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FOREWORD

This Code on General Instructions was first printed in preliminary form in Mechanical Engineering in 1920 and was
presented at a public hearing at the spring meeting of The American Society of Mechanical Engineers (ASME) held in
Chicag Reis—H—1921—H-wa ovedandadeptedasastandard practice SME-in—1924-

Dufing the years 1920 through 1970, the function of the Power Test Codes (as they were then known) ‘coptinued to
evolve and broaden. In recognition of these developments, the Code on General Instructions was revised twice. The
revisjons were approved by the Council on Standards and Certification on June 17, 1945, and May 7, 1970, regpectively.

During theyears 1970 through 1985, the scope of the Power Test Codes, now known as PerformanceTest Codes (PTCs),
was further broadened as a result of

(a)| their designation as American National Standards by the American National Standdpds' Institute (ANSI)

(b) anincreased awareness of the relationship between U.S. domestic standards and their international coynterparts
and g4 related need to reconcile substantially conflicting requirements between U.S«and’international docyments

(c)| clarification on the use of uncertainty in test codes

These developments resulted in several additional revisions to the Code on General Instructions that were approved by
the Bpard on Performance Test Codes (BPTC) on May 13, 1970 (with the Octobetf 1971 Addenda); October 29, 1979; June
18, 1p86; and June 12, 1991.
Thp subsequent revision of the Code was initiated in mid-1998. A Project Team was appointed by the BPTC {) develop

this rpvision under the ASME Redesign Process. The revised documentwas approved by the BPTC on Novembe1 19, 1998.

The next revision was a major updating of the Code, now called. ASME PTC 1. The existing information contained in
ASME PTC 1 was divided into two separate documents. One is the Code writer’s guide, the ASME PTC 1 Template} available
on the ASME PTC Committee web page. The other, ASME PTC:\}.contains mandatory information for all code ysers. This
revisjon was approved by the BPTC on December 9, 2003. Itwas also approved as an American National Standprd by the
ANSI|Board of Standards Review on March 10, 2004.

The 2011 revision contained modifications to the 2004 version whereby some new committees were added gnd others
discontinued. The template was not updated at this time. The 2011 revision was approved by the PTC $tandards
Cominittee (formerly BPTC) on May 24, 2041, and approved and adopted as a standard practice of [ASME by
action of the Board on Standardization and-Testing on August 8, 2011. It was also approved as an Americar National
Standard by the ANSI Board of Standards Review on November 14, 2011.

In the 2015 revision of PTC 1, the template was no longer required but was retained as a recommended doqument. In
recognition of the need for an acceptable method to prepare for and validate the acceptability of a test, anoth¢r permis-
sible juse of test uncertainty was'added to PTC 1. This addition allows flexibility in the individual contributipns to the
specified measurement’s uncertainly contributors while ensuring that the overall total test uncertainty is achigved. This
methpd strictly specifies each.-measurement’s systematic uncertainty along with its permissible variation (data fluctua-
tion)|or a total measuremient uncertainty, including both systematic and random effects for each measured garameter
and/pr variable or each type of measured parameter or variable. While a pretest and post-test uncertainty gnalysis is
always required, itis)limited to demonstrate the achievement of uncertainty limits placed upon each individualjmeasure-
mentwithout having to calculate a total test uncertainty for the result. However, if the user of the Code wishes|to exceed
any df the specified uncertainty limits in any parameter or variable, a complete test uncertainty analysis is r¢quired to
establish.that the Code’s limit level of uncertainty for the test result has been met. This requires using the systematic,
rand¢m;,and total measurements’ uncertainty limits of each parameter and variable in accordance with PTC 19.1. Once
the CodetimmitYrreer taimty s determired-fortheTesult; cALccdiug tire UppcT Hrmitof Ity trrdtvidtrat parar 1eter’s or
variable’s specified uncertainty is allowable only if it is demonstrated that the selection of all instrumentation
used will resultin an overall test uncertainty equal to or less than what it would have been had all parameters’ uncertainty
requirements been met.

This 2022 edition has been produced to clearly define the meaning of a “Code Test.” Specifically, text has been added to
expand upon the philosophy of the ASME PTCs and how users shall apply the ASME PTCs. In addition, clarification of
parties to a test has been better defined and specific language has been added to advise how parties to a commercial test
should be defined within the contract, along with responsibility delineation for when the Code calls for the parties to a test
to take action. This edition of ASME PTC 1-2022 was approved as an American National Standard by the ANSI Board of
Standards Review on February 18, 2022.
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CORRESPONDENCE WITH THE PTC 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

revis

ons—ar-a—cacsa—and-attandina anm-H—nn meetines Corracsnandanca c]nr\ dd ba addraccad to-

OISO ta St artraeeent g TTeC T s SO T eSS poTaenc o et eSSt a—to-

Secretary, PTC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Prgposing Revisions. Revisions are made periodically to the Standard to incorporaté:changes that appear

orde
publi

Th
citing
inclu

Kirable, as demonstrated by the experience gained from the application of the Standard. Approved revisid

Khed periodically.

e Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific as
the paragraph number(s), the proposed wording, and a detailed déscription of the reasons for the

ling any pertinent documentation.

P
ana

-

posinga Case. Cases may be issued to provide alternative ruleswhen justified, to permit early implemg
roved revision when the need is urgent, or to provide rules net'covered by existing provisions. Cases ar

immgdiately upon ASME approval and shall be posted on the~nASME Committee web page.

Refjuests for Cases shall provide a Statement of Need and Background Information. The request should id
Standard and the paragraph, figure, or table number(s), abd be written as a Question and Reply in the same
existing Cases. Requests for Cases should also indicate the applicable edition(s) of the Standard to which the
Case [applies.

Interpretations. Upon request, the PTC Standards Committee will render an interpretation of any requiren
Standard. Interpretations can only be rendefedin response to a written request sent to the Secretary of the PTC

Com
Re
form

If
Com
omm

Subjd
Editi

Questi

ittee.
is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will

e Inquirer is unable te.use the online form, he/she may mail the request to the Secretary of the PTC

autoiatic e-mail confirming receipt.

mended that the Inquirer submit his/her request in the following format:

ct: Cite the applicable paragraph number(s) and the topic of the inquiry in one or ty
n: Cite the applicable edition of the Standard for which the interpretation is being 1

Juests for interpretation shouldspreferably be submitted through the online Interpretation Submittal F

hecessary
ns will be

possible,
proposal,

ntation of
p effective

entify the

format as
proposed

ent of the
btandards

orm. The
eceive an

btandards

ittee at the above address. The request for an interpretation should be clear and unambiguous. It is fulrther rec-

vo words.
equested.

Proposed Reply(ies):

Background Information:

“yes” or “no’ reply is acceptable

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.

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.

vii
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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,” “
device, 0]‘ activity:

» o«

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

Attending Committee Meetings. The PTC Standards Committee regularly holds meetings and/or telephene-cqnfer-
ences thatare open to the public. Persons wishing to attend any meeting and/or telephone conference should contagt the
Secretary|ofthe PTC Standards Committee. Future Committee meeting dates and locations can be found on'the Committee
Page at hftp://go.asme.org/PTCcommittee.

viii
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INTRODUCTION

APPLICATIONS AND LIMITATIONS. This Code provides direction to users, parties to a test, and the ASME committees
responsible for writing Performance Test Codes (PTCs). Code users and parties to a test shall consider this Code as part of

each testend-al-therequirementshereinshall-beappheable-inndditionte-thesewithin-the-ndividuad 2 Cscovering a

partigular test.

The objectives of ASME PTC 1, General Instructions, are as follows:

(a)| to define the purpose and scope of ASME PTCs

(b)| to list major industry applications where PTCs can be used

(c)| to provide direction on the use of PTCs concerning the planning, preparation, executioh, and reporting of test
resulfs.

Test results determined by a PTC or a group of PTCs can be used as defined by a contract as the basis for defermining
fulfillment of contract performance guarantees. Test results can also be used for comparisen to a design numbe}, to trend
performance changes over time, to help evaluate possible modifications or to validate them, or for any application in
which the performance is needed.

Thp results of a test conducted in accordance with PTCs will not provide thie sole basis for comparing thg thermo-
econpmic effectiveness of different plant and equipment designs or diffefeht generation technologies.

GUIDANCE IN USING ASME PERFORMANCE TEST CODES. ASME PTCs@re developed primarily to address thie needs of
contrjactacceptance and/or compliance testing. This is not intended, however, to limit or prevent the use of PTC§ for other
typeq of testing where the accurate determination of performance is required.

PTLs are not tutorials: they are intended for use by persofis'experienced in testing power plants and ejquipment
perfgrmance by following the rules of any Code. Prerequisites include detailed knowledge of power-plant operations,
thermodynamic analyses, calculations of heat balance, testing and measurement uncertainties and their analysps, testing
methpds, and the use, control, and calibration of test-equipment and measuring instrumentation.

ASME PTCs are developed to support the achieveément of specific test goals. Test goals are the overall obj¢ctive and
ement of the test execution (corrected ox-uncorrected performance parameter or guarantee perforrmance pa-
rameter desired to be determined: power output, heat rate, capacity, steam rate, efficiency, performance fatio, etc.)

ASME PTCs provide rules and procedtires for designing and executing a test setup that is used to support the test goal. A
etup is a detailed approach thatencompasses the test strategy, required measurements, corrections, asshmptions,
ations, operating limitation§, deliverables, and resources required to perform testing for determinatioh of a test

The test setup rules and practices within the ASME PTCs are the same as in any field of practice where thq scientific
methpd is applied to ensure a controlled experiment or test. The test setup is implemented to ensure accurpcy of the
results from the test. When a controlled experiment or test is conducted, the test must be designed to limit or mipimize the
effects of variables-other than those of the independent variables over which the parties to the test have no control.
Uncoptrolled variables that influence the dependent variables will be determined from the test.

Idqally, a tést setup of a controlled experiment or test on a power plant or equipment would be designed} planned,
execyted, and reported whereby all of the influential parameters are specifically set to a desired value and pnder the
contrl.of_the parties to the test.

Forexample ontrolsetcaon ingo

3 exaogenous facto h as the influential parameters of ambient tempera-
ture, relative humidity, barometric pressure, wind speed, wind direction, fuel composition, fuel temperature, load dispo-
sition, valve isolation, valve lineup, and auxiliary alignments) at the test boundary and within the control system were
matched perfectly to the conditions that support determination of the test goals or the guaranteed performance pa-
rameters (e.g., heatrate, power output, steam rate, capacity, and performance ratio), then analytical corrections would be
unnecessary.

Therefore, the test would directly measure the performance parameters that could then be compared to the guarantee
atreference and operating conditions. Such a design would put the measured results on the same basis as the guarantees
for comparisons without any analytical manipulations. However, the ability to achieve this ideal state, where the Test Goal
and Test Setup are perfectly matched, is very impractical in practice, and thus requires a Test Setup that is as close as
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possible to the Test Goal’s specified conditions, balancing uncertainty, cost, and the value of information obtained from
the test.

So, when conducting a PTC test, the Test Setup should determine performance at specific operating conditions and with
certain fixed parameters at the boundary and within the limits of the plant or the equipment being tested. Such setups, that
limit analytic corrections to yield results of the highest level of accuracy based on current engineering knowledge, take
into account test costs and the value of the information obtained from testing. To accomplish this, one musthave thorough
knowledge of which influential parameters are within their control and which influential parameters are outside their
control. The main part of test setup is control of equipment and/or plant operating conditions and reference conditions,
when possible, to be consistent with the specified performance. If a difference from the specified operating or reference
conditionreatmotbeetimimatedthetrpartiestothete ustapreeuporandd i e t for
their infldence on the performance test results.

Itimpoftant to recognize that part of the test setup is knowing how the choice of controlled or imposed updnopegating
modes affcts the plant or equipment performance calculations and calculation methodology. For a properly desjgned
test, the thermal performance model should develop the plant or equipment correction curves based.on the establjshed
test setupg and the planned or imposed mode of operation during the test. During the performarice-test, the plgnt or
equipmenjt shall then be operated in accordance with the operating philosophy upon which te correction curves or
models arje based. Care must be taken to ensure that when a correction is applied, it does not résult in a performande at a
condition|at which the equipment could not actually operate, such as beyond a pressure, temperature, or flow capacity
limit.

VeTopPpalrary a OT O COTTTC
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Section 1
Purpose, Scope, and Organization
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DEFINITION AND PURPOSE

ME PTCs provide uniform rules and procedures for the planning, preparation, execution, and reporting
e test results. Test results provide numerical characteristics to the performance of equipment)systems, 4

under controlled circumstances to provide inputs to calculations. These results can-be, used to beng
tain performance at a particular time and can indicate how well the performance of the specified e
ares to an established design, predicted criteria, or previous test results. Throughout ASME PTC 1,
“equipment” is used with reference to the object of a performance test, it>can refer to specific eq
s, or entire plants.

STANDARDS COMMITTEES

ME PTCs are developed by technical committees that are governed,organized, and appointed by the Per
Codes Supervisory Committee under the auspices of the Board on.Standardization and Testing. Each cog
hittee is organized to include representatives of several interestgroups. The qualifications of each member
g committee are subject to examination and approval by the’Supervisory Committee. Members of the cog
hittees are highly qualified, technically competent professionals, generally members of ASME, who have ej
bld or in an area of expertise needed by the committee;Such as special instrumentation. Each member pres
on matters under consideration as members of a l¢arned profession, not as representatives of employers
pst groups.

BCOPE AND ORGANIZATION OF PTCs

st ASME PTCs are applicable to a speeified type of equipment defined by the Code. There may be sej
ories of equipment covered by a Single code. Types of equipment to which PTCs apply can be classifie
ving five broad categories:

power production, energy! conversion, and storage

combustion and heat tfansfer

performance monitofting

fluid handling

emissions
b quantities that.characterize performance are defined in each code for the equipment within its scope
rmance characteristics determined by adherence to a PTC can be evaluated and compared to design or
cteristiCs/or previous test results, or they can be used to benchmark or ascertain performance at a partid

ical reference material for the equipment codes. Three types of reference codes exist.

of perfor-
nd plants

tested. A performance test is an engineering setup and evaluation where measurements of key parameters are

hmark or
(quipment
when the
uipment,

formance
e-writing
ofacode-
e-writing
pertise in
ents their
or special

Feral sub-
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for terms, units, values of constants, and technical nomenclature.

The second type covers instrumentation used in the measurement of thermodynamic or process fluid parameters, such
as pressure, temperature, flow, and shaft power. Individual codes referring to process or thermodynamic quantities are
known as Performance Test Code Instruments and Apparatus Supplements. They are supplementary to the information
on mandatory instrumentation requirements contained in the equipment codes. Instrumentation information in equip-
ment test codes supersedes the information given in these supplements, but otherwise these supplements can be incor-
porated by reference in equipment test codes where deemed appropriate by the committee.

The third type addresses how to analyze the uncertainties associated with measurement of all primary parameters to
develop overall test uncertainty. It currently consists of PTC 19.1.
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Over time, the Performance Test Codes Supervisory Committee, under the auspices of the Board on Standardiz

ation

and Testing, review the PTCs in order to judge their relevancy, technical evolution, development, and applicability,

whereby a code may be withdrawn of discontinued.

Figures 1-3-1 and 1-3-2 show the organization of ASME PTC categories. Table 1-3-1 provides a list of withdrawn and

discontinued ASME PTCs.

1-4 PHILOSOPHY

PTCs provide guldehnes for test procedures that yleld results of the hlghest level of accuracy based on current
neering k
users, an
design of
Transpar
limitations, challenges, and compromises that shall be considered when designing, executing, and reporting a test
the ASME|PTC guidelines. Precision and reliability of test results shall underlie all considerations in thé development

engi-

ASME PT(, consistent with economic considerations as judged appropriate by each technical committee and in kepping

with the philosophy of the ASME Performance Test Codes Supervisory Committee.

1-5 APPLICATIONS OF PTCs

Code tests are suitable whenever performance shall be determined with minimum®uncertainty. They are meant s
fically for] equipment operating in an industrial setting. Typical uses include

(a) detErmining if the equipment meets design or expected performance/Criteria.

(b) being incorporated by reference into contracts to serve to determifie falfillment of guarantees.

(c) beiphg incorporated by reference or adopted by governments or government agencies into regulations or

peci-

laws.

(d) evdluating performance following modification, change in operating’conditions, or any suspected change in pg¢rfor-

mance fof which such investigation is required.

(e) conjducting studies to help determine the value of possible-upgrades or modifications to equipment.

(f) benkchmarking performance, sometimes to help determine the necessity for specific preventive maintenar
possible @ipgrade or modification.

ce or

(g) trafking trends in performance in time by scheduling performance tests at regular intervals. Such trends arg¢ also

used to heelp determine necessity for specific preventive maintenance or possible upgrade or modification.

(h) valjdating results from online or continuous\performance-monitoring systems, which are usually less acqurate

than resullts of tests conducted in accordance with PTCs.
PTCs cgdn be used to quantify the magnitude of performance anomalies of equipment that is suspected to be perfor

ming

poorly or to confirm the need for maintenafice if simpler means are notadequate. PTCs are excellent sources or refergnces

for simplér routine or special equipment/test procedures.
Condudting periodic performance tests on equipment can uncover the need for further investigation, which can ¢
preventive maintenance or modification.

1-6 TEST UNCERTAINTY.

ad to

P true
rma-
es for
s'their

standard. This confldence level therefore represents a 95% chance that the uncertainty 1nterva1 contains the true Value

1-6.2 Applications of Test Uncertainty Analysis — General

Analysis of test uncertainty is useful because it

(a) identifies dominant error sources, their effects on a test result, and estimates of their limits
(b) validates quality of test results

(c) facilitates communication regarding results

(d) facilitates the choice of appropriate and cost-effective measurement devices and procedures
(e) reduces the risk of making erroneous decisions
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Figure 1-3-1

Organization of Equipment PTCs

ASME PTC-1
General Instructions

Equipment Codes

. 1
Power Production, Combustion and Performance
Energy Conversion, Heat Transf Monitoring Fluid Handling Emissions
and Storage eat Transter and Data Quality

PTC 6, Steam Turbines

PTC 6.2, Steam
Turbines in
Combined Cycles
PTC 17, Reciprocating
nternal-Combustion
Fngines

PTC 18, Hydraulic
Turbines and Pump-
[urbines

PTC 22, Gas Turbines

PTC 29, Speed-
Governing Systems
or Hydraulic Turbine
Generator Units

PTC 46, Overall Plant
Performance

PTC 47, Integrated
Gasification
Combined Cycle
Power Generation
Plants

PTE 48, Overall Plant
Performance With
Carbon Capture
Note (1)]

PTE 50, Fuel Cell Power
Bystems Performance
PTE 52, Concentrated
Solar Power Plants
PTC 53 Mechanicaland
Thermal Energy.
Btorage Systems
PTC 55, Gas\Furbine
AircraftyEngines

PTL 70, Ramp Rates

PTC 4, Fired Steam
Generators

PTC 4.2, Coal
Pulverizers

PTC 4.3, Air Heaters

PTC 4.4, Gas Turbine
Heat Recovery
Steam Generators

PTC 12.1, Closed
Feedwater Heaters

PTC 12.2, Steam
Surface Condensers

PTC 12.4, Moisture
Separator Reheaters

PTC 12.5, Single Phase
Heat Exchangers

PTC 23, Atmospheric
Water Cooling
Equipment

PTC 30, Air-Cooled
Heat Exchangers

PTC 30.1, Air-Cooled
Steam Condensers

PTC 34, Waste
Cambustors With
Eherigy Recovery

PTC/51, Gas Turbine
Inlet Air-Conditioning
Equipment

PTC 19.23 Guidance
Manual for Model
Testing

PTC PM Performance
Monitoring
Guidelines for
Power Plants
[Note (2)]

PTC 8.2, Centrifugal
Pumps

PTC 10, Compressors
and Exhausters

PTC 11, Fans

PTC 12.3, Deaerators

PTC 13, Wire=to-Air
Performance Test
Code for Blower
Systems

PTC 19.11, Steam and
Water Sampling,
Conditioning, and
Analysis in the
Power Cycle

PTC 24, Ejectors

PTC 25, Pressure Relief
Devices

PTC 31, High-Purity
Water Treatment
Systems

PTC 39, Steam Traps

PFC\19.10, Flue and
Exhaust Gas
Analyses

PTC 38, Determining
the Concentration| of
Particulate Matterfin
a Gas Stream

PTC 40, Flue Gas
Desulfurization Uni

=3

S

NOTES:

(1) PTC 48 is in the course of preparation.

(2) Note that the PTC-PM document is now under the auspices of the Reliability, Availability, and Performance (RAP) Standards Committee.
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Figure 1-3-2
Organization of Supplemental Documents

ASME PTC 1
General Instructions

Supplemental Documents

Uncertainty Analysis

C 19.1, Test Uncertainty

Measurement of Process
Parameters and Associated
Phenomena

PTC 19.2, Pressure Measurement

PTC 19.3, Temperature Measurement
PTC 19.5, Flow Measurement

PTC 19.6, Electrical Power Measurements
PTC 19.7, Measurement of Shaft Power
PTC 19.22, Data Acquisition Systems
PTC 36, Measurement of Industrial Noise

Guiding Information

PTC 2, Definitions and Values
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Table 1-3-1
List of Withdrawn and Discontinued ASME PTCs
Year
Designation Title Withdrawn
PTC 3.1-1958 (R1992) Diesel and Burner Fuel 2003
PTC 3.2-1990 Coal and Coke 2002
PTC 3.3-1969 (R1992) Gaseous Fuels 2003
PTC 5-1949 Reciprocating Steam Engines [Note (1)] 2002
PTC 6 Report-1985 (R2003) Guidance for Evaluation of Measurement Uncertainty in Performance Tests of Steam 200
Turbines

PTC 741946 (R1969) Reciprocating Steam Driven Displacement Pumps [Note (1)] [Note (2)]
PTC 7|1-1962 (R1969) Displacement Pumps [Note (1)] 2007
PTC 941970 (R1997) Displacement Compressors, Vacuum Pumps and Blowers 2003
PTC 1§-1970 (R1991) Evaporating Apparatus 2007
PTC 1p-1958 (R1991) Gas Producers and Continuous Gas Generators 2002
PTC 1B.1-1978 (R1984) Pump Mode of Pump/Turbines 2002
PTC 1p.5.1-1964 Weighting Scales [Note (1)] 2002
PTC 1p.8-1970 (1985) Measurement of Indication Power 2007
PTC 1p.12-1958 Measurement of Time [Note (1)] [Notg (2)]
PTC 1p.13-1961 Measurement of Rotary Speed [Note (1)] [Note¢ (2)]
PTC 1p.14-1958 Linear Measurement [Note (1)] 2002
PTC 1p.16-1965 Density Determinations of Solids and Liquids [Note((1)] [Note (2)]
PTC 1p.17-1965 Determinations of Viscosity of Liquids [Note,(1)] [Not¢ (2)]
PTC 2p.1-1977 (R1988) Speed and Load Governing Systems for Steam*Turbine Generator Units 2003
PTC 2p.2-1965 (R1986) Overspeed Trip Systems for Steam Turbine Generator Units 2003
PTC 2p.3-1970 (R1986) Pressure Control Systems Used on Steam Turbine Generator Units 2003
PTC 2[1-1991 Particulate Matter Collection Equiprent 2004
PTC 2B.1-1983 Spray Cooling Systems 2001
PTC 2p-1962 Speed Governing Systems for Internal Combustion Engine Generator Units [Note (1)] 2007
PTC 2B-1965 (R1985) Determining the Properties of Fine Particulate Matter 2003
PTC 3p.1-1978 (R1992) Nuclear Steam Supply* Systems 2002
PTC 3.2 Report-1978 (R1992) Methods of Measuring the Performance of Nuclear Reactor Fuel in Light-Water Reactors 1999
PTC 3B-1978 (R1991) Performance Test Code — Large Incinerators 2004
PTC 3Ba-1980 (R1987) Appendixto ASME PTC 33, Performance Test Code — Large Incinerators 2004
PTC 4p-1998 (R2004) Wind Turbines 2009
NOTE$:
(1) This PTC was not an ANSI code.
(2) Official withdrawal date.is unknown.

(f)| demonstrates compliance with test requirements

(g)] facilitates interpretation of test results

1-6- P Jneertainty-An is—P efrtHte-apretestutreertaityon e-ofestimates-efsystematic

and random errors, in order to effectively plan the test and demonstrate that the test can be designed to meet the Code
requirements. A pretest uncertainty analysis helps to determine if the proposed test measurements and the number and
quality of the test instruments meet the requirements for compliance with Code. A pretest uncertainty analysis allows
corrective action to be taken prior to the test, either to decrease the uncertainty to a level consistent with the overall
objective of the test or to reduce the cost of the test while still attaining the objective. In addition, a pretest uncertainty
analysis can be used to determine the significance of correction factors that may be applied to correct test results. PTCs
require that the pretest uncertainty analysis includes an analysis of random uncertainties to establish permissible fluc-
tuations of key parameters in order to attain allowable uncertainties.
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1-6.2.2 Post-Test Uncertainty Analysis. PTCs require a post-test uncertainty analysis to determine the uncertainty
intervals for the actual test results. The post-test uncertainty analysis will reveal the quality of the test in comparison to
the pretest systematic and random uncertainty estimates to determine whether the allowable test uncertainty described
within the Code has been realized. It serves to either validate the quality of the test results or expose problems.

1-6.3 ASME PTC Treatment and Uses of Test Uncertainty

Code-writing committees shall state the magnitude of the uncertainties expected in individual measurements and
instruct the user in calculation of uncertainty of the final test results. A sample post-test uncertainty analysis based on
ASME PTC 19.1 shall be included. This shall include typical random uncertainties based on the experience of the
committ(ja.

Applicdtion of test uncertainty analysis can vary based on the experience of each committee and on the many different
types of equipment for which Codes are written. There are several acceptable ways to use test uncertainty~analyjsis in
ASME PT[s (see paras. 1-6.3.1 and 1-6.3.2).

1-6.3.1| Permissible Uses of Test Uncertainty. The following uses of test uncertainty are permissible to prepafe for
and validpte the acceptability of a test. One or more shall be used in a single Code.

(a) Spgcify the maximum test result uncertainty above which the test result is not acceptable for each type or c¢nfig-
uration of equipment. The maximum test results’ uncertainty is a limit and not a target.in\designing a test.

(b) Spgcify the typical testresult uncertainty of a test for each type or configuration of equipment. This can be don¢ only
ifthe range of acceptable test result uncertainties is small — no more than 20% of a typical mean uncertainty, based gn the
experiende of the committee. A statement should be included that significant deviations from the typical test fesult
uncertaifjty — in either direction — indicate that uncertainty assumptionsdmay be invalid, or the test wal not
typical. For example, if a “typical test result uncertainty” of 1.0% wereregported, then the committee woulfl not
expect a yalid test with an uncertainty of larger than 1.2%; likewise, a caleulated post-test uncertainty of less| than
0.8% is upnlikely although possible if superior instrumentation or procedures are used for a particular test.

(c) Spdcify a typical range of acceptable uncertainties for each type,or configuration of equipment. This approgch is
preferablg¢ when sensitivity factors tend to be very nonlinear and<much higher during some acceptable test cond]tions
than during others. This should be done if treating uncertainty pet (b) above, in order to determine the validity of a flestin
which thg range of typical uncertainties is larger than 20%The range of acceptable test uncertainties based on the
causative|sensitivities should be indicated.

(d) Specify the total uncertainty for each measurement parameter/variable (e.g., main steam throttle pregsure,
compresspor inlet temperature, fan inlet air flow) ermeasurement parameter/variable type (e.g., flow, tempergture,
pressure). The total uncertainty can be specified.directly or by specifying the systematic and random uncertpinty.
The rand¢m uncertainty may be specified directly or as a variation or data fluctuation. This is equivalent to establishing

limit for theitotal test result uncertainty. In cases of equipment for which there are u
acceptableba ee’sexperiencethereaso outd-bediscussetd: 3 cer-
tainty calculation appendix.

Examples of such reasons are as follows:

(1) inhomogeneous fuels

(2) high and variable sensitivity factors

It should be discussed broadly how to minimize uncertainty, with further details given in the body of the Code. Then,
any ofthe acceptable methods of using the test uncertainty principles listed in (a) through (e), or a combination of them, to
prepare for and validate a test shall be used.

1-6.3.2 Nonpermissible Uses of Test Uncertainty. The following uses of, or references to, test uncertainty are not
permissible in a Code:
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(a) The minimum achievable test uncertainty cannot be given exclusively without reference to a range or a typical or
maximum allowable test uncertainty per paras. 1-6.3.1(a) through 1-6.3.1(d). Stating only the best achievable uncertainty
gives no guidance to the Code user as to whether a test is valid or not and allows for poor tests to be conducted in violation
of the philosophy of PTCs.

(b) PTCs specify test methods to determine the performance of the equipment. Commercial issues are wholly outside
the scope of PTCs. It is not permissible to refer to any commercial issues typically contained in contracts, such as the
method of comparing a test result to a contract guarantee by offsets or deadbands related to test uncertainty.

1-7 OTHER CODES AND STANDARDS

PT[s shall be developed in strict accordance with the philosophy stated in subsection 1-4. Related codes and ptandards
or additional measuring procedures developed by other organizations, such as the American Societyfor T¢sting and
Matetrials, Institute of Electrical and Electronics Engineers, American Institute of Chemical Engineers] and th¢ Environ-
menthl Protection Agency, may be referenced by PTCs. Consideration should be given to techniques and rules published in
otherinternational codes and standards, such as those of the International Standards Organization (ISO). Some pquations
and tlechniques are referenced as joint ASME/ISO equations or techniques in the professional literature.
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Section 2
Standard Form of Individual Equipment Test Codes

2-1 INT‘!ODUCTION

Individpal test codes and their revisions shall contain a table of contents and the standard form, arrangément, 4
and contgnts shall comply with the following specifications.

2-2 SECt[ION 1, OBJECT AND SCOPE

Under this Section, the individual codes shall outline the test objectives and define the scope 6fthe test, size and ty
equipmenjt, and processes embraced by, or excluded from, the Code.

2-2.1 Object

The Object shall state

(a) the type(s) of equipment covered.

(b) the| physical results that can be determined regarding the performanee of the covered equipment (e.g., cap|
efficiency} power output or input, and specific process results such as temperatures and sulfur capture). Not all r
that can be determined by application of the Code must be included in the objectives of a specific test.

cope,

bes of

acity,
psults

(c) the|specific goals of tests that can be designed according tocthe Code, such as determination of performarce at

specific operating conditions or with certain fixed parameters.

2-2.2 Sdope

The Scope shall clearly state

(a) a specific definition of the types of equipmentto which the Code may be applied

(b) identification of any similar equipment to which the Code does not apply

(c) other minimum conditions that shall be met for the Code to be applied

(d) sinjilar tests that can be performed.onthe equipment within the scope of the Code, but which are not part
Code

certainty

bf the

e test
tions
Code

Section| 2{shall contain a list of terms with definitions for those not given in ASME PTC 2. Symbols and abbrevigti

Shallbes .. Ol ©uUd ) dllU Ould U U U A
symbols may also be included.

2-4 SECTION 3, GUIDING PRINCIPLES

Section 3 shall discuss in detail those items that shall be completed prior to the test and describe all those who have test

responsibilities (i.e., parties to the test) (see subsection 3-3 for further discussion).
These include the following (see also para. 3-4.3):
(a) rules covering test preparations
(b) arrangements of the test apparatus
(c) starting and stopping procedures
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(d) selection and qualifications of testing personnel, including the test’s coordinator
(e) methods of operation during a test

0

provisions for equipment inspection

(g) provisions for preliminary tests
(h) permissible and impermissible adjustments during a test

0]
0)

degree of constancy of testing conditions
duration of test runs

(k) recommended number of test runs

0

repeatability requirements

(my

(n)] methods of comparing results with the specified performance

(o

(p)| pretest agreements

£ . " o] :ade e oreade 1. i
CaustTs 11Ul lCJCLLlUll UT ITICUIISISTTIIU tTOU 1cau11153 Ul 1TTOUILS

limits of uncertainty not promulgated in the Object and Scope

A thble of permissible data fluctuations is not required if a maximum allowable uncertainty or,an uncertainfy range is

mandated in the Code. Fluctuations do affect the random component of test uncertainty and thateffect can be

pstimated

priorfto starting a test. Maximum permissible data fluctuations of multiple parameters, when.combined in aggregate, can

lead

2-5
Se
tions

Secti
must|

To
ratus|

sourdes of error, corrections, and calibration details con¢ernhing instrumentation that comprise the governin
mentk of instrumentation for all ASME Code-level performance testing.
When specific references are made to an ASME PTC 19 Supplement, it shall be made by secti

para
Code
may
meas|
Ge
neces
ment
On|
are i
Ift
Secti
repla

2-6
Se

fo a very high final test uncertainty.

SECTION 4, INSTRUMENTS AND METHODS OF MEASUREMENT

for methods of measurement, location of measuring systems, and pfecautions to be taken shall be inclug
n. This section shall define the uncertainty requirements for specific measurements. The uncertainty red

avoid repetition, individual Codes shall refer to the appli¢able PTC 19 Supplement(s). The Instruments
Supplements to ASME PTCs (ASME PTC 19 series) outline the methods of measurement, instrument tyf

braph(s), and the date of the Supplement-to make the supplement reference mandatory to the i
The individual Codes must define theuricertainty requirement for specific measurements since the Sup
Hefine optional measurement methods,/calibration requirements, instruments, etc., to achieve differen
urement uncertainty.

heral references to a PTC 19 Supplement are also permitted, but only in cases where specific requiremen

shall be stated within the,individual test Code.
y in the case wherebyguidance and requirements are not covered by the Instruments and Apparatus Suy
dividual Codes permitted to have further rules and precautions described completely in this Section
he Instruments annd-Apparatus Supplements are updated to include guidance and requirements contained
n 4 of an indjvidual Code, that Code shall be updated during the next revision cycle to remove the replicate
ce it with reference to the appropriate Instruments and Apparatus Supplements.

SECTION 5, COMPUTATION OF RESULTS

tion 4 shall provide the mandatory provisions for quantity and choice, requited sensitivity or precision, epected or
required uncertainty, and calibration requirements for instruments used inthe implementation of a Code tes|

t. Instruc-
ed in this
uirement

be clearly defined as to what type of uncertainty the requirement indicates (i.e., systematic component or total
measurement inclusive of random and systematic components),

nd Appa-
es, limits,
> require-

bn(s), or
hdividual
plements
E levels of

ts are not

sary within the Code. Any exceptions to the instrumentation requirements in the Instrument and Apparatiis Supple-

plements

vithin the
d textand

tioh" 5 shall contain formulas and directions for calculating results from the test’s observations, including the

correction of instrument readings. It shall address calculation and application of corrections for deviations of test oper-
ating conditions from the base reference conditions. The details of computations and data assembled shall be included
either here or in an appendix, along with the derivations of pertinent equations and determinations of test uncertainty.

2-7 SECTION 6, REPORT OF RESULTS

Section 6 shall state what general information regarding the plant and the particular equipment under test shall be
reported. For acceptance tests, this Section shall state that the report includes

(a)
(b)

an outline of specified operations conditions and guarantees
corrections for deviation from specified conditions
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(c) magnitude of the uncertainty of test observations and overall results, if agreed to by the parties to the test

(d) methods adopted for measurement if choices are permitted

(e) test methods when those prescribed have, by prior agreement, not been followed

(f) mean observations

(g) test results under the test operating conditions and corrected to specified conditions

(h) test conclusions

If a post-test uncertainty analysis is to be used to establish the validity of the test, Section 6 shall require that the report
documents such validity.

s the
bll be
Addi-
tionally, this Section should provide guidance for estimating the systematic component(s) of uncertainty. This Seftion,
taken tog¢ther with ASME PTC 19.1, shall enable users of the Code to perform complete pretest and pest-test uncerfainty
analyses, [which are sufficient for the uses of uncertainty described in para. 1-6.3.

2-9 ADDITIONAL SECTIONS AND APPENDICES

Additignal sections may be included to present detailed background information that'illustrates or supports methods
or formulps included in the Code or present additional data and guidance to thesuser. Subjects that may be included in
additiona] sections are, for example, rationale and derivation of expected uncertainty, derivation of formulae, deriation
of figures)examples of the proper use of figures or curves, detailed description/of methods of measurement or technjiques
not coverged in the ASME PTC 19 series, a list of references, sample calculations, alternative test method, and detailed
requiremgpnts for use of a Performance Model for test calculations. It should be noted that it is not mandatory that Codes
have addifional sections. However, additional sections (in the body.of the Code, such as Sections 8 and 9 and Appendices [
and II) are mandatory if the Committee deems them necessary.,Lettered appendices are not mandatory; they prpvide
expository information explaining the rationale for the body-of the Code or additional information to the Code|user.

The number of such expository sections shall be minimized to maintain the clarity of the Code.

2-10 ALTERNATIVE METHOD

If an individual Code provides for an alternatiye testing method, that Code shall

(a) indjicate the specific conditions under which any one method should be used

(b) require prior agreement among the interested parties as to which of the methods is to be adopted
(c) determine and report the effect 0f the alternative testing method(s) on test uncertainty

10
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Section 3
Information for ASME Performance Test Code Users

3-1

Th
accoy

3-2

A(
Secti
the f

3-2.]

At
meth|
expre
be us
that
acceyi

3-2.2

An|
meet|
Code

Ho
categ
withi
dicta
the p

Fu
detai
impo
shall
agreq

Ca
testir]
deve

NTRODUCTION

s Section contains common rules for conducting tests on most equipment. An official test is anyrtest cor
dance with a PTC.

CODE TEST

ode test is a test that is designed, planned, executed and reported in compliance with'the ASME PTC phil

llowing two approaches:

Explicit Compliance Test

bst can be considered a Code Testifthe user(s) of the Code or parties td.the test ensure that all the explicit py
pds, requirements, and acceptance criteria of the Code are met. It is ASME Code practice to use the word
ssamandatory requirement of the Code. However, in some casesthe words “must,” “ensure,” “will,” and “is
ed to express a mandatory requirement of the Code. Use of the:-words “should” or “may” in a Code clausd

statement is a recommendation and shall not be considéred explicit procedures, methods, requiren;

tance criteria of the Code.

Agreements Compliance Test

¥ departure from Code requirements could introduce additional uncertainty beyond that considered acc
the objectives of the Code. Tests should. be €onducted with the strictest possible adherence to the prov

wever, it is recognized that there is a.diverse range of power plants and equipment designs that cannot be
orized for purposes of establishing.explicit testing methods and uncertainty limits that will cover all e
h the industry. Further, event$ outside the control of the parties of a test or facility/equipment limitati
e that the parties cannot comply with one or more Code requirements. In these circumstances, agreemen
arties is necessary.

‘ther, in such cases, the Code user shall conform to the intent of the Code as closely as possible and shal

Ked by those departures. For a test to be considered Code compliant, any departure from the Code req
be agreed up6nyin writing by the parties to the test and conform to the intent of the Code. In the absence
ment by thesparties to the test, the Code requirements shall be mandatory.

g per ASME PTCs and with detailed knowledge of power-plant operations, thermodynamic analysis, he
opment, test-measurement methods, and the use, control, and calibration of measuring and test equ

ducted in

osophy of

n 1-4. To be considered a Code-compliant test, the user of the Code shall plan, exécute, and report a test hat meets

ocedures,
“shall” to
to be” will
indicates
ents, and

bptable to
sions of a

generally
hcounters
ons could
L between

define in

how to manage departures from specific Code requirements and establish the magnitude of the uncertainty

irements
pbf written

e shallibé taken by the parties to ensure that they engage persons experienced in power-plant performance and

t balance
pment to

ensu

1 L 1 h] 1. 3 1 1 o 1 1. 1 £l -
C Uldl HITOTIICU dITU WCII €vVdiudlCU dgl' CCIIITIILS dI'C ITIdUC.  TTIOUZSIT dAIIOWCEU, dglI CTIICIILS U UIC pPdltl

not be made lightly.

3-3 PARTIES TO A TEST

The parties to a test are those persons and companies interested in the results. In commercial tests, it may include the
owner(s), supplier(s), equipment manufacturers, architects, and engineers, firms hired to conduct or witness the tests,
engineering analysts, financiers, and any of their representatives. In a commercial test, it is important that the contract
delineate who the actual parties to the test are and who will be responsible for the requirements within the Code for
“parties to a test” duties and actions.

11

s should
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In other noncommercial tests, the parties to a test may all be from the same company but represent different functions
and interests (e.g., testing, analysis, plant operations, performance engineering, purchasing, research, and plant main-

tenance).

Regardless of whether it is a commercial or noncommercial test, each party to the test shall designate a representative
to the test team who will observe the test and confirm that it was conducted in accordance with the test’s requirements.
This representative should also have the authority, if necessary, to fulfill individual code's “parties to the test” respon-
sibilities, such as but not limited to approving any agreed-upon revisions to the test approach, deviations, procedures, or
calculations during the planning, execution, and reporting of the test.

3-4 PRjﬁkRA‘ﬁONs—FOR—ﬁSTii'G
3-4.1 Gegneral Precautions

Reason|
and main
tions, dra
ment local
should b4

3-4.2 Td¢st Coordinator

The pa

nication ]rrangements between the test coordinator and all test personnel and-parties to the test should be establi

3-43 A

Section|
shall incly
testand t
new or mnj

(a) obj

(b) loc

(c) tes

(d) sel

(e) me

pble precautions shall be taken when preparing to conduct a Code test. Indisputable records shallbe establ
ained to identify and distinguish the equipment to be tested and the exact method of testing selected. De
vings, test measurement forms, or photographs are effective methods to a permanent, €xplicit record. Iy
tions shall be predetermined and described in detail in test records. Redundant or spare €alibrated instrur
provided for those instruments susceptible to in-service failure or breakage.

reements

3 of each Code shall contain language providing general guidance for the application of a Code. This gui
de a tabulation of preparatory items that shall be completed,understood, and agreed to among the partie
hat are recommended for the legitimate execution of a Code test; recommendations for the timing of test|
odified equipment; and allowance for equipment jnspections. These include the following:
ect of test

htion and timing of test

boundaries

bction of instruments

thod of calibration of instruments

(f) con
(9) nu
(h) da

(i) valyes of measurement uncertairity and method of determining overall test uncertainty

fidentiality of test results
ber of copies of original data-Fequired
to be recorded and methed\of recording and archiving data

shed
crip-
stru-
hents

ties to the test shall designate a person to direct the test, hereafter called the test coordinator. Intercopnmu-

shed.

ance
stoa
ng of

(j) method of operating equipment under test, including that of any auxiliary equipment, the performance of Wwhich

may influence the test result
(k) mefhods of maintaining‘constant operating conditions as near as possible to those specified
(1) method of determining duration of operation under testing conditions before test readings are started
(m) system alignment or isolation
(n) orgdanization of personnel, including designation of engineer in charge of the test
(o) dugation.and’number of test runs
(p) freflueney*of observations
(q) bade ¥eference conditions

(r) applicable range of correction, methods of correction, and values used for corrections for deviations of test con-
ditions from those specified

(s) methods of computing individual test runs and average test results

(t) method of comparing test results with specified performance

(u) conditions for rejection of outlier data or runs

(v) intent of contract or specification if ambiguities or omissions appear evident

(w) pr

etest inspections

(x) resolution of non-repeatable test runs and their results
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3-4.4 Timing

For a commercial test, the purchase contract can specify the time limit, following first dependable commercial opera-
tion, within which a field acceptance test should be undertaken. Failing this, an acceptance test should be undertaken
within the period stated in the test Code but not over 6 months from the time the equipment is first put into operation,
except with written agreement to the contrary. Deterioration from use of the equipment during such prior operation,
which may adversely affect the results, should be corrected by the purchaser before acceptance tests are conducted, or
agreement should be reached for adjusting the testresults to compensate for such deterioration. The parties toa commer-
cial test should recognize the impracticability of exact prediction of the equipment’s availability for test purposes and

should seek a mutually satisfactory adjustment of any unforeseen situation. An official test for other purpos

es may be

condficted at any time.

3-4.% Preparation

For acceptance and other official tests, the manufacturer or supplier shall have reasonable opportunity to ex
equigment, correct defects, and render the equipment suitable to test. The manufacturer, howeyeris not thereb
ered fo alter or adjust equipment or conditions in such a way that regulations, contract, safety, or other stipul
alter¢d or voided. The manufacturer may not adjust the equipment for test purposes¢that may prevent iy
contipuous, and reliable operation at all capacities or outputs under all specified operating conditions. Af
taker] shall be documented and immediately reported to all parties to the test.

Allfparties to the test shall be given timely notification, as defined by prior agreement, to allow them the nece
to regpond and to prepare personnel, equipment, or documentation. Updated information shall be provided as i
known.

|

3-4.6 Starting and Stopping

Acgeptance and other official tests shall be conducted as promptly as possible following initial operation
liminpry test runs. The equipment shall be operated for a sufficienftime to demonstrate that the intended test g
have peen established (e.g., steady state). The means to determirie that intended operating conditions have bee
are efjuipment specific and, therefore, are specified in the respective individual equipment’s test codes. Agre
procgdures and time shall be reached before commericing the test.

ThE test coordinator is responsible for ensuring thiat all data collection begins at the agreed-upon start of th
that all parties to the test are informed of the starting time. Tests are normally stopped when the test coor
satisfied that requirements for a complete test/run have been satisfied. The test coordinator should verif]
specified methods of operation during test have been satisfied. The test coordinator may extend or tern
test if the requirements are not met.

3-4.7 Acceptability of Equipment and Instruments

ipment and instruments'shall be examined as necessary to ensure the validity of the test and operating p
and the suitability of the instruments. Calibrated redundant instruments shall be provided for those instrumen|
tible fo in-service failure‘or breakage. Redundant instruments should also be considered for the measurem
parameters that have-alarge effect on test results or the test uncertainty. Instrumentation used for data collecti
at least as accurate-asiinstrumentation identified in the pretest uncertainty analysis and the Code. This instruf
can He either permianent plant instrumentation or temporary test instrumentation.

3-4.8 Preliminary Test Runs

hmine the
[y empow-
htions are
hmediate,
y actions

sary time
[ becomes

and pre-
onditions
h attained
ement on

e test and
dinator is
U that the
inate the

focedures
s suscep-
ent of key
nshall be
nentation

Pre¢limiinary test runs with records serve to determine if the equipment is in suitable condition to

(a) test

(b) check instruments and methods of measurement
(c) check adequacy of organization and procedures
(d) train personnel

All parties to the test may make reasonable preliminary test runs as necessary. Observations during preliminary test
runs should be carried through to the calculation of results as an overall check of procedure, layout, and organization. If
such a preliminary test run complies with all the necessary requirements of the appropriate test Code, it may be used asan

official test run within the meaning of the applicable Code.
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3-5 TESTS

3-5.1 Readjustments

Once testing has started, readjustments to the equipment that can influence the test results require the repetition of all
test runs conducted prior to the adjustment(s). No adjustments are permissible, solely for the purpose of a test, that are
inappropriate for reliable and continuous service or operation following a test.

3-5.2 Data Collection

Futoma g OHAY ' 3 atalegaing and
advanced|instrument systems shall be calibrated to the required accuracy. No observer shall be required to take'so fnany
readings thatlack of time may result in insufficient care and precision. Consideration shall be given to specifying duplicate
instrumentation and taking simultaneous readings for certain test points to attain the specified accuracy,of th¢ test.

3-53C

Compldte written records of the test, even including details that at the time may seem irrelevant, should be rep¢rted.
Controls by ordinary operating (indicating, reporting, or integrating) instruments, preparation of graphical logg, and
close supgrvision should be established to assure that the equipment under test is operating irsubstantial accord with the
intended fonditions. If a commercial test, accredited representatives of the purchaser and-supplier should be presg¢nt at
all times fo assure that the tests are being conducted according to the test Code and' prior agreements.

gnduct of Test

3-6 INSTRUMENTS

3-6.1 Uge of Supplements on Instrumentation and Apparatus

The ASME PTC 19 Supplements contain guidance for developingtest uncertainty and descriptions of instrunpents,
devices, and methods of measurement likely to be required in any:test of equipment. They include directions reg:[‘ding
instrument applications, limits and sources of error, range, sensitivity, precision, and methods of calibration. Indiyidual
test Codes shall specify instruments and methods of measurement applicable to that Code. In selecting the instruthents
and methjods of measurement and in arranging the tests,the Code user should ensure that

(a) the requisite uncertainty of measurement is attainable

(b) the selected test apparatus and methods are‘practicable

When gn individual test Code references a Supplement, it and the referenced provisions shall be treated in the [same
manner as the Code.

If the ifjstrumentation requirements in theJnstrument and Apparatus Supplement become more rigorous as thgy are
updated, flue to advances in the state offthe art, their requirements shall supersede those set forth in a Code unless the
Code expressly states an exception to the Instrument and Apparatus Supplement or a contract between the parties
specifies that the test be performed agcording to particular revisions of a Code or Instrument and Apparatus Supplefnent.
New devikes, apparatus, and methods may be employed in lieu of any instrumentation recommended in a Cofde or
Instrument and Apparatus Supplement as they become available, provided they meet the allowable uncertainty spefified
within the Code.

3-62 L

Instruments shall’be located to minimize the effect of environmental conditions on uncertainty, e.g., temperatyre or
temperatfire ariations, vibrations, electromagnetic interference. Care shall be used in routing lead wires to thq data
collection| equipment to prevent electrical noise in the signal. Care shall be used in the placement of instruments for
wireless applications to avoid Interference that results in erroneous readings, reduced sampling rates, repetition of
previous readings, or skipped scans. Manual instruments shall be located so that they can be read with precision
and convenience by the observer. All instruments shall be marked uniquely and unmistakably for identification. Cali-
bration tables, charts, or mathematical relationships shall be readily available to all parties to the test. Observers
recording data shall be instructed on the desired precision of readings.

gcation and.ldentification of Instruments

3-6.3 Frequency and Timing of Observations

The timing of instrument observations will be determined by an analysis of the time lag of both the instrument and the
process so that a correct and meaningful mean value and departure from allowable operating conditions may be deter-
mined. Sufficient observations shall be recorded to prove that steady-state conditions existed during the test where this is
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arequirement. A sufficient number of observations shall be taken to reduce the random component of uncertainty to an
acceptable level.

3-7 OPERATING CONDITIONS
3-7.1 Operating Philosophy

The tests shall be conducted as closely as possible to the specified operating conditions; this reduces and minimizes the
magnitude and number of corrections for deviations from specified conditions. If there are conditions outside the
boundary of the test that cannot be rectified or if the conditions are out of the control of the parties to the test
and prevent the test from being conducted as closely as possible to the specified operating conditions) then the
partigs to the test shall agree on how to address such an event (e.g., not test, delay test, additional correctigns, alternative
testinjg techniques).

3-7.2 Permissible Deviations

The equipment tested shall be operated to ensure its performance is bounded by the pé€rmissible fluctugtions and
permfissible deviations specified within the Code.

3-7.3 Inconsistent Measurements

If gny measurement influencing the result of a test is inconsistent with a similar measurement even thouglj either or
both [of them may have been made strictly in accordance with the rules of the’individual test Code, the capise of the
incorlsistency shall be identified and eliminated.

3-8 DATA RECORDS AND TEST LOG

For all acceptance and other official tests, a complete set of dataand a complete copy of the test’s log shall bgcome the
propérty of each of the parties to the test. The original log, whiehunay include data sheets, files, disks, and recorder charts,
shall permit clear and legible reproduction. Copying by hand:is not permitted. The completed data records shall include
the date and time of day the observation was recorded. Thé/observations shall be the actual readings without application
of any instrument corrections. The test log should constitute a complete record of events including details that 4t the time
may §eem trivial or irrelevant. Erasures, destructionor deletion of any data recorded, page of the testlog, or any{ recorded
obseyvation is not permitted. If a correction is made, the alteration shall be entered so that the original entry remains
legible and an explanation is included.

For manual data collection, the test observations shall be entered on carefully prepared forms that congtitute the
origimal data sheets and are authenticated by the observers’ signatures. For automatic data collection, printed|output or
electronic files shall be authenticated by the engineer in charge and other representatives of the parties to the test. When
no pdper copy is generated, the parties to the test shall agree in advance on the method used for authenticating| reprodu-
cing, pnd distributing the datd, Copies of the electronic data files shall be distributed as soon as possible to epch of the
partigs to the test. The data'files shall be in a format that is easily accessible to all. A backup, permanent copy should be
madq for any data residihg on a single machine.

3-9 [TESTING TECHNIQUE

3-9.1 Technical Considerations

Teghnical aspects of carrying out tests of equipment and the making of measurements should be congidered so
computed results may be reliable and acceptable.

Such considerations require a working knowledge of

(a) theory, precision, and uncertainty of methods and measurements

(b) practical limitations imposed by the testing of equipment

3-9.2 Precision and Accuracy

In all scientific and engineering testing, results may be precise and/or accurate. The former is a relative quantity,
whereas the latter is an absolute quantity. A high degree of precision does not necessarily imply a high degree of accuracy.
For example, a given object may be measured for length with a specific measuring scale. Several measurements may show
but slight deviation from one another and from the mean. Individual deviations show the degree of precision of
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measurement. This degree of precision, however, bears no relationship to the accuracy of the chosen scale for measuring
standard units of length. The specific scale may fail to agree with the official legal unit of length. This deviation is of an
absolute systematic nature. The readings obtained on the given object when referred to this absolute standard are said to
show error or degree of accuracy. A thorough discussion of accuracy and uncertainty in test measurements is given in
ASME PTC 19.1. Therefore, precision and accuracy in scientific work shall be clearly distinguished. Extreme care shall
prevail in the use of the terms and in their application to testing methods and techniques. ASME PTC-2 is the reference for
interpreting such terms.

3-10 ERRORS

3-10.1 SLurces of Errors

The following sources of errors may influence the test’s uncertainty:

(a) insfrument errors

(b) errprs of observation

(c) errprs resulting from failure to obtain representative samples

(d) errprs resulting from misplaced instruments that do not respond to conditions at the required point of measure-
ment

(e) errprs resulting from instruments having insufficient sensitivity to respond to changes of conditions duringf test

(f) errgrs resulting from local disturbance in connection to instruments from unpredictable or unexplained chuses
even thoygh the instruments are located and attached in accordance with the Code or contracted requirements

(g) caljbration errors

(h) errprs in correcting readings, e.g., water legs

(i) errgrs of correction factors or methods

3-10.2

Instrunpentation errors are discussed in the Instruments and Appatratus Supplements (ASME PTC 19 series). PT( 19.1
provides guidance and direction on the propagation of the estimates of those errors. Each PTC shall quantify the expected
ies associated with the test measurements on that’specific component or system.

roper Identification and Propagation of Errors

3-11 MISTAKES

Mistakés are another source of errors and are\the result of carelessness, inexperience, poor technique, ungtable
processeq, malfunctioning equipment, incorrect'calculation, or bias in the test procedures or execution. A test instrument
may be uged incorrectly or it may be malfunctioning; poor technique may be used in taking a measurement, or a megdsure-
ment biag may be introduced by expecting\(and inadvertently forcing) the results to agree with the expected out¢ome.
Errors of|this nature shall be avoided and corrected if discovered.

Within [PTCs, these errors wouldnotbe included in any uncertainty analysis because it is assumed that the test fesult
was obtained by following corréct and well-defined procedures established within the Code that are carefully ijnple-
mented bly competent users ©f the Code.

Mistak¢s can be identiffed by using the accepted industry practices of pretest and calibration checks, redundant
instrument identificatiens and independent review and validation. Once identified, the mistakes shall be corr¢cted.
Not corrgcting identified mistakes is prohibited in the planning, execution, and reporting of a Code test.

3-12 COMPUTATION OF RESULTS

3-12.1

Following each test, when all testlogs and records have been completed and assembled, the results should be examined
critically to determine whether the limits of permissible deviations from specified operating conditions have exceeded
those prescribed by the individual test Code. Adjustments of any kind should be agreed upon and explained in the test
report. Ifadjustments cannotbe agreed upon, the test run(s) may have to be repeated. Inconsistencies in the test record or
test result may require tests to be repeated in whole or in part to attain the test objectives. Corrections resulting from
deviations of any of the test operating conditions from those specified are applied when computing the test’s results.
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3-12.2 Inconsistencies in Test Results

3-12.2.1 Recorded Data. Some data recorded from instruments may not be consistent with observed data recorded
from other instruments when both have been acquired in accordance with the rules of an individual Code. In such cases, it
shall be the duty of the test coordinator to assess the data sources, evaluate the conditions leading to the inconsistencies,
and determine which set of observed data is correct, if any.

3-12.2.2 Analysis and Interpretation. During the conduct of a test or during the subsequent analyses or interpreta-
tions of the observed data, an obvious inconsistency may be found. If so, a reasonable effort shall be made to adjust or
eliminate the inconsistency. Failing this, test runs shall be repeated.

3-12|3 Data Presentation

Test data should be plotted or tabulated as determined by the Code calculation procedure. Additionalcalculations shall
be made to establish the test’s uncertainty in accordance with PTC 19.1. For additional guidance, refer to subsgction 1-6.
All tgst results should be reported from the test observations.

3-12{4 Graphical Presentation and Scales

Graphical presentation of test data and results is useful in engineering analysis. Standard’graphical formats prevail for
many specific types of machinery, and these forms shall be used wherever practieal.

3-12{5 Analysis and Requirements

Thg complete analysis of the results of a performance test requires aworking knowledge of
(a)| the concepts of statistics including averages, means, standard deviations, variances, probability distributions, and

unceftainties
(b)| the theory, application, and acceptability of significant figures and numerical standards
(c)| the specific computational method(s) applicable to the.équipment

3-12{6 Data Reduction and Averaging

Ea¢h PTC shall specify the method to be used for reducing and averaging test data. These methods shall bg the most
appropriate engineering practices available. Guidahce should be provided to ensure correct unit conversigns.

3-12|7 Curve Construction

In ¢onstructing graphs from test data, individual test points shall be retained and clearly identified by specifi¢ symbols.
This facilitates the understanding of the deviations between the plotted curve shape and the actual test points. P]otted test
points can consist of raw data, corrected data, and/or calculated results and shall be described clearly in p legend.

3-13| TEST REPORT

3-13]1 Completion and-Approval
Th report of an ASME Code test should be complete in all respects and approved by all appropriate parties fo the test.

3-13{2 TestReport: Contents

The report should include the following distinctive sections:
(a)] an-executive summary containing a brief description of the object, result, and conclusions reached
(b)thredetaitedTeportof
(1) authorization for the tests, their scope and object, contractual obligations and guarantees, stipulated agree-
ments, acceptance criteria, the individual who directed the test, and the representative parties to the test if it is a
commercial test
(2) description of the equipment tested and any other auxiliary apparatus, the operation of which may influence the
test result
(3) method of test, giving arrangement of testing equipment, instruments used and their location, operating con-
ditions, and a complete description of methods of measurement not prescribed by the individual Code
(4) summary of measurements and observations
(5) methods of calculation from observed data and calculation of probable uncertainty
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