[lIM) Designation: D 2865 _ 01 An American National Standard
il

INTERNATIONAL

Standard Practice for
Calibration of Standards and Equipment for Electrical
Insulating Materials Testing *

This standard is issued under the fixed designation D 2865; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope other ASTM standards such as Practice E 177 and D 2645.

1.1 This practice provides for the establishment and main©Only those terms bearing on interpretations are described here.
tenance of calibration procedures for measuring and test 3-1.1 See Terminology D 1711 for terms pertaining to elec-
equipment used for electrical insulating materials. It provides dfical insulating materials. o _
framework of concepts and practices, with definitions and 3-2 Definitions of Terms Specific to This Standard:
specifications pertaining to measurement, adequacy of stan-3-2.1 accuracy ratiq n—seeuncertainty ratio
dards, necessary environmental controls, tables of corrections, 3-2-2 adequacy of a standaya—the quality or state of a
intervals of calibration, calibration procedures, calibration ofStandard that exhibits and maintains the required accuracy and
standards, and personnel training system documentation. ~ Stability under the conditions of usage. _

1.2 This practice is intended for control of the accuracy of 3-2.3 calibration, n—the process of comparing a standard or
the equipment used for measurements that are made in acc&? instrument with one of greater accuracy (smaller uncer-

dance with ASTM standards or other specified requirementsfainty) for the purpose of obtaining quantitative estimates of

safety concerns, if any, associated with its use. It is the&f the actual value from the nominal value, or the difference
responsibility of the user of this standard to establish approPetween the value indicated by an instrument and the actual

priate safety and health practices and determine the applicavalue.

bility of regulatory limitations prior to use. ~ 3.2.3.1Discussior—These differences are usually tabulated
in a “Table of Corrections” which apply to that particular
2. Referenced Documents standard or instrument.
2.1 ASTM Standards: 3.2.4 calibration labeling n— for measurement equipment
D 1711 Terminology Relating to Electrical Insulatfon or standardsa means to indicate the date of latest calibration,
D 2645 Tolerances for Yarns Spun on the Cotton or Worstedy whom it was calibrated, and the due date for the next
System3 calibration.
D 6054 Practice for Conditioning Electrical Insulating Ma-  3.2.5 certification—see traceability to NIST (formerly
terials for Testing NBS) _ . o
E 171 Specification for Standard Atmospheres for Condi- 3-2.5.1 Discussior—In the past, certification has been used
tioning and Testing Flexible Barrier Materils to convey the meaning of either or both of the above terms.
E 177 Practice for Use Of the Terms Precision and Bias irsince NIST no |0nger iSSUeS Cel"[ificates Of Ca|ibl’ati0n5, the
ASTM Test Method& term has come to have a specialized meaning. The following is
quoted fromNBS Special Publication 250Calibration and
3. Terminology Test Services of the National Institute of Standards and

3.1 Definitions—Many definitions concerning calibration of Technology”, 1968 edition:
standards and equipment are generally understood or defined in “Results of calibrations and other tests are issued to the customer as

formal reports entitled, “National Institute of Standards and Technology

Report of Calibration”, “National Institute of Standards and Technol-

* This practice is under the jurisdiction of ASTM Committee D09 on Electrical ogy Report of Test”, or “National Institute of Standards and Technology
and Electronic Insulating Materials and is the direct responsibility of Subcommittee Report of Analysis”, as appropriate. Copies are not supplied to other
D09.12 on Electrical Tests. parties. Whenever formal certification is required by law, or to meet

Current edition approved Mar. 10, 2001. Published May 2001. Originally . i, . . .
published as D 2865 — 70. Last previous edition D 2865 — 95. special conditions adjudged by the National Institute of Standards and

2 Annual Book of ASTM Standardéol 10.01. Technology to warrant it, a letter will be provided certifying that the
3 Annual Book of ASTM Standardgol 07.01. particular item was received and calibrated or tested and identifying the
4 Annual Book of ASTM Standardgol 10.02. report containing the results.”

5 Annual Book of ASTM Standardggl 15.09.
% Annual Book of ASTM Standardggl 14.02.
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3.2.6 degree of usagen—the summation of all factors 4.3 The accuracy and precision of measuring equipment
bearing upon the stability of accuracy and reproducibility of amay deteriorate with time, use, and environmental conditions.
standard or an instrument. Unless sufficient accuracy is maintained, errors in test results

3.2.6.1 Discussior—Some, but not all, examples of such may lead to the acceptance of faulty materials or workmanship,
factors are: frequency of use; hours in service; hours on bencly the rejection of a satisfactory product.
in storage, and in transit; roughness in handling; number and
nature of overloads; changes in ambient conditions such as System Control
temperature, humidity, vibration, contamination of insulators, 5.1 To ensure uniformity of understanding and performance,
electrical contacts, and mating surfaces; aging processednd continuity of satisfactory operations when personnel
especially of limited life components such as electron tubesghanges occur, it is necessary that all proposed or existing
exposure to radiations, etc. procedures or practices intended to implement the equipment

3.2.7 environmental controln—the maintenance of ambi- and standards calibration system be documented (preferably in
ent conditions within prescribed limits such as to ensure th&ook form). This documentation should provide a complete
validity of the calibrations of measuring and test equipment ofletailed plan for controlling the accuracy of every item of
standards. measuring and test equipment, and every measurement stan-

3.2.7.1 Discussior—The value of a standard and the correc-dard utilized. A method, procedure, or standard practice should
tions for measuring equipment can be influenced by changes ¢ Prescribed as follows:
temperature, humidity, pressure, radiation, etc., and it is 5.1.1 A listing of all measurement standards with proper
necessary to place reasonable limits on these variables. ~ nomenclature and identification numbers. .

3.2.8 interval of calibration n—the elapsed time permitted ~ 9-1.2 A listing of intervals of calibration assigned for
between calibrations as required by the pertinent specification§)easuring and test equipment and for each measurement
or when not specified, as determined under procedures in thigandard, both reference and transfer, and calibration sources
practice. designated for these items.

3.2.9 qualified personneln—persons adequately trained in  ©-1.3 A listing of environmental conditions in which the
the applicable test procedures, equipment operations, arﬁgapdards, and measuring and test equipment are utilized and
calibration procedures. calibrated. - Lo

3.2.10 systematic errarn—the inherent bias (offset) of a 5.1.4 A listing of calibration procedures for all standards
measurement process, or of one of its components. and equipment. L

3.2.11 system controln—a recommended control of meth- 5.1.5 A listing of calibration reports for all measurement
ods, procedures, and practices to ensure acceptable uniform hdards and for equipment whose accuracy requirement is

and continuity of equipment and personnel operations in &UCh that a report is necessary. L .
measuring system. 5.1.6 Documented proof that the calibration system is coor-

3.2.12 traceability to NIST n—a documented chain of dinated with the inspection system or Quality Control Program.

comparisons connecting a working standard (in as few steps as>-1:/ Documented proof that provisions have been made by

is practicable) to a standard maintained by the Nationag ?ys:eg?ﬁof periodic mstpectlorgjg or cross C?ECKS mforder to
Institute of Standards and Technology. etect differences, erratic readings, and other performance

5.2 13 ncerany —an alowance assigned 0 a measured SN0 B0 Ch Cane b anicpeted o e o
value to take into account two major components of errdy: ( y ' ’ P

the systematic error, an@)(the random error attributed to the for5t|1m8e I?&ETir;?inpost;?vti;%r(;(ej?rt]'vesag:fnq used for calibration
imprecision of the measurement process. o 9 g sy

3.2.14 uncertainty ratio n—the ratio of the uncertainties of Iat_)ellng With explangtlons and specimens of labels, decals,
Wo standards. reject tags, and the like. .

5.1.9 Specimens of forms used in the laboratory’s record
ianif d system, such as instrument and gage record cards, data sheets,
4. Significance and Use test reports, certifications, reject forms and the like, should be

4.1 The accuracy and precision of any measurement can bgyajlable.
established only with reference standards by processes involv-5.1.10 Detailed results of all calibration and comparisons
ing comparisons and calibrations based upon a commonlyompiled separately for each standard or piece of equipment.
accepted groundwork of standards and definitions. Even in
those instances where the accuracy of a standard cannot Be Environmental Control
established, comparisons on a relative basis require that a6.1 Measuring and test equipment and measurement stan-
reference standard be maintained, and that all comparisons bards should be calibrated and utilized in an environment
made in terms of deviations from this reference standard. Thusontrolled to the extent necessary to ensure continued mea-
standards and calibrations are fundamental to the entire meaurements of required accuracy, giving due consideration to
surement process. temperature, humidity, vibration, cleanliness, and other con-

4.2 Conformance or non-conformance to specifications otrollable factors affecting precision measurements. The recom-
standards agreed upon between the consumer and supplier zaended environment is:
be established only by measurements and comparisons based.1.1 Calibrations of standards and equipment shall be
upon a well defined and commonly accepted groundwork. performed in a standard laboratory atmosphere, as defined in
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Practice D 6054. This specifies a temperature of222°C  a definite calibration interval is not given for the standard, the
(73.4 = 3.6°F) and 50+ 5 % relative humidity. If any other following procedure is recommended. Under close surveillance
atmosphere is required because of special considerationand with cross checks and functional standards monitoring the
strong preference should be given to those allowed by I1SO, asystem, calibrate the standard at 6-month intervals over a
described in Specification E 171. These are: period of 3 years. If all calibrations fall within the specified
20+ 2°C and 65= 5 % relative humidity (1) accuracy and show no significant changing trend, extend the
calibration interval to 1 year and continue for 3 years. If no
. ) ) i ~_ significant changes occur, extend the calibration interval to 2
6.1.2 Afiltered air supply is recommended in the calibrationyears and continue with the 2 year interval until significant
area, preferably containing less than X.(L0° particles over 1 changes occur.
um in size/ff of air. The area should have positive pressure and 7 1 4 1 f significant changes in the standard are observed

smoking, eating, and drinking should be prohibited. during the semi-annual calibration, corrective action is re-
6.1.3 Electrlc_:al power within the Ia_bqratory_should 'r,‘dUde:quired and the semi-annual interval continued as long as
voltage regulation to at least 2 %, minimum line transients ag,qcessary. If changes are observed after the calibration interval

caused by interaction of other users or a separate main line {5 peen extended. it is necessary to fall back to shorter
the laboratory (separate input power if possible), and a suitablgiaryais until the changes have reduced to a tolerable level or

grounding system established to ensure equal potentials {Q,e peen eliminated by corrective action. Separate documen-
ground throughout the laboratory,

boratory, (or isolation transformergagion of each calibration and interval change is necessary. This
may be used to separate individual equipment). documentation is discussed in Section 5. In cases where the
6.1.4 Lighting levels of 80 to 100-ft candles should begianqard fails to meet the accuracy limits and adjustments are
provided for work bench areas and 60 to 80-ft candles for worky 5 e the calibration interval reverts back to the previous time
surfaces. Fluorescent lights should be shielded properly anglieryal and continues with that interval until five consecutive
grounded to reduce electrical noise. acceptable calibrations occur, at which time the extension of
the interval begins as before. Document adjustments and level
shifts. In all cases, use the calibration value of a standard.

7.1.5 Table of Corrections-Calibration of a standard yields

f dard. wh ible. b . ith uantitative data in the form of errors or deviations from the
reference standard, where possible, by comparison with t ue value. These data are useful when tabulated in a “Table of

most accurate standard available in its field; this is usuall)ﬁ:orrections” which can be applied to the nominal or indicated
found at the National Institute of Standards and Technology\.lalue of the standard in order to obtain the true value

Then use the system’s primary standard to calibrate the N : .
secondary standards. Keep the primary standards degree of7'2 Callb_r atlo_n of Mea}surmg and Test Equment i
usage and movement at an absolute minimum. Keep it under 7.2.1 Calibration—Calibrate the measuring and test equip-

constant environmental conditions where possible and prefer&€nt by using primary, secondary, working, or interim stan-
ably under lock. dards that ensure adequate accuracy.

7.1.2 Secondary StandardsCalibrate against the primary ~ 7-2.2 Adequate Accuraey-Specify the required accuracy of
reference standard, then use the system’s secondary standaf#@asuring and test equipment in writing. If accuracy is not
to calibrate working standards, or measuring and test equigsPecified, standard practice calls for the uncertainty of the
ment. The secondary standards’ degree of usage depends on fAgasuring or test equipment to be less tiarnhe allowable
accuracy variation of the working standards and test equipuncertainty (tolerance) of the quantity being measured. For
ment. Cross check standards to help evaluate the accuragyample, if the specified thickness of a bar is 0.300.001 cm
variation. (1.000 = 0.010 mm), the micrometer used for this measure-

7.1.3 Accuracy—Specify the required accuracy of the cali- Mment should have a calibration uncertainty:be.OOO?S cm
bration standards in writing. If the accuracy is not specified, it(-0-00250 mm) or less. In other words, the ratio of the
is preferrable that the calibration uncertainty of the calibratiorf!lowable uncertainty of the quantity being measured to the
standard is known to be less than 25% of the smallest valugncertainty of the measuring equipment should be 4 to 1, if
measurable on the equipment being calibrated. In other wordgractical.
the uncertainty ratio of the calibrated equipment to the standard 7.2.3 Interval of Calibratior—Interval of calibration for
shall be at least 4 to 1. This uncertainty ratio shall be based omeasuring and test equipment is dependent on the degree of
measured values, not on nominal values or manufacturersisage, environmental conditions, degree of accuracy desired,
published values. In some cases, as where standards com@ging characteristics of the equipment, handling and shipping
rable in quality to the national standard must be calibrated byractices, personnel training and practices, and the like. Cali-
comparison to the national standaml 4 to 1ratio may be bration facilities which handle a relatively large number of
impractical and this requirement must be adjusted to suit thealibrations of one type or class of instrument can build up
circumstances. statistical data sufficient to arrive at an optimum calibration

7.1.4 Interval of Calibration—The interval of calibration is interval for each type of instrument. (See Appendix X1.)
dependent on the degree of usage, environmental conditions,7.2.3.1 When statistical data are unavailable for a particular
degree of accuracy desired, aging characteristics of the statype of measuring or test equipment, the following procedure is
dard, repeatability performance, and many other factors. Wherecommended: Under close surveillance, and with periodic

27 = 2°C and 65+ 5 % relative humidity

7. Procedure

7.1 Calibration of Reference Standards
7.1.1 Primary Standards-Calibrate each system’s primary
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functional checks monitoring the system, calibrate the equip8. Personnel Training

seven calibrations fall within the desired accuracy and show el of measurement, instruction in procedures of calibrations

significant changing trend, extend the calibration interval to Gy the equipment, and instruction in the operation of the
months. Continue for three additional calibrations, and if nOgquipment or standard, or both.

significant changes occur, extend the calibration interval to 1

year and continue with this calibration interval until significant9. Report

changes occur. One year is the maximum calibration interval 9.1 The presentation of data must provide the information

recommended for test and measuring equipment. required under Sections 5 and 6. Individual records for each
7.2.4 Table of Corrections-Calibration of measuring or test standard or piece of measuring and test equipment are neces-

equipment yields quantitative data in the form of errors orsary, including calibration labeling.

deviations from the true value. These data are useful when

tabulated as a Table of Corrections, that can be applied to thED. Keywords

nominal or indicated value of the measuring equipment in 10.1 accuracy; calibration; error; insulating materials; refer-

order to obtain the true value. ence standards

APPENDIX
(Nonmandatory Information)

X1. EXAMPLES OF INTERVALS OF CALIBRATION FOR INSTRUMENTS

X1.1 One large electrical manufacturing compéarhas resistors, directional couplers, fixed inductors, fixed resistors,
developed a guide to calibration intervals for several classes @ standards, ratio transformers, standard capacitors, thermom-
instruments and reference standards based on the Poisseters (glass), and voltage dividers. The 1-month calibration
Distribution and calculated on the basis of 90 % confidenceénterval was necessary on some digital voltmeters, some

level. The results are summarized here. oscilloscope pre-amplifiers, and some vacuum tube voltmeters.
Ca”br’;/lt?onr?ﬁten,m Typei“i,’?EZ’uf;fmem X1.3 A 3-month calibration interval was required on

12 12 portable voltmeters, ammeter, wattmeters, voltohmmeters, os-

g gg cilloscopes, radiation survey instruments, temperature control-

2 8 lers, tensile testers, thermometers (bimetallic), console meter

1 3 calibrators, voltage and current recorders, potentiometers (ther-

X1.2 The 12 months calibration interval was permissible Onmocouple)bQ r‘r|1eters, some capacitance bridges, and some
analytical balances, balance weights (Class S and S1), decaffgcuum tube voltmeters.

X1.4 A 6-month calibration interval was required on some

7Seamans, P. A., “Instrument Calibration Records; Establishment of a HighcapacItance b”dges’ resistance brldges, megOhmmeterS’ stand-

Confidence Data Bank,Electronics Laboratory RepartR69 ELS-115, General Ing wave |nd|cat0rs, thermocouples, pressure gages and some
Electric Co. vacuum tube voltmeters.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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