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FOREWORD

ASME Standards Committee B89 on Dimensional Metrology, under procedures approved by
the American National Standards Institute (ANSI), prepares standards that encompass the inspec-
tion and the means of measuring characteristics of such various geometric parameters as diameter,
length, flatness, parallelism, concentricity, and squareness. Because steel measuring tapes are

Widely used for the measurement and comparison of some of these features, the Chair of the
B89 Division 1 — Length authorized the formation of Project Team B89.1.7 to prepare this Standard.
The overall scope of Dimensional Metrology Measuring Tape Project Team B89.1.7 is to define
the requirements for steel measuring tapes for all units of measures in U.S. Customary units ahd
9l units with respect to graduations, numbering, designations, and accuracy.

This Standard provides guidance to users and manufacturers of steel measuring tapes with
respect to quality standards and preferred measuring units by specifying only the requiirements
that are essential for satisfactory performance. Presently, both SI (metric) and US. Customary
(Inch-based) graduations are in popular use.

Nonmandatory Appendices A and B discuss tape calibration uncertainties and provide general
guidance and awareness regarding the determination and application of calibfation uncertainties
relative to tape calibrations. Nonmandatory Appendix A treats the subject of calibration of a
tape by comparison to a master tape; Nonmandatory Appendix B discusses calibration of a tape
using a laser interferometer.

Drafts of this Standard were proposed and discussed during projéct team meetings from January
1p96 through October 2008.

This Standard was approved by the American National Standards Institute on June 15, 2009.
Suggestions for improvement of this Standard are welcomeé. They should be sent to the American
pciety of Mechanical Engineers, Secretary, B89 Committee, Three Park Avenue, New York,
[Y 10016-5990.
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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, and attending Committee meetings. Corre-

spondence should be addressed to:

Secretary, B89 Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standard to incorpdrate changes
that appear necessary or desirable, as demonstrated by the experience gained frenrthe application
of the Standard. Approved revisions will be published periodically.
The Committee welcomes proposals for revisions to this Standard. Such proposals should be
5 specific as possible, citing the paragraph number(s), the proposed, wording, and a detailed
escription 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
stified, to permit early implementation of an approved revision when the need is urgent, or to
ovide rules not covered by existing provisions. Cases are effective immediately upon ASME
approval and shall be posted on the ASME Committees\Web page.

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

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

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

Qo

—

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry.

Hdition: Cité 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. 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.

Requests that are not in this format will be rewritten in this 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 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.

Attending Committee Meetings. The B89 Standards Committee regularly holds meetings, which
are open to the public. Persons wishing to attend any meeting should contact the Secretary of
the B89 Standards Committee.

"o
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PERFORMANCE STANDARD FOR STEEL MEASURING TAPES

1 SCOPE

This Standard specifies the requirements for steel mea-

zero reference mark: the location from which all graduation
and numbering of the measuring tape is dimensioned.
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FINITIONS

ty: closeness of agreement between a measured
ty value and a true quantity value of a measurand.
hcy is a qualitative concept. (VIM 2.13)

tions: marks or lines perpendicular to the edge of
suring tape denoting increments of measure.

pdiate graduation: a graduation mark denoting an

increnpent of measure that falls between the major and
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nor graduations (e.g., inch or centimeter).

braduation: a graduation mark denoting the largest
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ent of measure (e.g., feet or meter).

m permissible errors (MPE): extreme value of mea-
nt error, with respect to a known reference quan-
ue, permitted by specifications or regulations for
\ measurement, measuring instrument, or measur-
stem. (VIM 4.26)

braduation: a graduation mark denoting the small-
rement of measure (e.g., fraction of an inch, deci-
ch, or millimeter).

bob: when used with a measuring tape, a weight
tapered or flat tip on the bottoni'that is suspended

from the tape.

tensio
thing,

NOTE:
pound

(N). Tr
of pou]
SI systd
istheu
in SI ury
of refe

: a force that tends to stretch or elongate some-
or a measure of such(a'force.

The measure of forcéinthe U.S. Customary system is the
Ibf); the measure-pf\force in the SI system is the newton
ditionally, the tension (a force) has been referred to in units
ds and kilograms. Pound (or pound-force) is proper. In the
m of units) the kilogram is the unit of mass and the newton
hit of force. Ih this Standard, the tension for tapes graduated
its is’specified in kilograms, in order to maintain continuity
lence~to master tape calibration data. The corresponding

NCES

3.1 Normative References

If the American National Standard Institute (
and ISO standards referred to in thi§ docume
superseded by a revision, the revision shall appl

IEEE/ASTM SI 10-2002, Standard for Use
International System of Units/(SI): The Modern |
System

Publisher: Institute ofiElectrical and Elects
Engineers, Inc. (IEEE), 445 Hoes Lane, Pisca
NJ 08854-4141 (Wwww.ieee.org)

ISO 1:2002, Geémetrical Product Specifications (G
Standard Reference Temperature for Geomsg
Product Specification and Verification

ISO/IEC Guide 98-3:2008, Uncertainty
Measurement — Part 3: Guide to the Express
Uncertainty in Measurement (GUM:1995)

Publisher: International Organization
Standardization (ISO), 1 ch. de la Voie-Creuse
postale 56, CH-1211, Geneve 20, Switzerland/
(www.iso.org)

JCGM 200:2008, International Vocabular
Metrology — Basic and General Concept
Associated Terms (VIM)

Publisher: Bureau International des Poids et M
(BIPM), Pavillon de Breteuil, 92312 Sevres
France (www.bipm.org)

3.2 Additional References
API MPMS 3.1A 2005, Manual of Petrg

ANST)

ht are
-
f the
Metric

onics
away,

PS) —
trical

' of
on of

for
Case
buisse

y of
b and

bsures
edex,

leum

Measurement Standards Chapter 3 — Tank Gauging

Section 1A — Standard Practice for the M
Gauging of Petroleum and Petroleum Product

Publisher: American Petroleum Institute
1220 L Street, NW, Washington, DC 20003

hnual

API),
-4070

(www.api.org)

force i

- 1 1 PN 1
T TICWILOILS IS Etibldl LO I dPPllULl IItdss5 IIT KllUSldlllb

multiplied by the acceleration due to gravity, g. By convention,
g = 9.80665 m/s* exactly. Thus, the force exerted on a tape by a
1 kg load is 9.80665 N. For highest accuracy, the local value of g
should be used.

validity conditions: the set of values or range of values
of the relevant influence quantities, e.g., environmental
conditions, under which the performance specifications
are valid.

ASME B89.6.2, Temperature and Humidity Environment
for Dimensional Measurement

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

ASME B89.7.5-2006, Metrological Traceability of
Dimensional Measurements to the SI Unit of Length,
Technical Report
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Publisher: The American Society of Mechanical
Engineers (ASME), Three Park Avenue, New York,
NY 10016-5990; Order Department: 22 Law Drive,
P.O. Box 2300, Fairfield, NJ 07007-2300
(www.asme.org)

ISO/IEC 17025:2005, General Requirements for the
Competence of Testing and Calibration Laboratories
Publisher: International Organization for
Standardization (ISO), 1 rue de Varembé, Case Postale
56, CH-1211, Geneve 20, Switzerland/Suisse

tape. Graduations extending to the left of zero and to
the right of the last major graduation are not to be consid-
ered part of the tape for calibration purposes.

4.6.1 Graduation Quality. When the graduations are
lines, they shall be visually straight, perpendicular to
the axis of the measuring tape, and all of the same
thickness. The thickness of each line shall be constant
throughout its length. The lines shall be such that they
form a distinct and clear graduation and that their thick-
ness does not cause inaccuracy of measurement.

(www.igo.org)

NIST SP 811 2008, Guide for the Use of the International
System pf Units (SI)

Publishey: National Institute of Standards and
Technolpgy (NIST), 100 Bureau Drive, Gaithersburg,
MD 208p9-1070 (www.nist.gov)

NOTE: A$ME B89 documents may be
http://catalpg.asme.org/home.cfm?Search =B89

found at

4 GENERAL REQUIREMENTS

All stee|] measuring tapes covered by this Standard
shall conform to the requirements in paras. 4.1
through 4.

4.1 Straight and Parallel

Steel measuring tapes shall be made so that when
stretched Qut on a flat surface the edges are nominally
straight arfd parallel.

4.2 Ease pf Reading

All steel measuring tapes shall be clearly markedte
facilitate epsy and correct reading.

4.3 Background

The graduations and numbering shally'be in sharp
visual confrast with the background.
4.4 Compptibility

There shall be compatibilitysbetween the legibility of
graduations and the size-and form of numbers, when
related to [the distancesat'which the measuring tape is
normally gead.

4.5 Measyurement Units

Unit ndmes“and symbols displayed on metric
measuring-+a overed-bythisSta
sistent with IEEE/ASTM SI 10-2002.

4.6 Graduation Requirements

Along the nominal length, the measuring tape shall
carry clear, regular, and indelible graduations and num-
bering, to ensure simple and unambiguous reading.
Some unnumbered graduations may extend beyond the
major graduation marks at the ends of the measuring

Certain sections of the measuring tape, especially
towards the ends, may be subdivided into submultiples
of the graduation interval adopted for the whole mep-
sure. In that case, the thickness of the lines/may be leps
in the areas of reduced graduation intervals.than in the
rest of the measuring tape.

4.6.2 Arrangement. The meaSuring tape shall be
divided by graduations of unit§/consistent with the pI
system or U.S. Customary system. The SI units shall e
in meters, centimeters, millimeters, and multiples ¢r
subdivisions thereof. The U.S. Customary units shall e
in feet, inches, and multiples or subdivisions thereof, to
include decimal pxfractional divisions.

4.6.3 Length/of Graduations. In general, as the sup-
division of length becomes smaller, the subdivisiofs
should be“indicated by using graduations of shortpr
lengthsFlowever, in no case should the length of gradup-
tions be less than 0.7 mm or 0.03 in.

4.6.4 Width. The graduation marks shall not e
wider than 50% of the distance between two consecutiye
minor graduations.

4.7 Additional Markings

All markings, other than graduations and numbering,
should be so positioned and of such a size as not fo
interfere with the legibility of the steel measuring tapds.

4.8 Numbering

4.8.1 Size of Numbers. The size of the numbe}s
denoting the major graduations shall be as large as praf-
tical without reducing the legibility of the graduations.
All digits shall be of a style that distinctly differentiates
one number from another.

4.8.2 Zero Reference Mark. A tip, ring, hook, or er|d
fitting may be included as a zero reference mark on t
measuring tape. In this case, the numbering shall e
positioned to accommodate the zero reference mark.
Figure 1 illustrates the standard practice for the zero

reference marking on various styles of tapes.

4.8.3 Distinguishing of Numbers. Numbers denot-
ing each multiple or subdivision of a unit of length shall
be distinguishable from each other by one or more of
the following: size, color, or style. The numbers designat-
ing the same multiple or subdivision shall be of the
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Fig. 1 Standard Practice for Zero Reference Marking
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: Steel tape with ring or hook closed

|
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B - e ————
2 3 4 5

Steel tape with ring or hook open

1 2 3 4 5
Tape rule with sliding hook
positioned for internal measurement

_____D]:I—___
()
o

Zero reference mark

L:'°°| | | |
1 2 3 4 5

Tape rule with sliding hook
positioned for external measurement

Outage plumb bob tape
|

0 1
Blank leader tape
|

2 1 0 1

Add-on leader tape
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same size and style, except where these are reduced to
accommodate other markings.

4.9 Definition of the Calibrated Distance

The calibrated distance between graduations shall be
taken as the intervals between the centerlines of pairs
of graduations at the edge of the tape where the shortest
graduations appear.

In the absence of short graduations, the calibrated
distance is defined to be the intervals between center-

Table 1 Tension Requirements for
Steel Measuring Tapes With Flat
Rectangular Cross Section

Tapes Graduated
in SI Units

Tapes Graduated in U.S.
Customary Units

0 m to 30 m overall length — 0 ft to 100 ft overall length —
5 kg 10 Ibf
Length > 30 m — 10 kg Length > 100 ft — 20 Ibf

GENERAL NOTES:

lines of the-graduations-at-the bettom-edge-of-the-tape
when vieWed with the numbers right side up. The dis-
tance is defined at 20°C, when the tape is fully supported
with specjified tension (possibly zero) applied (see
section 6).

It should be noted that cases exist that are not covered
above. In these cases the owner should specify the defini-
tion of the|calibrated distance. In the absence of a clear
definition |the calibrating technician shall use his or her
discretion [in defining the calibrated distance, and the
definition pf the calibrated distance shall be documented
in the calibration report.

5 STEEL|{MEASURING TAPES

This Stapdard applies to numerous tapes, as described
in paras. §.1 through 5.4.

5.1 Retragtable Steel Tape Rule

A retracfable steel tape rule is a graduated and num-
bered flexible steel blade with either a curved cross sec-
tion that grovides a measurable degree of stiffness, or
a flat rectangular cross section, with an end fitting and
optionally|a spring motor within a case. It is to be con-
structed i a manner that allows easy extension.‘and
provides fpr quick retraction into the case.

5.2 Measliring Tape — Steel General Purpose

A steel general purpose tape is a gradiiated and num-
bered flexible steel blade with an énd fitting and a case
or reel haying a winding drum_and handle, or other
mechanist, for retraction ofithe tape into the case.

5.3 Measliring Tape —-Surveying/Engineering

A survdying/engineering tape is a graduated and
numbered| flexible §teel blade that may be fitted with
clips at on¢ or both'ends to permit attachment of handles
and tensigning-devices. It usually is attached to a reel

d)  1apes manuractured 10 otner TeENSIONS mMuSt SpecCiy the Tensipn
on the tape near the zero end.
(b) Curved cross section tapes, regardless of length, are tosbe’ cdli-
brated without tension.

Innage tapes measure the depth-of'the product from
its surface to the tank bottom or,datum plate. Therefoze,
the end (tip) of the plumb bobywhen the tape is hurg
vertically, is the zero referefice-mark for an innage tape
(see Fig. 1).

Outage tapes measuze the height of space above the
liquid from a referénce point on the tank to the surfage
of the product. The)outage tape is lowered into the tarjk
until the plumb bob breaks the surface of the liquifl.
The zero reférence mark on an outage tape is locatqd
on the hook where the plumb bob is attached (see Fig. 1).

6 ~CALIBRATION AND MAXIMUM PERMISSIBLE
ERRORS

6.1 Tension

Steel tapes with a flat rectangular cross section shall e
calibrated while fully supported on a horizontal surfage
with tension applied as given in Table 1. Tapes with
a curved cross section, regardless of length, shall lpe
calibrated without tension.

6.2 Calibration Procedure

The measuring tape to be calibrated shall be laid oput
flat on a smooth horizontal surface and compared to|a
length standard whose uncertainty has been evaluatefl.
Specified tension (possibly zero) shall be applied. Frif-
tion between the surface and tapeline shall be mirfi-
mized. If the comparison is between two tapes,|a
correction for differential expansion of the materialls

having a
to be easily removable.

- 1. | a1 11 . 1
11[\,{11[5 ULTUIIl dIilU TTaltUuIcT 11T SUUIT d VVCl}/ adS

5.4 Measuring Tape — Liquid Gaging

A liquid gaging tape is a graduated and numbered
flexible steel blade with an end fitting to which a plumb
bob is attached. Liquid gaging tapes are either innage
tapes or outage tapes. The tapes are similar in design
but differ in their mode of use.

L 1d L Liad
shetld-be-apphied:

For the most accurate results, the tape to be calibrated
should be tested against an interferometer system (see
Nonmandatory Appendix B). The interferometer mea-
surements shall be corrected for the environmental
conditions.

In all cases, the uncertainties associated with mea-
sured errors shall be evaluated (see Mandatory
Appendix I and Nonmandatory Appendices A and B).


https://asmenormdoc.com/api2/?name=ASME B89.1.7 2009.pdf

ASME B89.1.7-2009

6.3 Decision Rule

Each length under test, L, has a corresponding error,
o8 equal to the nominal value of the length, indicated
on the tape, minus the measured value for that length.
Each of these errors has an associated standard uncer-
tainty, u(8)) (see Nonmandatory Appendix A or B). The
index j =1, 2, ..., n, where n is the total number of
lengths under test.

Because there is uncertainty associated with the error
values, a decision rule needs to be applied that describes

depends on the nominal length, L;, as described in
para. 6.4 and shown in examples in Tables 2 and 3.

6.4 Maximum Permissible Errors (MPE)
Requirements
In this Standard, the MPE for steel tapes are based
on the formula MPE = +(A + B - L), where A and B are
specified constants and L is the length being checked.

NOTE: There are other standards that may apply to specific types
of steel measuring tapes such as API MPMS 3.1A 2005.

the wdy  which those uncertainty values are accounted
for when deciding acceptance or rejection. In this
Standard, a simple 4:1 acceptance decision rule applies
as defjned in ASME B89.7.3.1.

(a) [The measuring tape under test is accepted (i.e.,
confofmance to specifications is considered verified)
when |both of the following are true:

1) for each length under test, L, the uncertainty
associpted with the determined error is sufficiently small
to satisfy C,, = MPE;/2u(5) =24, where C,, = the mea-
surement capability index

2) for each length under test, L; the determined
error s sufficiently small to satisfy |8 < MPE;

(b) The measuring tape under test is rejected when

there s at least one length under test, L;, for which its
deterrhined error, &, and associated uncertainty, u(5),
satisfy both of the following:
(1) the uncertainty associated with the determined
error, (d), is sufficiently small to satisfy C,, = MPE;/
2u(8;)[= 4, where C,, = the measurement capability,
index
(2) the determined error is sufficiently large in'mag-
nitudqg to satisfy \5]\ > MPE;

Sinde the uncertainties of the errors can generally be
evaludted before the test begins, it can be‘determined
beforehand if the uncertainties are sufficiently small to
ensur¢ C,, = 4 for each length undertest, and thus if the
testing apparatus or procedure i§ stitficiently accurate
to tes{ for acceptance. When the-uncertainties are not
small pnough to ensure such G,, values, the uncertainty
requirpment for simple 4:1.acceptance has not been met,
meaning that the testifigiapparatus or procedure is not
sufficipntly accurate\to test for acceptance of the tape
under|test.

The|quantity MPE; is the specified maximum permis-
sible ¢rror_in\the length of the tape between the zero
graduptiorCand graduation L;. The magnitude of MPE;

—_

—_—

6.4.1 Curved Cross Section Without Tension] For
measuring tapes with curved cross seqtiens| A =
0.300 mm (0.0118 in.) and B = 0.150 nmpm/m
(0.0020 in./ft), thus the formula for the\MPE becpmes

(SI Units)
MPE ;,;, = £(0.300 mm,+ 0,150 mm/m - L m)

(U.S. Customary Units)
MPE;, = +(0.00118 in. + 0.0020 in./ft - L ft)

Representative values of the MPE for variou
lengths are.given in Table 2.

tape

6.4.2- Flat Rectangular Cross Section With Tengion.
For mleasuring tapes with flat rectangular cross se¢tions,
A £50.300 mm (0.0118 in.) and B = 0.127 mm/m
(00015 in./ft), thus the formula for the MPE becpmes

(SI Units)
MPE,;, = £(0.300 mm + 0.127 mm/m - L m)

(U.S. Customary Units)
MPE;, = +(0.0118 in. + 0.0015 in./ft - L ft)

Representative values of the MPE for variou
lengths are given in Table 3.

6.4.3 With End Fittings. When the calibrated fength
includes a tip, ring, hook, or end fitting, the calibjration
shall include an additional point at the 100 mm qr 4 in.
graduation.

6.4.4 MPE for Tapes With End Fittings. To detgrmine
the MPE for these tapes, add 0.300 mm (0.0118 fn.) to
the A constant in the MPE formulas in paras. 6.4|1 and
6.4.2 (see Tables 2 and 3).

tape
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Table 2 MPE for Representative Lengths of Curved Cross Section Tapes

Sl Units U.S. Customary Units
Length Being MPE Length Being MPE

Checked, m MPE, +tmm (With End Fitting), tmm Checked, ft MPE, %in. (With End Fitting);zin

1 0.450 0.750 1 0.0138 00256

2 0.600 0.900 2 0.0158 0.0276

3 0.750 1.050 3 0.0178 0.0296

4 0.900 1.200 4 0.0198 0.0316

5 1.050 1.350 5 0.0218 0.0336

6 1.200 1.500 20 0.0518 0.0636

8 1.500 1.800 25 0.0618 0.0736

10 1.800 2.100 30 0.0718 0.0836

15 2.550 2.850 50 0.1118 0.1236

20 3.300 3.600 75 01618 0.1736

30 4.800 5.100 100 0.2118 0.2236

40 6.300 6.600 125 0.2618 0.2736

50 7.800 8.100 150 0.3118 0.3236

100 15.300 15.600 200 0.4118 0.4236

Table 3 MPE for Representative Lengths of Flat-Rectangular Cross Section Tapes
Sl Units U.S. Customary Units
Length Being MPE Length Being MPE

Checked, m MPE, +mm (With End Fitting), tmm Checked, ft MPE, %in. (With End Fitting), zin

1 0.427 0.727 1 0.0133 0.0251

2 0.554 0.854 2 0.0148 0.0266

3 0.681 01981 3 0.0163 0.0281

4 0.808 1108 4 0.0178 0.0296

5 0.935 1.235 5 0.0193 0.0311

6 1.062 1.362 20 0.0418 0.0536

8 1.316 1.616 25 0.0493 0.0611

10 1.570 1.870 30 0.0568 0.0686

15 2.205 2.505 50 0.0868 0.0986

20 2.840 3.140 75 0.1243 0.1361

30 4.110 4.410 100 0.1618 0.1736

40 5:380 5.680 125 0.1993 0.2111

50 6.650 6.950 150 0.2368 0.2486

100 13.000 13.300 200 0.3118 0.3236
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MANDATORY APPENDIX |
REFERENCE STANDARD TRACEABILITY

I-1 GENERAL TRACEABILITY ISSUES

Thl; Standard omp]nyc the ini—nvpvo{-nﬁnn of traceabil-

(c) State the expanded (k = 2) uncertainty associated
with the calibrated distance of the reference standard

ity degcribed in ASME B89.7.5. In this Standard, trace-
ability issues arise in calibration of tapes through
compdrisons to either a master tape or an interferometer.
The rdference standard (master tape or interferometer)
used fpr comparison to a test tape must satisfy the trace-
ability| requirements of section I-2 of this document. This
requirpment provides the connection back to the SImeter
and allows a comparison of the measured length errors
with the specified MPE values.

The| traceability of the reference standard must be
documented. The documentation traceability require-
ment fescribes how the connection to the SI meter is
achievled. If a master tape is employed, the documenta-
tion trpceability is the calibration certificate of the master
tape §o an appropriate metrological terminus (see
sectiof I-3). If the reference standard is an interferometer,
then this interferometer must have metrological trace-
ability] to an appropriate metrological terminus, either
a calibration certificate or documentation describing the
meanp of realizing the SI meter (ASME B89.7.5;
sectiof 2).

I-2 REFERENCE STANDARD TRACEABILITY-

Each measurement system used in the calibration, for
example, a master tape and a height gage used to mea-
sure the length of the plumb bob attached to end fittings,
must be traceable per ASME B89.2.5. Typically, it is not
necesdary to separately document the traceability of each
calibrdted distance on a tape-inless multiple measure-
ment $ystems are used. it the calibration.

Supplying the infetmation below for each measure-
ment system employed will satisfy the traceability
requirpments fof the tape calibration. Information on
evalugting thé\ncertainty of the reference length is
given [in NNohmandatory Appendices A and B.

(a) ptatethe quantity under measurement, for exam-

as used at the time of measurement.

NOTE: This includes both the uncertainty on the ¢alibratjon cer-
tificate and effects such as the prevailing thermal conditiong at the
time of the calibration, and associated equipment used to fransfer
the value from the master to the tape under calibration, fof exam-
ple, a microscope carriage system.

(d) Provide an uncertaintylbudget describinjg the
uncertainty components used/to compute the statpment
of uncertainty. For a master'tape, the typical uncegtainty
components are the €alibration uncertainty, the fincer-
tainty in the mastertape temperature (used to make the
nominal thermal eXpansion correction), and the fincer-
tainty in theCoefficient of thermal expansion of th¢ mas-
ter tape, Additional uncertainty component$ may
include fixturing effects.

(e), Provide documentation of traceability backl to an
appropriate terminus of the standard used for the|refer-
ence standard (see section I-3 for an appropriate fnetro-
logical terminus). For example, for a master tape the
calibration certificate would suffice assuming the dertifi-
cate is from an appropriate metrological terminds.

(f) Show evidence of an internal quality assyrance
program so that the measurement uncertainty statpment
for the reference standard is assured. This may be a
simple procedure to ensure that the reference standard is
periodically recalibrated; other sensors, e.g., the weather
station of a reference interferometer, are periodically
recalibrated; and the artifact fixturing or other effects
are in accordance with the calibration requirements or
otherwise taken into account in the uncertainty bjidget.

I-3 METROLOGICAL TERMINUS

An appropriate metrological terminus for the |docu-
mentation traceability is any one of the following spurces
(see ASME B89.7.5 for further details):

ple, the specified intervals between the centerlines ol
pairs of graduations at the edge of the master tape where
the shortest graduations appear.

NOTE: The calibrated distance always refers to the standard tem-
perature of 20°C.

(b) Identify the measurement system or standard
used, for example, a master steel tape with serial number
12345.

(a) a calibration report' from a national measurement
institute (NMI) for the reference length (artifact or
instrument) used in the testing

! For some instruments, accuracy is often specified by a grade
or class. A document identifying compliance to a metrolgical grade
or class is equivalent to a calibration report.
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(b) a calibration report from a competent” laboratory
fulfilling section 5.6 of ISO 17025 for the reference stan-
dard used in the testing

(c) documentation describing an independent realiza-
tion of the ST meter® used to generate the reference stan-
dard, e.g., a laser interferometer. This documentation

2 A de facto means of demonstrating competence is through
laboratory accreditation.

3 In this Standard, an independent realization of the SI meter
is considered a reproducible physical phenomenon that has its
metrological characteristic (and reproducibility) measured and

will include the measurement uncertainty of the calibra-
tion and evidence that the stated uncertainty is achiev-
able, e.g., participation in a round robin or comparison
against another independently calibrated length
standard.

documented| by an NMI. Hence, reproduction of this phenomenon
represents ah unbroken chain of information back to the SI unit
of length; sufh a realization is sometimes referred to as a quantum-
based standfrd.
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NONMANDATORY APPENDIX A
CALIBRATION OF A TAPE BY COMPARISON TO A MASTER TAPE

A-1 TEST SETUP

Oy = Or + (OZM - atest)LR/[AT (A-4)

See Fig A-1

A-2 NOTATION
Ly |= calibrated length of a master tape at 20°C

Ly |= length of master tape at temperature T

tnest |= coefficient of thermal expansion of test tape
ay = coefficient of thermal expansion of master tape
Or |= error of test tape measured at temperature T
Oy |= error of test tape at T = 20°C

A-3 [CALIBRATION PROCEDURE

The|test setup is illustrated in Fig. A-1. Assume that
the right-hand edges of the two tapes correspond to the
same length graduation, for example, the 10 m marks.

The|difference in length, &y, at temperature T is mea-
sured [with a comparator instrument, such as a measur-
ing mjcroscope. The relevant lengths are shown at the
top of [Fig. A-1. The length of the master tape at tempera-
ture T|is
Ly = Li(1 + ayAT) (A1)
where

LY| = the length of the master tape takeh from its

calibration report
AT| = T-20°C

The| quantity of interest (the- measurand) is &, the
error pf the test tape at 20°C,~which is the standard
referefce temperature forlength measurements.

Thd bottom of Fig. 'A¥l shows the situation at
T = 2p°C. The mastet tape now has its calibrated length,
L3 The length of'the test tape at 20°C, corrected for
thermpl expansion (or contraction) from its length at
temperatureNT, is (Ly + 01)(1 — atestAT), where
AT = [T -@26°C. From the figure it is seen that

Equation (A-4) is the fundamental result of a tape
calibration performed by comparison with a mastdr tape
at temperature T. The first term is the measured error
at the calibration temperature T. The second terpn is a
correction for differential expansion i{or contractipn) of
the test and master tapes between the calibration tem-
perature and 20°C.

There are two cases of interést with respect fo the
differential expansion correction.

(a) If the test and master tapes are made of thg same
material (e.g., a steel tape calibrated against a stee] mas-
ter), then ay; = agg'and the correction is equal tq zero.
There will still/be uncertainty components assofiated
with the correction because none of the quantitifs ayy,
esty Lyeantd AT are known exactly.

(b) df the test and master tapes are made of different
materials (e.g., a steel tape calibrated against an{Invar
miaster), then the correction term must be calculatdd and
the result used to adjust the measured error.

The two cases are illustrated in section A-4.

A-4 UNCERTAINTY EVALUATION

The standard uncertainty, u(6y), associated with the
result eq. (A-4) of the tape calibration is calculatedfusing
the law of propagation of uncertainty as descrilped in
ISO/IEC Guide 98-3:2008 (GUM). The result is

1w (8x0) = u*(8r) + (LUAT)[1*(anr) + t*(etes)]
+ (LY A)AHAT) + (AaAT)ALY)

(A-5)

where Aa = ay — agegr. The first term on the right is
associated with the procedure used to measure thgerror,
6, and includes components due to the comparatqr cali-
bration and resolution, measurement repeatability] oper-
ator effects, etc.

The rpmaining termsin eq (A-R) arise from the i per-

0p = Ly + op)ll — amAT) — Ly (A-2)
and substituting for Ly using eq. (A-1) gives
80 = [L (1 + anAT) + 87](1 — aeaT) ~ L (A-3)

=ér+ (aM - atest)LOMAT — QestOTAT — aMatestLOM(AT)z

The last two terms in this equation are negligible and
may be omitted, so that the desired error is

fect correction for differential expansion (or contraction)
between the two tapes. The two possibilities are

(a) test and master tapes of the same material (e.g.,
steel tape and steel master): In this case, ay = st
u(ay) = u(aest) = u(a@), and the last two terms in
eq. (A-5) are equal to zero, so that

u*(8) = u(81) + 2(LMAT) u*(e) (A-6)
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Fig. A-1 Test Setup
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and

u(8) = \1(87) + 2LUAT () (A7)

(b) test and master tapes of different materials (e.g.,

steel tape and Invar master): In this case all terms in
eq. (A-5) must be included, so that

= "LLZ(‘ST) + (LUAT 1 (an) + 13 etest)] |

Because the master and test tapes are both made of
steel, the correction for differential expansion is equal
to zero. The standard uncertainty, 1u(5,), is given by
eq. (A-7).

The basic question facing the manufacturer is how
well must the comparator measurement be performed.
Or in other words, with what standard uncertainty, u(5r),
must the errors be measured in order to satisfy the
requirement of eq. (A-10)?

u(8) (A-8) The question can be answered as follows. Combining
(IO AAAT) 4+ (AaAT)2ALY) a5 —AA-D-and(A-10)vrields-the requirement
] gs—A--and{A-10)y the requirement
1u*(83) = 1*(8r) + 2(LUAT)*u*(e) (A-11)
A-5 PECISION RULE . MPE?
Ongde the test tape error has been measured, one has 64
to dec]de whether or not the MPE requirement has been . .
. . . Solving for u(dr) then gives
met. Because of the uncertainty associated with the
resulf of the error measurement, a decision rule IMIPE2 R
accordling to ASME B89.7.3.1 must be specified. The u(8y) < RS 2(LYAT)*u(a) (A-12)

stated|decision rule describes the way in which measure-
ment jincertainty will be accounted for in deciding if
the tafe is to be accepted as in compliance with its

specification.

In this Standard, the decision rule is called simple 4:1
accepfance. This means that a tape for which |8, < MPE
is accgpted as conforming with specification, as long
as the|measurement capability index, defined by C,, =
MPE /Pu(6y) = MPE/U, satisfies the requirement

c, = MIE

(A-9)

wherel U = 2u(dy) is the k = 2 expanded uncertainty
associfited with the measurement of the error,

A-6 EXAMPLE: COMPARATOR REQUIREMENT FOR

[TAPE CALIBRATION

A mlanufacturer wishes to designia comparator system
for calibrating 10 m curved cross section steel tapes.
The calibrated master tape\will also be made of steel.
Calibrptions will be performed in a laboratory where
the t¢gmperature iS¢maintained within the range
21°C 4 T <25°C.

Tapgs will bé accepted or rejected using a simple 4:1
accepfiance deciSion rule. From eq. (A-9) it is seen that
the refjuitement C,, = MPE/2u(8,) =4 means that the
standgrd( uncertainty associated with the result of an

This can now be eyaluated by putting in the numnbers.
LY =10m
From Table2:

MPE = 1.8 mm
AT = 5°C

ua) = (1/3) x 10°C
The value for u(a) is the standard deviation of fa uni-

form probability distribution of width 2 x 10°°C}’, i.e.,
@ is unknown by +1 x 10%°C™.

The two terms under the square root in eq. {A-12)
are then
MPE? _ 50625 wm?
64 pm
502
2(LYUAT ) 21%(a) = @ x 1072 m?
= 1670 pm?
Then
u(87) < /50625 — 1670 wm (A-13)

<221 um

The comparator measurement process used tg mea-

error measurement must satisfy

MPE

<
u(520) =g

(A-10)

11

sure the distance between the TU m marks on the test
and master tapes must have an associated standard
uncertainty of about 0.22 mm in order to satisfy the
requirements for simple 4:1 acceptance.
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