
ASME B89.7.1-2016
(Technical Report)

Guidelines for 
Addressing 
Measurement 
Uncertainty in the 
Development and 
Application of ASME 
B89 Standards



ASME B89.7.1-2016
(Technical Report)

Guidelines for
Addressing
Measurement
Uncertainty in the
Development and
Application of ASME
B89 Standards

x



Date of Issuance: May 31, 2016

This Technical Report will be revised when the Society approves the issuance of a new edition.

ASME is the registered trademark of The American Society of Mechanical Engineers.

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or activity.
ASMEdoes not take any positionwith respect to the validity of any patent rights asserted in connectionwith any itemsmentioned in

this document, and does not undertake to insure anyone utilizing a standard against liability for infringement of any applicable letters
patent, nor assumes any such liability. Users of a code or standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Participation by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted as government or

industry endorsement of this code or standard.
ASME accepts responsibility for only those interpretations of this document issued in accordance with the established ASME

procedures and policies, which precludes the issuance of interpretations by individuals.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,

without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2016 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

All rights reserved
Printed in U.S.A.



CONTENTS

Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv

Committee Roster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Correspondence With the B89 Committee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi

1 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

3 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

4 Calibration and Verification Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

5 Documenting Measurement Uncertainty and Metrological Traceability in ASME B89 Standards
and Technical Reports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

6 Uncertainty-Related Recommendations for ASME B89 Standards . . . . . . . . . . . . . . . . . . . . . . 6

Nonmandatory Appendices
A Calibration Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
B Documenting Measurement Uncertainty in ASME B89 Standards and Technical Reports . . . . . . . . 11
C Documenting Measurement Uncertainty in a Summary Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Figures
4.1-1 Relationship Between Calibration and Verification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
C-1-1 Example of an Uncertainty Matrix Format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

iii



FOREWORD

This Technical Report provides general principles for addressing measurement uncertainty that apply to the use of
ASMEB89 standards. This Technical Report also provides recommendations regardingmeasurement uncertainty for use
in the development of ASME B89 standards. This Technical Report is concernedwith the application and documentation
of measurement uncertainty but not with methods for the estimation of measurement uncertainty.
A number of challenging requirements have been introduced to dimensional metrology practice in recent years

through new developments in ISO/IEC 17025 accreditation, measurement uncertainty, and conformance decision
rules. Many of these requirements are related to the broad concept of measurement uncertainty management. The
ASME B89.7 series of standards and technical reports has been developed to help users understand and meet
these new uncertainty-related requirements.
To achieve its purpose, this Technical Report introduces general concepts associated with calibration and verification

testing. This Technical Report clarifies existing terms and introduces new terms and definitions in an attempt to stan-
dardize practices within ASME B89 standards and across the dimensional metrology field.
There are efforts ongoing to develop standards and to prepare industry to address the issues related to measurement

uncertainty and the increasing recognition of its importance in commerce. These efforts aim to support the consideration
of measurement uncertainty in measurement plans. Until recently, many existing ASME B89 standards did not address
measurement uncertainty. This Technical Report provides guidelines for documenting the treatment of uncertainty
contributions. These guidelines support the use and documentation of a methodology recognized as consistent
with the concepts outlined in JCGM 100, Guide to the Expression of Uncertainty in Measurement (GUM).
Applying common guidelines in development of all ASME B89 standards, where appropriate, will ensure consistency,

facilitate the approval process, and improve intelligibility for buyers and sellers who use ASME B89 standards.

Acknowledgment. This work was initiated and originally chaired by the late John Buttress, and his contribution is
recognized and appreciated by the ASME B89 Committee.
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GUIDELINES FOR ADDRESSING MEASUREMENT UNCERTAINTY
IN THE DEVELOPMENT AND APPLICATION OF ASME B89

STANDARDS

1 SCOPE

ThisTechnical Report provides recommendations asso-
ciated with addressing measurement uncertainty and
direction in the application of the existing ASME B89.7
series of uncertainty-related standards and technical
reports. This Technical Report also provides general prin-
ciples and recommendations regarding measurement
uncertainty and its documentation for use in the devel-
opment of ASME B89 standards and technical reports.
This Technical Report does not cover methods to be
used in the estimation of measurement uncertainty. To
achieve these objectives, this Technical Report
(a) outlines guidelines for documenting measurement

uncertainty in ASME B89 standards and technical reports
(b) defines general calibration and verification testing

principles, terms, and concepts for use in dimensional
metrology
(c) discusses general topics associatedwith addressing

measurement uncertainty, such as operating conditions,
conformance testing, decision rules, and traceability
This Technical Report takes advantage of the technical

content developed in other ASME B89.7 standards and
technical reports, whenever possible. That technical
content is referenced, but not repeated, in this
Technical Report.

2 DEFINITIONS

For the purposes of this Technical Report, the defini-
tions in JCGM 200:2012 (VIM3) apply; any differences
or additions are included below. When definitions
from JCGM 200 are included in this Technical Report,
some notes may not be shown for brevity. When notes
have been added to the JCGM 200 definitions in this
Technical Report, a parenthetical statement indicates
the notes are specific to this Technical Report.
artifact verification: provision of sufficient objective
evidence that a given material measure (artifact)
conforms to a specified maximum permissible error or
tolerance limit.
calibration:operation that, under specified conditions, in a
first step, establishes a relation between the quantity
values with measurement uncertainties provided by
measurement standards and corresponding indications
with associated measurement uncertainties and, in a
second step, uses this information to establish a relation
for obtaining a measurement result from an indication.

(This definition is identical to JCGM 200:2012, definition
2.39, but with the notes not shown for brevity. The note
below is specific to this Technical Report.)
NOTE:Verification tests are frequentlyusedascalibrationswhen
they satisfy both the first and second step in the above definition
(see para. 4.4.2).

decision rule: documented rule that describes how
measurement uncertainty will be accounted for with
regard to accepting or rejecting an item, given a specified
requirement and the result of a measurement. (This defi-
nition is identical to JCGM106:2012, definition 3.3.12. The
note below is specific to this Technical Report.)
NOTE:See furtherdiscussionofdecisionrules inASMEB89.7.3.1.

indication: quantity provided by a measuring instrument
or measuring system.
NOTES:
(1) An indication is often given as the position of a pointer for an

analog output or the displayed or printed number for a
digital output.

(2) An indication is also known as a reading.
(The definition above, including the Notes, is identical to
JCGM 106:2012, definition 3.2.9.)
instrument verification: provision of sufficient objective
evidence that a given indicating measuring instrument
conforms to a specified maximum permissible error or
tolerance limit.
maximumpermissible error (MPE): for ameasuring instru-
ment,maximumdifference, permitted by specifications or
regulations, between the instrument indication and the
quantity being measured. (This definition is identical
to JCGM 106:2012, definition 3.3.18, but with notes not
shown for brevity. The note below is specific to this
Technical Report.)
NOTE: A maximum permissible error is a specific type of toler-
ance limit.
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