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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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 159 

 160 

 161 

FOREWORD 162 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 163 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 164 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 165 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 166 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 167 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 168 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 169 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 170 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 171 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 172 
consensus of opinion on the relevant subjects since each technical committee has representation from all 173 
interested IEC National Committees.  174 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 175 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 176 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 177 
misinterpretation by any end user. 178 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 179 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 180 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 181 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 182 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 183 
services carried out by independent certification bodies. 184 

6) All users should ensure that they have the latest edition of this publication. 185 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 186 
members of its technical committees and IEC National Committees for any personal injury, property damage or 187 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 188 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 189 
Publications.  190 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 191 
indispensable for the correct application of this publication. 192 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 193 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 194 

International Standard IEC 62828-1 has been prepared by Subcommittee 65B: Measurement 195 
and control devices, of IEC Technical Committee 65: Industrial-process measurement, control 196 
and automation. 197 

The text of this standard is based on the following documents: 198 

FDIS Report on voting 

  

 199 
Full information on the voting for the approval of this standard can be found in the report on 200 
voting indicated in the above table. 201 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 202 

The committee has decided that the contents of this publication will remain unchanged until the 203 
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to 204 
the specific publication. At this date, the publication will be  205 
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• reconfirmed, 206 

• withdrawn, 207 

• replaced by a revised edition, or 208 

• amended. 209 

 210 

The National Committees are requested to note that for this publication the stability date 211 
is 202X. 212 

THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE DELETED 213 
AT THE PUBLICATION STAGE. 214 

 215 
 216 
 217 
 218 
 219 
 220 
 221 

Full document details: 24/30486122 DC

http://www.avadocuments.com/doc/24-30486122-dc
http://www.avadocuments.com/doc/24-30486122-dc


 – 8 –  IEC 62828-1 Ed.2 CD  IEC:2024 
 

INTRODUCTION 222 

Most of the current IEC standards on industrial and process measurement transmitters are 223 
rather old and were developed having in mind devices based on analogue technologies. Today’s 224 
digital industrial and process measurement transmitters are quite different from those analogue 225 
transmitters: they include more functions and newer interfaces, both towards the computing 226 
section (mostly digital electronic) and towards the measuring section (mostly mechanical). Even 227 
if some standards dealing with digital process measurement transmitters already exist, they are 228 
not sufficient, since some aspects of the performance are not covered by appropriate test 229 
methods. 230 

In addition, existing IEC test standards for industrial and process measurement transmitters are 231 
spread over many documents, so that for manufacturers and users it is difficult, impractical and 232 
time-consuming to identify and select all the standards to be applied to a device measuring a 233 
specific process quantity (pressure, temperature, flow, level, etc.). 234 

To help manufacturers and users, it was decided to review, complete and reorganize the 235 
relevant IEC standards and to create a more suitable, effective and comprehensive standard 236 
series that provides in a systematic way all the necessary specifications and tests required for 237 
different industrial and process measurement transmitters. 238 

To solve the issues mentioned above and to provide an added value for the stakeholders, the 239 
new standard series on industrial and process measurement transmitters covers the following 240 
main aspects: 241 

• Applicable normative references 242 

• Specific terms and definitions 243 

• Typical configurations and architectures for the various types of industrial and process 244 
measurement transmitters 245 

• Hardware and software aspects 246 

• Interfaces (to the process, to the operator, to the other measurement and control 247 
devices) 248 

• Physical, mechanical and electrical requirements and relevant tests; clear definition of 249 
the test categories: type tests, acceptance tests and routine tests 250 

• Performance (its specification, tests and verification) 251 

• Environmental protection, hazardous areas application, functional safety, etc. 252 

• Structure of the technical documentation. 253 

 254 

To cover in a systematic way all the topics to be addressed, the standard series is organized in 255 
several parts. An updated list of all parts of the IEC 62828-x series, published under the general 256 
title “Reference conditions and procedures for testing industrial and process measurement 257 
transmitters”, can be found on the IEC website. At the moment of the publication of this 258 
standard, the IEC 62828 consists of the following parts: 259 

• Part 1: General procedures for all types of transmitters 260 

• Part 2: Specific procedures for pressure transmitters 261 

• Part 3: Specific procedures for temperature transmitters 262 

• Part 4: Specific procedures for level transmitters 263 

• Part 5: Specific procedures for flow transmitters 264 

 265 

 266 
  267 

Full document details: 24/30486122 DC

http://www.avadocuments.com/doc/24-30486122-dc
http://www.avadocuments.com/doc/24-30486122-dc


IEC 62828-1 Ed.2 CD  IEC:2024 – 9 –  
 

REFERENCE CONDITIONS AND PROCEDURES FOR TESTING INDUSTRIAL 268 

AND PROCESS MEASUREMENT TRANSMITTERS 269 

 270 

Part 1: General procedures for all types of transmitters 271 

 272 

 273 

 274 

1. Scope 275 

This Part of IEC 62828 establishes a general framework for defining reference conditions and 276 
test procedures applicable for assessing the measurement performances of all types of 277 
industrial and process measurement transmitters (PMTs) used in measuring and control 278 
systems for industrial process and machinery. 279 

For the purpose of this document, an analogue PMT is a process measurement transmitter with 280 
only analogue current and/or voltage output(s), irrespective the technology adopted and the 281 
complexity of the circuitry. All the other process measurement transmitters, with digital output(s) 282 
only or with hybrid analogue and digital output(s), are considered to be digital PMTs. 283 

This part of IEC 62828 constitutes a common reference for the other parts of the series. 284 

Specific test procedures and additional requirements for given types of PMTs (pressure, 285 
temperature, level, flow, etc.) are covered by other parts of this series. 286 

Proximity devices according IEC 60947-series with analogue output are excluded from the 287 
scope of this standard. 288 

Note 1: in industrial and process applications, to indicate the process measurement transmitters it is common also 289 
to use the terms “industrial transmitters”, or “process transmitters”. 290 

Note 2: for better clarity, when the complete definition “industrial and process measurement transmitter” makes the 291 
sentence too long in this standard, the short term “transmitter”, or PMT, is used instead. 292 

 293 

2. Normative references 294 

The following referenced documents are indispensable for the application of this document. For 295 
dated references, only the edition cited applies. For undated references, the latest edition of 296 
the referenced document (including any amendments) applies. 297 

IEC 60050-300:2020, International Electrotechnical Vocabulary (IEV)  298 
– Electrical and electronic measurements and measuring instruments  299 
– Part 311: General terms relating to measurements  300 
– Part 312: General terms relating to electrical measurements  301 
– Part 313: Types of electrical measuring instruments  302 
– Part 314: Specific terms according to the type of instrument  303 
 304 

IEC 60068-2-1:2007,  Environmental testing – Part 2-1: Tests – Test A: Cold 305 

IEC 60068-2-2:2007, Environmental testing – Part 2-2: Tests – Test B: Dry heat 306 

IEC 60068-2-6:2007, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 307 

IEC 60068-2-27:2008, Environmental testing – Part 2-27: Tests - Test Ea and guidance: Shock 308 

IEC 60068-2-31:2008, Environmental testing – Part 2-31: Tests – Test Ec: Rough handling 309 
shocks, primarily for equipment-type specimens 310 

IEC 60068-2-78:2012, Environmental testing – Part 2-78:Tests – Test Cab: Damp heat, steady 311 
state 312 

 313 
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IEC 60079 (all parts), Electrical apparatus for explosive gas atmospheres 314 

IEC 60529:1989 + Amd1:1999 + Amd2:2013, Degrees of protection provided by enclosures (IP 315 
code) 316 

IEC 60654-1:1993, Industrial-process measurement and control equipment - Operating 317 
conditions - Part 1: Climatic conditions 318 

IEC 60654-3:1983, Operating conditions for industrial-process measurement and control 319 
equipment - Part 3: Mechanical influences 320 

IEC 60654-4:1987, Operating conditions for industrial-process measurement and control 321 
equipment. Part 4: Corrosive and erosive influences. 322 

IEC 61158 (all parts), Industrial communication networks – Fieldbus specifications  323 

IEC 61326-1:2020, Electrical equipment for measurement, control and laboratory use - EMC 324 
requirements - Part 1: General requirements 325 

IEC 61499 series, Function blocks 326 

IEC 61804 (all parts), Function blocks (FB) for process control 327 

IEC 61918:2018 Industrial communication networks - Installation of communication networks in 328 
industrial premises  329 

IEC 61987-1:2006, Industrial-process measurement and control - Data structures and elements 330 
in process equipment catalogues - Part 1: Measuring equipment with analogue and digital 331 
output 332 

IEC 61987-11:2016, Industrial-process measurement and control - Data structures and 333 
elements in process equipment catalogues - Part 11: List of Properties (LOP) of measuring 334 
equipment for electronic data exchange - Generic structures 335 

IEC 61987-13:2016, Industrial-process measurement and control - Data structures and 336 
elements in process equipment catalogues - Part 13: Lists of properties (LOP) for pressure 337 
measuring equipment for electronic data exchange 338 

IEC 62262:2002, Degrees of protection provided by enclosures for electrical equipment against 339 
external mechanical impacts (IK Code) 340 

IEC 62381:2012, Automation systems in the process industry - Factory acceptance test (FAT), 341 
site acceptance test (SAT) and site integration test (SIT) 342 

ISO 10012:2004, Measurement management systems - Requirements for measurement 343 
processes and measuring equipment 344 

ISO/IEC Guide 98-3:2008, Uncertainty of measurement - Part 3: Guide to the expression of 345 
uncertainty in measurement (GUM:1995)  346 

ISO/IEC Guide 99:2007, International Vocabulary of Metrology - Basic and general concepts 347 
and associated terms (VIM:2007) 348 

3. Terms, definitions and abbreviated terms 349 

3.1 Terms and definitions 350 

For the purposes of this document, the following terms and definitions apply. 351 

ISO and IEC maintain terminological databases for use in standardization at the following 352 
address: 353 

• IEC Electropedia; available at http//www.electropedia.org 354 

• ISO Online browsing platform: available at http//www.iso.org/obp 355 
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The terms are divided in four groups for consistency. 356 

3.1.1 Terms related to accuracy 357 

3.1.1.1  358 
accuracy (of a measuring instrument) 359 
quality which characterizes the ability of a measuring instrument to provide an indicated value 360 
close to a true value of the measurand 361 

Note 1 to entry: This term is used in the "true value" approach. 362 

Note 2 to entry: Accuracy is all the better when the indicated value is closer to the corresponding true value. 363 

[SOURCE: IEC 60050-311:2001, 311-06-08] 364 

3.1.1.2  365 
communication interface 366 
Interface for input or output of variable parameters (e.g. correction of the characteristic curve) 367 
and data (e.g. measurement and calibration data, electronic nameplate, device status) of the 368 
pressure transmitter. 369 

3.1.1.3  370 
conformity 371 
ability of a measuring instrument to provide an indication having a specified characteristic curve 372 
which can be linear, logarithmic, parabolic, etc. 373 

3.1.1.4  374 
dead band (dead zone) 375 
finite range of values within which a variation of the input variable does not produce any 376 
measurable change in the output variable 377 

Note 1 to entry: When this type of characteristic is intentional, it is sometimes called neutral zone 378 

Note 2 to entry: This entry was numbered 351-24-14 in IEC 60050-351:2006. 379 

Note 3 to entry: This value is usually insignificant for the actual instruments. 380 

[SOURCE: IEC 60050-351:2013, 351-45-15, modified (Note 3 added)] 381 

3.1.1.5  382 
error 383 
discrepancy between a computed, observed or measured value or condition, and the true, 384 
specified or theoretically correct value or condition 385 

Note to entry: An error within a system may be caused by failure of one or more of its components, or by activation 386 
of a systematic fault. 387 

[SOURCE: IEC 60050-192:2015, 192-03-02] 388 

3.1.1.6  389 
hysteresis 390 
phenomenon represented by a characteristic curve which has a branch, called ascending 391 
branch, for increasing values of the input variable, and a different branch, called descending 392 
branch, for decreasing values of the input variable 393 

Note to entry: the CDD code of this entry for Electronic Data Exchange is ABB661 and the hysteresis is defined as 394 
the difference between consecutive upscale and downscale outputs for any single test cycle at the same input test 395 
point 396 

[SOURCE: IEC 60050-351:2013, 351-45-16, modified (Note to entry added)] 397 

3.1.1.7  398 
inaccuracy 399 
maximum positive and negative deviation from the specified characteristic curve observed in 400 
testing a device under specified conditions and by a specified procedure 401 

Note to entry: Accuracy is defined in IEC 60050-300, definition 311-06-08. 402 
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3.1.1.8  403 
linearity 404 
ability of a measuring instrument to provide an indication having a linear relationship with a 405 
defined quantity other than an influence quantity 406 

Note to entry: The method of expression of lack of linearity is different for different kinds of instrument and is 407 
established in each particular instance. 408 

[SOURCE: IEC 60050-311:2001, 311-06-05] 409 

3.1.1.9  410 
long term drift 411 
drift in output monitored for 30 days at 90 % of span 412 

[SOURCE: IEC 61987-1:2008, 3.22] 413 

3.1.1.10  414 
long term stability 415 
drift of zero output signal in percent of full scale limit after a given period of normal operating conditions 416 

Note 1 to entry: the long term stability can be evaluated over a different period of time, e.g. 6 months, 1, 2 or 5 years. 417 
Sometime manufacturers declare a life-time stability. 418 

Note 2 to entry: depending the type of PMT, the drift can be referred to an upper range limit (e.g. digital pressure 419 
PMTs), a fixed value (e.g. certain level PMTs), a full scale (e.g. some analogue PMTs), etc. 420 

Note 3 to entry: the CDD code of this entry for Electronic Data Exchange is ABB551, modified (time period) 421 

3.1.1.11  422 
measured error 423 
largest positive or negative value of errors of the average upscale or downscale values at each 424 
point of measurement 425 

3.1.1.12  426 
measuring range 427 
range defined by two values of the measurand, or quantity to be supplied, within which the limits of 428 
uncertainty of the measuring instrument are specified 429 

Note to entry: An instrument can have several measuring ranges 430 

[SOURCE: IEC 60050-311:2001, 311-03-12] 431 

3.1.1.13  432 
non-conformity 433 
deviation from ideal behavior for devices that have a non-linear input/output relationship (which can be 434 
linear, logarithmic, parabolic, etc.), determined from the curve plotted using the overall average of 435 
corresponding upscale and downscale errors 436 

Note 1 to entry: Non-conformity can be calculated and expressed in one of three ways: 437 

– independent: curve positioned so as to minimize the maximum deviation; 438 

– terminal-based: curve positioned so as to coincide with the actual characteristic curve at the upper and lower 439 
range-values; 440 

– zero-based: curve positioned so as to coincide with the actual characteristic curve at the lower range-value. 441 

Note 2 to entry: The corresponding properties are to be found in the CDD. 442 

[SOURCE: IEC 61987-13:2016, modified] 443 

3.1.1.14  444 
non-linearity 445 
deviation from ideal behavior for devices that have a linear input/out relationship, determined 446 
from the curve plotted using the overall average of corresponding upscale and downscale errors 447 

Note 1 to entry: Non-linearity can be calculated and expressed in one of three ways: 448 

– independent: line positioned so as to minimize the maximum deviation; 449 

– terminal-based: line positioned so as to coincide with the actual characteristic curve at the upper and lower range-450 
values; 451 

– zero-based: line positioned so as to coincide with the actual characteristic curve at the lower range-value. 452 

Note 2 to entry: The corresponding properties are to be found in the CDD. 453 
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[SOURCE: IEC 61987-13:2016] 454 

3.1.1.15  455 
overrange 456 
An input signal larger than an instrument is designed to accept or measure 457 

Note 1 to entry: That part of the proportional range where the analogue output signal represents a process value 458 
above the configured measuring range. 459 

NOTE 2 to entry: The output signal can be not calibrated in overrange state. 460 

 461 

3.1.1.16  462 
overshoot 463 
for a step response, the maximum transient deviation from the final steady-state value of the 464 
output variable, expressed as a percentage of the difference between the final and the initial 465 
steady-state values 466 

Note to entry: the CDD code of this entry for Electronic Data Exchange is ABD684 467 

[SOURCE: IEC 60050-351:2013, 351-45-38 modified] 468 

3.1.1.17  469 
repeatability 470 
closeness of agreement between the results of successive measurements of the same 471 
measurand, carried out under the same conditions of measurement, i.e.: 472 

• by the same measurement procedure, 473 
• by the same observer, 474 
• with the same measuring instruments, used under the same conditions, 475 
• in the same laboratory, 476 
• at relatively short intervals of time. 477 

Note to entry: The concept of "measurement procedure" is defined in VIM 2.5 478 

[SOURCE: IEC 60050-311:2001, 311-06-06] 479 

3.1.1.18  480 
settling time 481 
for a step response the duration of the time interval between the instant of the step change of 482 
an input variable and the instant, when the difference between the step response and their 483 
steady-state value remains smaller than the transient value tolerance 484 

[SOURCE: IEC 60050-351:2013, 351-45-37, modified (Figure and Note missing)] 485 

3.1.1.19  486 
signal 487 
physical variable quantity, one or more parameters of which carry information about one or 488 
more variable quantities 489 

Note 1 to entry: These parameters are designed “information parameters”. 490 

Note 2 to entry: This entry was numbered 351-21-51 in IEC 60050-351:2006. 491 

[SOURCE: IEC 60050-351:2013, 351-41-17] 492 

3.1.1.20  493 
span 494 
algebraic difference between the values of the upper and lower limits of the measuring range 495 

Note 1 to entry: limit has not to be intend as physical limits regarding the capabilities of the device, rather the upper 496 
and lower values defined for the relevant application, 497 

Note 2 to entry: the CDD code of this entry for Electronic Data Exchange is ABB785, modified (“other variables” 498 
removed) 499 

[SOURCE: IEC 60050-311:2001, 311-03-13, modified (Notes added)] 500 

3.1.1.21  501 
span error 502 
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difference between the actual span and the ideal span, expressed as percentage of ideal span 503 

Note to entry: the CDD code of this entry for Electronic Data Exchange is ABB655. 504 

[SOURCE: IEC 61987-13:2016, modified (Note added)] 505 

3.1.1.22  506 
stability 507 
ability of a measuring instrument to keep its performance characteristics unchanged during a specified 508 
time interval, all other conditions being the same  509 

[SOURCE: IEC 60050-311:2001, 311-06-12] 510 

3.1.1.23  511 
start-up drift 512 
drift in output monitored over a period of 4 h after power is switched on 513 

3.1.1.24  514 
step response time 515 
duration between the instant when the measurand (or quantity supplied) is subjected to a specified 516 
abrupt change and the instant when the indication (or quantity supplied) reaches, and remains within 517 
specified limits of, its final steady-state value 518 

Note 1 to entry: this definition is the one conventionally used for measuring instruments. Other definitions exist. 519 

Note 2 to entry: the dead time of the transmitter response is included in the step response time (see Figure 5 and 520 
Figure 6) 521 

[SOURCE: IEC 60050-311:2001, 311-06-04, modified (Note 2 added)] 522 

3.1.1.25  523 
true value 524 
value consistent with the definition of a given particular quantity 525 

Note 1 to entry – This term is used in the "true value" approach. 526 

Note 2 to entry – This is a value that would be obtained by a perfect measurement. 527 

Note 3 to entry – True values are by nature indeterminate. 528 

Note 4 to entry – The indefinite article "a", rather than the definite article "the", is used in conjunction with "true 529 
value" because there can be many values consistent with the definition of a given particular quantity. 530 

[SOURCE: 311-01-04] 531 

3.1.1.26  532 
conventional true value (of a quantity) 533 
value attributed to a particular quantity and accepted, sometimes by convention, as having an 534 
uncertainty appropriate for a given purpose 535 

Note 1 to entry: This term is used in the "uncertainty" approach.  536 

Note 2 to entry: The "conventional true value" is sometimes called "assigned value", "best estimate of the value", 537 
"conventional value" or "reference value". The term "reference value", in this sense, should not be confused with 538 
"reference value" in the sense used in 311-07-01.  539 

Note 3 to entry: Frequently, a large number of results of measurement of a quantity are used to establish a 540 
conventional true value.  541 

Note 4 to entry: Traditional definitions, based on the true value approach, treated the conventional true value as a 542 
value approximating to a true value of the quantity such that the difference could be neglected for the purposes for 543 
which that value was used.  544 

[SOURCE: IEC 60050-311:2001, 311-01-06] 545 

3.1.1.27  546 
variable quantity 547 
variable 548 
physical quantity the value of which is subject to change and can usually be measured 549 

Note to entry: The term "variable" alone is frequently used to circumvent the lengthy but correct designation "variable 550 
quantity". 551 

[SOURCE: IEC 60050-351:2013, 351-41-01] 552 
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3.1.1.28  553 
zero offset 554 
deviation of the actual zero output from the specified zero output 555 

Note to entry: For example, the specified output of a 4-20 mA pressure transmitter is 4 mA, 556 

3.1.1.29  557 
zero output 558 
output signal of a PMT at the lower range value 559 

3.1.1.30  560 
zero point error 561 
absolute error of a device under reference conditions, when the input is at the lower range value  562 

Note to entry: the CDD code of this entry for Electronic Data Exchange is ABB656 563 

 564 

3.1.2 Terms related to the uncertainty 565 

3.1.2.1  566 
combined standard measurement uncertainty 567 
standard measurement uncertainty that is obtained using the individual standard measurement 568 
uncertainties associated with the input quantities in a measurement model 569 

[SOURCE: ISO/IEC Guide 99:2007, 2.31, modified (Note missing)] 570 

3.1.2.2  571 
coverage factor 572 
number larger than one by which a combined standard measurement uncertainty is multiplied to obtain 573 
an expanded measurement uncertainty 574 

NOTE to entry: A coverage factor is usually symbolized by k (see also ISO/IEC GUM Guide 98-3:2008, 2.3.6). 575 

[SOURCE: ISO/IEC Guide 99:2007, 2.38] 576 

3.1.2.3  577 
expanded measurement uncertainty 578 
product of a combined standard measurement uncertainty and a factor larger than the number one 579 

Note 1 to entry: The factor depends upon the type of probability distribution of the output quantity in a measurement 580 
model and on the selected coverage probability (unless otherwise specified, the factor is set to 2, to have a coverage 581 
probability of 95%). 582 

Note 2 to entry: The term “factor” in this definition refers to a coverage factor 583 

[SOURCE: ISO/IEC Guide 99:2007, 2.35, modified (Note 3 missing)] 584 

3.1.2.4  585 
measurand 586 
particular quantity subject to measurement 587 

Note to entry: measurand is often called “measured value” 588 

[SOURCE: IEC 60050-311:2001, 311-01-03, modified (Note added)] 589 

3.1.2.5  590 
measurement 591 
process of experimentally obtaining one or more quantity values that can reasonably be attributed to a 592 
quantity 593 

[SOURCE: ISO/IEC Guide 99:2007, 2.1, modified (Notes 1, 2 and 3 missing)] 594 

3.1.2.6  595 
measurement uncertainty 596 
non-negative parameter characterizing the dispersion of the quantity values being attributed to a 597 
measurand, based on the information used 598 

[SOURCE: ISO/IEC Guide 99:2007, 2.26, modified (Notes 1, 2, 3 and 4 missing)] 599 
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3.1.2.7  600 
total error 601 
total probable error TPE 602 
the number obtained by taking the square root of the total sum of the squares of the individual error 603 
factors, adopted to consistently compare the performances of two (or more) PMTs 604 

Note 1 to entry: It is assumed that the variables of the individual errors are independent of each other. 605 

Note 2 to entry: When combining all the error factors, the units of measure must all be the same. 606 

3.1.2.8  607 
uncertainty budget 608 
statement of a measurement uncertainty, of the components of that measurement uncertainty, and of 609 
their calculation and combination 610 

[SOURCE: ISO/IEC Guide 99:2007. 2.33, modified (Note missing)] 611 

3.1.3 Terms regarding operation and practical installation 612 

3.1.3.1  613 
influence quantity 614 
quantity which is not the subject of the measurement and whose change affects the relationship between 615 
the indication and the result of the measurement  616 

Note 1 to entry: This term is used in the "uncertainty" approach.  617 

Note 2 to entry: Influence quantities can originate from the measured system, the measuring equipment or the 618 
environment.  619 

Note 3 to entry: As the calibration diagram depends on the influence quantities, in order to assign the result of a 620 
measurement it is necessary to know whether the relevant influence quantities lay within the specified range. 621 

[SOURCE: IEC 60050-311:2001, 311-06-01] 622 

3.1.3.2  623 
operation region 624 
permissible range of supply voltage and output load resistance within with which a transmitter can 625 
operate within the specifications 626 

EXAMPLE: Figure 1 referring to an output current at full scale of 20 mA. 627 

Note 1 to entry: The supply voltage is often referred to as the input terminal voltage or auxiliary power. 628 

 629 
Key: 630 
Vdc  = Actual supply voltage in volt 631 
Vmax  = Maximum supply voltage, 30 V in this example 632 
Vmin  = Minimum supply voltage, 10 V in this example 633 
RL  = Max. load resistance in ohm at the actual supply voltage: 634 

 RL ≤ (Vdc – 10) / 0,02 (in the example reported in Figure 1) 635 

Figure 1 – Example of limit operation region in terms of output load resistance versus 636 
supply voltage 637 

Operation 
region 
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3.1.3.3  638 
turndown ratio TD 639 
maximum turndown ratio 640 
ratio of the maximum span to the minimum span to which an instrument can be adjusted within the 641 
specified accuracy rating 642 

Note 1 to entry: TD = |URV – LRV|Max / |URV – LRV|min, where Upper and Lower Range Value (URV and LRV), are 643 
both always related to the same datum point. 644 

Note 2 to entry: TD is always ≥ 1 645 

3.1.3.4  646 
ambient temperature range 647 
range of ambient temperature for the PMT enclosure over which the device must function within the 648 
specified tolerances 649 

Note to entry: Whenever required, a temporary limiting operating condition could be specified as well. 650 

3.1.3.5  651 
process temperature range 652 
range of process temperature medium in contact with the PMT sensing element over which the device 653 
must function within the specified tolerances 654 

 655 

3.1.4 Terms related to test procedures 656 

3.1.4.1  657 
acceptance test 658 
contractual test to prove to the customer that the device under test meets certain conditions of its 659 
specification 660 

[SOURCE: IEC 60050-151:2001, 151-16-23] 661 

3.1.4.2  662 
routine test 663 
conformity test made on each individual item during or after manufacture 664 

[SOURCE: IEC 60050-151:2001, 151-16-17] 665 

3.1.4.3  666 
test procedure 667 
statement of the tests to be carried out, and the conditions for each test, agreed between the 668 
manufacturer, the test laboratory, and the purchaser/user before the evaluation starts 669 

3.1.4.4  670 
type test 671 
conformity test made on one or more items representative of the production 672 

[SOURCE: IEC 60050-151:2001, 151-16-16] 673 

 674 

3.2 Abbreviated terms 675 

For the purpose of this standard, the following abbreviations apply. 676 

CDD Common Data Dictionary 677 

DCS Distributed Control System 678 

DUT Device Under Test 679 

EMC Electro Magnetic Compatibility 680 

FAT Factory Acceptance Test 681 

GUM Guide to expression the Uncertainty of Measurement 682 

LOP List Of Properties 683 
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MRU Maximum Relieved Uncertainty 684 

MTU Maximum Tolerated Uncertainty 685 

PMT Process Measurement Transmitter (Industrial and Process Measurement Transmitter) 686 

SAT Site Acceptance Test 687 

SCADA Supervisory, Control And Data Acquisition 688 

RTD Resistance Thermal Detector 689 

SIT Site Integration Test 690 

TD Turn Down 691 

TPE Total Probable Error 692 

VIM International Vocabulary of Metrology 693 

 694 

3.3 Reference to IEC CDD 695 

The IEC Common Data Dictionary (CDD) contains a classification of measuring devices with 696 
Lists Of properties (LOPs) for the device types most often met in practice. These properties can 697 
be used to describe the performance of a device, the effect of any quantities influencing its 698 
performance as well as the reference standards against which it was tested with test results.  699 

Each property has a unique identifier, e.g., ABB551, which is quoted in this standard as 700 
appropriate. By entering the appropriate properties in the LOPs it is possible to exchange test 701 
results electronically between interested parties. The CDD is to be found at the following 702 
address: http://std.iec.ch/cdd/iec61987/cdddev.nsf. 703 

The various measuring devices are to be found in the domain “Process automation (IEC 61987 704 
series)”; ABA000 – Equipment for industrial-process automation; ABV000 – Characterization; 705 
ABA001 – Measuring Instruments. The device characterization is also to be found in IEC 61987-706 
11. 707 

4. General description of the PMT 708 

The definition of a detailed test protocol requires a deep knowledge of the specific PMT under 709 
test and its components. This is obtained by a close collaboration between the assessor and 710 
the manufacturer during the evaluation. 711 

For the scope of the present standard, which only defines general test procedures, a short 712 
description of the functional blocks of the PMT is sufficient (see Informative Annex A). However, 713 
a simplified block diagram of a PMT is described in Figure 2. 714 

 715 

 716 

 717 

 718 

 719 

 720 

Figure 2 – Block diagram of a generic PMT 721 

In general terms, a PMT can be defined as “fixed scale transmitter” when the measuring range 722 
is set by the manufacturer, and “variable scale transmitter” when the measuring range is 723 
adjustable (turn-down ratio). 724 

Process variable 

Power Supply 

PMT 

Communication 
Interface 
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HART®) 

Influencing Effects 

Influencing Effects 

Optional: e.g. 
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5. Reference test conditions 725 

5.1 General 726 

This clause defines “standard reference test conditions” and “ambient and process reference 727 
test conditions” for quantities influencing operation for type and routine tests to be considered 728 
when evaluating the static and dynamic behaviour of the analogue and digital PMTs during tests 729 
performed according to the procedures described in Clause 6. “Reference design criteria” 730 
considers mechanical, electrical and functional properties of a device that are not in themselves 731 
influence quantities but for which design standards exist, against which the device can be 732 
assessed. 733 

The standard reference test conditions are a reduced set of standardized conditions 734 
implemented to assess the performance values of the PMT. These conditions do not represent 735 
the actual operating conditions in which the PMT is intended to be installed. 736 

The reference test conditions for ambient and process quantities influencing operation 737 
represent the real conditions that the PMT might encounter at the location in which it is intended 738 
to be installed. These test conditions are made in order to determine the impact of the influence 739 
quantities on the performance of the PMT and to verify the mechanical and the electrical 740 
conditions which a PMT can withstand and still work within its specifications. 741 

These operating conditions are defined in terms of ranges (classes) of the parameters 742 
characterizing the various locations and are determined in laboratory tests that evaluate the 743 
performance of the PMT by means of a variation of the influencing parameters around the 744 
reference test values. 745 

5.2 Standard reference test conditions 746 

5.2.1 General 747 

The reference test conditions are essentially related to the environmental conditions, power 748 
supply conditions, load conditions and mounting arrangements. 749 

5.2.2 Environmental test conditions 750 

The PMT shall be evaluated under the conditions specified in Table 1. 751 

Table 1 – Environmental test conditions 752 

Environmental test conditions 
Temperature 

°C 

Relative 
humidity 

% 

Atmospheric 
pressure 

kPa 

Standard reference atmosphere 20 65 101,3 

Limits for the atmosphere test conditions 15 ÷ 25 50 ÷ 70 86 ÷ 106 

Note: Different environmental conditions can be used if agreed between user and manufacturer 

The test temperature shall be stated in the test report, and if it is possible and requested, the 753 
test results shall be corrected to the standard reference atmospheric conditions reported in 754 
Table 1. 755 

Note: It is recognized that a factor to correct humidity is not always available. 756 

The maximum rate of change of the ambient temperature permissible during any test shall be 757 
1 °C in 10 min, but not more than 3 °C/h. 758 

Note: Special equipment could be required to maintain the basic test conditions within the specified limits. 759 

 760 
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5.2.3 Power supply conditions 761 

The reference values for voltage and if applicable frequency shall be specified by the 762 
manufacturer. 763 

Unless other tolerances are agreed between user and manufacturer, the following shall apply: 764 

– rated voltage: ±1 %; 765 

– rated frequency: ±1 %; 766 

– harmonic distortion (AC supply): less than 5 %; 767 

– ripple (DC supply): less than 0,1 %. 768 

 769 

NOTE: Tolerances on supply conditions are not applicable to PMTs with self-contained power supplies (e.g. battery-770 
powered). The tolerances for battery powered equipment can be agreed. 771 

5.2.4 Load conditions 772 

The reference minimum and maximum load conditions during the evaluation tests shall be 773 
specified by the manufacturer. 774 

5.2.5 Mounting positions 775 

The instrument shall be installed in only one of its specified normal operating positions, with 776 
a ±3° tolerance or less, in accordance with the manufacturer's instructions. The position used 777 
shall be clearly stated in the test report. 778 

Where appropriate, the mounting bracket supplied with the instrument shall be used. 779 

All covers supplied with the instrument shall be in place. 780 

5.3 Reference test conditions for ambient and process quantities influencing 781 
operation 782 

5.3.1 General 783 

This clause defines all the parameters that have to be considered as influence quantities for 784 
the operating conditions. Whenever possible, they are identified in terms of ranges (classes) 785 
for the various parameters affecting the test results. 786 

5.3.2 Process conditions 787 

For process conditions (rated process temperature, pressure, pulse, etc.) reference is generally 788 
made to the applicable international or national standards. These conditions shall be specified 789 
by the manufacturer or agreed with the user. 790 

5.3.3 Environmental atmospheric conditions 791 

5.3.3.1 General 792 

The PMT shall be evaluated using the limiting operating conditions specified by the 793 
manufacturer or, if no specific values are given, according to the conditions specified in IEC 794 
60654-1. 795 

For the definition of environmental atmospheric conditions, the climatic conditions in various 796 
locations are usually expressed in terms of ranges (classes) of air temperature and humidity. 797 

Note: the barometric pressure is usually not relevant for the PMTs. 798 

The standardized location classes typically used are the following: 799 

Class A: weather-protected locations, air-conditioned locations 800 

Class B: weather-protected locations, heated and/or cooled enclosed locations; 801 

Class C: weather-protected locations, sheltered and/or unheated enclosed locations; 802 

Class D: non weather-protected locations, outdoor locations. 803 
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5.3.3.2 Ambient temperature 804 

The PMT shall be evaluated using the conditions specified by the manufacturer, or if the 805 
manufacturer does not indicate any limits, under the conditions specified in IEC 60654-1 for the 806 
typical operating application.  807 

Table 2 gives an example of common ambient temperatures ranges for various operating 808 
applications. 809 

Table 2 – Common ambient temperatures ranges 810 

Temperature 
°C 

Temperature 
class 

(IEC 60654-1) 
Typical operating application 

min. max.   

+20 +25 A1 Air conditioned locations 

+15 

+5 

+30 

+40 

B1 

B2 
Heated or/and cooled enclosed 

locations 

-5 

-25 

+45 

+55 

C1 

C2 
Sheltered locations 

-33 +40 D1 Outdoor locations 

5.3.3.3 Ambient relative humidity 811 

The PMT shall be evaluated using the conditions specified by the manufacturer, or if the 812 
manufacturer does not give any limits, under the conditions specified in IEC 60654-1 for the 813 
typical operating application. 814 

Table 3 gives an example of reference ambient relative humidity ranges for various operating 815 
applications. 816 

 817 

Table 3 – Common ambient relative humidity ranges 818 

Relative humidity 
% 

Humidity 
class 

(IEC 60654-1) 
Typical operating 

application 

min. max.   

20 75 A1 Air conditioned locations 

10 
5 

75 
85 

B1 
B2 

Heated or/and cooled enclosed 
locations 

5 
10 

95 
100 

C1 
C2 

Sheltered locations 

15 100 D1 Outdoor locations 

 819 

5.3.4 Mechanical vibration 820 

The PMT shall be evaluated using the conditions specified by the manufacturer, or if the 821 
manufacturer does not specify any limits, the reference values specified in Table 4 for various 822 
typical operating applications shall be used. Reference test procedures are those specified in 823 
IEC 60068-2-6. 824 
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Table 4 – Vibration test levels 825 

Typical application 
Test frequency 

range 
Hz 

Displacement 
peak amplitude 

mm 

Acceleration peak 
amplitude 

m/s2 

Control room or field with low 
vibration level 10 to 150 0,35 1 

Control room or field with medium 
vibration level 10 to 150 0,75 2 

Field with general application or 
pipeline with low vibration 10 to 1 000 0,15 20 

Field with high vibration level or 
pipe line with high vibration 10 to 1 000 0,35 50 

 826 

5.3.5 Shock, drop and topple 827 

The PMT shall be evaluated using the conditions specified by the manufacturer, or if the 828 
manufacturer does not specify any limits, the following values for shock, drop and topple in 829 
terms of height for free fall shall be used: 25 mm, 50 mm, 100 mm, 250 mm, 500 mm, 1000 mm 830 
or >1 000 mm for more severe conditions. Reference test procedures are those specified in IEC 831 
60068-2-27. 832 

5.3.6 Power supply 833 

The PMT shall be evaluated using the conditions specified by the manufacturer, or if the 834 
manufacturer does not specify any limits under the conditions specified in Table 5 for voltage 835 
and frequency according the conditions specified in IEC 60654-1 for the typical operating 836 
application. 837 

Table 5 – Power supply ranges for voltage and frequency 838 

Power supply class for voltage Tolerance of AC power supply 
voltage  

Tolerance of DC power supply 
voltage 

1 ± 1 % ± 10 % 

2 ± 10 % +10 % / –15 % 

3 +10 % / –15 % +15 % / –20 % 

4 +15 % / –20 % +30 % / –25 % 

   

Power supply class for frequency Tolerance of AC power supply 
frequency   

1 ± 0,2 %  

2 ± 1 %  

3 ± 5 %  

 839 

5.3.7 Electromagnetic compatibility (EMC) 840 

The PMT shall be evaluated against electromagnetic immunity and emission using the limits 841 
specified in the IEC 61326 standard series, that shall be used as a reference also for test set-842 
up and test procedures. 843 

The choice of the relevant limits shall be determined after taking into account the emission and 844 
immunity requirements appropriate for the location of use. 845 
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6. Test procedures 846 

6.1 General 847 

6.1.1 Overview 848 

This clause specifies the test procedures required to verify the performance characteristics of 849 
the PMT for the standard and ambient and process conditions given in Clause 5. 850 
These test procedures are generally applicable for both analogue and digital PMTs. Specific 851 
test procedures for digital PMTs are defined in the relevant clauses. 852 

In case of a PMT with integrated sensing element, a process variable adequate to the test to 853 
be performed shall be generated in a suitable way. When the sensing element can be separated 854 
(e.g. RTD or thermocouple), the process variable can be electrically simulated. 855 

6.1.2 Classification of the tests 856 

The tests are classified into: type tests, acceptance tests and routine tests according to the 857 
definitions given in Clause 3. In addition, the term evaluation tests is used to indicate, a 858 
complete set of tests to establish the performance of a PMT under any likely operating 859 
conditions, to permit comparison with the manufacturer’s published or stated performance 860 
specification for the PMT, or the user’s requirement. 861 

The type tests are normally performed by the manufacturer on one or more PMTs taken from 862 
the normal production or pre-production. They are intended to assess the performance strictly 863 
dependent on the design of the PMT. They are made on new products or on products on which 864 
significant design modifications have been made. 865 

The routine tests are performed by the manufacturer at the production stage in order to check 866 
the proper manufacturing process and the final calibration of the PMT. These tests are often 867 
limited to the safety and metrological aspects. Usually, these tests are much simpler than the 868 
type tests and usually do not provide evidence of behaviour in severe climatic and/or 869 
electromagnetic conditions. 870 

The acceptance tests are also performed by the manufacturer, usually in the presence of the 871 
customer, in order to verify if the PMTs supplied by the manufacturer meet the requirements 872 
set out in the specification of the manufacturer and/or of the customer. Typically, these tests 873 
are similar to the routine tests, if not otherwise specified and/or requested by the customer. 874 

The tables of informative Annex B and informative Annex C give a list of the complete set of 875 
test procedures considered in this Clause, in relation to the standard and operating reference 876 
test conditions respectively. These tables summarize the procedures, highlighting the 877 
peculiarities of each test and indicating which tests are to be considered as type tests and/or 878 
acceptance tests and/or routine tests. 879 

Generally, routine and acceptance tests contain a smaller number of test procedures than type 880 
tests and the procedures are simpler. 881 

Note: For example, the routine accuracy test is done taking only one measurement cycle for each 25% of the device 882 
span, while a type test consists of at least 3 measurement cycles for each 20 % of the device span. In addition, only 883 
type tests are conducted at different zero and span adjustments, when applicable. 884 

For analogue devices another classification is made in relation to the settings of span and lower 885 
range value adjustments (Table 7) and in relation to the number of measurement cycles and 886 
number and location of test points (Table 6), for the various tests, namely: 887 

• FT1: for 1 full traverse cycle test (for example for routine tests) 888 

• FT3: for 3 full traverse cycle test (for example for type tests) 889 

• FT5: for 5 full traverse cycle tests (for example for extended tests, although rather 890 
unusual) 891 

• Z/S: verifying the change in lower range-value (zero) and upper range-value (span) 892 
caused by the influencing factor (for example for over range, mounting position, etc) 893 

• 10%: verifying the change only with a 10% input signal (for example for output ripple) 894 
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