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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -
Part 2: Special aspects

FOREWORD

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

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

3) IEC Publications have the form of recommendations for interhational use and are accepted by IEC National
Committees in that sense. While all reasohable effgrts‘are"made to\ensufe that the technical content of IEC
Publications is accurate, IEC cannot be held respensible for the way in which they are used or for any
misinterpretation by any end user.

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

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

6) All users should<ensupe thiat they<have'the latest edition of this publication.

7) No liability shall attach to\JEC or its\directors, #mployees, servants or agents including individual experts and
members of its technical committees and 1EC National Committees for any personal injury, property damage or
other damage of{any nature “whatsoever,/whether direct or indirect, or for costs (including legal fees) and
expenses arising ‘out ‘of the publicatien,; use of, or reliance upon, this IEC Publication or any other IEC
Publications

8) Attention~is drawn tothe Normative references cited in this publication. Use of the referenced publications is
indispensable for tRe.correctapplication of this publication.

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

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a Technical
Specification when

e the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

o the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 60479-2, which is a Technical Specification, has been preparec IEC technical

This fourth edition cancels and replaces the third edition, publis edition

constitutes a technical revision.

This edition includes the following significant technical cha
edition:

e Changes reflecting the change in applicability ¢f

The text of this Technical Specification(is based

< I?éﬁs\\ ) N R}port on voting

64)514(34@3 ) 64/2166/RVDTS

e following documents:

or the \r@ of this Technical Specification can be found in
inthicated inNthe abovs table.

Full information e yoting
the report on voti

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

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

» transformed into an International standard,
* reconfirmed,

e withdrawn,

* replaced by a revised edition, or

* amended.

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.

ents

Document Sharing Hub

Full document details: IEC TS 60479-2 2017 RLV


http://www.avadocuments.com/doc/iec-ts-60479-2-2017-rlv
http://www.avadocuments.com/doc/iec-ts-60479-2-2017-rlv

IEC TS 60479-2:2017 RLV © IEC 2017 -7-

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

1 Scope

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

The effects of current passing through the human body for:

— alternating sinusoidal current with DC components;
— alternating sinusoidal current with phase control;
— alternating sinusoidal current with multicycle control

are given but are only deemed applicable for
15 Hz up to 100 Hz.

e equencies from

olds to a frequency of 150 kHz

are given.

ing through the human body in the form of
single and multiple s angular impulses, sinusoidal impulses and |
impulses resulting™fro

The values speci S
including 10 n D

This docum
source of curre
consider current
electromagnetic field.

N4

ed pe applicable for impulse durations from 0,1 ms up to and
.-=...e- greaterthan40-ms—thevalues—givenin-Figure 200
ders conducted current resulting from the direct application of a

he body, as does IEC TS 60479-1 and IEC TS 60479-3. It does not |
duced within the body caused by its exposure to an external

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

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

2 Normative references

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

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

and group safety publications

3 Terms and definitions

& TS 60479-1 and the

3.1
frequency fact
Fy

3.2
phase contro
process of varying the instant within the cycle at which current conduction in an electronic
valve device or a valve arm begins

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

3.3

phase control angle

current delay angle

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

[SOURCE: IEC 60050-551:1998, 551-16-32, modified — the term "phase control angle" has
been added.]
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3.4

multicycle control

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

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

3.5
multicycle control factor

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

SEE Figure 13.

[SOURCE: IEC 60050-551:1998, 551-16-37, modified
Figure 13 have been added.]

— the

3.6
specific fibrillating energy
F

J'Ot idt

where ¢, is defined in Figure 20 and Figure 21.

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

3.8
time constant
time required for the amplitude of an exponentially decaying quantity to decrease to

l=O,3679
e
times an initial amplitude

[SOURCE: IEC 60050-801:1994, 801-21-45, modified — the definition has been revised.]
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3.9

shock-duration of a capacitor discharge

f

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

Note 1 to entry: When the time constant of the capacitor discharge is given by 7T the shock-duration of the
| capacitor discharge is equal to 37. During the shock-duration of the capacitor discharge practically all the energy of
the impulse is dissipated.

Note 2 to entry: See Figure 20 and Figure 21.

3.10

shock-duration for complex asymptotic waveform
f

shortest duration of that part of the impulse that contains 95 % of t
impulse

er the total

3.1

threshold of perception
minimum value for the charge of electricity which u
sensation to the person through whom it is flowing

3.12

threshold of pain

minimum value for the charge (/:¢) o
to a person holding a large electrode in

3.13
pain
unpleasant experience sb
submitted to it

‘ NOTE EXAMPLE:
cigarette.

4 Effects of a

increasingly used in modern electrical equipment, for example aircraft (400 Hz), power tools
and electric welding (mostly up to 450 Hz), electrotherapy (using mostly 4 000 Hz to
5 000 Hz) and switching mode power supplies (20 kHz to 1 MHz).

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

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

Attention is also drawn to the fact that the impedance of human skin decreases
approximately inversely proportional to the frequency for touch voltages in the order of
some tens of volts, so that the skin impedance at 500 Hz is only about one-tenth of the skin
impedance at 50 Hz and may be neglected in many cases. This impedance ofﬁbelﬂments
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body at such frequencies is therefore reduced to its internal impedance Z; (see
IEC TS 60479-1).

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

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

Comparable physiological effects are produced by non sinusoidal and sinusoidal curre
peak value by this measurement method.

oducing the same

Representative network can be found in IEC 60990 and in bibliographic reference [{6]

4.2 Effects of alternating current in the frequency range dbo

including 1 000 Hz
4.21 Threshold of perception

For the threshold of perception the frequency factor |s given in'Kigu

A O O
/X

~—1

Frequency factor F¢
N
L

-
/
7(,

//
100 200 300 500 1000
Frequency f(Hz)
IEC

Figure 1 — Variation of the threshold of perception
within the frequency range 50/60 Hz to 1 000 Hz

4.2.2 Threshold of let-go

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

1 Numbers in square brackets refer to the Bibliography. Documents
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»
»

Frequency factor F
N

-
©

1,6
/
4
1,4
1,2
1
50/60 100

4.2.3 Threshold of ventricular fibrillation

For shock durations longef i i e’ frequency factor for the threshold of
fibrillation for longitudinal & nk of the body is given in Figure 3.

For shock durati0fs s e cardiag_cycle no experimental data is available on the

effects of frequ
<\

Frequenty factor F;
2 L

10

1 >
50/60 100 300 1000

Frequency f(Hz)
IEC

Figure 3 — Variation of the threshold of ventricular fibrillation within the frequency
range 50/60 Hz to 1 000 Hz, shock durations longer than one heart period and
longitudinal current paths through the trunk of the body
Documents
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4.3 Effects of alternating current in the frequency range above 1 000 Hz up to and

including 10 000 Hz
4.31 Threshold of perception

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

A

S
8 150
8 100
>
(8]
&
S 50
o
2
w
A
A
10
5 N
T TN
1 AN
1 10
Frequency )

IEC

old of perception
00 Hz to 10 000 Hz

4.3.2 Thresh@
For the threshold 2 \ actor is given in Figure 5.

Frequency fa

1 >

1 2 3 5 10

Frequency f(kHz)
IEC

Figure 5 — Variation of the threshold of let-go
within the frequency range 1 000 Hz to 10 000 Hz
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4.3.3 Threshold of ventricular fibrillation
For frequencies between 1 000 Hz and 10 000 Hz the provisions of 4.4.4 are used.

4.4 Effects of alternating current in the frequency range above 10 000 Hz
4.41 General

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

4.4.2 Threshold of perception

to 100 mA (RMS values).

For frequencies above 100 kHz the tingling sensa
lower frequencies changes into a sensation of wa
some hundred milliamperes.

4.4.3 Threshold of let-go

ADove
5

RS

gardiac cycle, the frequency factor for the threshold of
s through the trunk of the body for the frequency range
above 1000 Y S i Mg 150 kHz is given in Figure 6.

For shock duratiors shorter than the cardiac cycle, no experimental data is available.
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< A
g 150 kHz
& 500
>
e
(0]
=}
g
[T
200 >
7~
.//
4, ‘,
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5 Effeg orms of current

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

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

— alternating sinusoidal current with DC components,
— alternating sinusoidal current with phase control,

— alternating sinusoidal current with multicycle control.

NOTE Other waveforms are under consideration.

The information given is deemed applicable for alternating current frequencies from 15 Hz up
to 100 Hz.
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5.2 Equivalent magnitude, frequency and threshold

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

— Magnitude equivalence:
The following current magnitudes have to be distinguished:

Irus = RMS value of the current of the proposed waveform,

I, = peak value of the current of the proposed waveform,

Top = peak-to-peak value of the current of the proposed waveform,

Igy = RMS value of a sinusoidal current presenting the—same effect as

the waveform concerned.

NOTE The current [, is used instead of the current /g in Figures 20 and
estimate the risk of ventricular fibrillation.

sinusoidal waveform.
— Threshold equivalence

1

ev-
This I, value is diffe

5.3 Effects of<§r 3
5.3.1 Wavefornfs 4

Figure 7 shows
represented as
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b) Combined waveforms of various ratios AC to DC of mixed frequencies
for shock duration >1,5 and <0,75 of the cardiac cycle

Figure 7 — Waveforms of currents
5.3.2 Threshold of startle reaction
The threshold of startle reaction depends on several parameters such as the area of the body

in contact with an electrode (contact area), the conditions of contact (dry, wet, pressure,
temperature) and also on the physiological characteristics of the individual.

These effects are related to the peak value of the current [13] and the currents have to be

combined frequency by frequency to estimate the total effect. A measurement circuit is
described in IEC 60990.
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5.3.3 Threshold of let-go

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

From the standpoint of let-go (hand contacts with energized circuitry that can last a few

| seconds), this document uses Figure 5 in the referenced Dalziel paper [17] to determine the
let-go current threshold for combinations of alternating current and direct current. The
frequency of the alternating current in this case was 60 Hz. 7,07 mA peak AC (5 mA RMS for
a sinusoidal current) and 30 mA DC were used as the touch current thresholds for pure AC
and DC respectively. These thresholds are considered to be adequate to represent the entire
population (including children) from inability to let-go.

The equation, Ioc peak = 7,176 x exp (- 0,143 4 x DC) — 0,106 1, represeq

and DC case and may be used to calculate the result of any combinatiq A
range specified.
The following Figure 8 illustrates the Dalziel information.

) g
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DC component (mA)
IEC

sombined AC
hDC in the

Peak of the AC component measured
in the direction of the maximum peak of

O

he composite (AC + DC) wave (mA) peak

et-go thresholds for men, women and children
The above curve be described by an equation fitted to the data.

The equation, Ipc peak = 12,890 5 x exp (-0,069 39 x DC) — 0,190 5, represents the 99,5
percentile curve for men.

The equation, ¢ peak = 8,523 x exp (-0,104 9 x DC) — 0,126, represents the 99,5 percentile
curve for women.

The equation, Ipc peak = 6,394 5 x exp (0,138 8 x DC) — 0,094 5, represents the 99,5
percentile estimated curve for children.

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

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

Figure 9 is represented by the equation for the composite-é-¢- current:

InG peak + Ipc = 7,176 x exp (- 0,143 4 x DC) - 0,106 1 + DC
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These effects are rela
combined freque
described in IECN60990.

5.3.4

current [6] and the currents-shall have to be
te the total effect. A measurement circuit is

5.3.4.1

I, is the RMS value of the sinusoidal alternating current having the same peak-to peak
value Ipp @s the current of the waveform concerned.

ley = _]pp
22

b) For shock durations shorter than approximately 0,75 times the period of the cardiac cycle,
I, is the RMS value of the sinusoidal alternating current having the same peak value I, as
the current of the waveform concerned.

_1

[ev—\/i

NOTE 1 This correlation is-tess the least applicable the smaller the ratio AC to DC becomes. For pure DC ‘

shocks of a duration less than 0,1 s the threshold is equal to the corresponding RMS value of the alternating

current (see Figure 20 and Figure 22 in IEC TS 60479-1:2005 respectively). d
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c) In the duration range from 0,75 to 1,5 times the period of the cardiac cycle, the amplitude
parameter changes from peak value to peak-to-peak value.

NOTE 2 The details of the nature of the transition that takes place are subject to further studies.

According to Knickerbocker’s findings [5], the likelihood of ventricular fibrillation for a
combination of 50/60 Hz sinusoidal alternating and direct current lasting a few seconds or
more is the same for a purely sinusoidal current of the same duration-provided if the following
is true. The pure 50/60 Hz sinusoidal alternating current has the same peak-to-peak value as
the peak-to-peak value of the combination current waveform—This—would-be—on—condition
provided that the direct current component-were is not large enough to preclude reversal of
the instantaneous current (to prevent zero crossing) during each cycle. For example, the
combination of a 40 mA RMS 50/60 Hz sinusoidal current combined with direct current up to

40-+/2 mA has approximately the same likelihood of causing ventric figrillation as a
40 mA RMS 50/60 Hz sinusoidal current alone.

when the peak value of the composite current is the sa
50/60 Hz purely sinusoidal alternating current. For exa

of the instantaneous current during each cycl
causing ventricular fibrillation as a 40A R
current added.

Figure 10 illustrates an example in whj
alternating current (including 20 Hz, &
same.

d direct current (mA) peak

Composite alternating

Direct current component (mA)

1

» Peak value of the pure AC current

IEC

NOTE The peak to peak value 1 op remains constant up until the 7 value and then the peak value of the
composite remains constant at a value of two times the peak of the AC with no DC component.

Figure 10 — Composite alternating and direct current
with equivalent likelihood of ventricular fibrillation
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5.3.4.2 Examples of rectified alternating current

Figure 11 shows the waveforms for half wave and full wave rectification. For these waveforms
the peak value of the current is identical to its peak-to-peak value.
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IEC
b) Full wave rectification
Figure 11 — Waveforms of rectified alternating currents
The equivalent alternating current I, is determined:
a) for durations longer than 1,5 times the period of the cardiac cycle by:
j o _ o
¥ oo2y2 242
hence for the half wave rectification, I, is related to the RMS value of the rectified current
Irums by:
;. _ Irus
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and the full wave rectification by:

Irms
fov =755

b) For durations shorter than 0,75 times the period of the cardiac cycle by:

' 1

Toy —_PP__"P
V2 2
hence for the half wave rectification, I, is related to the RMS value of the rectified current
Irms by:
Iey =V2Irus
and the full wave rectification by:
Iey = Irms
In the case of both let-go and ventricular fibrillation, thé bod » is \expected to flow
through the limbs and torso for a few seconds. For exanp \ ihging signal on a
telephone circuit can typically last around two seconds S.Si is interrupted with a
pause (between rings). i a part that |s erfergized by a burst of
ringing signal, the person's body might conduc CUKI8 nal for a few seconds. In
the case of a cadenced ringing signd abJ€ to let go during the time
while the signal is “on”. If this occurs, ) Il nokbe capable of producing ventricular
| fibrillation. It-is was assumed that when G s“between bursts of the ringing
signal, the person can release the conductive pa et away from the circuit.

6.1 Waveforms.and 3 :
Figure 12 shows Z; etrical and asymmetrical control.
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b) Asymmetrical control

6.2 Threshold of startle reaction and threshold of let-go

As described in 5.3.2 and 5.3.3, these thresholds depend on different parameters.

The effects of the current in producing sensation or inhibiting let-go are about equal to a pure
AC with the same peak value I,. For phase control angles above 120° the peak values
increase as a consequence of the decreasing duration of the current flow.

These effects are related to the peak value of the current [13] and they have to be combined
frequency per frequency to estimate the total effect. This is easily done using the
measurement circuit in IEC 60990.
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6.3 Threshold of ventricular fibrillation
6.3.1 General

The thresholds differ for symmetrical and asymmetrical waveforms.

6.3.2 Symmetrical control

The fibrillation hazard may be taken as being approximately the same as with equivalent
alternating current I, having the following characteristics:

a) for shock durations longer than approximately 1,5 times the period of the cardiac cycle, I,
has the same RMS value as the current of the relevant waveform concerned;

b) for shock durations shorter than approximately 0,75 times the period

c) in the duration range from 0,75 to 1,5 times the period of the
parameters change from peak to RMS value.

6.3.3 Asymmetrical control

same as with the equivalent

he“period of the cardiac cycle, I,
alue as the current of the relevant
waveform concerned.

NOTE 1 For phase control angles above 120° axise of the thieshold of fibrillation is to be expected.

‘ NOTE 2 Currents caused symmetri See |IEC 60050-551:1998, 551-16-25)-may can also have DC
components.
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*  for shock duration >1,5 cardiac cycle and p <<1 or shock duration < 0,75
** for shock duration <0,75 cardiac cycle and p ~ 1
Key

ts +1p

p

where

t, = conducting time Tg+i,= working pegriQd

Iy = non-conducting time p = degree of powe
control

1

I1rMS = T; = RMS value of current during urre%uc ion.

These effests e peak value of the current [13] and the currents have to be
combined S yuency to estimate the total effect.

7.3 Threshold ef ventricular fibrillation
7.3.1 General

Depending on the duration of shock and the degree of power control, alternating currents with
multicycle control are equally or less dangerous than-alternative alternating currents of the |
same shock duration and current magnitude.

Figure 14 shows the variation of the ventricular fibrillation threshold for various degrees of
power control from experiments with pigs [7].
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7.3.2 Shock duratif eedipg jer than/1,5 times the period of the cardiac
cycle

For shock durati ately 1,5 times the period of the cardiac cycle, the
threshold depends’ @ Ner control p. For p near the unity, it has the same
RMS value as the/Sinusoidal a ernat| 3g current of the same duration. For p near 0,1 the RMS
value of the cufxen conduction, I,s is the same as the threshold for

alternating ¢ below 0,75 times the period of the cardiac cycle.
NOTE Faf in e value of p, the fibrillation threshold rises from the low level shown in Figure 20 in
IEC TS 6047Q-1:20 evel indicated for shock duration below 0,1 s.

For shock durations shorter than approximately 0,75 times the period of the cardiac cycle, the
RMS value of the current during the current conduction, I4gys is the same as that for a
‘ sinusoidal alternating current of-the-same 0,1 s duration.

8 Estimation of the equivalent current threshold for mixed frequencies

8.1 Threshold of perception and let-go

These effects are related to the peak value of the current [13] and the currents have to be
combined frequency by frequency to estimate the total effect.
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8.2 Threshold of ventricular fibrillation

The ventricular fibrillation hazard caused by a current having multiple frequencies may be
estimated as a rough approximation as equivalent to the hazard caused by a pure alternating
current having the following characteristics:

— fundamental frequency,

— with an amplitude I, equivalent to the quadratic summation of all component amplitudes
individually affected by the appropriate frequency factor as provided in Figure 3

9
9.1 Ventricular fibrillation thresh
by-4s 300 ms or more
Ventricular fibrillation can be considergd uflik from the passage of a single;neon-

the combination of magnitude and
d 22 of IEC TS 60479-1:2005. ﬁrger—e#&@

repetitive—burst pulse of €ren
duratlon is below the ¢4 ¢
pe ns—to-single non-Pepetitive burstsobsinysoid urrento Hz to 100 H 4

—W

components. T ply to a single pulse of dlrect current with no
significant AC co

Bursts Pulses of 3t are sepdrated from each other by an interval that is equal to or
greater than beat-cyele 300 ms do not have cumulative effects on
the heart and ma e treated individually as if they were single, non-repetitive
bursts p S the-bursts pulses of current in a series are separated from
each other b 4% 00 ms, a comparison of the magnitude and duration of each-burst
pulse of cb ingi ally to the cq curve may be used to determine the ventricular

he he e fo human 0 bhe ne aalla e therefore he
cl cl oca cl S i c o—io-Sd S - S

3 3

of a-human-hedrtbeat cyele ghthyle han-approximate

9.2 Ventricular fibrillation threshold of multiple-bursts pulses of current separated
by less than-1s 300 ms

9.2.1 General

Porcie Pulses of current through the heart that are separated by Iess than—the—peﬁed—ef—a
300 ms can
create dlsturbances in the heart W|th cumulatlve effects These cumulat|ve effects can lead to
ventricular fibrillation even though each-burst pulse of current in the series is significantly
lower than the threshold for ventricular fibrillation applicable to each of the single-burst pulse
of current occurring alone.

Short pulses of current through the heart that are separated by less than 300 ms can launch
activation wavefronts with increasing heterogeneity. The cumulative effect of these wavefronts
is an increase of wave splitting which leads to VF. However, with pulse spac%%deﬁi
than 100 ms the effect is very definite [32], [33].
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The first-burst pulse of current in a series can be evaluated using Figure 20 or Figure 22 of
IEC TS 60479-1:2005, whichever is appropriate. The threshold for ventricular fibrillation
applicable to the second-burst pulse of current can be as low as approximately 65 % of the
threshold applicable to the first-burst pulse. This process can continue until the threshold
reaches a minimum after several-bursts pulses. The minimum threshold-reached-can may only
be approximately 10 % or less of the threshold applicable to the first current-burst pulse [14],
[18], [19], [20].

Table 1 provides an estimate of the threshold of ventricular fibrillation that—might-be is
applicable to current-burst pulse in a series as a worst case. The quiet times between the
current—bursts pulses, if less than 300 ms,—is are insufficient to allow the effects of the
previous current-bursts pulses, to fully subside. Each-burst pulse of current is sufficient in
magnitude and duration to excite the heart tissue, and it is assumed tha e threshold of
ventricular fibrillation decreases by 35 % after each-burst pulse of cu \e spacing is
<100 ms.

after each burst of current in a series of pulses each of wkich it P art tissue

Burst Pulse of current in a series of
bursts pulses separated by less than
4-s 100 ms, where the first current
burst pulse is in the AC-3 or DC-3
region of Figure 20 or Figure 22 of

IEC TS 60479-1:2005 Q
First current pulse /\ /
Second current pulse /A
Third current pulse \ (\
Fourth current y@se /\\

Fifth currenmjlse
Sixth currerlt pu

Sevénth ubseq t cyrren 10 or less
pulse

separated by 500 ms, with little risk from the first, and no
cumulatlo

Consider a series offour rectangular pulses (see Figure 15) of unidirectional current passing
through a person’s body between the left hand and both feet, where each pulse has a
magnitude of 100 mA peak and a duration of 0,01 s. Suppose the pulses are separated from
each other by 0,5 s of “off-time”. In this example-it—will-be—established-if there is a risk of
ventricular fibrillation when the pulse current flows upward (feet positive) through the body.
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0,01s

_ n—— 100 mA n I

0,5s

Figure 15 — Series of four rectangular pulses of unidir

300 ms. hefourpd

no cumulation

Consider another serig
passing in the same d

and both feet. Q

SPNP

Figure 16 — Series of four rectangular pulses of unidirectional current

0,5s

IEC

Each pulse has the same magnitude of 100 mA peak, but the duration of each pulse “on-time”
is increased to 1 s. The separation between pulses is still 0,5 s.-ls-there—a-riskofventricular
ibrillation?

According to Figure 22 of IEC TS 60479-1:2005, each of the pulses by itself is capable of
inducing reversible disturbances of formation and conduction of impulses in the heart (DC-3
region). [ Sieks [ Lo Ferilad i
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The pulses are still however separated by more than 300 ms and so the risk of cumulation is
low. The pulses may be considered as individual pulses under the same criteria as the first,

thus suggesting that each pulse is equally harmful.

Example 3 — Four pulses separated by less than 300 ms, with sigmi sk from the

first, and cumulation

Finally, consider another series of four rectangular pulses of unpiditecti ssing in

feet. Each pulse has the same magnitude of-488 200 mA peak andk Q ms”duration, but
with—4-s 50 ms between pulses instead of 0,5s (see Fi f i
established-if there is a risk of ventricular fibrillation.

1
b

o W%y B

\/% L1 s*‘ IEC 819/07
1s
200 mA

50 ms
IEC

Figure 17 — Series of four rectangular pulses of unidirectional current

According to Figure 22 of IEC TS 60479-1:2005, each of the pulses by itself is capable of
inducing reversible disturbances in the heart (DC-3 region),-but-the—4+s and the 200 ms quiet
interval between the pulses does not allows the dlsturbances to subside before the onset of
the next pulse occurs in the series. Therefore, :

el e rnnideular brlletion o il corioe of sulece Lo Lo fhiere s oa (ull cumulatlve effect,
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with the magnitude threshold of the seventh pulse being less than 10 % of the original and the
risk of ventricular fibrillation for this series of pulses is high.

9.2.3 Random co
In some applica@

waveform is not ang

c) the waveform capnot easily be reduced to examination by harmonic analysis.

An example of a segment of such a waveform is shown in Figure 18. This waveform can be
digitally recorded using, for example, an oscilloscope, or a digital acquisition system. The
electronic record of the waveform segment may then be assessed for VF danger using digital
processing according to an appropriate method. Tasks of this kind may be solved by
commonly used mathematical methods like Convolution, Fourier transformation or Wavelet
analysis but these approaches are often not convenient for ordinary users. Here a simple,
reliable and conservative procedure which transforms the results into Figure 20 of
IEC TS 60479-1:2005 is used. The method is that proposed by Pratt [29].
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