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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

measur
taper, a
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ng characteristics of various geometrical parameters such as diameter, length, flatness, parallelism, concengri
nd squareness. Since calipers are widely used for the measurement and comparison of some of these features,
nsensus Committee authorized formation of Project Team B89.1.14 to prepare this Standard.

ternational Organization for Standardization (ISO) also develops standards in dimensional metrolegy. ISO st
eapplicable in the United States but may notaddress all the needs of American industry, such as the'use of both|
tomary and SI systems. This Standard has been developed to be consistent with ISO 13385-1:2011, wh
es the design and metrological characteristics of calipers. This Standard has also been developed to complen
B5-1:2011 by providing additional information useful in the specification, verification, and calibration of calip
ndard is not intended to contradict ISO 13385-1:2011 but does include additionaktechnical information

ments that exceed 1SO 13385-1:2011.

btandard adopted some material from the obsolete Federal Specification GGG-C-111C, published by Gen
5 Administration (GSA), as well as manufacturer’s current practices and technologies. In addition,

d includes many of the uncertainty and traceability concepts developed and standardized by the AS
ibcommittee.

btandard 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 concer

ned

interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing

revisiorls 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

Prop

sing Revisions. Revisions are made periodically to the Standard to incorporate changes that appear necesdary

or desirpble, as demonstrated by the experience gained from the application of the Standard> Approved revisions will be

published periodically.

The Jommittee welcomes proposals for revisions to this Standard. Such proposalsishould be as specific as possible,
citing tlhe paragraph number(s), the proposed wording, and a detailed description of the reasons for the propdsal,

includirlg any pertinent documentation.

Propgsing a Case. Cases may be issued to provide alternative rules when justified, to permit early implementatio
an apprpved revision when the need is urgent, or to provide rules notecoyered by existing provisions. Cases are effec
immediptely upon ASME approval and shall be posted on the ASME ‘Committee web page.

Requests for Cases shall provide a Statement of Need and Ba¢kground Information. The request should identify

Commifjtee.

Requests for interpretation should preferably be submitted through the online Interpretation Submittal Form.
form is ficcessible at http://go.asme.opg/InterpretationRequest. Upon submittal of the form, the Inquirer will receiv
automatfic 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 Standg
Commifftee at the above addressy The request for an interpretation should be clear and unambiguous. It is further
ommenfled that the Inquirér 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 wol
Edition Cite the applicable edition of the Standard for which the interpretation is being request
Questig

B

Phrase the question as a request for an interpretation of a specific requirement suitable
general understanding and use, not as a request for an approval of a proprietary desigy

h of
[ive

the
t as
sed

the
rds

he
b an

rds
Fec-

ds.
ed.

for
or

situation. Please provide a condensed and precise question, composed in such a way th

pt 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 thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
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.

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.” “certify.” “rate.” or “endorse” any item, construction, proprietary
device, or activity.

» o«

Attending Committee Meetings. The B89 Standards Committee regularly holds meetings and/or telephond confer-
endes that are open to the public. Persons wishing to attend any meeting and/or telephone conferenceshotld contact the
Secfetary of the B89 Standards Committee. Future Committee meeting dates and locations can be found on the Committee
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,

Publisher: International Organization for Standardization
(IS0O), Central Secretariat, Chemin de Blandonnet 8, Case
Postale 401, 1214 Vernier, Geneva, Switzerland
(www.iso.org)

inchodimgvernter;diat,etectronicdigitat,amd-speciatty
calipers. ISO 13385-1 provides for the international defi-
nition of the design and metrological characteristics of
calfpers important in the specification, manufacture,
and purchase of calipers; however, ISO 13385-1 does
not] provide specification values, detailed test methods,
or §ufficient discussion of traceability and measurement
undertainty to ensure consistent practice in the calibration
of dalipers. This Standard is intended to complement, not
contradict, ISO 13385-1. For the verification or calibration
of dalipers, this Standard provides sufficient detail such
that the user does not require access to 1ISO 13385-1.

2 DEFINITIONS

he definitionsin ASME B89.7.1,1SO 13385-1:2011, and
JCGM 200 apply in the use of this Standard.

3 REFERENCES

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

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

ASME B89.7.3.1-2001, Guidelines for Decision Rules:
Jonsidering Measurement Uncertainty in
Determining Conformance to Spécifications

ASME B89.7.3.2-2007, Guidelines-for the Evaluation of
Jimensional Measurement UncCertainty

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

Publisher: The American‘Society of Mechanical Engineers
(ASME), Two Pdrk-Avenue, New York, NY 10016-5990
(jvww.asme.oxg)

1SO| 1:2016, .Géometrical product specifications (GPS) —
Standard reference temperature for the specification of
geometrical and dimensional properties

[SO13385- 20Tt Gromet
(GPS) — Dimensional measuring equipment — Part
1: Callipers; Design and metrological characteristics

ISO 14253-5:2015, Geometrical product specifications
(GPS) — Inspection by measurement of workpieces
and measuring equipment — Part 5: Uncertainty in veri-
fication testing of indicating measuring instruments

JCGM 100:2008, Evaluation of measurement data4— Guide
to the expression of uncertainty in measureémenjt (GUM)
JCGM 200:2008, International vocabulary of metrplogy —
Basic and general concepts and asseciated terms (VIM,
third edition)
Publisher: Joint Committee for)Guides in Metrology,
Bureau International deS-Poids et Mesures [BIPM),
Pavillon de Breteuil, £-92312 Sevres Cedex,| France
(www.bipm.org)

4 CALIPER DESIGN

4.1 General

Asdefined in IS0 13385-1, calipers shall incorpdrate the
uselof'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/dr depth
measurements. The general design and workrmanship
of calipers shall be such to ensure compliance Yith the
requirements of this Standard and ISO 13385-] across
the measuring range of the caliper and in any origntation,
unless otherwise specified by the manufacturer

4.2 Least Count

(a) Vernier calipers using SI units shall providle read-
ings to a least count of 0.05 mm or 0.02 mm. Dial |calipers
using ST units shall provide readings to aleast count of 0.05
mm, 0.02 mm, or 0.01 mm. Electronic digital calipgrs using
SI units shall provide readings to a least count of 0001 mm.

(b) Vernier or dial calipers using U.S. Customary units
shall provide readings to a least count of 0J001 in.
Electronic digital calipers using U.S. Customayy units
shall provide readings to a least count of 0.00]1 in. or
0.0005 in.

R 5 RRUOK

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 outside measuring faces. For general guidance on
good operating procedures involving calipers, see
Nonmandatory Appendices A and B.


https://asmenormdoc.com/api2/?name=ASME B89.1.14 2018.pdf

ASME B89.1.14-2018

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.

5.7 Traceability

All the length standards, e.g., gage blocks, used in deter-
mining the conformance of a caliper to specifications must
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 1 000 mm (40 in.). The MPE values

5.3 Zefo Setting

Most falipers are equipped with the ability to adjust the
zero pojnt. For calipers with adjustable zero points, the
metroldgical characteristics described in this Standard
(see para. 5.10) apply when the outside measuring
e properly brought into contact with each

.4., some vernier calipers, there may be a nonzero
hen the outside measuring faces are brought

5.4 Indication

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

5.5 Temperature

All specifications apply at a rated operating conditiotvof
20°C (48°F) unless otherwise specified. The .effective
nomingl coefficient of thermal expansion({GTE) of a
caliper n the temperature range 10°C to 30°C shall be
(11.5 4 1.0) x 107¢/°C. If not, then the effective
nominaj CTE with its uncertainty shall be supplied by
the manufacturer.

Calip¢r specifications have aratéd operating condition
of 20°C|(68°F); therefore, the\test values observed in a
verification test shall he‘eorrected to 20°C (68°F) to
obtain the error of indication that the caliper would
have pfoduced 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 includedin'the evaluation of the measurement uncer-
tainty (fee’Nonmandatory Appendix C).

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 manufactyrer
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 tosthe analog scale intefval
or digital resolution of a ealiper, the conversion betwgen
units is not exact. Test values and MPE values shall nof be
mathematically converted between units when defer-
mining conformance’to a specification.

5.9 Specialty‘Calipers

A laygé\variety of specialty calipers are commerciplly
available for measuring items such as tubing, threads,
spécialized measuring face configurations for us¢ in
Lestricted areas, large diameter measuring faces, spherfical
shaped measuring faces, and conical measuring faces that
allow contact with surfaces that may not be flat or parallel.
Specifications for specialty calipers shall be stated by|the
manufacturer and conform to the terms, definitions, pnd
symbols employed in this Standard and ISO 13385-1.

5.10 Metrological Characteristics

5.10.1 General. ISO 13385-1 describes the imporfant
metrological characteristics for calipers. This Standard
recognizes the following metrological characteristic$ 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 thropigh

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.

5.10.0. These test methods provide suftficient 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
value of each measurand is estimated by a single test value.

5.10.2 MPE Specifications. Manufacturers of calipers
shall state MPE values for the metrological characteristics
in para. 5.10.1, and calipers shall conform to the stated
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Table 5.8-1 Maximum Permissible Errors of Calipers With Measuring Range Up to 1 000 mm (40 in.)

Analog Scale Interval or Electronic Digital Resolution

Measured Length, L 0.0005 in. 0.001 in. 0.01 mm 0.02 mm 0.05 mm
. EIYIPE' S]YlPEl El}/lPEl Sl-VlPEl EMPEr SMPEr EMPEr SMPEr EMPEr SMPE!
mm in. in. in. in. in. mm mm mm mm mm 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
1p0 < L < 200 6<L<8 +0.0015  +0.0020  +0.002 +0.003 +0.03 +0.05 +0.04 +0.06 *0.1Q +0.10
2P0 < L <300 8<L<12 +0.0015  +0.0025  +0.002 +0.003 +0.04 +0.06 +0.04 +0.06 010 +0.10
3P0 < 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
4p0 < 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
5p0 < 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
6p0 < L <700 24 <L <28 0.0025  +0.0035 +0.003 +0.004 +0.06 +0.08 +0.06 (H)+0.08  +0.15 +0.15
7P0 < L < 800 28 <L <32 +0.0025  +0.0035 +0.003 +0.004 +0.06 +0.08 +006() +0.08  +0.15 +0.15
800 <L <1000 32<L<40 +0.0030 +0.0040 +0.003 +0.004  +0.07 +0.09 _40.08 +0.10 +0.15 +0.15

GENERALNOTE: Asdiscussed inparas.5.10.4 through 5.10.8, by default, Eypg is the limit value for err@rs\E, R, and L, and Sypg is the limif value for

errdrs S and K.

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
thelmeasuring range of the caliper. For larger calipers, the
MPIE values will increase as the measured length
incfeases. For simplicity in practical use, the MPE
valfies increase in a stepwise manner. During confor=
mapce testing, the measured length is considered
notninal when determining the MPE values, and the
smaller MPE value always applies for test ppoints that
arqg nominally at the transition betwéen’ the MPE
valfies. For example, if a gage block usedfor testing is
nothinally 200 mm, but the calibrated value is 200.01
mn}, the MPE for 200 mm still applies.

—

5.10.3 Test Points. When tésting for conformance to
thel MPE values of the caliper, sufficient test points
shdll be used to establish’ confidence in the results.
Requirements for test\points are found in paras. 5.10.4
thrpugh 5.10.8. The user is free to choose the test
poihts within thelimits of the requirements.

When considering test points, appropriate considera-
tiom shall be given to the caliper design and operating
corjditions*that may indicate the presence of short-
th.cyclic or local errors. For dial calipers, test

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
when measuring a length standard with small faces, e.g., a
gage block, at any position on the outside measuring 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 referenge value
of the méasurement standard. By default, thg errors
shall be/compared to the Eypg limit values iph Table
5.8-1.when determining conformance.

When testing for conformance to specification,|the test
points shall be approximately equally distributegl across
the measuring range of the caliper with a mjnimum
number of test points in accordance with Tablg 5.10.4-
1. At least one test point shall be at a minifjnum of
90% of the measuring range.

The test points shall be located on the measurihg faces
of the caliper at different distances from the beam. See
Figure 5.10.4-1. The partial surface contact erroys inten-
tionally detect a combination of the caliper scale drrors as
well as the parallelism and flatness of the putside
measuring faces.

5.10.5 Repeatability of Partial Surface Conta¢t Error,
R. The repeatability of the partial surface contact prror, R,
is the closeness of agreement between the rejsults of
successive measurements of the partial surface|contact
error at any one position on the outside mepsuring
faces under the same conditions of measuremégnt. 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
i i i mg 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 case where an issue
with repeatability is observed during testing of the partial
surface contact error.
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Table 5.10.4-1 Number of Test Points for Eypg

Measuring Range, M

Minimum Number

mm in. of Test Points
0<M<150 0sM<6 3
150 < M < 300 6<M<12 4

300 < M <1000 12 <M <40 5

GENERAL NOTE: For example, test points of 100, 200, 300, 400, and
550 mmy d sa he te int requireme ipe
measuring range of 600 mm.

PO1N qu mnen ora callp W1t d

If not|otherwise stated, the limit value for repeatability
error, R| shall be equal to the range of the stated Eypg limit
values, ¢.g., if Eypg = £0.03 mm, then the MPE for Ris 0.06
mm. By fefault, repeatability error, R, shall be compared to
the range of the Eypg limit values in Table 5.8-1 when
determining conformance.

5.10.6 LineContactError,L. Theline contacterror,L,is
the errgr of indication when measuring a small cylindrical
measurgment standard, e.g., a pin gage, at any position
across the outside measuring faces. This error is calcu-
lated ag the maximum difference (range) between the
line coptact errors observed at any position on the
outside measuring 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 Eypg limit
values, ¢.g., if Eypg = £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 Eypg limit values in Table 5.8-1 when
determining conformance.

The Ijne contact error detects the effects of the paral-
lelism of the outside measuring faces as well as-any flat-
ness efror or localized wear. When testing for
confornance to specification, the lineycontact error
shall bq tested at one position in the-measuring range
of the chliper. This is done by placing a’small cylindrical
measurfement standard between the jaws as near as
possibl¢ to the caliper’s beams; and then slowly moving
the megasurement 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
possibiljty ofswedr or parallelism issues by bringing the
outside[measuring faces together and observing any light
gap betyeén 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 ScaleShiftError, S. The scale shift error, S, is the
error of indication when using measuring faces other than
the outside measuring faces. After following proper opera-
tion and zero setting with the outside measuring faces, this
error is calculated as the difference between the caliper
indication and the reference value of a measurement stan-
dard when using any of the other available measuring
faces, e.g., inside, step, and depth measurement. By
defau e eIro are compared to the Sypg li
values in Table 5.8-1 when determining conformande.

After testing the partial surface contact errozs, E; uging
the outside measuring faces, the scale shift errér, S;shall be
tested for conformance to specification for any other
measuring faces, e.g,, inside, step, or depth measuremgpnt,
with at least one test point.

The scale shift error for inside measurement is defihed
for measured lengths over 20, mm/(0.75 in.) and shal] be
tested using an appropriate inside measurement stfan-
dard, e.g., a ring gage~a-specially designed caliper
checker, or a gage bleek-stack with appropriate ja
See Figure 5.10.7-1XBy default, the test point shall] be
between 20 mmyrand 50 mm (0.75 in. and 2 in.).

The scale shift error using the depth or step meastre-
ment functions shall be tested using an appropriate lerjgth
standard.oeated 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 ip.).

5.10.8 Effect Due to Crossed Knife-Edge Distance, K.
An additional error of indication may occur when siall
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 typ¢ of
scale shift error that applies when measuring an intefnal
cylindrical measurement standard, e.g., a ring gage.

If not otherwise stated, for calipers with a measufing
range up to and including 300 mm (12 in.), the limit v3lue
for the error due to the crossed knife-edge distancq, K,
shall be equal to the stated Sypg limit values for measured
lengths (diameters) from 5 mm to 300 mm (0.2 in. td 12
in.). By default, the values for K shall be compared to|the
Swpe limit values in Table 5.8-1 when determinling
conformance.

When testing for conformance to specification, a single
test point is required. The default test point shall b¢ at
nominally 5 mm (0.2 in.) in diameter. See Fighre
5.10.8-2.

ver
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.).
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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
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Figure 5.10.7-1 Testing Scale Shift Error — Inside Figure 5.10.8-1 Effect of Crossed Knife-Edge Internal
Measurement Measuring Faces
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NONMANDATORY APPENDIX A
GOOD OPERATING PROCEDURES

A-1 GENERAL

his Appendix provides general guidance on good oper-
ating procedures involving calipers.

A-1.1 Preparation

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

A-1.2 Cleaning

Hrior to use, and again after use and prior to storage,
mehpsuring instruments should be cleaned to remove
corftaminants. Clean the measuring faces by inserting
ling-free paper between them, lightly close, and pull
the| paper through. Calipers can be cleaned by using a
soff brush or clean cloth and solvent. Care should be
taken to prevent trapping of solvent in holes or crevices.
Avqgid spraying solvent directly on the dial or electronic
digftal display.

A-1.3 Preservation

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

maoalk

A-1.5 Locking Device

When proper reading of the instrument is’hindgred, the
locking device should be used to preseryve the readjng until
the tool can be read under better"conditions.

A-1.6 Optional Support

When using larger calipers and more accurate njeasure-
ments are required, the-use of a supporting stanfl 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.Y Zero Setting

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

A-2.2 How to Read a Vernier Caliper

The following process should be used to correctly read a
vernier caliper:
Step 1: From the zero (0) line on the vernier plgte, read
the whole units of measure from the main scale, on|the bar,
to the left of the zero (0) line.
Step 2: Add the partial units of measure, 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 vernjer plate

'y
CITIGTIC

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.

[ine that corresponds to the vernier Iine that best aligns
(coincident) to any line on the adjacent main scale, on the
bar.

Step 4: Addthe values from Steps 1, 2,and 3 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

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

with thfzero graduatton. If Tiot, the dfaland bezel can
be rotaged to align zero by hand. The zero can be reset
by adjugting 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 fgllowing process should be used to correctly read a
dial caljper:

Step 1: Read the whole units of measure from the main
scale bgr to the left of the movable slide reference point.

Step 2: Add the value of units from the dial scale line
that lings up best with the dial hand or pointer.

Step 3: Add the values from Steps 1 and 2 for the total
value of measurement.

for the appropriate Mmeasurement mode as determiped
by the instrument design. The tool may have an absolute
(ABS) mode for direct measurement, which-requirg¢s a
fixed origin, zero setting at the jaws-closed/positjon.
The incremental (INC) mode allows a floating zer¢ 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 directlyin units of measure, obserying
the mode of the tool'sgreadout.
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NONMANDATORY APPENDIX B
ENVIRONMENTAL CONSIDERATIONS

B-1 GENERAL

This Appendix provides general guidance and aware-
nesfs 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
tenperature should be as close to the standard reference
tenjperature of 20°C (68°F) as possible. Since standards
and measuring instruments usually are made of steel, they
haye the same nominal coefficient of expansion. For
caljper measurements, control of thermal gradients
and temperature stability are often the most important
conlsiderations for reliable measurement. Measurement
applications should consider a reasonable operating
poljcy for maximum deviation from standard 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
alwfays be considered. The longer the operator handles
iteths, the greater the potential for temperature differ-
endes. The amount of heat transferred can be minimized
by pising gloves, stands to iSolate the measuring instru-
mehts, a normalizing plate, air circulation, or other
mepns to thermally stabilize the measured part or the
megsuring instrumentfrom the operator.

B-2.3 Working-Temperature

hen measuring instruments are used in production
shops, werking temperatures are seldom at the standard
ref¢rence temperature. If the measuring instrument is

same, the effect of the deviation from 20°€($8°F) is
less than if the measured part and measuting insfrument
were of different materials.

B-2.4 Difference Due To Dissimilar Materipls

If measured parts are made ofa material other than that
used for the caliper (typically steel), an allowgnce for
temperature difference$; with reference to 20°Q (68°F),
must be considered(and applied if necessary.

B-2.5 Soak Time

Measuringlinstruments should be stored in a ¢onstant
temperature room before they are calibrated td ensure
they dre nearly the same temperature as the measyrement
laboratory. The amount of soak time required depends on
the size, shape, and mass of the measuring insfrument
along with the conditions of measurement and the
desired accuracy. See ASME B89.6.2 for further ipforma-
tion and example of estimating soak-out time.

B-3 HUMIDITY

The relative humidity of the atmosphere in a caljbration
laboratory should preferably be kept at a level thdt 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 mepsuring
instruments reach thermal equilibrium with the|labora-
tory that is reopened.

B-4 CLEANLINESS

Cleanliness is an important requirement for a gpod cali-
bration laboratory. Contamination and spurious particles
cause serious errors in precision measurements, bring
about excessive wear of precision instruments, and

accurate at the standard reference temperature, and 1f
the coefficients of thermal expansion of both the measured
part and measuring instrument are approximately the

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 wil] be different for each laboratory. The measure-
ment ufcertainty when using a caliper, e.g., to measure
manufactured workpieces, is not within the scope of
this Stapdard but is discussed in ASME B89.7.3.2.

C-2 SQURCES OF ERROR

Comrpon sources of error in mechanical calibrations
include| the uncorrected error and uncertainty in the
master,|repeatability, resolution, reproducibility, uncer-
tainty ip the temperature of the master, uncertainty in
the temperature of the test item, uncertainty in the coeffi-
cient off thermal expansion, elastic deformation, cosine
errors, Abbe offset, and others, depending on the type
of instrfjument or material standards being measuréed.
Not all pf these sources contribute to the measurément
uncertajnty in the calibration or verification of\a.ealiper.

C-3 CQMMON PRACTICES

C-3.1 General

The Uncertainty budget presentéd in this Appendix is
based oh common practices used in the calibration of cali-
pers. Other approaches mayresult in different uncertainty
contribfitors and values)

C-3.2 Performance Verification

This fincertainty budget is based on performance veri-
fication§, where the measured errors are compared to the
specifichtion of the caliper and are not assigned values

ment errors including any inherent repeatability are part
of whatis being tested and notincluded in the anhcertaipty.

For this example, it is assumed that a reasonably skilled
operator is performing the verification test(this assump-
tion may not be valid in all cases), and therefore no unger-
tainty contribution from the operdtor is included in|the
performance verification uncertainty statempnt
because operator effects app€ar (hence are accounted
for) in the observed error-of indication.

C-3.3 Gage Block:Size

In this examplé,sthe calibrated value of the gage blocks is
not used, butinstead the nominal size marked on the gage
blocks is used as the reference value. The gage blocks|are
assumed to be calibrated and within their tolerance grade.

C-3:4’Temperature Correction

Calipers are often tested in laboratories with averjage
temperatures of approximately 20°C (68°F) and with
some known approximate limits of thermal variat{on.
In common practice, no correction for temperaturg 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, ETPE,
on a 0-mm to 150-mm digital caliper is shown] in
Table C-4.1-1. In this example, the error of indicafion
of the caliper is measured using calibrated gage blofks.
The following assumptions and conditions apply:

(a) measured length: 150 mm

(b) caliper resolution: 0.01 mm

(c) temperature range: 20°C + 2°C

used as correction factors in later use of the caliper. In
performance verification, each test value is an estimate
of a different measurand 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-

(d) temperature difference: 0.5°C

(e) caliper CTE: 11.5 x 1076/°C + 10%

(f) gage block CTE: 10.2 x 107¢/°C + 5%

(g) gage block tolerance: Grade 0 (+0.4 pum)

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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