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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
Chicago, Illinois, in 1921. It was approved and adopted as a standard practice of ASME in 1924.
During the years 1920 through 1970, the function of the Power Test Codes (as they were then known) continued to

evolve and broaden. In recognition of these developments, the Code on General Instructions was revised twice. The
revisions were approved by the Council on Standards and Certification on June 17, 1945, and May 7, 1970, respectively.
During theyears1970 through1985, the scopeof thePowerTestCodes, nowknownasPerformanceTestCodes (PTCs),

was further broadened as a result of
(a) their designation as American National Standards by the American National Standards Institute (ANSI)
(b) an increased awareness of the relationship between U.S. domestic standards and their international counterparts

and a related need to reconcile substantially conflicting requirements between U.S. and international documents
(c) clarification on the use of uncertainty in test codes
Thesedevelopments resulted in several additional revisions to theCodeonGeneral Instructions thatwereapprovedby

the Board on Performance Test Codes (BPTC) onMay 13, 1970 (with theOctober 1971Addenda); October 29, 1979; June
18, 1986; and June 12, 1991.
The subsequent revision of the Codewas initiated inmid-1998. A Project Teamwas appointed by the BPTC to develop

this revisionunder theASMERedesignProcess. The reviseddocumentwas approvedby theBPTConNovember19, 1998.
The next revision was a major updating of the Code, now called ASME PTC 1. The existing information contained in

ASMEPTC1wasdivided into twoseparatedocuments.One is theCodewriter’s guide, theASMEPTC1Template, available
on the ASME PTC Committee web page. The other, ASME PTC 1, contains mandatory information for all code users. This
revisionwas approved by the BPTC on December 9, 2003. It was also approved as an American National Standard by the
ANSI Board of Standards Review on March 10, 2004.
The 2011 revision containedmodifications to the 2004versionwhereby somenew committeeswere added andothers

discontinued. The template was not updated at this time. The 2011 revision was approved by the PTC Standards
Committee (formerly BPTC) on May 24, 2011, 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 American 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 document. In

recognition of the need for an acceptable method to prepare for and validate the acceptability of a test, another permis-
sible use of test uncertainty was added to PTC 1. This addition allows flexibility in the individual contributions to the
specifiedmeasurement’s uncertainly contributors while ensuring that the overall total test uncertainty is achieved. This
method strictly specifies each measurement’s systematic uncertainty along with its permissible variation (data fluctua-
tion) or a total measurement uncertainty, including both systematic and random effects for each measured parameter
and/or variable or each type of measured parameter or variable. While a pretest and post-test uncertainty analysis is
always required, it is limited to demonstrate the achievement of uncertainty limits placed upon each individualmeasure-
ment without having to calculate a total test uncertainty for the result. However, if the user of the Code wishes to exceed
any of the specified uncertainty limits in any parameter or variable, a complete test uncertainty analysis is required to
establish that the Code’s limit level of uncertainty for the test result has been met. This requires using the systematic,
random, and total measurements’ uncertainty limits of each parameter and variable in accordance with PTC 19.1. Once
the Code Limit Uncertainty is determined for the result, exceeding the upper limit of any individual parameter’s or
variable’s specified uncertainty is allowable only if it is demonstrated that the selection of all instrumentation
usedwill result in anoverall test uncertainty equal toor less thanwhat itwouldhavebeenhadall parameters’ uncertainty
requirements been met.
This 2022 edition has been produced to clearly define themeaning 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
shouldbedefinedwithin the contract, alongwith responsibility delineation forwhen theCode calls for theparties 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
revisions 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 Standard to incorporate changes that appear necessary
or desirable, as demonstrated by the experience gained from the application of the Standard. Approved revisions will be
published periodically.
The Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific as possible,

citing the paragraph number(s), the proposed wording, and a detailed description of the reasons for the proposal,
including any pertinent documentation.

Proposing a Case. Casesmay be issued to provide alternative rules when justified, to permit early implementation of
an approved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are effective
immediately upon ASME approval and shall be posted on the ASME Committee web page.
Requests for Cases shall provide a Statement of Need and Background Information. The request should identify the

Standard and the paragraph, figure, or table number(s), and be written as a Question and Reply in the same format as
existing Cases. Requests for Cases should also indicate the applicable edition(s) of the Standard to which the proposed
Case applies.

Interpretations. Upon request, the PTC Standards Committeewill render an interpretation of any requirement of the
Standard. Interpretations canonlybe rendered in response to awritten request sent to theSecretaryof thePTCStandards
Committee.
Requests for interpretation should preferably be submitted through the online Interpretation Submittal Form. The

form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will receive an
automatic e-mail confirming receipt.
If the Inquirer is unable to use the online form, he/she may mail the request to the Secretary of the PTC Standards

Committee at the above address. The request for an interpretation should be clear and unambiguous. It is further rec-
ommended that the Inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.
Edition: Cite the applicable edition of the Standard for which the interpretation is being requested.
Question: Phrase the question as a request for an interpretation of a specific requirement suitable for

general understanding and use, not as a request for an approval of a proprietary design or
situation. Please provide a condensed andprecise question, composed in such away that a
“yes” or “no” reply is acceptable.

Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or
information.

vii
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Requests that arenot in the formatdescribed abovemaybe rewritten in theappropriate format by theCommitteeprior
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.
ASMEprocedures provide for reconsideration of any interpretationwhen or if additional information thatmight affect

an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

Attending Committee Meetings. The PTC Standards Committee regularly holds meetings and/or telephone confer-
ences that are open to the public. Personswishing to attend anymeeting and/or telephone conference should contact the
Secretaryof thePTCStandardsCommittee. FutureCommitteemeetingdates and locations canbe foundon theCommittee
Page at http://go.asme.org/PTCcommittee.
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INTRODUCTION

APPLICATIONSANDLIMITATIONS. This Code provides direction to users, parties to a test, and the ASME committees
responsible forwriting PerformanceTest Codes (PTCs). Code users andparties to a test shall consider this Code as part of
each test, and all the requirements herein shall be applicable in addition to those within the individual PTCs covering a
particular 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, execution, and reporting of test

results.
Test results determined by a PTC or a group of PTCs can be used as defined by a contract as the basis for determining

fulfillment of contract performance guarantees. Test results can also be used for comparison to a design number, 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.
The results of a test conducted in accordance with PTCs will not provide the sole basis for comparing the thermo-

economic effectiveness of different plant and equipment designs or different generation technologies.

GUIDANCE INUSINGASMEPERFORMANCETESTCODES. ASMEPTCsaredevelopedprimarily to address theneedsof
contract acceptanceand/or compliance testing. This is not intended, however, to limit orprevent theuseof PTCs for other
types of testing where the accurate determination of performance is required.
PTCs are not tutorials: they are intended for use by persons experienced in testing power plants and equipment

performance by following the rules of any Code. Prerequisites include detailed knowledge of power-plant operations,
thermodynamic analyses, calculations of heat balance, testing andmeasurement uncertainties and their analyses, testing
methods, and the use, control, and calibration of test-equipment and measuring instrumentation.
ASME PTCs are developed to support the achievement of specific test goals. Test goals are the overall objective and

achievement of the test execution (corrected or uncorrected performance parameter or guarantee performance pa-
rameter desired to be determined: power output, heat rate, capacity, steam rate, efficiency, performance ratio, etc.)
at a specific set of reference conditions and operating criterion.
ASMEPTCsprovide rules andprocedures for designing andexecuting a test setup that is used to support the test goal. A

test setup is a detailed approach that encompasses the test strategy, required measurements, corrections, assumptions,
estimations, operating limitations, deliverables, and resources required to perform testing for determination of a test
goal.
The test setup rules and practices within the ASME PTCs are the same as in any field of practice where the scientific

method is applied to ensure a controlled experiment or test. The test setup is implemented to ensure accuracy of the
results fromthe test.Whena controlledexperimentor test is conducted, the testmustbedesigned to limit orminimize the
effects of variables other than those of the independent variables over which the parties to the test have no control.
Uncontrolled variables that influence the dependent variables will be determined from the test.
Ideally, a test setup of a controlled experiment or test on a power plant or equipment would be designed, planned,

executed, and reported whereby all of the influential parameters are specifically set to a desired value and under the
control of the parties to the test.
For example, if a control set consisting of all exogenous factors (such 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., heat rate, power output, steamrate, capacity, andperformance ratio), then analytical correctionswouldbe
unnecessary.
Therefore, the test would directlymeasure the performance parameters that could then be compared to the guarantee

at reference and operating conditions. Such a designwould put themeasured results on the same basis as the guarantees
for comparisonswithout anyanalyticalmanipulations.However, theability toachieve this ideal state,where theTestGoal
and Test Setup are perfectly matched, is very impractical in practice, and thus requires a Test Setup that is as close as

ix
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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 aPTC test, theTest Setup shoulddetermineperformance at specific operating conditions andwith

certain fixedparametersat theboundaryandwithin the limitsof theplantor theequipmentbeing tested. Suchsetups, that
limit analytic corrections to yield results of the highest level of accuracy based on current engineering knowledge, take
into account test costs and thevalueof the informationobtained fromtesting. Toaccomplish this, onemusthave thorough
knowledge of which influential parameters are within their control and which influential parameters are outside their
control. Themain 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
condition cannot be eliminated, then parties to the test must agree upon and develop analytical methods to correct for
their influence on the performance test results.
It important to recognize that part of the test setup is knowing how the choice of controlled or imposed upon operating

modes affects the plant or equipment performance calculations and calculation methodology. For a properly designed
test, the thermal performance model should develop the plant or equipment correction curves based on the established
test setup and the planned or imposed mode of operation during the test. During the performance test, the plant or
equipment shall then be operated in accordance with the operating philosophy upon which the correction curves or
models are based. Caremust be taken to ensure that when a correction is applied, it does not result in a performance at a
condition at which the equipment could not actually operate, such as beyond a pressure, temperature, or flow capacity
limit.
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Section 1
Purpose, Scope, and Organization

1-1 DEFINITION AND PURPOSE

ASME PTCs provide uniform rules and procedures for the planning, preparation, execution, and reporting of perfor-
mance test results. Test results provide numerical characteristics to the performance of equipment, systems, and plants
being tested. A performance test is an engineering setup and evaluation where measurements of key parameters are
taken under controlled circumstances to provide inputs to calculations. These results can be used to benchmark or
ascertain performance at a particular time and can indicate how well the performance of the specified equipment
compares to an established design, predicted criteria, or previous test results. Throughout ASME PTC 1, when the
term “equipment” is used with reference to the object of a performance test, it can refer to specific equipment,
systems, or entire plants.

1-2 STANDARDS COMMITTEES

ASME PTCs are developed by technical committees that are governed, organized, and appointed by the Performance
Test Codes Supervisory Committee under the auspices of the Board on Standardization and Testing. Each code-writing
committee is organized to include representativesof several interest groups. Thequalificationsof eachmemberof a code-
writing committee are subject to examination and approval by the Supervisory Committee. Members of the code-writing
committees are highly qualified, technically competent professionals, generallymembers of ASME,whohave expertise in
the field or in an area of expertise needed by the committee, such as special instrumentation. Eachmember presents their
views onmatters under consideration asmembers of a learnedprofession, not as representatives of employers or special
interest groups.

1-3 SCOPE AND ORGANIZATION OF PTCs

Most ASME PTCs are applicable to a specified type of equipment defined by the Code. There may be several sub-
categories of equipment covered by a single code. Types of equipment to which PTCs apply can be classified into the
following five broad categories:

(a) power production, energy conversion, and storage
(b) combustion and heat transfer
(c) performance monitoring
(d) fluid handling
(e) emissions
The quantities that characterize performance are defined in each code for the equipment within its scope. Absolute

performance characteristics determined by adherence to a PTC can be evaluated and compared to design or predicted
characteristics or previous test results, or they can be used to benchmark or ascertain performance at a particular time.
Some PTCs are written as general reference documents in support of the equipment PTCs. These can be considered as

technical reference material for the equipment codes. Three types of reference codes exist.
The first typecoversguidanceandreference information. It currently consistsofASMEPTC2,whichcontains standards

for terms, units, values of constants, and technical nomenclature.
The second type covers instrumentationused in themeasurementof thermodynamicorprocess fluidparameters, 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 Standardization
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 guidelines for test procedures that yield results of the highest level of accuracy based on current engi-
neering knowledge, considering testing costs and the value of information obtained from testing. Code committees, Code
users, and parties to the test shall ensure that the philosophy of “unbiased test method” is maintained throughout the
design of a fair andbalanced test, whereby the test is objective andwithout bias toward any oneparticular interest group.
Transparency shall be maintained, whereby all parties to the test are made aware of the goals of the test, technical
limitations, challenges, and compromises that shall be considered when designing, executing, and reporting a test under
theASMEPTCguidelines. Precision and reliability of test results shall underlie all considerations in thedevelopment of an
ASME PTC, consistent with economic considerations as judged appropriate by each technical committee and in keeping
with the philosophy of the ASME Performance Test Codes Supervisory Committee.

1-5 APPLICATIONS OF PTCs

Code tests are suitable whenever performance shall be determinedwithminimum uncertainty. They aremeant speci-
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 determine fulfillment of guarantees.
(c) being incorporated by reference or adopted by governments or government agencies into regulations or laws.
(d) evaluatingperformance followingmodification, change inoperating conditions, or any suspectedchange inperfor-

mance for which such investigation is required.
(e) conducting studies to help determine the value of possible upgrades or modifications to equipment.
(f) benchmarking performance, sometimes to help determine the necessity for specific preventive maintenance or

possible upgrade or modification.
(g) tracking trends in performance in time by scheduling performance tests at regular intervals. Such trends are also

used to help determine necessity for specific preventive maintenance or possible upgrade or modification.
(h) validating results from online or continuous performance-monitoring systems, which are usually less accurate

than results of tests conducted in accordance with PTCs.
PTCs can be used to quantify themagnitude of performance anomalies of equipment that is suspected to beperforming

poorlyor to confirmtheneed formaintenance if simplermeansarenot adequate. PTCsareexcellent sourcesor references
for simpler routine or special equipment test procedures.
Conducting periodic performance tests on equipment can uncover the need for further investigation, which can lead to

preventive maintenance or modification.

1-6 TEST UNCERTAINTY

1-6.1 Definition

Test uncertainty is an estimate of the limit of error of a test result. It is the interval of a test result that contains the true
valuewith a given probability or level of confidence. It is based on calculations using statistics, instrumentation informa-
tion, calculationprocedure, andactual test data. ASMEPTC19.1 is thePTCSupplement that covers general procedures for
calculation of test uncertainty. PTCs maintain a 95% level of confidence for which uncertainty is calculated as their
standard. This confidence level therefore represents a 95% chance that the uncertainty interval 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

Equipment Codes

ASME PTC-1
General Instructions

Power Production,
Energy Conversion,

and Storage

Combustion and
Heat Transfer

Fluid Handling Emissions
Performance
Monitoring

and Data Quality

PTC 6, Steam Turbines

PTC 6.2, Steam   
 Turbines in   
 Combined Cycles

PTC 17, Reciprocating  
 Internal-Combustion  
 Engines

PTC 18, Hydraulic   
 Turbines and Pump-  
 Turbines

PTC 22, Gas Turbines

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

PTC 46, Overall Plant  
 Performance

PTC 47, Integrated   
 Gasification   
 Combined Cycle  
 Power Generation  
 Plants

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

PTC 50, Fuel Cell Power  
 Systems Performance

PTC 52, Concentrated  
 Solar Power Plants

PTC 53 Mechanical and  
 Thermal Energy  
 Storage Systems

PTC 55, Gas Turbine  
 Aircraft Engines

PTC 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   
 Combustors With  
 Energy 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

PTC 19.10, Flue and  
 Exhaust Gas   
 Analyses

PTC 38, Determining  
 the Concentration of  
 Particulate Matter in  
 a Gas Stream

PTC 40, Flue Gas  
 Desulfurization Units

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

PTC 19.1, Test Uncertainty 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

PTC 2, Definitions and Values

Supplemental Documents

Uncertainty Analysis
Measurement of Process

Parameters and Associated
Phenomena

Guiding Information

ASME PTC 1
General Instructions
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(f) demonstrates compliance with test requirements
(g) facilitates interpretation of test results

1-6.2.1 PretestUncertaintyAnalysis.PTCs require a pretest uncertainty analysis, inclusive of estimates of systematic
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.

Table 1-3-1
List of Withdrawn and Discontinued ASME PTCs

Designation Title
Year

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

Turbines
2008

PTC 7-1946 (R1969) Reciprocating Steam Driven Displacement Pumps [Note (1)] [Note (2)]
PTC 7.1-1962 (R1969) Displacement Pumps [Note (1)] 2002
PTC 9-1970 (R1997) Displacement Compressors, Vacuum Pumps and Blowers 2003
PTC 14-1970 (R1991) Evaporating Apparatus 2002
PTC 16-1958 (R1991) Gas Producers and Continuous Gas Generators 2002
PTC 18.1-1978 (R1984) Pump Mode of Pump/Turbines 2002
PTC 19.5.1-1964 Weighting Scales [Note (1)] 2002
PTC 19.8-1970 (1985) Measurement of Indication Power 2002
PTC 19.12-1958 Measurement of Time [Note (1)] [Note (2)]
PTC 19.13-1961 Measurement of Rotary Speed [Note (1)] [Note (2)]
PTC 19.14-1958 Linear Measurement [Note (1)] 2002
PTC 19.16-1965 Density Determinations of Solids and Liquids [Note (1)] [Note (2)]
PTC 19.17-1965 Determinations of Viscosity of Liquids [Note (1)] [Note (2)]
PTC 20.1-1977 (R1988) Speed and Load Governing Systems for Steam Turbine Generator Units 2003
PTC 20.2-1965 (R1986) Overspeed Trip Systems for Steam Turbine Generator Units 2003
PTC 20.3-1970 (R1986) Pressure Control Systems Used on Steam Turbine Generator Units 2003
PTC 21-1991 Particulate Matter Collection Equipment 2006
PTC 23.1-1983 Spray Cooling Systems 2001
PTC 26-1962 Speed Governing Systems for Internal Combustion Engine Generator Units [Note (1)] 2002
PTC 28-1965 (R1985) Determining the Properties of Fine Particulate Matter 2003
PTC 32.1-1978 (R1992) Nuclear Steam Supply Systems 2002
PTC 32.2 Report-1978 (R1992) Methods of Measuring the Performance of Nuclear Reactor Fuel in Light-Water Reactors 1998
PTC 33-1978 (R1991) Performance Test Code — Large Incinerators 2004
PTC 33a-1980 (R1987) Appendix to ASME PTC 33, Performance Test Code — Large Incinerators 2004
PTC 42-1998 (R2004) Wind Turbines 2008

NOTES:
(1) This PTC was not an ANSI code.
(2) Official withdrawal date is unknown.
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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 randomuncertainty estimates to determinewhether 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
committee.
Application of test uncertainty analysis can vary based on the experience of each committee and on themany different

types of equipment for which Codes are written. There are several acceptable ways to use test uncertainty analysis in
ASME PTCs (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 prepare for
and validate the acceptability of a test. One or more shall be used in a single Code.

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

(b) Specify the typical test result uncertaintyof a test foreach typeorconfigurationofequipment.This canbedoneonly
if the rangeof acceptable test result uncertainties is small—nomore than20%ofa typicalmeanuncertainty, basedon the
experience of the committee. A statement should be included that significant deviations from the typical test result
uncertainty — in either direction — indicate that uncertainty assumptions may be invalid, or the test was not
typical. For example, if a “typical test result uncertainty” of 1.0% were reported, then the committee would not
expect a valid test with an uncertainty of larger than 1.2%; likewise, a calculated post-test uncertainty of less than
0.8% is unlikely although possible if superior instrumentation or procedures are used for a particular test.

(c) Specify a typical range of acceptable uncertainties for each type or configuration of equipment. This approach is
preferable when sensitivity factors tend to be very nonlinear and much higher during some acceptable test conditions
thanduring others. This should be done if treating uncertainty per (b) above, in order to determine the validity of a test in
which the 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 pressure,
compressor inlet temperature, fan inlet air flow) or measurement parameter/variable type (e.g., flow, temperature,
pressure). The total uncertainty can be specified directly or by specifying the systematic and random uncertainty.
The random uncertainty may be specified directly or as a variation or data fluctuation. This is equivalent to establishing
anupper limiton the test resultuncertaintyper (a) since the test result uncertainty is calculated fromthe total uncertainty
and sensitivity of the individual parameter/variable upon the test result. A pretest and post-test uncertainty is still
required; however, it is limited to demonstrating that the uncertainty limits placed upon each individual measurement
parameter/variable have beenmet. In this case, the sensitivity coefficients shall be very nearly linear so that the total test
result uncertainty is not affected by the magnitude of any corrections.

(e) Specify the instrumentation requirements and uncertainty limits as per (d) alongwith the additional allowance for
the total test result uncertainty that shall be determined pretest from those requirements to establish a Code limit for the
uncertainty. Once this limit is established, any of the specified parameter/variable limits set can be exceeded if the total
test result uncertainty is lesser than or equal to the established Code-limiting total test result uncertainty. This requires
that total test result uncertainty for the actual pre- and post-test be determined using the same uncertainty analysis
approach (e.g., same assumptions, same sources, same mathematical steps) that was performed to establish the Code’s
limit for the total test result uncertainty. In cases of equipment for which there are usually large uncertainties, which are
acceptable based on the committee’s experience, the reasons should be discussed. Details should be given in an uncer-
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,

anyof the acceptablemethodsof using the test uncertaintyprinciples listed in (a) through (e), or a combinationof 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) Theminimum achievable test uncertainty cannot be given exclusively without reference to a range or a typical or
maximumallowable test uncertaintyperparas. 1-6.3.1(a) through1-6.3.1(d). Statingonly thebest achievableuncertainty
gives no guidance to the Codeuser as towhether 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

PTCs shall be developed in strict accordancewith the philosophy stated in subsection 1-4. Related codes and standards
or additional measuring procedures developed by other organizations, such as the American Society for Testing and
Materials, Institute of Electrical and Electronics Engineers, American Institute of Chemical Engineers, and the Environ-
mentalProtectionAgency,maybe referencedbyPTCs.Considerationshouldbegiven to techniquesandrulespublished in
other international codes and standards, such as thoseof the International StandardsOrganization (ISO). Someequations
and techniques 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 INTRODUCTION

Individual test codes and their revisions shall contain a table of contents and the standard form, arrangement, scope,
and contents shall comply with the following specifications.

2-2 SECTION 1, OBJECT AND SCOPE

Under this Section, the individual codes shall outline the test objectives anddefine the scopeof the test, size and typesof
equipment, 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 performance of the covered equipment (e.g., capacity,

efficiency, power output or input, and specific process results such as temperatures and sulfur capture). Not all results
that can be determined by application of the Code must be included in the objectives of a specific test.

(c) the specific goals of tests that can be designed according to the Code, such as determination of performance at
specific operating conditions or with certain fixed parameters.

2-2.2 Scope

The Scope shall clearly state
(a) a specific definition of the types of equipment to 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) similar tests that can be performed on the equipment within the scope of the Code, but which are not part of the

Code

2-2.3 Uncertainty

This Section shall also address the uncertainty of tests performedusing the Code. It shall include a discussionof the test
uncertainty per one ormore of the approaches in para. 1-6.3. For cases inwhich there are various industrial applications
and configurations of mechanical equipment, processes, or systems that might be addressed by a particular Code
committee, the uncertainty of several representative configurations shall be addressed.

2-3 SECTION 2, DEFINITIONS AND DESCRIPTIONS OF TERMS

Section 2 shall contain a list of terms with definitions for those not given in ASME PTC 2. Symbols and abbreviations
shall be specified for equations and should conform toASMEPTC2. Figures that are useful for the clarification of terms or
symbols may also be included.

2-4 SECTION 3, GUIDING PRINCIPLES

Section3 shall discuss in detail those items that shall be completedprior to the test anddescribe all thosewhohave 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
(f) provisions for equipment inspection
(g) provisions for preliminary tests
(h) permissible and impermissible adjustments during a test
(i) degree of constancy of testing conditions
(j) duration of test runs
(k) recommended number of test runs
(l) repeatability requirements
(m) causes for rejection of inconsistent test readings or results
(n) methods of comparing results with the specified performance
(o) limits of uncertainty not promulgated in the Object and Scope
(p) pretest agreements
A table of permissible data fluctuations is not required if a maximum allowable uncertainty or an uncertainty range is

mandated in the Code. Fluctuations do affect the random component of test uncertainty and that effect can be estimated
prior to starting a test. Maximumpermissible data fluctuations ofmultiple parameters, when combined in aggregate, can
lead to a very high final test uncertainty.

2-5 SECTION 4, INSTRUMENTS AND METHODS OF MEASUREMENT

Section 4 shall provide themandatory provisions for quantity and choice, required sensitivity or precision, expected or
required uncertainty, and calibration requirements for instruments used in the implementation of a Code test. Instruc-
tions for methods of measurement, location of measuring systems, and precautions to be taken shall be included in this
Section. This section shall define the uncertainty requirements for specific measurements. The uncertainty requirement
must 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).
To avoid repetition, individual Codes shall refer to the applicable PTC 19 Supplement(s). The Instruments and Appa-

ratus Supplements to ASME PTCs (ASME PTC 19 series) outline the methods of measurement, instrument types, limits,
sources of error, corrections, and calibration details concerning instrumentation that comprise the governing require-
ments 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 section(s), or

paragraph(s), and the date of the Supplement to make the supplement reference mandatory to the individual
Code. The individual Codes must define the uncertainty requirement for specific measurements since the Supplements
may define optional measurement methods, calibration requirements, instruments, etc., to achieve different levels of
measurement uncertainty.
General references to a PTC 19 Supplement are also permitted, but only in cases where specific requirements are not

necessarywithin theCode.Anyexceptions to the instrumentation requirements in the Instrument andApparatus Supple-
ment shall be stated within the individual test Code.
Only in the casewhereby guidance and requirements are not covered by the Instruments and Apparatus Supplements

are individual Codes permitted to have further rules and precautions described completely in this Section.
If the Instruments andApparatus Supplements areupdated to includeguidanceand requirements containedwithin the

Section4of an individual Code, that Code shall beupdatedduring thenext revision cycle to remove the replicated text and
replace it with reference to the appropriate Instruments and Apparatus Supplements.

2-6 SECTION 5, COMPUTATION OF RESULTS

Section 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) an outline of specified operations conditions and guarantees
(b) 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.

2-8 SECTION 7, TEST UNCERTAINTY

This Section shall contain formulas and directions for calculating uncertainty of test results. ASME PTC 19.1 is the
primary reference for uncertainty calculations, and any uncertainty analysis that conforms to ASME PTC 19.1 shall be
acceptable. Any deviations from the methods described in ASME PTC 19.1 shall be noted and explained in detail. Addi-
tionally, this Section should provide guidance for estimating the systematic component(s) of uncertainty. This Section,
taken togetherwith ASMEPTC 19.1, shall enable users of the Code to perform complete pretest and post-test uncertainty
analyses, which are sufficient for the uses of uncertainty described in para. 1-6.3.

2-9 ADDITIONAL SECTIONS AND APPENDICES

Additional sections may be included to present detailed background information that illustrates or supports methods
or formulas included in the Code or present additional data and guidance to the user. Subjects that may be included in
additional sections are, for example, rationale and derivation of expected uncertainty, derivation of formulae, derivation
of figures, examples of the proper use of figures or curves, detailed description ofmethods ofmeasurement or techniques
not covered in the ASME PTC 19 series, a list of references, sample calculations, alternative test method, and detailed
requirements for use of a Performance Model for test calculations. It should be noted that it is not mandatory that Codes
have additional sections. However, additional sections (in the body of the Code, such as Sections 8 and 9 andAppendices I
and II) are mandatory if the Committee deems them necessary. Lettered appendices are not mandatory; they provide
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 alternative testing method, that Code shall
(a) indicate 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 of the alternative testing method(s) on test uncertainty
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Section 3
Information for ASME Performance Test Code Users

3-1 INTRODUCTION

This Section contains common rules for conducting tests on most equipment. An official test is any test conducted in
accordance with a PTC.

3-2 CODE TEST

A Code test is a test that is designed, planned, executed and reported in compliance with the ASME PTC philosophy of
Section 1-4. To be considered a Code-compliant test, the user of the Code shall plan, execute, and report a test that meets
the following two approaches:

3-2.1 Explicit Compliance Test

Atest canbeconsideredaCodeTest if theuser(s)of theCodeorparties to the test ensure that all theexplicit procedures,
methods, requirements, and acceptance criteria of the Code are met. It is ASME Code practice to use the word “shall” to
expressamandatory requirementof theCode.However, in somecases thewords “must,” “ensure,” “will,” and “is tobe”will
be used to express a mandatory requirement of the Code. Use of the words “should” or “may” in a Code clause indicates
that a statement is a recommendation and shall not be considered explicit procedures, methods, requirements, and
acceptance criteria of the Code.

3-2.2 Agreements Compliance Test

Any departure from Code requirements could introduce additional uncertainty beyond that considered acceptable to
meet the objectives of the Code. Tests should be conducted with the strictest possible adherence to the provisions of a
Code.
However, it is recognized that there is a diverse range of power plants and equipment designs that cannot be generally

categorized for purposes of establishing explicit testing methods and uncertainty limits that will cover all encounters
within the industry. Further, events outside the control of the parties of a test or facility/equipment limitations could
dictate that the parties cannot complywith one ormore Code requirements. In these circumstances, agreement between
the parties is necessary.
Further, in such cases, the Code user shall conform to the intent of the Code as closely as possible and shall define in

detail how to manage departures from specific Code requirements and establish the magnitude of the uncertainty
imposed by those departures. For a test to be considered Code compliant, any departure from the Code requirements
shall be agreed upon in writing by the parties to the test and conform to the intent of the Code. In the absence of written
agreement by the parties to the test, the Code requirements shall be mandatory.
Care shall be taken by the parties to ensure that they engage persons experienced in power-plant performance and

testing per ASME PTCs and with detailed knowledge of power-plant operations, thermodynamic analysis, heat balance
development, test-measurement methods, and the use, control, and calibration of measuring and test equipment to
ensure that informed and well evaluated agreements are made. Though allowed, agreements of the parties should
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.
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In other noncommercial tests, the parties to a testmay 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 teamwho 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 PREPARATIONS FOR TESTING

3-4.1 General Precautions

Reasonableprecautions shall be takenwhenpreparing to conduct aCode test. Indisputable records shall beestablished
andmaintained to identify and distinguish the equipment to be tested and the exact method of testing selected. Descrip-
tions, drawings, test measurement forms, or photographs are effective methods to a permanent, explicit record. Instru-
ment locations shall be predetermined anddescribed in detail in test records. Redundant or spare calibrated instruments
should be provided for those instruments susceptible to in-service failure or breakage.

3-4.2 Test Coordinator

The parties to the test shall designate a person to direct the test, hereafter called the test coordinator. Intercommu-
nication arrangements between the test coordinator and all test personnel and parties to the test should be established.

3-4.3 Agreements

Section 3 of each Code shall contain language providing general guidance for the application of a Code. This guidance
shall include a tabulation of preparatory items that shall be completed, understood, and agreed to among the parties to a
test and that are recommended for the legitimate execution of a Code test; recommendations for the timing of testing of
new or modified equipment; and allowance for equipment inspections. These include the following:

(a) object of test
(b) location and timing of test
(c) test boundaries
(d) selection of instruments
(e) method of calibration of instruments
(f) confidentiality of test results
(g) number of copies of original data required
(h) data to be recorded and method of recording and archiving data
(i) values of measurement uncertainty and method of determining overall test uncertainty
(j) method of operating equipment under test, including that of any auxiliary equipment, the performance of which

may influence the test result
(k) methods of maintaining constant operating conditions as near as possible to those specified
(l) method of determining duration of operation under testing conditions before test readings are started
(m) system alignment or isolation
(n) organization of personnel, including designation of engineer in charge of the test
(o) duration and number of test runs
(p) frequency of observations
(q) base reference 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) pretest inspections
(x) resolution of non-repeatable test runs and their results

ASME PTC 1-2022

12

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME PTC 1 
20

22

https://asmenormdoc.com/api2/?name=ASME PTC 1 2022.pdf


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 shouldbe reached for adjusting the test results to compensate for suchdeterioration. Theparties 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 purposes may be
conducted at any time.

3-4.5 Preparation

For acceptance and other official tests, themanufacturer or supplier shall have reasonable opportunity to examine the
equipment, correctdefects, and render theequipment suitable to test. Themanufacturer, however, is not therebyempow-
ered to alter or adjust equipment or conditions in such a way that regulations, contract, safety, or other stipulations are
altered or voided. The manufacturer may not adjust the equipment for test purposes that may prevent immediate,
continuous, and reliable operation at all capacities or outputs under all specified operating conditions. Any actions
taken shall be documented and immediately reported to all parties to the test.
All parties to the test shall be given timely notification, as defined by prior agreement, to allow them the necessary time

to respondand topreparepersonnel, equipment, or documentation. Updated information shall beprovidedas it becomes
known.

3-4.6 Starting and Stopping

Acceptance and other official tests shall be conducted as promptly as possible following initial operation and pre-
liminary test runs. The equipment shall be operated for a sufficient time to demonstrate that the intended test conditions
have been established (e.g., steady state). Themeans to determine that intended operating conditions have been attained
are equipment specific and, therefore, are specified in the respective individual equipment’s test codes. Agreement on
procedures and time shall be reached before commencing the test.
The test coordinator is responsible for ensuring that all data collection begins at the agreed-upon start of the test and

that all parties to the test are informed of the starting time. Tests are normally stopped when the test coordinator is
satisfied that requirements for a complete test run have been satisfied. The test coordinator should verify that the
specified methods of operation during test have been satisfied. The test coordinator may extend or terminate the
test if the requirements are not met.

3-4.7 Acceptability of Equipment and Instruments

Equipment and instruments shall be examined as necessary to ensure the validity of the test and operating procedures
and the suitability of the instruments. Calibrated redundant instruments shall be provided for those instruments suscep-
tible to in-service failure or breakage. Redundant instruments should also be considered for the measurement of key
parameters that have a large effect on test results or the test uncertainty. Instrumentationused for data collection shall be
at least as accurate as instrumentation identified in the pretest uncertainty analysis and the Code. This instrumentation
can be either permanent plant instrumentation or temporary test instrumentation.

3-4.8 Preliminary Test Runs

Preliminary 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
suchapreliminary test runcomplieswithall thenecessary requirementsof the appropriate testCode, itmaybeusedasan
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

Data shall be recorded by automatic data collecting equipment or by competent observers. Automatic data logging and
advanced instrument systems shall be calibrated to the required accuracy. No observer shall be required to take somany
readings that lackof timemayresult in insufficient careandprecision. Considerationshall begiven to specifyingduplicate
instrumentation and taking simultaneous readings for certain test points to attain the specified accuracy of the test.

3-5.3 Conduct of Test

Complete written records of the test, even including details that at the time may seem irrelevant, should be reported.
Controls by ordinary operating (indicating, reporting, or integrating) instruments, preparation of graphical logs, and
close supervisionshouldbeestablished toassure that theequipmentunder test isoperating in substantial accordwith the
intended conditions. If a commercial test, accredited representatives of the purchaser and supplier should be present at
all times to assure that the tests are being conducted according to the test Code and prior agreements.

3-6 INSTRUMENTS

3-6.1 Use of Supplements on Instrumentation and Apparatus

The ASME PTC 19 Supplements contain guidance for developing test uncertainty and descriptions of instruments,
devices, and methods of measurement likely to be required in any test of equipment. They include directions regarding
instrument applications, limits and sources of error, range, sensitivity, precision, and methods of calibration. Individual
test Codes shall specify instruments and methods of measurement applicable to that Code. In selecting the instruments
and methods 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 an individual test Code references a Supplement, it and the referenced provisions shall be treated in the same

manner as the Code.
If the instrumentation requirements in the Instrument and Apparatus Supplement becomemore rigorous as they are

updated, due to advances in the state of the 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 according to particular revisions of a Code or Instrument andApparatus Supplement.
New devices, apparatus, and methods may be employed in lieu of any instrumentation recommended in a Code or
Instrument andApparatus Supplement as they become available, provided theymeet the allowable uncertainty specified
within the Code.

3-6.2 Location and Identification of Instruments

Instruments shall be located to minimize the effect of environmental conditions on uncertainty, e.g., temperature or
temperature variations, vibrations, electromagnetic interference. Care shall be used in routing lead wires to the 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.

3-6.3 Frequency and Timing of Observations

The timing of instrument observationswill 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 toprove that steady-state conditions existedduring the testwhere this is
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a requirement. 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 andminimizes 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
parties to the test shall agree on how to address such an event (e.g., not test, delay test, additional corrections, alternative
testing techniques).

3-7.2 Permissible Deviations

The equipment tested shall be operated to ensure its performance is bounded by the permissible fluctuations and
permissible deviations specified within the Code.

3-7.3 Inconsistent Measurements

If any measurement influencing the result of a test is inconsistent with a similar measurement even though either or
both of them may have been made strictly in accordance with the rules of the individual test Code, the cause of the
inconsistency shall be identified and eliminated.

3-8 DATA RECORDS AND TEST LOG

For all acceptance and other official tests, a complete set of data and a complete copy of the test’s log shall become the
property of each of the parties to the test. The original log,whichmay 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 observationwas recorded. The observations shall be the actual readingswithout application
of any instrument corrections. The test log should constitute a complete record of events including details that at the time
may seem trivial or irrelevant. Erasures, destruction or deletion of anydata recorded, page of the test log, or any recorded
observation 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 constitute the

original 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 paper copy is generated, the parties to the test shall agree in advance on themethod used for authenticating, reprodu-
cing, and distributing the data. Copies of the electronic data files shall be distributed as soon as possible to each of the
parties to the test. The data files shall be in a format that is easily accessible to all. A backup, permanent copy should be
made for any data residing on a single machine.

3-9 TESTING TECHNIQUE

3-9.1 Technical Considerations

Technical aspects of carrying out tests of equipment and the making of measurements should be considered 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 highdegreeof precisiondoesnot necessarily imply a highdegreeof accuracy.
For example, a givenobjectmaybemeasured for lengthwith a specificmeasuring scale. Severalmeasurementsmay 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 formeasuring
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 objectwhen 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 testingmethods and techniques. ASMEPTC-2 is the reference for
interpreting such terms.

3-10 ERRORS

3-10.1 Sources of Errors

The following sources of errors may influence the test’s uncertainty:
(a) instrument errors
(b) errors of observation
(c) errors resulting from failure to obtain representative samples
(d) errors resulting from misplaced instruments that do not respond to conditions at the required point of measure-

ment
(e) errors resulting from instruments having insufficient sensitivity to respond to changes of conditions during a test
(f) errors resulting from local disturbance in connection to instruments from unpredictable or unexplained causes

even though the instruments are located and attached in accordance with the Code or contracted requirements
(g) calibration errors
(h) errors in correcting readings, e.g., water legs
(i) errors of correction factors or methods

3-10.2 Proper Identification and Propagation of Errors

Instrumentation errors are discussed in the Instruments and Apparatus Supplements (ASME PTC 19 series). PTC 19.1
provides guidance anddirection on the propagation of the estimates of those errors. EachPTC shall quantify the expected
uncertainties associated with the test measurements on that specific component or system.

3-11 MISTAKES

Mistakes are another source of errors and are the result of carelessness, inexperience, poor technique, unstable
processes,malfunctioning equipment, incorrect calculation, or bias in the test procedures or execution. A test instrument
maybeused incorrectly or itmaybemalfunctioning; poor techniquemaybeused in taking ameasurement, or ameasure-
ment bias may be introduced by expecting (and inadvertently forcing) the results to agree with the expected outcome.
Errors of this nature shall be avoided and corrected if discovered.
Within PTCs, these errors would not be included in any uncertainty analysis because it is assumed that the test result

was obtained by following correct and well-defined procedures established within the Code that are carefully imple-
mented by competent users of the Code.
Mistakes can be identified by using the accepted industry practices of pretest and calibration checks, redundant

instrument identification, and independent review and validation. Once identified, the mistakes shall be corrected.
Not correcting identified mistakes is prohibited in the planning, execution, and reporting of a Code test.

3-12 COMPUTATION OF RESULTS

3-12.1 Data Reduction

Following each test,whenall test logs and recordshavebeen completedandassembled, the results shouldbeexamined
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. If adjustments cannotbeagreedupon, the test run(s)mayhave tobe repeated. Inconsistencies in the test recordor
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
fromother instrumentswhenboth havebeen acquired in accordancewith 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 beplotted or tabulated as determinedby theCode calculation procedure. Additional calculations shall
bemade to establish the test’s uncertainty in accordancewith PTC 19.1. For additional guidance, refer to subsection 1-6.
All test 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 practical.

3-12.5 Analysis and Requirements

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

uncertainties
(b) the theory, application, and acceptability of significant figures and numerical standards
(c) the specific computational method(s) applicable to the equipment

3-12.6 Data Reduction and Averaging

Each PTC shall specify the method to be used for reducing and averaging test data. These methods shall be the most
appropriate engineering practices available. Guidance should be provided to ensure correct unit conversions.

3-12.7 Curve Construction

In constructing graphs from test data, individual test points shall be retained and clearly identified by specific symbols.
This facilitates theunderstandingof thedeviationsbetween theplotted curve shapeand theactual test points. Plotted test
points can consist of raw data, corrected data, and/or calculated results and shall be described clearly in a legend.

3-13 TEST REPORT

3-13.1 Completion and Approval

The report of an ASME Code test should be complete in all respects and approved by all appropriate parties to the test.

3-13.2 Test Report: 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) the detailed report of

(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 ofwhichmay 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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