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NOTICE

All Performance Test Codes must adhere to the requirements of ASME PTC 1, General Instructions. The following infor-
mation isbased on that documentand is included here for emphasis and for the convenience of the user of the Supplement.
Itis expected that the Code user is fully cognizant of Sections 1 and 3 of ASME PTC 1 and has read them prior to applying
this Supplement.

ASME Performance Test Codes provide test procedures that yield results of the highest level of accuracy consistent wiu.
the best engineering knowledge and practice currently available. They were developed by balanced committe »s rep-
resenting all concerned interests and specify procedures, instrumentation, equipment-operating requirements, calc 1la-
tion methods, and uncertainty analysis.

When tests are run in accordance with a code, the test results themselves, without adjustment for uncc. tain.; yield the
bestavailable indication of the actual performance of the tested equipment. ASME Performance Test Codes\'o not specify
means to compare those results with contractual guarantees. Therefore, it is recommended that the parties to a commer-
cial test agree before starting the test and preferably before signing the contract on the method to vo.t sed for comparing
the test results with the contractual guarantees. It is beyond the scope of any code to determin > or i) terpret how such
comparisons shall be made.
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FOREWORD

In March 1979, the Performance Test Codes Supervisory Committee activated the PTC 19.1 Committee to revisea 196°
draft of the document PTC 19.1, General Considerations. The PTC 19.1 Committee proceeded to develop a Performanc.
Test Code Instruments and Apparatus Supplement published in 1985 as PTC 19.1-1985, Measurement Uncertaintv. Ti is,
along with its subsequent editions, was intended to provide a means to standardize nomenclature, symbols, and mc* -
odology of measurement uncertainty in ASME Performance Test Codes.

Work on the revision of the original 1985 edition began in 1991 with the two-fold objective of improving 1.z us. fulness
to the reader through greater clarity, conciseness, and technical treatment of the evolving subject mattc=: ai.d harmo-
nizing with ISO/IEC Guide 98-3, Guide to the Expression of Uncertainty in Measurement (GUM). ASM® piivlished PTC
19.1-1998 as Test Uncertainty, the new title reflecting the appropriate orientation of the documunt.

The effort to update the 1998 revision began immediately upon completion of that documei t. The 2005 revision was
notable for the following significant departures from the 1998 text:

(a) ASME PTC 19.1-2005 adopted nomenclature more consistent with ISO/IEC Guide ?8-3. ¢ ncertainties remained
conceptualized as “systematic” (estimate of the effects of fixed error not observed in the data, anc ‘random” (estimate of
the limits of the error observed from the scatter of the test data). Both types of ui ce.wa'nty wvere defined at the standard-
deviation level as “standard uncertainties.” The determination of an uncertainty at + »me .evel of confidence was based on
the root-sum-square of the systematic and random standard uncertainties mu’tiplied Ly the appropriate expansion factor
for the desired level of confidence (usually “2” for 95%). This same app. 2z ~h was used in the 1998 revision, but the
characterization of uncertainties at the standard-uncertainty level (“star.lara ‘eviation”) was notas explicitly stated. The
new nomenclature was expected to render ASME PTC 19.1-2005 and s 'bse juent revisions more acceptable to an inter-
national audience.

(b) There was greater discussion of the determination of svst.matic uncertainties.

(c) Text was added on a simplified approach to determi e th= uncertainty of straight-line regression.

For this 2018 revision, the significant changes are the additio.. =i the Monte Carlo method for propagating uncertainties
and the use of multiple test results to obtain an estimat*e of the random uncertainty of the result. A detailed example that
illustrates all aspects of uncertainty analysis is inclued s a se parate section in the document. This section shows both the
Taylor series method and the Monte Carlo methed fo.: pr upagating uncertainties. This new section replaces the examples
section that was included in previous versicas >f ti.e document.

This Standard is available for public review n a continuing basis. This provides an opportunity for additional public-
review input from industry, academia, :eg.latory agencies, and the public-at-large.

ASME PTC 19.1-2018 was approvad b the PTC Standards Committee on March 28, 2018, and was approved as an
American National Standard by t'.c AN>S: Board of Standards Review on September 20, 2018.

vii


https://www.stdhive.com/standards/asme-ptc-191-2018-pdf/

ASME PTC COMMITTEE
Performance Test Codes

(The following is the roster of the Committee at the time of approval of this Code.)

STANDARDS COMMITTEE OFFICERS

P. G. Albert, Chair
S. A. Scavuzzo, Vice Chair
D. Alonzo, Secretary

STANDARDS COMMITTEE PERSONNEL

. Albert, Consultant

Alonzo, The American Society of Mechanical Engineers
J. M. Burns, Burns Engineering Services A. Scavuzzo, The Babcock & Wi ox (lo.
A. E. Butler, GE Power & Water A. Silvaggio, Jr., Siemel.: I'em. 7 Deiaval Turbomachinery, Inc.

P. G S. P. Nuspl, Consultant
D. R.
S.
J.
W. C. Campbell, True North Consulting, LLC T. L. Toburen, T2E3, Inc.
M. G.
w.

Pearce, Kansas City Power & light

L.
J. Dooley, Energy Assessment & Thermal Performance E. Weber, OSIsoft, .LC
Gonzalez, Iberdrola Igenieria y Construccién C. Wood, Duk. En rgy
C. Heil, Alternate, ™ 1c Labcock & Wilcox Co.
P. Allen, Hc torary i.2mber, Consultant
Jorgensen, . 'onor iry Member, Consultant

E. Henry, Consultant T.
R. Keyser, Survice Engineering R.
K. Kirkpatrick, McHale & Associates, Inc. R.
P. M. M. “Hai. . Honorary Member, McHale & Associates, Inc.
R. R. Prie. tley, Honorary Member, Consultant
R. F Sommc.lad, Honorary Member, Consultant

]J. Korellis, Electric Power Research Institute
McHale, McHale & Associates, Inc.

J.
R.
D.
T.
S.
M. P.

J. W. Milton, Chevron, U.S.A,, Inc.

PTC 19.1 COMMITTEE — TEST UNCERTAINTY

R. H. Dieck, Chair, Ron Dieck Associates, Inc. H. K. Iyer, Contributing Member, National Institute of Standards and
W. G. Steele, Jr., Vice Chair, Mississippi State University Technology

M. Pagano, Secretary, The American Society of Mecha:.ical i n e rs B. James, Contributing Member, Southern California Edison

R. Bough, Rolls-Royce Corp. R. Luck, Contributing Member, Associate Professor

H. W. Coleman, University of Alabama in Huntsville P. C. Meecham, Contributing Member, P C Meecham (International)
W. Davis, McHale & Associates, Inc. Ltd.

R. S. Figliola, Clemson University S. Pal, Contributing Member, Consultant

H. Liu, National Institute of Standards and ". »~anc ogy L. Philpot, Contributing Member, Zachry Nuclear Engineering, Inc.
M. Soltani, Bechtel Nuclear, Security & “nviro.....ental A. ]. Rivas-Guerra, Contributing Member, Cerrey, S.A. de C.V.

J. E. Stumbaugh, Westinghouse Elect+ic (... LLC K. Shirono, Contributing Member, National Institute of Advanced
M. J. Wilson, Aerojet Rocketdyne Industrial Science and Technology

J. F. Bernardin, Jr., Contributing Mc mbe', Pratt & Whitney G. N. Wort, Contributing Member, QinetiQ

D. A. Coutts, Contributing Member, AL "OM P. Wright, Contributing Member, US Air Force

viii


https://www.stdhive.com/standards/asme-ptc-191-2018-pdf/

CORRESPONDENCE WITH THE PTC COMMITTEE

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

Secretary, PTC 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 Code to incorporate changes that appear necessary or
desirable, as demonstrated by the experience gained from the application of the Cod> Apy: oved revisions will be
published periodically.

The Committee welcomes proposals for revisions to this Code. Such proposals skcild L~ as specific as possible, citing
the paragraph number(s), the proposed wording, and a detailed description of the \ »aso. s for the proposal, including any
pertinent documentation.

Proposing a Case. Cases may be issued to provide alternative rules whei. usufied, to permit early implementation of
an approved revision when the need is urgent, or to provide rules not ¢overad oy existing provisions. Cases are effective
immediately upon ASME approval and shall be posted on the ASI'E C~r.mittee web page.

Requests for Cases shall provide a Statement of Need and Bac. aro.nd Information. The request should identify the
Code and the paragraph, figure, or table number(s), and be wrcten as 2 Question and Reply in the same format as existing
Cases. Requests for Cases should also indicate the applicable « diti »n(s) of the Code to which the proposed Case applies.

Interpretations. Upon request, the PTC Standards Committee will render an interpretation of any requirement of the
Code. Interpretations can only be rendered in resp..se to a written request sent to the Secretary of the PTC Standards
Committee.

Requests for interpretation should prefer: bly be submitted through the online Interpretation Submittal Form. The
form is accessible at http://go.asme.org/I: ter, retationRequest. Upon submittal of the form, the Inquirer will receive an
automatic e-mail confirming receipt.

If the Inquirer is unable to use the onliie form, he/she may mail the request to the Secretary of the PTC Standards
Committee at the above address. th¢ request for an interpretation should be clear and unambiguous. It is further rec-
ommended that the Inquirer cub. ‘it Lis/her request in the following format:

Subject: “ite “he applicable paragraph number(s) and the topic of the inquiry in one or two words.
Edition: Cii 2 the applicable edition of the Code for which the interpretation is being requested.
Question: t hrase 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 a way thata
“yes” or “no” reply is acceptable.

Pronos~d K-ply(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.

Bac. eround 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.

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.
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Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Code 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,” “
device, or activity.

NG

certify,” “rate,” or “endorse” any item, construction, proprietary

Attending Committee Meetings. The PTC Standards Committee regularly holds meetings and/or telephone confer-
ences that are open to the public. Persons wishing to attend any meeting and/or telephone conference should contact the
Secretary of the PTC Standards Committee. Future Committee meeting dates and locations can be found on the Committee
Page at http://go.asme.org/PTCcommittee.



INTRODUCTION

Most sections in this revision of ASME PTC 19.1-2013 [1] have been rewritten to add to the available technology for
uncertainty analysis and to make it easier for the practicing engineer to use. The intent is to provide a standard that can be
used easily by engineers and scientists with interest in the objective assessment of measured-parameter data quality
using test uncertainty analysis.
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ASME PTC 19.1-2018

Section 1
Object and Scope

1-1 OBJECT

The object of this Standard is to define, describe, and
illustrate the terms and methods used to provide mean-
ingful estimates of the uncertainty in test measurements,
parameters, and methods, and the effects of those uncer-
tainties on derived test results.

1-1.1 Objectives

An uncertainty analysis of test measurements, para-
meters, and methods is useful because it

(a) provides an objective estimate of the quality of test
data and results

(b) facilitates communication regarding measurement
and test results

(c) fosters an understanding of potential error sources
in a measurement system, and the effects of those poten-
tial error sources on test results

(d) guides the decision-making process for selecting
appropriate and cost-effective measurement systems
and methods

(e) reduces the risk of making erroneous decisions
based on test results

(f) documents uncertainty for assessing compliance
with test requirements

(g) substantiates the test uncertainty budget

When an uncertainty analysis is completed, a numerical
characterization of the quality of test results is available
with an appropriate level of confidence, typically 95%.

1-2 SCOPE

The scope of this Standard is to specify procedures for

(a) evaluation of uncertainties in test measurements,
parameters, and methods

(b) propagation of those uncertainties into the uncer-
tainty of a test result

Depending on the application, uncertainty sources may
be classified either by the presumed effect (systematic or
random) on the measurement or test result, or by the
process in which they may be quantified or their pedigree
(Type A or Type B).

1-2.1 Uncertainty Propagation Methods

This Standard incorporates two internationally
accepted methods of propagating uncertainties in
measured parameters to a derived test result.

1-2.1.1 Taylor Series Method (TSM). This method of
propagation is consistent with ISO/IEC Guide 98-3
(GUM) [2]. The TSM requires the determination of sensi-
tivity coefficients for each input variable (how the resultis
affected by variations in the input variables) and standard
uncertainties for each error source.

1-2.1.2 The Monte Carlo Method (MCM). This method
of propagation is consistent with JCGM 101 [3]. The MCM
requires estimation of probability distributions and stan-
dard uncertainties (standard deviations) for each error
source.

The distribution determined as the output of an MCM
analysis allows direct determination of the lower and
upper limits of a coverage interval that contains a specified
percentage of the distribution. Thus there are no addi-
tional assumptions required to arrive at an “expansion
factor,” as is necessary in the TSM approach, to obtain
a confidence interval estimate.

1-2.2 Uncertainty Propagation Classifications

This Standard uses two major classifications for errors
and uncertainties: systematic and random. The ISO GUM
uses a different classification for uncertainties: Type A and
Type B.

1-2.2.1 Systematic. Systematic errors, whose effects
are estimated with “systematic standard uncertainties,”
do not cause scatter in test data.

1-2.2.2 Random. Random errors, whose effects are
estimated with “random standard uncertainties,” cause
scatter in test data.

1-2.2.3 ISO GUM Classification. The ISO GUM uses a
different classification: Type A uncertainties are evaluated
with statistical methods and Type B uncertainties are eval-
uated using other means, such as models or judgment. The
terms identify the pedigree of the error sources.

The uncertainty of a test result is independent of
whether the elemental uncertainties are classified as
systematic or random, or as Type A or Type B. Regardless
of the uncertainty classification used, the calculated





