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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 Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.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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INTERNATIONAL ELECTROTECHNICAL COMMISSION 170 

____________ 171 

 172 

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK –  173 

 174 

Part 2: Special aspects 175 

 176 

FOREWORD 177 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for 178 
standardization comprising all national electrotechnical committees (IEC National Committees). The 179 
object of IEC is to promote international co-operation on all questions concerning standardization in 180 
the electrical and electronic fields. To this end and in addition to other activities, IEC publishes 181 
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications 182 
(PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is entrusted to 183 
technical committees; any IEC National Committee interested in the subject dealt with may participate 184 
in this preparatory work. International, governmental and non-governmental organizations liaising with 185 
the IEC also participate in this preparation. IEC collaborates closely with the International Organization 186 
for Standardization (ISO) in accordance with conditions determined by agreement between the two 187 
organizations. 188 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as 189 
possible, an international consensus of opinion on the relevant subjects since each technical 190 
committee has representation from all interested IEC National Committees.  191 

3) IEC Publications have the form of recommendations for international use and are accepted by 192 
IEC National Committees in that sense. While all reasonable efforts are made to ensure that the 193 
technical content of IEC Publications is accurate, IEC cannot be held responsible for the way in which 194 
they are used or for any misinterpretation by any end user. 195 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC 196 
Publications transparently to the maximum extent possible in their national and regional publications. 197 
Any divergence between any IEC Publication and the corresponding national or regional publication 198 
shall be clearly indicated in the latter. 199 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies 200 
provide conformity assessment services and, in some areas, access to IEC marks of conformity. IEC 201 
is not responsible for any services carried out by independent certification bodies. 202 

6) All users should ensure that they have the latest edition of this publication. 203 

7) No liability shall attach to IEC or its directors, employees, servants or agents including 204 
individual experts and members of its technical committees and IEC National Committees for any 205 
personal injury, property damage or other damage of any nature whatsoever, whether direct or 206 
indirect, or for costs (including legal fees) and expenses arising out of the publication, use of, or 207 
reliance upon, this IEC Publication or any other IEC Publications.  208 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced 209 
publications is indispensable for the correct application of this publication. 210 
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9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be 211 
the subject of patent rights. IEC shall not be held responsible for identifying any or all such patent 212 
rights. 213 

 214 

The International Standard IEC 60479-2 has been prepared by IEC technical committee 64: 215 
Electrical installations and protection against electric shock. 216 

This second edition cancels and replaces the first edition published in 2019. This edition 217 
constitutes a technical revision. 218 

This edition includes the following significant technical changes with respect to the previous 219 
edition: 220 

a) Changes reflecting the change in applicability of frequency from 1 kHz to 150 kHz have been 221 

added. 222 

b) Further examination of short duration unidirectional pulses and the basis of their danger in charge 223 

rather than current is presented 224 

c) The handling of successive DC pulses has been clarified 225 

d) A full section on static electricity has been added. 226 

 227 

It has the status of a basic safety publication in accordance with IEC Guide 104. 228 

The text of this International Standard is based on the following documents: 229 

FDIS Report on voting 

64/XXXX/FDIS 64/XXXX/RVD 

 230 
Full information on the voting for the approval of this International Standard can be found in the 231 
report on voting indicated in the above table. 232 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 233 

A list of all parts in the IEC 60479 series, published under the general title Effects of current on 234 
human beings and livestock, can be found on the IEC website. 235 

The committee has decided that the contents of this document will remain unchanged until the 236 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 237 
the specific document. At this date, the document will be 238 

• reconfirmed, 239 

• withdrawn, 240 

• replaced by a revised edition, or 241 

• amended. 242 

 243 

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. 

 244 

  245 
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INTRODUCTION 246 

 247 

This basic safety publication is primarily intended for use by technical committees in the 248 
preparation of standards in accordance with the principles laid down in IEC Guide 104 and 249 
ISO/IEC Guide 51. It is not intended for use by manufacturers or certification bodies. 250 

In order to avoid errors in the interpretation of this document, it should be emphasized that the 251 
data given herein is mainly based on experiments with animals as well as on information 252 
available from clinical observations. Only a few experiments with shock currents of short 253 
duration have been carried out on living human beings. 254 

IEC 60479 consists of the following parts under the general title Effects of current on human 255 
beings and livestock 256 

Part 1:  General aspects 257 

Part 2:  Special aspects: 258 

Part 3: void 259 

Part 4: Effects of lightning strokes on human beings and livestock 260 

 261 

  262 
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 263 

 264 

 265 

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK –  266 

 267 

Part 2: Special aspects 268 

 269 

1 Scope 270 

This part of IEC 60479 describes the effects on the human body when a sinusoidal alternating 271 
current in the frequency range above 100 Hz passes through it. 272 

The effects of current passing through the human body for: 273 

– alternating sinusoidal current with DC components; 274 

– alternating sinusoidal current with phase control; 275 

– alternating sinusoidal current with multicycle control 276 

are given but are only deemed applicable for alternating current frequencies from 277 
15 Hz up to 100 Hz. 278 

Means of extending the frequency of applicability of pure sinusoids to a frequency of 150 kHz 279 
are given, supplementing the data in IEC 60479-1. 280 

Means of examining random complex irregular waveforms are given. 281 

This document describes the effects of current passing through the human body in the form of 282 
single and multiple successive unidirectional rectangular impulses, sinusoidal impulses and 283 
impulses resulting from capacitor discharges.  284 

Additionally, recent additions address the following items: 285 

- Special waveforms are documented including AC waveforms with DC components, and AC 286 
waveforms with phase control and multicycle control. AC waveforms of mixed frequency are 287 
examined. 288 

 289 

- Single bursts of current pulses are documented along with the effect of repeated current 290 
pulses with repetition rates in two ranges within 10-70 pulses per second (PPS) regions. 291 

 292 

- The immersed human body is considered. 293 

 294 

- Unidirectional impulse currents form an important update to the document. Whereas energy, 295 
in various forms, of applied pulses has been postulated as the important injuring parameter in 296 
the past, re-evaluation of the research shows that charge transfer is the key parameter. 297 
Consequently, the standard has been made contemporary by documenting this re-orientation 298 
The values specified are deemed to be applicable for impulse durations from 0,001 ms up to 299 
and including 10 ms. 300 

- . 301 
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- A full discussion of static electricity, its effects on the human body and the safety of static 302 
discharge have been included. 303 

This document only considers conducted current resulting from the direct application of a source 304 
of current to the body, as does IEC TS 60479-1 and IEC 60479-3. It does not consider current 305 
induced within the body caused by its exposure to an external electromagnetic field. 306 

This basic safety publication is primarily intended for use by technical committees in the 307 
preparation of standards in accordance with the principles laid down in IEC Guide 104 and 308 
ISO/IEC Guide 51. It is not intended for use by manufacturers or certification bodies. 309 

One of the responsibilities of a technical committee is, wherever applicable, to make use of 310 
basic safety publications in the preparation of its publications. The requirements, test methods 311 
or test conditions of this basic safety publication will not apply unless specifically referred to or 312 
included in the relevant publications.  313 

  314 
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2 Normative references 315 

The following documents are referred to in the text in such a way that some or all of their content 316 
constitutes requirements of this document. For dated references, only the edition cited applies. 317 
For undated references, the latest edition of the referenced document (including any 318 
amendments) applies. 319 

IEC TS 60479-1:2005, Effects of current on human beings and livestock – Part 1: General 320 
aspects 321 
IEC TS 60479-1:2005/AMD1:2016 322 

IEC 60990, Methods of measurement of touch-current and protective conductor current 323 

ISO/IEC Guide 51, Safety aspects – Guidelines for their inclusion in standards 324 

  325 
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3 Terms and definitions 326 

For the purposes of this document, the terms and definitions given in IEC TS 60479-1 and the 327 
following apply.  328 

ISO and IEC maintain terminological databases for use in standardization at the following 329 
addresses: 330 

• IEC Electropedia: available at http://www.electropedia.org/ 331 

• ISO Online browsing platform: available at http://www.iso.org/obp 332 

3.1  333 
frequency factor  334 

Ff 335 

ratio of the threshold current for the relevant physiological effects at the frequency f to the threshold 336 
current at 50/60 Hz. 337 

Note 1 to entry. The frequency factor differs for perception, let-go and ventricular fibrillation. 338 

3.2  339 
phase control 340 

process of varying the instant within the cycle at which current conduction in an electronic valve device 341 
or a valve arm begins  342 

[SOURCE: IEC 60050-551:1998, 551-16-23] 343 

3.3  344 
phase control angle  345 

current delay angle 346 

time expressed in angular measure by which the starting instant of current conduction is delayed by 347 
phase control  348 

[SOURCE: IEC 60050-551:1998, 551-16-32, modified — the term "phase control angle" has been 349 
added.] 350 

3.4  351 
multicycle control 352 

process of varying the ratio of the number of cycles which include current conduction to the number of 353 
cycles in which no current conduction occurs  354 

[SOURCE: IEC 60050-551:1998, 551-16-31] 355 

3.5  356 
multicycle control factor  357 

p 358 

ratio between the number of conducting cycles and the sum of conducting and non-conducting cycles 359 
in the case of multicycle control  360 

SEE Figure 13. 361 
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[SOURCE: IEC 60050-551:1998, 551-16-37, modified — the symbol and reference to Figure 13 have 362 
been added.]  363 

3.6  364 
specific or unitary energy – deleted 365 

 366 

3.7  367 
specific fibrillating charge  368 

Fq 369 

minimum I·t value of unidirectional impulse of short duration which under given conditions (current-370 
path, heart-phase) causes ventricular fibrillation with a certain probability 371 

Note 1 to entry: Fq is determined by the form of the impulse as the integral 372 

 373 

where ti is defined in Figure 20 and Figure 21. 374 

Note 2 to entry: Fq is expressed in C or As. 375 

3.8  376 
time constant 377 

time required for the amplitude of an exponentially decaying quantity to decrease to 378 

 379 

times an initial amplitude  380 

[SOURCE: IEC 60050-801:1994, 801-21-45, modified — the definition has been revised.] 381 

3.9  382 
shock-duration of a capacitor discharge  383 

ti 384 

time interval from the beginning of the discharge to the time when the discharge current has fallen to 385 
5 % of its peak value  386 

Note 1 to entry: When the time constant of the capacitor discharge is given by T, the shock-duration of the capacitor discharge 387 
is equal to 3T, the time for the current to fall to 0.049 of its initial value. During the shock-duration of the capacitor discharge 388 
practically all the available current (~95%) from the impulse is dissipated. 389 

Note 2 to entry: See Figure 20 and Figure 21.3.10  390 
shock-duration for complex asymptotic waveform  391 

ti 392 

shortest duration of that part of the impulse that contains 95 % of the energy over the total impulse 393 

3.11  394 
threshold of perception 395 

minimum value for the charge of electricity which under given conditions causes any sensation to the 396 
person through whom it is flowing 397 

dtiit

∫0

0,3679
e
1

=
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3.12  398 
threshold of pain 399 

minimum value for the charge (I∙t) that can be applied as an impulse to a person holding a large 400 
electrode in the hand without causing pain 401 

3.13  402 
pain 403 

unpleasant experience such that it is not readily accepted a second time by the subject submitted to it 404 

  EXAMPLE: Electric shock above the threshold of pain described in 11.3, the sting of a bee or burn of a cigarette. 405 

 406 

3.14 407 
antistatic material 408 

material exhibiting properties which minimize charge generation when rubbed against or separated 409 
from the same or other similar materials 410 

 411 

3.15 412 

electromagnetic compatibility (EMC) 413 

ability of an equipment or system to function satisfactorily in its electromagnetic environment without 414 
introducing intolerable electromagnetic disturbances to anything in that environment  415 

3.16 416 

electrostatic discharge (ESD) 417 

transfer of electric charge between bodies of different electrostatic potential in proximity or 418 

through direct contact 419 

 420 

3.17 421 

energy storage capacitor 422 

capacitor of the ESD-generator representing the capacity of a human body charged to the test voltage 423 
value 424 

 425 

3.18 426 

EUT 427 

equipment under test 428 

3.19 429 

threshold of let-go 430 

maximum value of touch current at which a person holding electrodes can let go of the electrodes 431 
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3.20 432 

 433 
Startle Reaction 434 

an extremely rapid psychophysiological response of an organism to a sudden and 435 

unexpected stimulus 436 

 437 

  438 
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 439 

4 Effects of alternating currents with frequencies above 100 Hz 440 

NOTE Values for 50/60 Hz are given in IEC TS 60479-1. For frequencies up to 100 Hz the provisions of IEC TS 60479-1 are 441 
used. 442 

4.1 General 443 

Electric power in the form of alternating current at frequencies higher than 50/60 Hz is 444 
increasingly used in modern electrical equipment, for example aircraft (400 Hz), power tools 445 
and electric welding (mostly up to 450 Hz), electrotherapy (using mostly 4000 Hz to 5000 Hz) 446 
and switching mode power supplies (20 kHz to 1 MHz). 447 

Little experimental data is available for Clause 4, therefore the information given herein should 448 
be considered as provisional only but may be used for the evaluation of risks in the frequency 449 
ranges concerned (see Bibliography).  450 

Recent experiments in governmental funded projects are ongoing to exploit and investigate the 451 
effects of higher frequencies using the latest technologies and methods to justify existing 452 
extrapolation of the frequency factor for ventricular fibrillation (VF) threshold. 453 

Attention is also drawn to the fact that the impedance of human skin decreases approximately 454 
inversely proportional to the frequency for touch voltages in the order of some 10’s of volts, 455 
so that the skin impedance at 500 Hz is only about 10% of the skin impedance at 50 Hz and 456 
may be neglected in many cases. This impedance of the human body at such frequencies is 457 
therefore reduced to its internal impedance Zi (see IEC TS 60479-1). 458 

NOTE Use of peak measurements: at current levels that produce physiological responses of perception, startle 459 
reaction and inability of let-go, the physiological response from non-sinusoidal and mixed frequency periodic current is 460 
best indicated by the peak value of an output signal from measuring circuits containing a frequency-weighting 461 
network such as those described in IEC 60990. 462 

These frequency weighting networks attenuate the signal according to the frequency factors given in IEC TS 60479-1:2005 and 463 
IEC TS 60479-1:2005/AMD1:2016, Clause 4 so that the output signal corresponds to a constant level of physiological response. 464 
Attenuation is provided for narrow impulses of current that would produce less physiological response because of the short 465 
duration of their peak value. The network output allows a fixed value to be read independent of waveshape or mix of 466 
frequencies to be provided for ease of determination of the leakage current and evaluation of the level of hazard 467 
present. 468 

Comparable physiological effects are produced by non- sinusoidal and sinusoidal current producing the same peak 469 
value by this measurement method. 470 

A representative network can be found in IEC 60990 and in bibliographic reference. [1] 471 

 472 

 473 

4.2 Effects of alternating current in the frequency range above 100 Hz up to and 474 
including 1 kHz 475 

4.2.1 Threshold of perception 476 

For the threshold of perception, the frequency factor is given in Figure 1. 477 
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 478 

Figure 1 – Variation of the threshold of perception  479 
within the frequency range 50/60 Hz to 1 kHz 480 

4.2.2 Threshold of let-go 481 

For the threshold of let-go the frequency factor is given in Figure 2. 482 

 483 

Figure 2 – Variation of the threshold of let-go  484 
within the frequency range 50/60 Hz to 1 kHz 485 

4.2.3 Threshold of ventricular fibrillation 486 

For shock durations longer than the cardiac cycle, the frequency factor for the threshold of 487 
fibrillation for longitudinal current paths through the trunk of the body is given in Figure 3. 488 
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For shock durations shorter than the cardiac cycle no experimental data is available on the 489 
effects of frequency.  490 

 491 

Figure 3 – Variation of the threshold of ventricular fibrillation within the frequency range 492 
50/60 Hz to 1 kHz, shock durations longer than one heart period and longitudinal current paths 493 

through the trunk of the body 494 

 495 

4.3 Effects of alternating current in the frequency range above 1 kHz up to and 496 
including 10 kHz 497 

4.3.1 Threshold of perception 498 

For the threshold of perception the frequency factor is given in Figure 4. 499 
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 500 

Figure 4 – Variation of the threshold of perception  501 
within the frequency range 1 kHz to 10 kHz 502 

4.3.2 Threshold of let-go 503 

For the threshold of let-go the frequency factor is given in Figure 5. 504 

 505 

Figure 5 – Variation of the threshold of let-go  506 
within the frequency range 1 kHz to 10 kHz 507 

4.3.3 Threshold of ventricular fibrillation 508 

For frequencies between 1 kHz and 10 kHz the provisions of 4.4.4 are used. 509 

4.4 Effects of alternating current in the frequency range above 10 kHz 510 

4.4.1 General 511 

In 4.4, changes have not been made to the threshold of perception, or the threshold of let-go 512 
for higher frequencies. While these are important thresholds, the most dangerous is that of 513 
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ventricular fibrillation. The fibrillation threshold is therefore given up to 150 kHz. The remaining 514 
thresholds may be considered as in the paragraphs below up to the frequency limits shown. 515 

4.4.2 Threshold of perception 516 

For frequencies between 10 kHz and 100 kHz the threshold rises approximately from 10 mA to 517 
100 mA (RMS values). 518 

For frequencies above 100 kHz the tingling sensation characteristic for the perception at lower 519 
frequencies changes into a sensation of warmth for current intensities in the order of ~100 520 
milliamperes. 521 

4.4.3 Threshold of let-go 522 

For frequencies above 100 kHz there is neither experimental data nor reported incidents 523 
concerning the threshold of let-go. 524 

4.4.4 Threshold of ventricular fibrillation 525 

For shock durations longer than the cardiac cycle, the frequency factor for the threshold of 526 
fibrillation for longitudinal current paths through the trunk of the body for the frequency range 527 
above 1 kHz up to and including 150 kHz is given in Figure 6. 528 

For frequencies above 1 kHz, thermal effects are more likely to become dominant.  529 

For shock durations shorter than the cardiac cycle, no experimental data is available. 530 

 531 

Figure 6 – Variation of the frequency factor of the threshold of ventricular fibrillation for 532 
continuous sinusoidal current for use from 1 kHz 533 

to a maximum of 150 kHz  534 

4.4.5 Other effects 535 

Burns may occur at frequencies above 100 kHz and current magnitudes in the order of amperes 536 
depending on the duration of the current flow. 537 

  538 
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5 Effects of special waveforms of current 539 

5.1 General 540 

As is to be expected, the effects of such currents on the human body are between those caused 541 
by direct and by alternating current; therefore equivalent current magnitudes with regard to 542 
ventricular fibrillation can be established. 543 

Clause 5 describes the effects of current passing through the human body for: 544 

– alternating sinusoidal current with DC components, 545 

– alternating sinusoidal current with phase control, 546 

– alternating sinusoidal current with multicycle control. 547 

NOTE Other waveforms are under consideration. 548 

The information given is deemed applicable for alternating current frequencies from 15 Hz up 549 
to 100 Hz. 550 

5.2 Equivalent magnitude, frequency and threshold 551 

In 5.2 the hazard may be taken as being approximately the same effect as with an equivalent 552 
pure alternating sinusoidal current Iev having the following characteristics: 553 

– Magnitude equivalence: 554 

The following current magnitudes have to be distinguished: 555 

IRMS = RMS value of the current of the proposed waveform, 556 

Ip = peak value of the current of the proposed waveform, 557 

Ipp = peak-to-peak value of the current of the proposed waveform, 558 

Iev = RMS value of a sinusoidal current presenting the same effect as 559 

 the waveform concerned. 560 

NOTE The current Iev is used instead of the current IB in Figures 20 and 22 of IEC TS 60479-1:2005 to estimate the risk 561 
of ventricular fibrillation. 562 

Most physiological effects are related to the filtered peak current (in magnitude and in duration) 563 
with the natural body filter defined by the frequency factor F. The peak value of the current should 564 
be used in all cases except where there is a known relationship between the RMS value and the 565 
peak value, i.e. pure sinusoidal current.  566 

– Frequency equivalence 567 

The waveform under study has a time period equal to the period of the equivalent sinusoidal 568 
waveform. 569 

– Threshold equivalence 570 

The different current thresholds (perception, inability of let-go and ventricular fibrillation) for 571 
waveforms consisting of specific ratio of alternating to direct current is equivalent as for a pure 572 
sinusoidal alternating current with a current having the characteristic equal to Iev.  573 

This Iev value is different for each of these thresholds.  574 

5.3 Effects of alternating current with DC components 575 

5.3.1 Waveforms and frequencies and current thresholds 576 

Figure 7 shows typical waveforms which are dealt with in 5.3.1. Pure DC and pure AC are 577 
represented as well as combined waveforms of various ratios AC to DC.  578 
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 579 

a) Combined waveforms of various ratios AC to DC together with rectangle pulse  580 
for shock duration >1,5 and <0,75 of the cardiac cycle 581 

 582 

b) Combined waveforms of various ratios AC to DC of mixed frequencies  583 
for shock duration >1,5 and <0,75 of the cardiac cycle 584 

Figure 7 – Waveforms of currents 585 

5.3.2 Threshold of startle reaction 586 

The threshold of startle reaction depends on several parameters such as the area of the body 587 
in contact with an electrode (contact area), the conditions of contact (dry, wet, pressure, 588 
temperature) and also on the physiological characteristics of the individual. 589 

These effects are related to the peak value of the current and the currents have to be combined 590 
frequency by frequency to estimate the total effect.[2,3] A measurement circuit is described in 591 
IEC 60990. 592 
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5.3.3 Threshold of let-go 593 

The threshold of let-go depends on several parameters, such as the contact area, the shape 594 
and the size of the electrodes and also on the physiological characteristics of the individual. 595 

From the standpoint of let-go (hand contacts with energized circuitry that can last a few 596 
seconds), this document uses  the Dalziel  research  to determine the let-go current threshold 597 
for combinations of alternating current and direct current.[4,5] The frequency of the alternating 598 
current in this case was 60 Hz and 7,07 mA peak AC (5 mA RMS for a sinusoidal current) and 599 
30 mA DC were used as the touch current thresholds for pure AC and DC respectively. These 600 
thresholds are considered to be adequate to represent the entire population (including children) 601 
from inability to let-go. 602 

The equation, IAC peak = 7,176 x exp (– 0,143  x DC) – 0,106 , represents this combined AC 603 

and DC case and may be used to calculate the result of any combination of AC and DC in the 604 
range specified. 605 

The following Figure 8 illustrates the Dalziel information. 606 

 607 

Figure 8 – Let-go thresholds for men, women and children 608 

The above curves can be described by an equation fitted to the data. 609 

The equation, IAC peak = 12,891  x exp (–0,069  x DC) – 0,191   represents the 99,5-percentile 610 

curve for men. 611 

The equation, IAC peak = 8,523 x exp (–0,105   x DC) – 0,126  represents the 99,5-percentile 612 

curve for women. 613 

The equation, IAC peak = 6,395  x exp (–0,139  x DC) – 0,095  represents the 99,5-percentile 614 

estimated curve for children. 615 

For practical considerations, some standards allow for some ripple (e.g. up to 10 %) on a DC 616 
supply as an exception. 617 

Figure 9 shows the let-go threshold expressed in peak mA for combinations of 50/60 Hz 618 
sinusoidal alternating current and direct current. The peak of the composite AC and DC wave 619 
in mA at the let-go threshold estimated for the population of humans, including children, is 620 
shown as a function of the direct current component in mA. 621 

Figure 9 is represented by the equation for the composite current:  622 
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IAC peak + IDC = 7,176 x exp ( – 0,143  x DC) – 0,106 + DC 623 

 624 

Figure 9 – 99,5 percentile let-go threshold for combinations  625 
of 50/60 Hz sinusoidal alternating current and direct current 626 

These effects are related to the peak value of the current  and the currents have to be combined 627 
frequency by frequency to estimate the total effect. [7] A measurement circuit is described in 628 
IEC 60990. 629 

5.3.4 Threshold of ventricular fibrillation 630 

5.3.4.1 Waveforms consisting of specific ratios of alternating to direct 631 
current 632 

The fibrillation hazard may be taken as being approximately the same as with an equivalent 633 
alternating sinusoidal current Iev having the following characteristics: 634 

a) For shock durations longer than approximately 1,5 times the period of the cardiac cycle, Iev is the 635 

RMS value of the sinusoidal alternating current having the same peak-to peak value Ipp as the 636 

current of the waveform concerned. 637 

 638 

b) For shock durations shorter than approximately 0,75 times the period of the cardiac cycle, Iev is 639 

the RMS value of the sinusoidal alternating current having the same peak value Ip as the current 640 

of the waveform concerned. 641 

 642 

NOTE 1 This correlation is the least applicable the smaller the ratio AC to DC becomes. For pure DC shocks of a duration 643 
less than 0,1 s the threshold is equal to the corresponding RMS value of the alternating current (see Figure 20 and Figure 644 
22 in IEC TS 60479-1:2005 respectively). 645 

c) In the duration range from 0,75 to 1,5 times the period of the cardiac cycle, the amplitude 646 
parameter changes from peak value to peak-to-peak value. 647 

NOTE 2 The details of the nature of the transition that takes place are subject to further studies. 648 
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According to Knickerbocker’s findings, the likelihood of ventricular fibrillation for a combination 649 
of 50/60 Hz sinusoidal alternating and direct current lasting a few seconds or more is the same 650 
for a purely sinusoidal current of the same duration if the following is true.[6] The pure 50/60 Hz 651 
sinusoidal alternating current has the same peak-to-peak value as the peak-to-peak value of 652 
the combination current waveform provided that the direct current component is not large 653 
enough to preclude reversal of the instantaneous current (to prevent zero crossing) during each 654 
cycle. For example, the combination of a 40 mA RMS 50/60 Hz sinusoidal current combined 655 

with direct current up to  mA has approximately the same likelihood of causing 656 
ventricular fibrillation as a 40 mA RMS 50/60 Hz sinusoidal current alone. 657 

Where the exposure is a few seconds or more and the direct current component is large enough 658 
so that the instantaneous current does not reverse during each cycle, then the composite of 659 
alternating plus direct current has the same likelihood of ventricular fibrillation when the peak 660 
value of the composite current is the same as the peak-to-peak value of the 50/60 Hz purely 661 
sinusoidal alternating current. For example, the combination of a 50/60 Hz sinusoidal current 662 

and direct current with a peak value of  mA  (with no reversal of the instantaneous 663 

current during each cycle) has approximately the same likelihood of causing ventricular 664 
fibrillation as a 40 mA RMS 50/60 Hz sinusoidal current with no direct current added. 665 

Figure 10 illustrates an example in which the likelihood of ventricular fibrillation for sinusoidal 666 
alternating current (including 20 Hz, 50 Hz, and 60 Hz) combined with direct current is the 667 
same. 668 

 669 

NOTE The peak to peak value Ipp remains constant up until the Ip value and then the peak value of the composite 670 
remains constant at a value of two times the peak of the AC with no DC component. 671 

Figure 10 – Composite alternating and direct current  672 
with equivalent likelihood of ventricular fibrillation 673 

5.3.4.2 Examples of rectified alternating current 674 

Figure 11 shows the waveforms for half wave and full wave rectification. For these waveforms 675 
the peak value of the current is identical to its peak-to-peak value. 676 
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