verification, and calibration of calipers,
including vernier, dial, electronic digital, and specialty
calipers. ISO 13385-1 provides for the international defi-
nition of the design and metrological characteristics of
calipers important in the specification, manufacture,
and purchase of calipers; however, ISO 13385-1 does
not provide specification values, detailed test methods,
or sufficient discussion of traceability and measurement
uncertainty toensureconsistentpractice in thecalibration
of calipers. This Standard is intended to complement, not
contradict, ISO13385-1. For the verification or calibration
of calipers, this Standard provides sufficient detail such
that the user does not require access to ISO 13385-1.

2 DEFINITIONS

Thedefinitions inASMEB89.7.1, ISO13385-1:2011, and
JCGM 200 apply in the use of this Standard.

3 REFERENCES

ASME B89.6.2-1973 (R2003), Temperature and Humidity
Environment for Dimensional Measurement

ASME B89.7.1-2016, Guidelines for Addressing
Measurement Uncertainty in the Development and
Application of ASME B89 Standards (Technical Report)

ASME B89.7.3.1-2001, Guidelines for Decision Rules:
Con s i d e r i n g Mea su r emen t Unce r t a i n t y i n
Determining Conformance to Specifications

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

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

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

ISO 1:2016, Geometrical product specifications (GPS) —
Standard reference temperature for the specification of
geometrical and dimensional properties

ISO 13385-1:2011, Geometrical product specifications
(GPS) — Dimensional measuring equipment — Part
1: Callipers; Design and metrological characteristics

ISO 14253-5:2015, Geometrical product specifications
(GPS) — Inspection by measurement of workpieces
andmeasuringequipment—Part5:Uncertainty inveri-
fication testing of indicating measuring instruments

Publisher: International Organization for Standardization
(ISO), Central Secretariat, ChemindeBlandonnet8,Case
Postale 401, 1214 Vernier, Geneva, Switzerland
(www.iso.org)

JCGM100:2008, Evaluationofmeasurement data—Guide
to the expression of uncertainty inmeasurement (GUM)

JCGM200:2008, International vocabulary of metrology—
Basic and general concepts and associated terms (VIM,
third edition)

Publisher: Joint Committee for Guides in Metrology,
Bureau International des Poids et Mesures (BIPM),
Pavillon de Breteuil, F-92312 Sèvres Cedex, France
(www.bipm.org)

4 CALIPER DESIGN

4.1 General

Asdefined in ISO13385-1, calipers shall incorporate the
use of a movable slider with a measuring jaw that moves
along a frame or beam with a stationary jaw to provide
outside, inside, and when designed, step and/or depth
measurements. The general design and workmanship
of calipers shall be such to ensure compliance with the
requirements of this Standard and ISO 13385-1 across
the measuring range of the caliper and in any orientation,
unless otherwise specified by the manufacturer.

4.2 Least Count

(a) Vernier calipers using SI units shall provide read-
ings to a least count of 0.05 mm or 0.02 mm. Dial calipers
usingSIunits shall provide readings toa least countof0.05
mm,0.02mm, or0.01mm.Electronic digital calipers using
SI units shall provide readings to a least count of 0.01mm.
(b) Vernier or dial calipers using U.S. Customary units

shall provide readings to a least count of 0.001 in.
Electronic digital calipers using U.S. Customary units
shall provide readings to a least count of 0.001 in. or
0.0005 in.

5 MAXIMUM PERMISSIBLE ERRORS

5.1 General

The maximum permissible errors (MPE) are specified
limit values for errors that apply to all measurements
permitted for use of the caliper as defined by the manu-
facturer and following proper operation and zero setting
with the outsidemeasuring faces. For general guidance on
good operating procedures involving calipers, see
Nonmandatory Appendices A and B.

ASME B89.1.14-2018
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5.2 Operator

Calipers are manually operated indicating measuring
instruments and as such the measurement results are
dependent on the skill of the operator. All specifications
apply when a reasonably skilled operator uses the caliper
in a manner consistent with normal operation of the
caliper and in accordance with the manufacturer’s
recommendations.

5.3 Zero Setting

Most calipers are equippedwith the ability to adjust the
zero point. For calipers with adjustable zero points, the
metrological characteristics described in this Standard
(see para. 5.10) apply when the outside measuring
faces are properly brought into contact with each
other for zero setting. For calipers without an adjustable
zero, e.g., some vernier calipers, there may be a nonzero
error when the outside measuring faces are brought
together. This error shall be included in the evaluation
of the metrological characteristics without correction.

5.4 Indication

The specified MPE values apply to any and all unique
measurement indications made under reasonable use of
the caliper. Averaging of several test values or other data
treatment is not permitted when determining confor-
mance to specifications.

5.5 Temperature

All specifications apply at a rated operating condition of
20°C (68°F) unless otherwise specified. The effective
nominal coefficient of thermal expansion (CTE) of a
caliper in the temperature range 10°C to 30°C shall be
(11.5 ± 1.0) × 10−6/°C. If not, then the effective
nominal CTE with its uncertainty shall be supplied by
the manufacturer.
Caliper specifications have a rated operating condition

of 20°C (68°F); therefore, the test values observed in a
verification test shall be corrected to 20°C (68°F) to
obtain the error of indication that the caliper would
have produced had the test been performed at 20°C
(68°F). If temperature correction to 20°C (68°F) is not
performed, this Standard allows the consequences to
be included in the evaluation of the measurement uncer-
tainty (see Nonmandatory Appendix C).

5.6 Measurement Uncertainty and Decision Rules

Unless otherwise stated, the default decision rule when
determining the conformance of a caliper to specifications
is simple 4:1 acceptance in accordance with ASME
B89.7.3.1. The measurement uncertainty shall be evalu-
ated in accordance with JCGM 100 (GUM) and ISO 14253-
5. An example of determining conformance to specifica-
tion is shown in Nonmandatory Appendix C, para. C-4.6.

5.7 Traceability

All the length standards, e.g., gage blocks, used in deter-
mining the conformance of a caliper to specificationsmust
have metrological traceability per ASME B89.7.5.

5.8 Specifications

Table 5.8-1 lists default MPE values for calipers with a
measuring range up to 1 000mm (40 in.). TheMPE values
in Table 5.8-1 apply when no specifications are otherwise
stated. The caliper manufacturer shall state the MPE
values for larger calipers. The caliper manufacturer
may also specify different MPE values than shown in
this Standard. MPE values stated by the caliper manufac-
turer shall conform to the terms, definitions, and symbols
in this Standard.
Table 5.8-1 includes specifications in both U.S.

Customary and SI units. Due to the analog scale interval
or digital resolution of a caliper, the conversion between
units is not exact. Test values and MPE values shall not be
mathematically converted between units when deter-
mining conformance to a specification.

5.9 Specialty Calipers

A large variety of specialty calipers are commercially
available for measuring items such as tubing, threads,
specialized measuring face configurations for use in
restrictedareas, largediametermeasuring faces, spherical
shapedmeasuring faces, and conical measuring faces that
allow contactwith surfaces thatmaynot be flat or parallel.
Specifications for specialty calipers shall be stated by the
manufacturer and conform to the terms, definitions, and
symbols employed in this Standard and ISO 13385-1.

5.10 Metrological Characteristics

5.10.1 General. ISO 13385-1 describes the important
metrological characteristics for calipers. This Standard
recognizes the following metrological characteristics as
defined in ISO 13385-1:
(a) partial surface contact error, E
(b) repeatability of partial surface contact error, R
(c) line contact error, L
(d) scale shift error, S
(e) error due to crossed knife-edge distance, K
Further description and default test methods for these

metrological characteristics are in paras. 5.10.4 through
5.10.8. These test methods provide sufficient testing to
demonstrate conformance to specification and do not
change the requirements. As such, the test measurands
are a finite set of possible errors of indication, and the
valueof eachmeasurand is estimatedbyasingle test value.

5.10.2 MPE Specifications. Manufacturers of calipers
shall state MPE values for themetrological characteristics
in para. 5.10.1, and calipers shall conform to the stated

ASME B89.1.14-2018
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MPE values. Default MPE values are shown in Table 5.8-1.
The default MPE values in Table 5.8-1 are for calipers

with a measuring range up to 1 000 mm (40 in.). These
MPE values are a function of the measured length and not
themeasuring range of the caliper. For larger calipers, the
MPE values will increase as the measured length
increases. For simplicity in practical use, the MPE
values increase in a stepwise manner. During confor-
mance testing, the measured length is considered
nominal when determining the MPE values, and the
smaller MPE value always applies for test points that
are nominally at the transition between the MPE
values. For example, if a gage block used for testing is
nominally 200 mm, but the calibrated value is 200.01
mm, the MPE for 200 mm still applies.

5.10.3 Test Points. When testing for conformance to
the MPE values of the caliper, sufficient test points
shall be used to establish confidence in the results.
Requirements for test points are found in paras. 5.10.4
through 5.10.8. The user is free to choose the test
points within the limits of the requirements.
When considering test points, appropriate considera-

tion shall be given to the caliper design and operating
conditions that may indicate the presence of short-
length cyclic or local errors. For dial calipers, test
points shall be chosen that orient the pointer at
various angles within the dial, e.g., the 0-, 90-, 180-,
and 270-deg positions.

5.10.4 Partial Surface Contact Error, E. The partial
surface contact error, E, is the length error of indication
whenmeasuring a length standard with small faces, e.g., a
gage block, at any position on the outsidemeasuring faces,
and at any position within the measuring range of the
caliper. This error is calculated as the difference

between the caliper indication and the reference value
of the measurement standard. By default, the errors
shall be compared to the EMPE limit values in Table
5.8-1 when determining conformance.
When testing for conformance to specification, the test

points shall be approximately equally distributed across
the measuring range of the caliper with a minimum
number of test points in accordance with Table 5.10.4-
1. At least one test point shall be at a minimum of
90% of the measuring range.
The test points shall be located on the measuring faces

of the caliper at different distances from the beam. See
Figure 5.10.4-1. The partial surface contact errors inten-
tionally detect a combination of the caliper scale errors as
well as the parallelism and flatness of the outside
measuring faces.

5.10.5 Repeatability of Partial Surface Contact Error,
R. The repeatability of the partial surface contact error, R,
is the closeness of agreement between the results of
successive measurements of the partial surface contact
error at any one position on the outside measuring
faces under the same conditions of measurement. The
repeatability is calculated as the maximum difference
(range) between three repeat readings observed at any
one of the test points, including the same nominal test
point and same nominal location on the measuring faces.
Since the specified MPE values of a caliper apply to any

and all reasonable measured indications, repeatability
issues are included in the test for the partial surface
contact error using the outside measuring faces. There
may be times where a specific assessment of the repeat-
ability is useful. This is particularly the casewherean issue
with repeatability is observed during testing of the partial
surface contact error.

Table 5.8-1 Maximum Permissible Errors of Calipers With Measuring Range Up to 1 000 mm (40 in.)

Measured Length, L
Analog Scale Interval or Electronic Digital Resolution

0.0005 in. 0.001 in. 0.01 mm 0.02 mm 0.05 mm

mm in.
EMPE,
in.

SMPE,
in.

EMPE,
in.

SMPE,
in.

EMPE,
mm

SMPE,
mm

EMPE,
mm

SMPE,
mm

EMPE,
mm

SMPE,
mm

0 ≤ L ≤ 50 0 ≤ L ≤ 2 ±0.0010 ±0.0010 ±0.001 ±0.001 ±0.02 ±0.03 ±0.02 ±0.04 ±0.05 ±0.05
50 < L ≤ 100 2 < L ≤ 4 ±0.0010 ±0.0020 ±0.001 ±0.002 ±0.03 ±0.05 ±0.04 ±0.06 ±0.05 ±0.10
100 < L ≤ 150 4 < L ≤ 6 ±0.0010 ±0.0020 ±0.001 ±0.002 ±0.03 ±0.05 ±0.04 ±0.06 ±0.10 ±0.10
150 < L ≤ 200 6 < L ≤ 8 ±0.0015 ±0.0020 ±0.002 ±0.003 ±0.03 ±0.05 ±0.04 ±0.06 ±0.10 ±0.10
200 < L ≤ 300 8 < L ≤ 12 ±0.0015 ±0.0025 ±0.002 ±0.003 ±0.04 ±0.06 ±0.04 ±0.06 ±0.10 ±0.10
300 < L ≤ 400 12 < L ≤ 16 ±0.0020 ±0.0025 ±0.002 ±0.003 ±0.04 ±0.06 ±0.04 ±0.06 ±0.10 ±0.10
400 < L ≤ 500 16 < L ≤ 20 ±0.0020 ±0.0030 ±0.002 ±0.003 ±0.05 ±0.07 ±0.06 ±0.08 ±0.10 ±0.10
500 < L ≤ 600 20 < L ≤ 24 ±0.0020 ±0.0030 ±0.002 ±0.003 ±0.05 ±0.07 ±0.06 ±0.08 ±0.15 ±0.15
600 < L ≤ 700 24 < L ≤ 28 ±0.0025 ±0.0035 ±0.003 ±0.004 ±0.06 ±0.08 ±0.06 ±0.08 ±0.15 ±0.15
700 < L ≤ 800 28 < L ≤ 32 ±0.0025 ±0.0035 ±0.003 ±0.004 ±0.06 ±0.08 ±0.06 ±0.08 ±0.15 ±0.15
800 < L ≤ 1 000 32 < L ≤ 40 ±0.0030 ±0.0040 ±0.003 ±0.004 ±0.07 ±0.09 ±0.08 ±0.10 ±0.15 ±0.15

GENERALNOTE: Asdiscussed in paras. 5.10.4 through5.10.8, bydefault,EMPE is the limit value for errorsE,R, andL, and SMPE is the limit value for
errors S and K.
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If not otherwise stated, the limit value for repeatability
error,R, shall be equal to the range of the stated EMPE limit
values, e.g., if EMPE = ±0.03 mm, then the MPE for R is 0.06
mm.Bydefault, repeatability error,R, shall be compared to
the range of the EMPE limit values in Table 5.8-1 when
determining conformance.

5.10.6 LineContactError,L.The linecontacterror,L, is
the error of indicationwhenmeasuring a small cylindrical
measurement standard, e.g., a pin gage, at any position
across the outside measuring faces. This error is calcu-
lated as the maximum difference (range) between the
line contact errors observed at any position on the
outsidemeasuring faces and at the same nominal position
in the measuring range of the caliper.
If not otherwise stated, the limit value for line contact

error, L, shall be equal to the range of the stated EMPE limit
values, e.g., if EMPE = ±0.02 mm, then the MPE for L is 0.04
mm. By default, line contact error, L, shall be compared to
the range of the EMPE limit values in Table 5.8-1 when
determining conformance.
The line contact error detects the effects of the paral-

lelism of the outside measuring faces as well as any flat-
ness error or localized wear. When testing for
conformance to specification, the line contact error
shall be tested at one position in the measuring range
of the caliper. This is done by placing a small cylindrical
measurement standard between the jaws as near as
possible to the caliper’s beam, and then slowly moving
the measurement standard towards the opposite end
of the jaws while carefully observing the caliper readings.
See Figure 5.10.6-1. The range of the readings is the line
contact error.
Prior to testing for line contact error, assessment of the

possibility of wear or parallelism issues by bringing the
outside measuring faces together and observing any light
gap between the two measuring faces is recommended. If
wear or parallelism is not suspected, then additional
testing of the line contact error with the cylindrical
measurement standard may not be necessary.

5.10.7 ScaleShift Error,S.The scale shift error, S, is the
error of indicationwhen usingmeasuring faces other than
theoutsidemeasuring faces.After followingproperopera-
tionandzerosettingwith theoutsidemeasuring faces, this
error is calculated as the difference between the caliper
indication and the reference value of ameasurement stan-
dard when using any of the other available measuring
faces, e.g., inside, step, and depth measurement. By
default, the errors are compared to the SMPE limit
values in Table 5.8-1 when determining conformance.
After testing the partial surface contact errors, E, using

theoutsidemeasuring faces, thescale shift error,S, shall be
tested for conformance to specification for any other
measuring faces, e.g., inside, step, or depth measurement,
with at least one test point.
The scale shift error for inside measurement is defined

for measured lengths over 20 mm (0.75 in.) and shall be
tested using an appropriate inside measurement stan-
dard, e.g., a ring gage, a specially designed caliper
checker, or a gage block stack with appropriate jaws.
See Figure 5.10.7-1. By default, the test point shall be
between 20 mm and 50 mm (0.75 in. and 2 in.).
The scale shift error using the depth or step measure-

ment functions shall be tested using an appropriate length
standard located on a reference surface, e.g., a gage block
on a surface plate. See Figures 5.10.7-2 and 5.10.7-3. By
default, the test point shall be less than 50 mm (2 in.).

5.10.8 Effect Due to Crossed Knife-Edge Distance, K.
An additional error of indication may occur when small
cylindrical holes are measured on a caliper that has
crossed knife-edge internal measuring faces. See Figure
5.10.8-1. This error, K, is treated as another type of
scale shift error that applies when measuring an internal
cylindrical measurement standard, e.g., a ring gage.
If not otherwise stated, for calipers with a measuring

range up to and including 300mm (12 in.), the limit value
for the error due to the crossed knife-edge distance, K,
shall be equal to the stated SMPE limit values for measured
lengths (diameters) from 5 mm to 300 mm (0.2 in. to 12
in.). By default, the values for K shall be compared to the
SMPE limit values in Table 5.8-1 when determining
conformance.
When testing for conformance to specification, a single

test point is required. The default test point shall be at
nominally 5 mm (0.2 in.) in diameter. See Figure
5.10.8-2.
In this Standard, calipers with measuring ranges over

300 mm (12 in.) and crossed knife-edge internal
measuring faces are not rated for the measurement of
internal diameters smaller than 20 mm (0.75 in.).

Table 5.10.4-1 Number of Test Points for EMPE
Measuring Range, M Minimum Number

of Test Pointsmm in.
0 ≤ M ≤ 150 0 ≤ M ≤ 6 3
150 < M ≤ 300 6 < M ≤ 12 4
300 < M ≤ 1 000 12 < M ≤ 40 5

GENERAL NOTE: For example, test points of 100, 200, 300, 400, and
550mmwould satisfy the test point requirements for a caliper with a
measuring range of 600 mm.
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Figure 5.10.4-1 Testing Partial Surface Contact Error — Example Test Points on Two Calipers Showing Different
Lengths and Different Distances From the Beam

Figure 5.10.6-1 Testing Line Contact Error
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Figure 5.10.7-1 Testing Scale Shift Error — Inside
Measurement

Figure 5.10.7-2 Testing Scale Shift Error — Depth
Measurement

Figure 5.10.7-3 Testing Scale Shift Error — Step
Measurement

Figure 5.10.8-1 Effect of Crossed Knife-Edge Internal
Measuring Faces

Figure 5.10.8-2 Testing Scale Shift Error — Internal
Measurement With Crossed Knife-Edge
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NONMANDATORY APPENDIX A
GOOD OPERATING PROCEDURES

A-1 GENERAL

ThisAppendix provides general guidance on goodoper-
ating procedures involving calipers.

A-1.1 Preparation

The measuring faces should be inspected for any
damage or excessive wear and thoroughly cleaned.
Verify smooth movement of the slide along the bar.
The zero reading of the measuring faces should be
checked.

A-1.2 Cleaning

Prior to use, and again after use and prior to storage,
measuring instruments should be cleaned to remove
contaminants. Clean the measuring faces by inserting
lint-free paper between them, lightly close, and pull
the paper through. Calipers can be cleaned by using a
soft brush or clean cloth and solvent. Care should be
taken to prevent trapping of solvent in holes or crevices.
Avoid spraying solvent directly on the dial or electronic
digital display.

A-1.3 Preservation

For storage, shipment between facilities, or shipment
from a facility to a calibration laboratory, measuring
instruments should be coated with a corrosion preventa-
tive as soon as possible after cleaning operations. The
corrosion preventative to be used will depend on the
type of measuring instrument being stored or shipped.
An approved rust-preventative (light, medium, or
heavy) should be used. Close-tolerance gauging surfaces
should be coated with an approved light preservative.
Store the caliper with a gap between the outside
measuring faces.

A-1.4 Fine Adjustment

Seat the measured part on the reference face, centra-
lizing the part between the measuring faces. Apply
minimum, consistent force at the thumb roller or fine
adjustment nut. Better accuracy and repeatability can
be obtained when the thumb roller or fine adjustment
is used properly.

A-1.5 Locking Device

When proper reading of the instrument is hindered, the
lockingdevice shouldbeused topreserve the readinguntil
the tool can be read under better conditions.

A-1.6 Optional Support

Whenusing larger calipers andmore accuratemeasure-
ments are required, the use of a supporting stand is rec-
ommended. This allows the operator to have both hands
free and generally increases the accuracy and repeat-
ability of measurements.

A-2 VERNIER CALIPER

A-2.1 Zero Setting

Prior to taking measurements, the zero point of the
caliper must be established. Clean the measuring faces
and close them by applying minimum, consistent force
at the thumb roller or fine adjustment nut. Observe
the graduations, and make sure the vernier plate zero
lines are matched to the bar’s graduation. If not, the
vernier plate may be adjusted to read zero. Usually,
the vernier plate does not have to be reset after the
initial setting.

A-2.2 How to Read a Vernier Caliper

The followingprocess shouldbeused to correctly read a
vernier caliper:
Step 1: From the zero (0) line on the vernier plate, read

thewholeunits ofmeasure fromthemain scale, on thebar,
to the left of the zero (0) line.
Step 2: Add the partial units ofmeasure, if any, from the

last whole unit on the main scale, on the bar, to the left of
the zero (0) line of the vernier plate.
Step 3: Add the value of the units from the vernier plate

line that corresponds to the vernier line that best aligns
(coincident) to any line on the adjacent main scale, on the
bar.
Step4: Add thevalues fromSteps1, 2, and3 for the total

value of the measurement.
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A-3 DIAL CALIPER

A-3.1 Zero Setting

Prior to taking measurements, the zero point of the
caliper must be established. Clean the measuring faces
and close them by applying minimum, consistent force
at the thumb roller or fine adjustment nut. Observe
the dial graduations, and make sure the hand lines up
with the zero graduation. If not, the dial and bezel can
be rotated to align zero by hand. The zero can be reset
by adjusting the bezel to a preset position or to a standard,
so the dial will read the deviation from this position.

A-3.2 How to Read a Dial Caliper

The followingprocess shouldbeused to correctly reada
dial caliper:
Step 1: Read the whole units of measure from the main

scale bar to the left of the movable slide reference point.
Step 2: Add the value of units from the dial scale line

that lines up best with the dial hand or pointer.
Step 3: Add the values from Steps 1 and 2 for the total

value of measurement.

A-4 ELECTRONIC DIGITAL CALIPER

A-4.1 Zero Setting

Prior to taking measurements, the zero point of the
caliper must be established. Clean the measuring faces
and close them by applying minimum, consistent force
at the thumb roller or fine adjustment nut. Observe
the digital display and confirm zero set or reset zero
for the appropriate measurement mode as determined
by the instrument design. The tool may have an absolute
(ABS) mode for direct measurement, which requires a
fixed origin, zero setting at the jaws-closed position.
The incremental (INC) mode allows a floating zero to
be set at any position along the range for comparison
measurement.

A-4.2 How to Read an Electronic Digital Caliper

Read the display directly in units of measure, observing
the mode of the tool’s readout.
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NONMANDATORY APPENDIX B
ENVIRONMENTAL CONSIDERATIONS

B-1 GENERAL

This Appendix provides general guidance and aware-
ness regarding the environmental considerations invol-
ving the use of vernier, dial, and electronic digital calipers.

B-2 TEMPERATURE

B-2.1 Reference Temperature

Whenever precision measurements are made, the
temperature should be as close to the standard reference
temperature of 20°C (68°F) as possible. Since standards
andmeasuring instruments usually aremade of steel, they
have the same nominal coefficient of expansion. For
caliper measurements, control of thermal gradients
and temperature stability are often the most important
considerations for reliable measurement. Measurement
applications should consider a reasonable operating
policy formaximumdeviation fromstandard temperature
and maximum temperature gradient.

B-2.2 Heat Transfer

The amount of heat transfer due to the operator hand-
ling measuring instruments or measured parts should
always be considered. The longer the operator handles
items, the greater the potential for temperature differ-
ences. The amount of heat transferred can be minimized
by using gloves, stands to isolate the measuring instru-
ments, a normalizing plate, air circulation, or other
means to thermally stabilize the measured part or the
measuring instrument from the operator.

B-2.3 Working Temperature

When measuring instruments are used in production
shops, working temperatures are seldom at the standard
reference temperature. If the measuring instrument is
accurate at the standard reference temperature, and if
the coefficientsof thermal expansionofboth themeasured
part and measuring instrument are approximately the

same, the effect of the deviation from 20°C (68°F) is
less than if the measured part and measuring instrument
were of different materials.

B-2.4 Difference Due To Dissimilar Materials

Ifmeasured parts aremade of amaterial other than that
used for the caliper (typically steel), an allowance for
temperature differences, with reference to 20°C (68°F),
must be considered and applied if necessary.

B-2.5 Soak Time

Measuring instruments should be stored in a constant
temperature room before they are calibrated to ensure
theyarenearly the same temperatureas themeasurement
laboratory. The amount of soak time required depends on
the size, shape, and mass of the measuring instrument
along with the conditions of measurement and the
desired accuracy. See ASME B89.6.2 for further informa-
tion and example of estimating soak-out time.

B-3 HUMIDITY

The relative humidity of the atmosphere in a calibration
laboratory should preferably be kept at a level that would
minimize the possibility of corrosion. In general, the air-
conditioning system of a laboratory should remain in
operation at all times because elevated humidity
causes corrosion and delays occur while measuring
instruments reach thermal equilibrium with the labora-
tory that is reopened.

B-4 CLEANLINESS

Cleanliness is an important requirement for a good cali-
bration laboratory. Contamination and spurious particles
cause serious errors in precision measurements, bring
about excessive wear of precision instruments, and
degrade instrument performance.
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NONMANDATORY APPENDIX C
MEASUREMENT UNCERTAINTY

C-1 GENERAL

This Appendix provides general guidance and aware-
ness regarding the determination and application of
measurement uncertainty when verifying the confor-
mance of a caliper to stated specifications. The
example given is for guidance only. The actual uncertain-
ties will be different for each laboratory. The measure-
ment uncertainty when using a caliper, e.g., to measure
manufactured workpieces, is not within the scope of
this Standard but is discussed in ASME B89.7.3.2.

C-2 SOURCES OF ERROR

Common sources of error in mechanical calibrations
include the uncorrected error and uncertainty in the
master, repeatability, resolution, reproducibility, uncer-
tainty in the temperature of the master, uncertainty in
the temperature of the test item, uncertainty in the coeffi-
cient of thermal expansion, elastic deformation, cosine
errors, Abbe offset, and others, depending on the type
of instrument or material standards being measured.
Not all of these sources contribute to the measurement
uncertainty in the calibration or verification of a caliper.

C-3 COMMON PRACTICES

C-3.1 General

The uncertainty budget presented in this Appendix is
based on common practices used in the calibration of cali-
pers.Other approachesmay result in different uncertainty
contributors and values.

C-3.2 Performance Verification

This uncertainty budget is based on performance veri-
fications, where themeasured errors are compared to the
specification of the caliper and are not assigned values
used as correction factors in later use of the caliper. In
performance verification, each test value is an estimate
of a differentmeasurand that is the observed error of indi-
cation of the caliper at the moment of testing, obtained at,
or corrected to, the rated operating condition of 20°C
(68°F). The measurement uncertainty addresses the
uncertainty in the test value and does not address the
comprehensiveness of the test. In this manner, the instru-

ment errors including any inherent repeatability are part
ofwhat is being tested andnot included in the uncertainty.
For this example, it is assumed that a reasonably skilled

operator is performing the verification test (this assump-
tionmay not be valid in all cases), and therefore no uncer-
tainty contribution from the operator is included in the
performance verification uncertainty statement
because operator effects appear (hence are accounted
for) in the observed error of indication.

C-3.3 Gage Block Size

In this example, the calibratedvalueof the gageblocks is
not used, but instead the nominal sizemarked on the gage
blocks is used as the reference value. The gage blocks are
assumed to be calibrated andwithin their tolerance grade.

C-3.4 Temperature Correction

Calipers are often tested in laboratories with average
temperatures of approximately 20°C (68°F) and with
some known approximate limits of thermal variation.
In common practice, no correction for temperature is
made, which must be addressed in the uncertainty, as
shown in the example in section C-4.

C-4 EXAMPLE UNCERTAINTY BUDGET

C-4.1 Digital Caliper

An example uncertainty budget for the performance
verification of the partial surface contact error, EMPE,
on a 0-mm to 150-mm digital caliper is shown in
Table C-4.1-1. In this example, the error of indication
of the caliper is measured using calibrated gage blocks.
The following assumptions and conditions apply:
(a) measured length: 150 mm
(b) caliper resolution: 0.01 mm
(c) temperature range: 20°C ± 2°C
(d) temperature difference: 0.5°C
(e) caliper CTE: 11.5 × 10−6/°C ± 10%
(f) gage block CTE: 10.2 × 10−6/°C ± 5%
(g) gage block tolerance: Grade 0 (±0.4 μm)
The temperatures of the caliper and gage block are

assumed to be within the above temperature range
during the verification test. The difference between the
temperatures of the caliper and gage block is assumed
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