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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent 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.
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Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.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 beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.
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an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
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No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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115

116 Part 1-1: Test methods —

117 Method 1: Determination of the arc rating

118 (ELIM, ATPV and/or EBT) of hand protective devices using an open arc
119

120 INTERNATIONAL ELECTROTECHNICAL COMMISSION

121

122

123 FOREWORD

124 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
125 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
126 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
127 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
128 Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
129 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
130 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
131 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
132 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
133 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
134 consensus of opinion on the relevant subjects since each technical committee has representation from all
135 interested IEC National Committees.

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

140 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
141 transparently to the maximum extent possible in their national and regional publications. Any divergence between
142 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
143 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
144 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
145 services carried out by independent certification bodies.

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

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

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

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

156 IEC 63232-1-1 has been prepared by the project team PT 63232: Electric arc performance of
157 hand protection equipment — test standard of IEC technical committee 78: LIVE WORKING. It
158 is an International Standard.

159 This is the first edition.
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160  The text of this International Standard is based on the following documents:

Draft Report on voting

XXIXXINP XX/XX/RVD

161
162 Full information on the voting for its approval can be found in the report on voting indicated in
163  the above table.

164  The language used for the development of this International Standard is English.

165  This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
166  accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
167 at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
168  described in greater detail at www.iec.ch/standardsdev/publications.

169 The committee has decided that the contents of this document will remain unchanged until the
170  stability date indicated on the IEC website under webstore.iec.ch in the data related to the
171 specific document. At this date, the document will be

172 e reconfirmed,

173 e withdrawn,

174 e replaced by a revised edition, or

175 e amended.

176

177
IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.

178

179 The National Committees are requested to note that for this publication the stability date is
180 | XXXX.

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

183

184
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185 LIVE WORKING -

186 HAND PROTECTIVE DEVICES AGAINST THE THERMAL

187 HAZARDS OF AN ELECTRIC ARC -

188

189 Part 1-1: Test methods —

190 Method 1: Determination of the arc rating (ELIM, ATPV and/or EBT) of
191 hand protective devices using an open arc

192

193 1 Scope

194  This part of IEC 63232-1-1 specifies test method procedures to determine the arc rating of hand
195 protective devices or assemblies of hand protective devices for workers if there is an electric
196 arc hazard.

197 An open arc under controlled laboratory conditions is used to determine the arc rating values
198 ELIM, ATPV or EBT of hand protective devices.

199  This document is not dedicated to classifying the arc protective performance of the hand
200  protective devices into arc protection classes. Procedures determining these arc protection
201 classes are specified in IEC 63232-1-2, which uses a constrained arc for testing.

202 NOTE: The user can classify the arc protective performance into arc rating protection levels based on ELIM, ATPV

203 and/or EBT values which correspond best to the different hazard and risks levels that can result from the user’s risk
204 analysis.

205 This test method is not intended and not appropriate to evaluate whether hand protective
206 devices are flame resistant or not, as this will be covered in a future standard IEC 63232-2.

207  Hand protective devices for work intentionally using an electric arc, e.g., arc welding, plasma
208  torch, is not covered by this standard.

209 This test method does not make any statement on the dielectric properties of the hand protective
210 devices before, during or after the arc. Use other standards to determine those properties.

211 NOTE: One glove may be insufficient to provide adequate protection, in such cases glove systems may need to be
212 used in order to give complete protection to the hands for the intended use.

213 Other effects than the thermal effects of an electric arc like noise, light emissions, pressure
214 rise, hot oil, electric shock, the consequences of physical and mental shock or toxic influences
215 are not covered by this standard.

216 2 Normative references

217 The following documents are referred to in the text in such a way that some or all of their content
218 constitutes requirements of this document. For dated references, only the edition cited applies.
219 For undated references, the latest edition of the referenced document (including any
220 amendments) applies.

221 IEC 60060-1: 2010, High-voltage test techniques — Part 1: General definitions and test
222 requirements

223 IEC 60584-1: 2013, Thermocouples - Part 1: EMF specifications and tolerances

224 IEC 61482-2: 2018, Live working - Protective clothing against the thermal hazards of an electric
225 arc - Part 2: Requirements

226 IEC 61482-1-1: 2019 Live working - Protective clothing against the thermal hazards of an
227  electric arc - Part 1-1: Test methods - Method 1: Determination of the arc rating (ELIM, ATPV
228  and/or EBT) of clothing materials and of protective clothing using an open arc

229 IEC 62475: 2010, High-current test techniques - Definitions and requirements for test currents
230 and measuring systems
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3 Terms, definitions, and symbols

For the purposes of this document, the terms and definitions given in |JEC 60050-651 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e [SO Online browsing platform: available at http://www.iso.org/obp
NOTE For definitions of other terms related to protective clothing, see ISO/TR 11610 and ISO 13688.

3.1 Terms and definitions

3.11

ablation

<electric arc testing> material response evidenced by formation of one or more openings in one
or several outer layers, but not in all layers of a multilayer assembly,

a) with an opening in the layer of at least 1600 mm? in area or at least 80 mm in any planar
direction

b) with one or several individual threads across an opening not reducing the size of the opening

3.1.2

arc current

larc

current actually flowing in the electric test circuit during arc duration (through the arc)

Note 1 to entry: Arc current is expressed in kiloamperes (kA).

Note 2 to entry: The arc current flowing during arc duration fluctuates due to the non-linear arc impedance
stochastically varying with time.

3.1.3
arc duration

time duration of the arc

Note 1 to entry: Arc duration is expressed in milliseconds (ms).

314

arc energy

Warc

<electric arc testing> electrical energy supplied to the arc and converted in the arc

Note 1 to entry:  Arc energy is calculated as the sum of the instantaneous arc voltage values multiplied by the
instantaneous arc current values multiplied by the incremental time values during the arc duration.

Note 2 to entry: Arc energy is expressed in kilojoules (kJ).

3.1.5
arc gap
distance between the arc electrodes

Note 1 to entry: Arc gap is expressed in mm.

3.1.6

arc rating

<electric arc testing> numerical value attributed to product, that describes its protective
performance to exposure to an electric arc

Note 1 to entry: The arc rating can be the arc thermal performance value (ATPV), the breakopen threshold energy
(EBT) or the incident energy limit (ELIM))

Note 2 to entry: The arc rating values are expressed in kd/m? (cal/cm?)
Documents
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276 3.1.7
277 arc thermal performance value
278  ATPV

279 <electric arc testing> numerical value of incident energy attributed to product that describes its
280 thermal properties of attenuating (reducing) a heat flux generated by an electric arc.

281 Note 1 to entry: The ATPV of a hand protective device or hand protective device assembly is calculated using logistic
282 regression analysis applied to the data points obtained from testing a set of test specimens. It is the value of incident
283 energy at which the heat transfer through the test specimens is enough to reach the Stoll criteria with 50% probability.
284 Note 2 to entry: The ATPV attributed to a hand protective device or hand protective device assembly is either equal
285 to or lower than the ATPV of the hand protective device or hand protective device assembly, depending on whether
286 tested specimen(s) also fulfil additional visual design and performance assessment criteria.

287 Note 3 to entry: ATPV is expressed in kdJ/m? (cal/cm?).

288 3.1.8
289  arc voltage
290  voltage across the arc

291 Note 1 to entry: Arc voltage is expressed in volts (V).

292 3.1.9

293 bare shot

294 <electric arc testing> electric arc event during which test stands are bare, e.g. they are not
295 covered by test specimens

296 3.1.10

297 breakopen

298 <electric arc testing> material response evidenced by the formation of an opening in the
299 material specimen

300 Note 1 to entry: For the use of this document the opening is defined as follows:

301 a) with a size of at least 300 mm? in area or at least 25 mm in any planar direction,

302 b) with one or several individual threads across an opening not reducing the size of the opening.

303 Note 2 to entry: A material assembly specimen is considered to exhibit breakopen when all layers show formation
304 of one or more openings.

305 Note 3 to entry: Shrink-open is considered as a particular form of breakopen.

306 3.1.11

307 breakopen threshold energy

308 EBT

309 <electric arc testing> numerical value of incident energy attributed to product that describes its
310  breakopen properties when exposed to heatflux of electric arc.

311 Note 1 to entry: The EBT of a hand protective device or hand protective device assembly is calculated using logistic regression
312 analysis applied to the data points obtained from testing a set of test specimens. It is the value of incident energy at which
313 breakopen occurs with 50% probability

314 Note 2 to entry: The EBT attributed to a hand protective device or hand protective device assembly is either equal
315 to or lower than the EBT of the hand protective device or hand protective device assembly, determined by the
316 fulfillment of only the Stoll criteria, depending on whether tested specimen(s) fulfil also additional visual design and
317 performance assessment criteria

318 Note 3 to entry: EBT is expressed in kJ/m? (cal/cm?).

319 3.1.12

320 burning time

321 afterflame time

322 time for which a flaming of the test specimen is visible after the end of the electric arc duration

323 Note 1 to entry: Burning time is expressed in seconds (s).

324 3.1.13
325 calorimeter
326 assembly of a copper disc with attached thermocouple, used for measuring the heat energy and

327 incident energy Documents
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328 3.1.14

329  calorimetric sensor

330 sensor

331 assembly of a calorimeter and a non-conductive heat resistant material, in which the calorimeter
332  is mounted

333 Note 1 to entry: The term sensor is used in the document as calorimetric sensor

334 3.1.15

335 charring

336 material response evidenced by formation of carbonaceous residue as the result of pyrolysis or
337 incomplete combustion

338 3.1.16
339 dripping
340 material response evidenced by formation of droplets that fall from the material of the product.

341 3.1.17

342 electric arc

343  self-maintained gas conduction for which most of the charge carriers are electrons supplied by
344  primary-electron emission

345 Note 1 to entry: During live working, the electric arc is generated by gas ionisation arising from an unintentional
346 electrical conducting connection or breakdown between live parts or a live part and the earth path of an electrical
347 installation or an electrical device. During testing, the electric arc is initiated by the blowing of a fuse wire.

348 [SOURCE: |JEC 60050-121:199§, 121-13-12, modified — the Note 1 to entry has been added to
349 refer specifically to live working and arc testing.]

350 3.1.18

351 flame resistant

352 <electric arc testing> property evidenced by materials which meet the limited flame spread
353 requirements of IEC 61482-2

354 [SOURCE: IEC 61482-1-1:2018, modified from “clothing” to “materials”.]

355 3.1.19

356 hand protective device

357 protective glove

358 item of personal protective equipment (PPE), e.g. protective gloves, that protects the hand or
359 a part of the hand against injury, and is worn to supplement other protective equipment (e.g.
360 protective clothing, face shield, etc.) and can also be used to protect the forearm or the entire
361 arm

362  3.1.20

363 hand protective device assembly

364  a hand protective device consisting of two or more hand protective devices worn together, which
365  may individually cover different parts of the wearer’s hands and forearms and/or which may be
366  worn fully or partially on top of each other (e.g. combination of a liner glove, a rubber electrical
367 insulating glove and a protector glove, etc.) and which have been designed in such a way as to
368  fit together

369 Note 1 to entry: The arc rating of a hand protective device assembly cannot be determined from the arc rating of the
370 individual devices but can only be determined by testing of hand protective device assembly specimens.

371 3.1.21

372 heat flux

373 q

374  <electric arc testing> thermal intensity transmitted by an electric arc indicated by the amount of
375 heat energy transfer per unit surface area and time

376 Note 1 to entry: Heat flux is expressed in kW/m?2.
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377 3.1.22
378 ignition
379 initiation of flaming and combustion

380 3.1.23
381 ignition threshold
382 <electric arc testing> an energy limit at which the product does not melt and drip or continue to

383 burn

384 3.1.24

385 incident energy
386 E

[
387  <electric arc testing> heat energy Q (total heat) received at a unit surface area at a specified
388  distance from the electric arc, as a result of the electric arc

389 Note 1 to entry: [Incident energy is expressed in kJ/m2 or kW-s/m?2 (cal/cm?).
390 3.1.25

391 incident energy limit

392 ELIM

393 <electric arc testing> numerical value of incident energy attributed to a product, below which
394 there is no data point with the amount of heat transmitted through the product reaching the Stoll
395  criteria or with the product exhibiting breakopen

396 Note 1 to entry: The ELIM of a hand protective device or hand protective device assembly is calculated from data points obtained
397 from testing a set of test specimens, which are also used for the determination of the ATPV and/or EBT.

398 Note 2 to entry: The ELIM attributed to a hand protective device or hand protective device assembly is either equal
399 to or lower than the ELIM of the hand protective device or hand protective device assembly, determined by the
400 fulfillment of only the Stoll and breakopen criteria; depending on whether tested specimen(s) fulfil additional visual
401 design and performance assessment criteria.

402 Note 3 to entry:  ELIM is expressed in kd/m? (cal/cm?).

403  3.1.26

404 material

405 product consisting of single or multiple layers of fabric or of other planiform substances of which
406  a hand protective device is made

407 Note 1 to entry: For example, textile fabric or a multilayer fabric assembly.

408 [SOURCE: IEC 61482-1-1: 2019, 3.1.25, modified by “hand protective device” substituted for
409  “garment”.]

410  3.1.27

411 material response

412 reaction of the material to an electric arc characterised by ignition, burning time (after flame
413 time), breakopen, melting, dripping, shrinkage, etc.

414  3.1.28
415 melting
416  material response evidenced by softening and deformation

417 Note to entry: Materials which melt are normally polymers.

418 3.1.29

419 mix zone

420 <electric arc testing> range of measured incident energies (the independent variable X), in
421 which a binary response (e.g., either the value “0” or “1”) (the dependent variable Y) is attributed
422 to a studied parameter of the measured material response or to a combination of several studied
423 parameters

424 Note 1 to entry: A mix zone of a data point distribution is established when the highest incident energy with binary
425 response “0” is greater than the lowest incident energy with binary response “1”. The mix zone of a data point
426 distribution is empty when the highest incident energy with a binary response “0” is lower than the lowest incident
427 energy with a binary response “1”. Documents
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428 Note 2 to entry: For the material response parameters studied for the determination of the ATPV, see clause
429 11.1.3.1and clause 12.2

430 Note 3 to entry: For the material response parameters studied for the determination of the EBT, see clause
431 11.1.3.2and clause 12.3.

432 Note 4 to entry: For the material response parameters studied for the determination of the ELIM, see clause
433 11.1.3.3and the last paragraph of clause 12.4.

434 Note 5 to entry: In the very rare case that at the boundaries of the mixed zone there are two or more data points with
435 the same incident energy but with a binary response 1 and a binary response 0 among them. All these data points
436 are considered to be inside the mixed zone.

437 3.1.30

438 monitor sensor

439 <electric arc testing> calorimetric sensor mounted on each side of the test stand, not covered
440 by test specimen and used to measure incident energy at a specified distance from the electric
441 arc

442  3.1.31

443  open arc

444 electric arc between two vertically opposing electrodes intended to provide an equal distribution of
445  emitted energy around the centreline formed by the electrodes and where the emitted energy is not
446  directed by means of any physical constraints (e.g., enclosure, wall)

447  [SOURCE: IEC 61482-2/CDV:2015, 3.1.5]

448  3.1.32

449 test stand sensor

450 <electric arc testing> calorimetric sensor mounted in the test stand, which, when covered by
451 test specimen, is used to measure transmitted energy through a test specimen

452 3.1.33

453 hand protective device

454  a glove, mitten or other device which covers the hand or another hand protective device, and
455  which is designed to provide protection against one or more hazards

456  3.1.34
457 shrinkage
458  material response evidenced by reduction in specimen size

459  3.1.35

460 shrink-open

461 <electric arc testing> material response caused by excessive shrinkage with the result that the
462 test specimen dislodges exposing any part of the calorimeter of the test stand.

463 Note 1 to entry: Shrink-open is considered as a particular form of breakopen.

464  3.1.36

465  Stoll curve

466  empirical model used to predict the onset of second-degree skin burn injury from thermal energy
467  exposure

468 Note 1 to entry: The Stoll curve defines a relationship between the absorbed energy rate and the human skin
469 tolerance time.

470 Note 2 to entry: The Stoll curve is defined in the paper: A Method and Rating System for Evaluation of Thermal
471 Protection. Aerospace Medicine, 1969, Vol. 40, pp. 1232-1238 by A.M. Stoll and M.A. Chianta. !

472 3.1.37
473 Stoll curve differential
474 SCD

475  the maximum or minimum difference between a curve of transmitted energy and the Stoll curve
476 in the time interval from 1 s up to 30 s after the beginning of the arc (time zero); the SCD will
477 be positive and its value will be the maximum difference between the two curves, if the curve

1 . . . .
A Method and Rating System for Evaluation of Thermal Protection. Aerospace Medicine, 1969, Vol. 1 -
1238 by A.M. Stoll and M.A. Chianta. Iffd&lfﬁﬁents
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478  of transmitted energy is at any moment during the 29 s equal or above the Stoll curve; the SCD
479 will be negative and its absolute value will be the minimum difference between the two curves,
480 if the curve of transmitted energy is always during the 29 s below the Stoll curve

481 Note to entry: Stoll curve differential is expressed in kJ/m2 or kW-s/m? (cal/cmz).

482  3.1.38
483  test shot
484 <electric arc testing> electric arc event during which test stands are covered by test specimens

485  3.1.39
486  X/R ratio
487 ratio of system inductive reactance to resistance

488 Note 1 to entry: The X/R ratio is proportional to the L/R ratio of time constant, and is, therefore, indicative of the
489 rate of decay of any d.c. offset. A large X/R ratio corresponds to a large time constant and a slow rate of decay.

490 3.2 Symbols and units

ATPV arc thermal performance value kd/m? or cal/cm?
Cp heat capacity Jig °C

EBT breakopen threshold energy kd/m? or cal/cm?
E; incident energy kd/m?

ELIM incident energy limit kd/m? or cal/cm?
Q heat energy Jicm?2

q heat flux kW/m?2

T measured temperature °C

t time S

NOTE

1 J/g °K = 0.23885 cal/g °K
1 kJ/m2 =1 kW.s/m2 = 0,1 J/cm?2 = 0,023 9006 cal/cm?
1 cal/cm? = 41,840 kJ/m? = 41,840 kW.s/m?2 = 4,1840 J/cm?

491 4 Principle of the test procedure

492 The procedure specified in this standard determines the incident energy up to which the heat
493 energy transmitted through the material(s) does not exceed the Stoll curve criteria when the
494 material is exposed to heat energy from an open arc.

495  The test specimens used in this procedure are in the form of the basic finished product or multi
496 product protective assemblies (one type of glove or multiple types of gloves over one another
497 to create a protective assembly). Additional components such as impact protection or extra
498  layers on the dorsal side of the glove shall not be included in the specimens used for the
499  determination of the arc rating. Additional specimens with all features or accessories shall be
500 evaluated for the ignition threshold.

501 During the tests, the amount of heat energy transmitted by the hand protective device is
502 measured during and after exposure to an electric arc.

503  During each single arc exposure test (e.g., single “test shot”), the heat flux of the exposure and
504  that transferred by the test specimen(s) are both measured with copper slug calorimeter
505 sensors. The change in temperature versus time is used, along with the known thermo-physical
506 properties of copper, to determine the respective heat energies delivered to and through the

507  specimens.
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508  The protective performance of the hand protective device, expressed in the form of arc rating
509 values, is determined from the amount of heat transmitted by the specimen(s) and the eventual
510  observation of breakopen when exposed to various levels of incident-energy measured by the
511 monitor sensors.

512  Material response shall be further described by recording the observed effects of the electric
513  arc exposure on the specimens and using the terms given in 3.1.27

514 5 Significance and use of the test procedure

515 The test method procedure for the determination of the arc rating of hand protective devices
516 used for electrotechnical work if there is risk of an electric arc.

517 NOTE 1 This test method and its procedures are not intended and not appropriate to evaluate whether hand
518 protective devices are flame resistant or not.

519 The procedure specified in this standard is used for the determination of the arc rating values,
520 e.g., incident energy limit (ELIM), the arc thermal performance value (ATPV) and/or the
521 breakopen threshold energy (EBT), of a hand protective device or assembly.

522  Because of the variability of the arc exposure, different heat transmission values may be
523 measured by the sensors positioned at the back of test specimens when exposed to an electric
524  arc. The heat transfer measurement results for a sufficiently large number of test specimens
525 (at least 20 test specimens) are statistically analysed in accordance with Clause 12.

526 The arc rating of the hand protective device or of the total assemblage of hand protective
527 devices can be attributed to the assembly as its arc rating, if all the visual performance
528 evaluation criteria of clause 12.4 are fulfilled.

529 The test method procedures maintain the specimen in a static vertical position and do not
530 involve movement, except that resulting from the exposure.

531 NOTE 2 The test method procedures specify a standard set of exposure conditions. Different exposure conditions
532 may produce different results.

533 6 Test apparatus

534 6.1 General
535 The test apparatus shall consist of the following elements:

536 — supply bus;

537 — arc controller;

538 — recorder or data acquisition system;

539 — arc electrodes;

540 — test stands placed around the centre line of the electric arc,

541 — which can be one to three two-sensors test stands or one to six single-sensor test stands in
542 case of the testing arrangement according to 6.3 (shown in Figure 6)

543 — or

544 — which can be one to four single-sensor test stands in case of the testing arrangement
545 according to 6.4 (shown in Figure 7);

546 — two monitor sensors, one to the left and one to the right side

547  — of each two-sensors test stand (or each pair of single-sensor test stands) in case of the
548 testing arrangement according to 6.3 (shown in Figure 6)

549 — or

550 — of each single sensor test stand in case of the testing arrangement according to 6.4 (shown
551 in Figure 7); three of the monitor sensors are shown to be shared by each one’s two adjacent
552 single sensor test stands.
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553 6.2 Calorimetric sensors
554 6.2.1 Calorimeter construction

555 The calorimeters shall be constructed from electrical grade copper with one thermocouple wire
556 installed in the arrangement as shown in Figure 1 a).

557 An example of securing the thermocouple mechanically in the copper disc is shown in
558 Figure 1 b). Soldering of the thermocouple into the disc is not allowed.

559 The copper discs and the filler, if used, shall be electrical grade copper with a purity greater
560  than 99,90 %, IACS grade C110 (UNS11000). The copper discs shall have thickness of 1,6 mm
561 1+ 0,1 mm, a diameter of 40,0 mm + 0,1 mm and a mass of 18 g + 1 g. There shall be a hole in
562  the centre of the copper disc, with a depth of 1,3 mm = 0,1 mm and with a diameter of 1,2 mm
563  + 0,3 mm.

564 NOTE 1 The IACS (International Annealed Copper Standard) grade gives the level of the electrical conductivity of
565 the copper.

566 The mass of each disc shall be determined to a precision of + 0,05 g and the diameter and
567 thickness shall be determined to a precision of £ 0,03 mm. For the calculations of each sensor
568 response according to 12.1.2, Formula (3), the actual diameter (for the area calculation) and
569 mass values of each individual disc shall be used. If average values for all calorimeters are
570 used for calculations, their mass/area ratio shall be within + 0,008 g/cm? of their mean value.

571 NOTE 2 Selecting copper discs for the calorimeters using the “average value” for the mass/area ratio [Formula (3)]
572 can ease the operation and the replacement of calorimeters.

573  The thermocouples shall be an exposed bead Type K (NiCr — NiAl), having a cross-section area
574  of 0,05 mm2 (N° 30 AWG) but never larger, or equivalent, according to . The
575  thermocouple wire shall be installed in the calorimeter as shown in Figure 1 b). Inside the hole
576  of the copper disc, the thermocouple wires — having an outer diameter of 0,5 mm after removal
577  of insulation, e.g., two times the single-wire diameter of 0,254 mm — shall be bare for the whole
578 length inside the hole in the copper disc and the thermocouple wires shall be in full contact
579 between themselves and with the surrounding copper disc, if necessary, with the help of copper
580 filler added into the hole. The thermocouple wires shall be separated (e.g., by help of fine tool)
581 immediately upon exiting the copper disc.

582 NOTE 3 A visual magnifier can be used for verification that the copper wires are properly separated at the back of
583 the copper disc and the wires have not been damaged.
584 NOTE 4 Each thermocouple wire exiting the copper disc is typically bare for some short distance after having exited
585 the hole of the disc.
586
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