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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

FOREWORD
Th prising
all romote
international co-operation on all questions concerning standardization in the elect idlds. To
this| end and in addition to other activities, ards 3 i¢ations,
Teghnical , i i ificati i & e 8 s “IEC
Pullication(s)”). Their preparation is entrusted to technical committees; an \oNa i ihterested
in fhe subject dealt wrth may partrcrpate in this preparatory work d non-
go closely
wit ined by
agreement between the two organizations.
The formal decisions or agreements of IEC on technical matte ational
consensus of opinion on the relevant subjects since eac fom all
interested IEC National Committees
IEQ Publications have the form of recomm i in fondl“yse angd are accepted by IEC National
Committees in that sense. While all reasghab e : 2 sufe that the technical content|of IEC
Pullications is accurate e faf the way jn which they are used or for any
mis
In \mittees undertake to apply IEC Publications
trar] i Si it \gational >and regional publications. Any divgrgence
bet icati ati ggional publication shall be clearly indiqated in
the
IEQ i ndependent certification bodies provide corfformity
assge 2 marks of conformity. IEC is not responsible for any
seryi ies.
All est edition of this publication
No [i employees, servants or agents including individual expefrts and
me & National Committees for any personal injury, property damage or
oth whether direct or indirect, or for costs (including legal feds) and
exp| use of, or reliance upon, this IEC Publication or any other IEC
Pulli
Attgnti i tive references cited in this publication. Use of the referenced publications is
indikoe > . . . T
Atte v Mo\the~possibility that some of the elements of this IEC Publication may be the subject of
patent rights /f&C shalNnot be held responsible for identifying any or all such patent rights.
The main fask of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a Technical

SpeCilibatiuu when

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

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

is the

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 prepared by IEC technical
committee 64: Electrical installations and protection against electric shock.

This fourth edition cancels and replaces the third edition, published in 2007. This edition
constitutes a technical revision.


https://iecnorm.com/api/?name=9b962e6efae5e859df2856abb355aed3

-6- IEC TS 60479-2:2017 © |IEC 2017
This edition includes the following significant technical changes with respect to the previous
edition:

e Changes reflecting the change in applicability of frequency from 1 kHz to 150 kHz have
been added.
e The examination of random complex irregular waveforms has been added.

e The handling of successive DC pulses has been clarified.

The text of this Technical Specification is based on the following documents:

Draft TS Report on voting
64/2143/DTS 64/2166/RVDTS

Full information on the voting for the approval of this Technical Speei ind in

the report on voting indicated in the above table.

This Technical Specification has the status of a basic safety p i in aeco b with
IEC Quide 104.

This document has been drafted in accordance with

A list jof all parts in the IEC 60479 serig i 9 urrent
on human beings and livestock, can b€ e .

The committee has decided that the centents ® puyblication will remain unchanged until

the sfability date indicated on the | vehsitexunder >'http://webstore.iec.ch" in thg data
e publi¢ation will be

relatefd to the specific publjca

« trgnsformed into a
* regonfirmed,

« withdrawn, Q
* replaced by a j
* amended.

A bilingual vmf ispublication may be issued at a later date.

IMPO \'col ur inside' logo on the cover page of this publication indigates
that| i lours which are considered to be useful for the cofrect
undé¢rstandi of its contents. Users should therefore print this document usipg a
colour printer.
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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

altern

The effects of current passing through the human body for:

— alfernating sinusoidal current with DC components;

— alternating sinusoidal current with phase control;

— alfernating sinusoidal current with multicycle control

are (diven but are only deemed applicable for e equencies| from
15 Hz|up to 100 Hz.

Means of extending the frequency of applicabilit) 0 kHz
are given, supplementing the data in K '

Mean$ of examining random complex irregular w

This document describes rm of
single] and multiple successive S and
impulses resulting fro i

The vhlues spe o and
including 10 ms.

This document oxly S S of a
source of cur . as does IEC TS 60479-1 and IEC TS 60479-3. It dogs not
consider i in the body caused by its exposure to an external
electrpma [

This basic safety puklication is primarily intended for use by technical committees |n the
preparation<of standards in accordance with the principles laid down in IEC 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
methods or test conditions of this basic safety publication will not apply unless speci
referred to or included in the relevant publications.

2 Normative references

, test
fically

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 the edition
cited applies. For undated references, the latest edition of the referenced document (including

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

IEC 60990, Methods of measurement of touch-current and protective conductor current
ISO/IEC Guide 51, Safety aspects — Guidelines for their inclusion in standards

IEC Guide 104, The preparation of safety publications and the use of basic safety publications
and group safety publications

3 Terms and definitions

For thle purposes of this document, the terms and definitions given jr {.and the
followjng apply.

ISO aphd IEC maintain terminological databases for use ipnsta 2gH0 owing
addrepses:

3.1
frequency factor
Fy
ratio ¢f the threshold current for the felevant pt i fo the
threshold current at 50/60

Note 1]to entry The frequepcy fastor differs for perce

3.2
phase control
procegs of varyin/thé\

valve |[device or a va

tronic

[SOURCE: |

3.3

curreht delay~angle
time Fxpressed ilNnapgular measure by which the starting instant of current conductjon is

delay¢d by phase control

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

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]
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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 — the symbol and reference to
Figure 13 have been added.]

3.6
specific fibrillating energy

Fe

minimum 727 value of a unidirectional impulse of short duration whi
(current-path, heart-phase) causes ventricular fibrillation with a certé

itions

Note 1o entry: F_ is determined by the form of the impulse as the integral
t; .

I i%dt
0

where { is defined in Figure 20 and Figure 21. F_ multiplied by 50Y the energy dissigated in

the human body during the impulse.
Note 2 to entry: F_ is expressed in Ws/Q or A"s.

3.7
specific fibrillating charge
F
minim
(curr

itions

Note 1

where : i

Note 2

3.8
time ¢

time r plitude of an exponentially decaying quantity to decrease to

1 =0,3679
e

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

3.9

shock-duration of a capacitor discharge

fi

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.
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3.10

shock-duration for complex asymptotic waveform

li

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

3.1

threshold of perception

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

3.12
threshold of pain

minimum value for the charge (/1) or specific energy (/2) that can be
to a person holding a large electrode in the hand without causing paip

applied as'an impulse

3.13
pain
unple@sant experience such that it is not readily accep Libject

EXAMHALE: Electric shock above the threshold of pain describ ) I rette.

4 Effects of alternating currents

NOTE | Values for 50/60 Hz are given in IE ons of

IEC TS|60479-1 are used.
4.1 General

Hz is
, for example aircraft (400 Hz), powel tools
), electrotherapy (using mostly 4 000 Hz to
(20 kHz to 1 MHz).

Electrjc energy in theNor
incregdsingly used in

and electric welding
5 000|Hz) and switchi

Little allable ffor Clause 4, therefore the information given herein
should be consids » isi only but may be used for the evaluation of risks |in the

freque se Bibliography).

Recer [§>in gokernmental funded projects are ongoing to exploit and invegtigate
the ef igh gquencies using the latest technologies and methods to justify existing
extrag i guency factor for ventricular fibrillation (VF) threshold.

Attentioh pases
approxittratety ’ - - - der 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 of the human
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.
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Comparable physiological effects are produced by non sinusoidal and sinusoidal current producing the same
peak value by this measurement method.

Representative network can be found in IEC 60990 and in bibliographic reference [16]1.

4.2 Effects of alternating current in the frequency range above 100 Hz up to and
including 1 000 Hz

4.2.1 Threshold of perception

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

ey
S
8
2
[&]
: AN
w 1,8 N
< N
16 NN
>
N
AN
&) T/
~—1
500 1000
Frequency f(Hz)

IEC

4.2.2

For th

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

Frequency factor F
N

-
©

1,6

1,4

4.2.3

For s e’ frequency factor for the threshpld of
fibrillg nk of the body is given in Figure 3.

For shock durations s e ‘cardiag_cycle no experimental data is available ¢n the
effects of freque@

<\

Frequenty factor F;
2 /

m yd

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
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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]
o
S 50
o
2
w
A
A
10
5 N
T TN
1 DYDY
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

4.4.1 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 to 150 kHz. The
remaining thresholds may be considered as in the paragraphs below up to the frequency

limits shown.

4.4.2 Threshold of perception

For frequencies between 10 kHz and 100 kHz the threshold rises appro
to 10Q mA (RMS values).

lower |frequencies changes into a sensation of warmth
some [hundred milliamperes.

4.4.3 Threshold of let-go

concelrning the threshold of let-go.

4.4.4 Threshold of ve

For shock durations Ig
fibrillgtion for longitudi

abovd 1000 Hz up~to an given in Figure 6.

For frequencies aboy g b cts are more likely to become dominant.

For shock duratio ' f Ye-cardiac cycle, no experimental data is available.

e trunk of the body for the frequency

0 mA

on at
Her of

dents

pld of
range
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< A
g 150 kHz
& 500
>
e
(0]
=}
o
@
[T
200 >
7~
L1
1
~
&
,
100 —=
A {
// N\
- N \
0 7
5
P N
”~ “ N
e
/'/ AN X s
N
/—\\\\ \\>
20
144
N ATLD
<©< M
10
1000 3000 000 300 100 000

Frequency f(HZ

IE
%I opPventricular fibrillation for

alkcurrentfor use from 1 000 Hz

f 150 kHz
4.4.5
Burns at 8 boVe 100 kHz and current magnitudes in the orger of
ampe yrat of the current flow.
5 E - 2 orms of current

5.1

As is|to be,expected, the effects of such currents on the human body are between |those
causegd.‘by direct and by alternating current; therefore equivalent current magnitudes with

r 4 vaptriorlaor fibhelllotian Ao Wha saotobhlichad
egaru o voeTaroarar rroriacauor oalt oo ooStauTSTTIo U

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,

1 = RMS value of a sinusoidal current presenting the—same effept as

e
the waveform concerned.

NQTE The current [, is used instead of the current /g in Figures 20 and

esfimate the risk of ventricular fibrillation.

Most physiological effects are related to the filtered peak
duration) with the natural body filter defined by the freque
the

— Frequency equivalence
Th i iod
sipusoidal waveform.

— THreshold equivalence

TH
fo

Iof-
Th

5.3
5.3.1

ation)
; nt as
fo eht having the characteristic equal to

of the equiyalent

Figure 7 shows nich are dealt with in 5.3.1. Pure DC and pure AC are

repregented as
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Loy = Ipp/2V2*

p -
Ioy = IN2*

|
[
|
|

B2 |
[
Loy = I,N2

[P P

VLN

T

*

for shock duration >1,5 cardiac cycle
** for shock duration <0,75 cardiac cycle

Lp/2\2*

18V

Ioy = IN2*

IEC

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
populatian (inr‘luding r‘hildrpn) from innhilify to Ipf-gn

The efjuation, /oc peak = 7,176 x exp (- 0,143 4 x DC) — 0,106 1, represeq sgmbined AC

and DIC case and may be used to calculate the result of any combinatfq A hDC[in the
range|specified.
The fgllowing Figure 8 illustrates the Dalziel information.

) :

30 40 50 60 70 80

DC component (mA)
IEC

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 apove curve be described by an equation fitted to the data.

The ¢quation, /ac 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 current:
Inc peak * Ipc = 7,176 x exp (-0,1434xDC)-0,106 1 + DC
< A Let-Go threshold for (a.c. + d.c.) combinations
=
~ 30
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Figure 9 — 99 5 percentjle %&th e Id for combinations
of 50/60 i rent and direct current
Thesq effects are rel to be
combined freque uit is
described in IECNG0990.
5.34 Thresh
5.3.4.11
The fipriflatio ; i i i ivalent
alternpting~si
a) FQgr shock duration cycle,
I\ is, the* RMS value of the sinusoidal alternatlng current having the same peak-tq peak
value’Z,, as the current of the waveform concerned.

Tpp

[, =—PP
ev 2\/5

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

the current of the waveform concerned.

_te

Iev - \/E

NOTE 1 This correlation is 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).
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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 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 provided that the direct current
component 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

sinusgidal current combined with direct current up to 40-v2 mA has approximately the|same

likelihpod of causing ventricular fibrillation as a 40 mA RMS 50/60 H urrent
alone

Wher¢ the exposure is a few seconds or more and the direct c 3 large
enoudgh so that the instantaneous current does not reverseg ing F thgn the
composite of alternating plus direct current has the same likehNhood entriculdr fibrillation
when |[the peak value of the composite current is the sa he P pf the

50/60|{Hz purely sinusoidal alternating current. For exa S Ratj 60 Hz
2 versal

od of

of thg instantaneous current during each cycl
\ direct

causing ventricular fibrillation as a 40vA R
current added.

soidal

Figurg 10 illustrates an example in whj
: s the

alternpting current (including 20 Hz,
same

d direct current (mA) peak

ng

Composite altern

Direct current component (mA)

1

» Peak value of the pure AC current

IEC

NOTE The peak to peak value I__ remains constant up until the /_ 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.

Iop/272*

I I
s
=
!
-
<
D
D

12|

©

Y

Igy = I N2 \/

T

*  for shock duration >1,5 cardiac cycle

** for shock duration <0,75 cardiac cycle
IEC

Loy = Ippl2N2*

r shock duration < 0,75 cardiac cycle

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:
Iy = Top _ Tp
Y22 22
hence for the half wave rectification, I, is related to the RMS value of the rectified current
Irms by:
_ Irvs

Iev - \/E
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and the full wave rectification by:

IrMs
fov =75

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

1 1

[gy =P =P
V2 V2
hence for the half wave rectification, I, is related to the RMS value of the rectified current
Irms by:
ley = \/EIRMS
and the full wave rectification by:
ley = Irvs

In thg xpected t¢ flow
throug ihging signal on a
teleph 2 is interrupted with a
pause a part\that is>erfergized by a byrst of
ringin p signal for a few seconds. In
the case of a cadenced ringing signd ablé to let go during th¢ time
while ' all'nokbe capable of producing ventticular
fibrillg gen bursts of the ringing dignal,
the pe

6 E

6.1

Waveforn@
Figurg 12 shows
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*  for shock duration >1,5 cardiac cycle
** for shock duration <0,75 cardiac cycle

a) Symmetrical control

o =60 3 150°

*

for
** for
IEC

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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Threshold of ventricular fibrillation
General

resholds differ for symmetrical and asymmetrical waveforms.

Symmetrical control

2017

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,

hgds the same RMS value as the current of the relevant waveform concerned;
b) fof shock durations shorter than approximately 0,75 times the period iac [cycle,
I, is the RMS value of a current having the same peak valug s bf the

re

NG
c) in
pal

6.3.3

The fi

alternpting current I, having the folloy

For shock durations shorter than approximate ! he-period of the cardiac cyc

NOTE

NOTE
compo

7 E

7.1

Figure

rameters change from peak to RMS value.
Asymmetrical control

same as with the equi

alue as the current of the re

2 Currents caused asymwetrical Cs see |EC 60050-551:1998, 551-16-25) can also hg
ents.

litude

valent

e, Igy
evant

ve DC
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- *k
I N lev = IRms

(2] \

- ¥

I \

~ ! i

*

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

Is
P =

i+
where
t, = conducting time Tg+i,= working pefi
t, = no -conducting time p = degree of powe
control

I1riig| =

S

NOTE | 7,gys is not to be cgnfused

7.2 |Threshold g

As depcribed in 5.8

Thesq ef e peak value of the current [13] and the currents have|to be
combined b uency to estimate the total effect.

7.3 |Threshold af 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 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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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

combi

8.2

ned frequency by frequency to estimate the total effect.

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:
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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

This result of combining waveforms presumes only a relationship between the peak value and
the RMS value of the comp03|te waveform The phyS|oIog|caI effect depends on the phase

dis not
9 EFfects of current pulse bursts and random complex irpé $
9.1 |Ventricular fibrillation threshold of multiple pulses of

300 ms or more
Ventri pulse
of cur he ¢y
curve to a
single]
Pulsep reater
than and may therefore be treated
indivig of current. When the pulses of clurrent
in a se ms, a comparison of the magpitude
and duratlon of each puI ly to he ¢4 curve may be used to detgrmine
the vg
9.2 (Ventricul Itiple pulses of current separated by l¢gss
than 300
9.21
Pulse Create
distur cumulative effects. These cumulative effects can lgad to
ventri lower
than the urrent
occur
Short|pulses of currént through the heart that are separated by less than 300 ms can launch
ronts

activa |on wavefronts with mcreasmg heterogenelty The cumulatlve effect of these wave
is an v ; v v .
than 100 ms the effect is very deflnlte [32], [33]

The first 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 pulse of current can be as low as approximately 65 % of the
threshold applicable to the first pulse. This process can continue until the threshold reaches a
minimum after several pulses. The minimum threshold may only be approximately 10 % or
less of the threshold applicable to the first current pulse [14], [18], [19], [20].

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

Table 1 — Example of estimate for ventricular fibrillation threshold
after each burst of current in a series of pulses each of which excited the heart tissue

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

Example estimate of the ventricular
fibrillation threshold after each
pulse of current in a series of pulses
each of which excited the heart

of IEC TS 60479-1:2005 tissue
%
First current pulse 100 (
Second current pulse 65 /\& ) (\
Third current pulse 42

Fourth current pulse

Fifth current pulse

Sixth current pulse

Seventh and subsequent current pulses /

9.2.2 Examples

Exam
cumuljlation

ith littie risk from the first, and no

Consider a series of four<\tecta
through a person’s body b
magnjtude of 100 mA pe

each pther by 0,550 i ) s ®
the pylse curren . itive .
- % . 100 mA _ —

W

has a
s. Suppose the pulses are separated from
Ie there is a risk of ventricular fibrillation|when

0,5s

IEC

Figure 15 — Series of four rectangular pulses of unidirectional current

According to Figure 22 of IEC TS 60479-1:2005, each of the 0,01 s or 100 mA pulses by itself
have no harmful physiological effects (DC-2 region) and are also separated by more than
300 ms. The risk of ventricular fibrillation in this case could be considered low.

Example 2 — Four pulses separated by 500 ms, with significant risk from the first, and
no cumulation
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Consider another series of four rectangular pulses (see Figure 16) of unidirectional current
passing in the same direction (feet positive) through a person’s body between the left hand
and both feet.

1s
‘ 100 mA

Each pulse has the same magnitude of 100 mA peak,but -time”

ble of
DC-3

According to Figure 22 of IEC TS 604
inducing reversible disturbances of fo
region).

The pulses are still however separated e ths ion is
low. The pulses may be sidey individual pulses under the same criteria as the first,

Example 3 - Fo s than 300 ms, with significant risk from the

first, And cumu

Finall rectangular pulses of unidirectional current passging in
the same directio iti hfough a person’s body between the left hand and both
feet. E . magnitude of 200 mA peak and 100 ms duration, but with
50 ms S d/of 0,5 s (see Figure 17). In this example, there is a risk of
ventri

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), and the 200 ms quiet interval
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between the pulses does not allow the disturbances to subside before the onset of the next
pulse occurs in the series. Therefore, there is a full cumulative effect, 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 complex irregular waveforms

In some applications a random complex irregular waveform requires assessment. This type of
waveform is not amenable to assessment using other clauses of this document. Such a
waveform may arise, for example, in the current crossing a polluted insulator.

oo
urat

In par rettar“ramdom™and “bUIIIp:U}\” ;Illp:y

a) there is no observable repetition or pattern to irregularities;
b) thg waveform cannot easily be described mathematically;

c) th¢ waveform cannot easily be reduced to examination by harmoric &an

An example of a segment of such a waveform is shown in ! N orm can be
digitally recorded using, for example, an oscilloscope, digi acquisition system. The
electrpnic record of the waveform segment may then be ¢ pger using fdigital
procegsing according to an appropriate method. & i i may be solved by
commlonly used mathematical methods like Convolutigh)) Foug anstormation or Wpvelet
analygis but these approaches are often not cenvenieny inary users. Here a s|mple,

reliable and conservative procedurg \whic esults into Figure 20 of

IEC TS 60479-1:2005 is used. The metho

1,6 1,7 1,8 1,9 2
Seconds
IEC

Figure 18 — Example of current versus elapsed time over
a contamimated insulator

Data from vulnerability studies on patients implanted with cardiac defibrillators showed that
the VF vulnerable interval extended over approximately 60 ms about the peak of the T wave
[36] [37]. The analysis of random complex waveforms (RCWs) has been conducted from such
perspective. The goal of the analysis was to understand the worst-case stimulation scenarios
from the perspective of the extent of the cardiac vulnerable period. Ideally, the worst case
scenario would be analysed using moving windows of shapes resembling the shock-strength-
vulnerable-period profiles [36]. A simpler, but more conservative, modality employed
rectangular windows shifted along the RCW such that the worst-case stimulation strengths
were determined. As described below, consistent with the vulnerability theory, various window
sizes were used to transverse the RCW, to then find the worst-case stimuli strengths and,
finally, to generate a probable current curve.
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The method considers both the effects of the magnitude of the complex exposure to the
human and the duration of the complex exposure. It assumes that the human contact could
occur at any point in a waveform and for an unspecified time duration. The current to be
assessed for risk for any given exposure duration is the largest found for that duration. The
method then considers all possible exposure durations in the chosen waveform segment and
the maximum magnitude in each to determine the VF danger.

The combination that is the largest in any given duration interval is called the "probable
current” (PC), for that interval. The PC is generated from the processing of the digitized
waveform according to the method shown in Annex A. When all possible probable currents
are found for all possible duration intervals, a PC curve is found. The overall worst case in the

waveferm-segmentis-thereforefoundand-maybe-assessed-
The ata is
availaple. It is plotted on the same axes as Figure 20 of IEC may
therefpre be considered that this method is a transform method 2 mplex
waveform onto the RMS curve satisfying Figure 20. Prior to a i S mplex
waveform segment it should first be low pass filtered, using a 100 Hz e fi » ut-off,
as Fiqure 20 is considered valid to 100 Hz.
Contaminated
- insulator
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~ [10 000 s PR T
(_% |‘ C1 (62 Qol\ T
Z LY
ST
5
o
5 LN -
§ | 1000 A= (e
‘('“‘ S B
S
o
. Y
I\
\ 1 \ \
100 b ; 1 \
. an k1
\\ N /.
AN
TIER
10 -
0,1 \) 1 10 100 1000 10 000
Body current, 7, (mA4)
IEC

Figure 19 — PC plotted on the AC time current curves
(Figure 20 of IEC TS 60479-1:2005)

The waveform is unlikely to cause VF if the PC curve, plotted on Figure 20, lies below a
“justified current” (JC) curve. Choosing the JC curve will be examined in Annex A.

See also [32], [33], [38].
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10 Effects of electric current through the immersed human body

10.1 General

Clause 10 discusses the effects of electric current through the human body when the body is
immersed in water of various levels of conductivity. Sinusoidal frequencies of 50/60 Hz and
direct current are discussed, but the effects of other frequencies might be estimated by
applying the information given in other parts of IEC 60479.

NOTE 1 Unless otherwise specified, voltage and current are sinusoidal, and the values are expressed in terms of
RMS.

NOTE 2 For the purposes of this document, the term “water” is used to describe pure water-as well as solutions of

pure water with salts and other impurities in solution.

10.2 |Resistivity of water solutions and of the human body

Pure water is essentially non conductive, but when impurities.suc are added to
water| the resistivity of the solution can decrease significantly. s vales of
resistjvity for examples of typical water solutions in which people camb ‘ otally
immersed.

Table 2 — Resistivity of water solﬁon [2

Water solufiqn e \\> sistivity
{\ Q-cm

Rain water |/ 254 t0 420 000
“Standard” hard water 1780
Tap water (USA) 1290 to 16 000

Laundry water i e 520
“Swimming 300
60

Isotonjg (notmal)’saligessolution

Sea<a‘;>(A antic Ogean,\gear New\York) 22

NOTE ndustivitis val in s table are approximate for solutions at room
tempefatyra, and\yill ary with changes in temperature.

isNmme&rsed in water that conducts an electric current, the path jof the

electr|c theywater is affected by the relative resistivity of the body, whichlis not
homogeneo ter. If the water is less resistive than the immersed body (e.¢. sea
water), much'of*the current that would have been flowed through the water displaced Iy the
body will flow around the body rather than through it. However, if the water is more registive
than the body (e.g. fresh lake water), a larger portion of the current will take the path of least
resistance and “collect” or “concentrate” fhrmlgh the hnr’ly The presence of the hnr'ly distorts
the electric field and paths of current flow in the water. The least distortion of the electric
fields and current paths will occur when the resistivity of the water is nearly the same as the
resistivity of the body parts displacing the water. However, since the body is not
homogeneous, the presence of a body in the water will always distort the electric field and
current paths to some extent.

When| th

The strength of the electric field (in V/cm) is equal to the resistivity (in Q-cm) times the current
density (in A/lcm2). Therefore, for two parallel paths with the same electric field across them,
the path with the lower resistivity will carry a proportionately higher current density.

Table 3 shows approximate values of resistivity for examples of various human body parts at
normal body temperature [22], [23]. The values apply for low-frequency alternating current or
direct current.
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Table 3 — Resistivity of human body tissues

10.3

Human body tissue Resistivity
Q-cm
Blood 62,92
Cerebrospinal fluid 64,6
Arm (body segment) 160
Skeletal muscle 240
Neck (body segment) 280
Fingers and hand (body segment) 280
Thorax (body segment) 375to 4

Trunk (body segment)
Brain

Head (body segment)
Cardiac muscle

Bone

The human body is non uniform in its compositi

be considered as a kind of “average” value.

@ This value applies to plasma with no cel(ls i
in the sample is increased{&e\gs Witk increasgs, to alye &s high as almost

300 Q-cm.

The oqutput impedance of>a Sctri ing current to the water can be hjgh or
low, depending on th source. If the source has a low ¢utput
impedance relative to [thenihpe water and immersed body, the source behaves
like al constant t . 9 , the current through the body and wdter is
determined moreNp i 2 ne Various parallel pathways in the water, and |is not
limitegd by the outg N pE S e source. The current through the body is not
significantly influg presenge of current pathways in parallel with the body. Due to
the Igw outpuf_i ¢ sdurce, each of the parallel paths can be supplied with
current from¢the 3 s, essentially based on the impedance of each of the [many
individual paths

If the|electrical ce has a high output impedance relative to the combined impedance of
the bgdy and(t in which it is immersed, it behaves like a constant current source. In
this case, the"maghitide of the total current from the source that flows through the body and

the w

atér-is determined by the source voltage divided by the source impedance|l The

imped

ance outside the source is low relative to the source impedance and has little infldence.

The ¢

urrent in the water divides between the body and paths around the body. Most of the

current flows through the paths of least resistance. In the extreme case, if the water were a
perfect conductor, the immersed body would conduct none of the current because all of the
current would flow around the body through the highly conductive water. In the other extreme,
if the water were highly resistive, then almost all of the current in the water would concentrate
through the body.

Table

4 qualitatively illustrates the relative interaction between the resistivity of the water

solution (relative to the resistivity of the immersed body), and the impedance characteristic of

the el

ectrical source (the source impedance relative to the impedance of the solution and

immersed body).
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Table 4 — Relative interaction between the resistivity of water solution
and the impedance characteristic of the electrical source

High resistivity solution Low resistivity solution

Constant voltage source Body current is determined by the | Body current is determined by the

. . source voltage and the source voltage and the impedance of
(low source impedance relative to | jj5eqance of the body “in series | the body “in series with” the water that
the impedance of the combination | \yith” the water that is between is between the body and the
of the immersed body and the the body and the electrodes. The | electrodes. The lower the resistivity of
water) higher the water resistivity in the water in series with the body, the

series with the body, the less more current through the body.

current through the body.

Consbllt \.:uIIUIIt QUUTUT T\Jta: bullcllt ;O dctcllll;llcd by t:‘lc |Ula| bullclll o uGlGIIIIIIIGu Uy l|| $
high . d lati source voltage divided by the source voltage by theSodrce
(high source impedance relative source impedance. Body current impedance. Bofly currént is

to thefimpedance of the is determined by the relative determined By iva\impedfinces
combination of the immersed

impedances of the immersed of the im er

body pnd the water) body and the water “in parallel “in par i er
with” the body. The higher the S
resistivity of the water, the more curfe

current through the body.

10.4 |[Physiological effects of current through th

Perception and startle reaction are unlikely to ©0 v i i sed in
water| With the entire body immersed the eNsi p ini even
though the current that accumulates In ol i body
tissugl (muscle, blood, nerves, etc.) can ignifi . IS Sity in

the sKin, harmful Ievels of current can ow thr i i erson

Physiplogical effects of body cugfrent that\i s izati i ilizati an be
particularly hazardous|Wwhen\the body. is'N ed si i i i 'son’s
ability] to swim, or_can < i 3 i Df the

water Drowning@r

Ventricular fibrillatj body
in the[region of tke i i ic fi in|water
is not|necessarily > i ing. , i d that
current can 3 it th i imi ity i heart
and can i 3 o the
chest|and \ to the

electrpdes i

A person(immersed’in a body of water that is electrically isolated from earth and that is
elevafed<in potentlal by an electrrcal source wrth respect to earth but where there is no
F f i e current
flowing through the body until that person reaches out of the water and touches a conductrve
part connected to earth. In this case, current will flow from the water, into the body over a
large area of immersed skin, and out through the limb touching or grasping the earthed part.
The person might be unable to let go the part, and if the current through the torso is
sufficiently high, the current can interfere with breathing or cause ventricular fibrillation.

Electrical burn injuries are less likely when the body is immersed because of the cooling of
the skin provided by the water.

If a person is completely immersed in the water, current that flows through the head can
produce a number of other physiological effects [24]. Low currents can produce a prickling or
stinging sensation on the skin. Higher currents can stimulate facial muscles. Yet higher
currents can stimulate the optic nerves to create phosphenes. Phosphenes are visual images
of light produced by an external stimulus not involving light — in this case electric current.
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(Mechanical pressure exerted on the closed eye can also produce phosphenes.) Although
phosphenes themselves are not injurious, they can be frightening to an unsuspecting person,
and might cause a thoughtless response, or even a panic reaction, that could lead to other
hazards including drowning. The direct effects of the current are immediately reversible when
the current stops; however, higher current can cause pain in the upper facial area. This pain
is reversible in a few minutes to a few hours. The sense of balance can be affected by these
currents. This effect is reversible but can last as long as a few days.

10.5 Threshold values of current

The current threshold of physiological effects for a person’s body immersed in water is not a
uniqu:- valule There are too many variables that can r‘nntinumlqu Phangp the “body
impedance”, and continuously change each pathway and magnitude current “in| each
pathway as the body moves relative to the source electrodes in the he. following
value$ have been used for conservative current limits in applications ‘s bpdy is
immefsed in low resistivity water. The tests to determine these valug c rformed with
22 Q-cm water, representing sea water, prepared by adding NaC| to\ap\w

In genmeral, if a 50/60 Hz current exceeding 5 mA enters 3 ) & body|of an

immersed person, it may lead to muscle tetanization which caq\i ith the abifity to
swim,|interference with breathing or even ventricular fi W serson is immersed,
current can enter the chest directly from the water, Wi ing. throtigh limbs. In adgition,
retain i ingv/The 5 mA valuelis not
relate % . d conditions are different
from { i i

A 50 butput
imped i i is value can be too high to be a sditable
body [i ! low ¢utput
imped . i , : Nhe bodyi dance model influences the currer]t to a
larger

When|5 mA ente P : ugh\theyarea of the chest, a 50/60 Hz current dengity of
30 pAlcm?2 may

10.6 [Intrinsica alues

It hag i product standards to limit current rather than voltage in
applidati > § immjrig pools and spas where body immersion occurs. [If an
intrindica Itage value were specified, it would have to be very low, perhaps |[in the
order Q pecause of the very low impedance pathways that can exist through

the im

11 Effects of unidirectional single impulse currents of short duration

11.1 General

Unidirectional single impulse currents of short duration in the form of rectangular and
sinusoidal impulses or capacitor discharges may be a source of danger in the case of an
insulation fault of an electric appliance containing electronic components or when touching
live parts of such equipment. It is therefore important to establish the danger limits for these
types of currents.

For a shock duration of 10 ms and longer, the effects described in Clause 11 correspond to
those given in IEC TS 60479-1.

Subclauses 11.2 to 11.4 apply to the range 1,0 ms to 10 ms and waveforms which are of
technical interest. The content of these subclauses is based on the assumption derived from
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scientific research that the principal factor for the initiation of ventricular fibrillation for the
various forms of unidirectional impulse currents is the It or /2.t value.

In the region 1 us to 100 ps, the data of Bridges [31] and of Pearce [43] have been used to
provide an extrapolation of Figure 20. Pearce et al. emphasize that charge transferred to a
membrane is the most significant parameter in membrane depolarization. The value of current
and the width of a pulse when applied to stimulate a membrane of time constant 7, (i.e the
area under the I-t curve of Figure 20 c)) are the significant parameters in specifying charge
and, therefore, in causing the induction of VF.

Work by Osypka [42], Biegelmeier [41], Geddes [40] and others established that the amount
of elg¢ctrical—charge, not the current as_root-mean-square (RMS)catcutation, 151 most
repregentative of the effects of cardiac stimulation. See also Panescu [38

11.2 |Effects of unidirectional impulse currents of short duratio
11.2.1 Waveforms

Figure 20 shows the forms of currents for rectangular impd nd for

capadg
Ipc
Inc RN
Iac(p)
Icrmg
Tc(p)

NOTE

R, the
initial b
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Ipcc
Inc (p)

IEC
IEC

a) Rectangular impulses b) Sinusoidal impulses

Ic ()

11.2.2 Determinatio

The specific fib or the different forms of impulses dealt with in 11.2.2, is

determined:
a) fo
2
Fo =I5t
b) fof
2
I
AC(p 2
Fe —2( Ly = Ipcrusli

c) for a capacitor discharge with a time-constant 7 by:

2 T

_ _ 72 !
Fe =Igp) % = Icrus'i

Figure 21 compares the current magnitudes for rectangular impulses, sinusoidal impulses and
a capacitor discharge with the time constant T having the same specific fibrillating energy Fg
and the same shock-duration ¢,. In this case the following relationship exists:

Tacp) _ o)

TR Tl
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1
NOTE The relationship Ipc = \(;(_p) is derived as follows:
6

0 2t

2 T 2 T
Fo =18 fe Tdt=185
0

2 2 2 T
I&rms 3T = 15037 = IC(p)?

1
Icrms = Ipc :IC(p)F

P

IEC

Ic (o) = V6 I rms = V6 Ipc
/\/<
ZaSN

&4

V2 Inc rvis

IaA. P

_<&
<&
(

Fig Recte 2 pulse, sinusoidal impulse and capacitor discharge haying

11.3 p ption and threshold of pain for capacitor discharge

The threshalds“depend on the form of the electrodes, on the charge of the impulse and|on its
peak gurrent*value. Figure 22 shows the threshold of perception and the threshold of pain as

a fungtiof-of the charge and the charging voltage of the capacitor for a person holding| large
electrodeswithdry trards:

The threshold of pain in terms of specific energy is in the order of 50 A2s to 100-10=6 AZs for
current paths through the extremities and large contact areas.
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G A Curve B
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NOTE The diagonal axes are scaled for capacitance (C) and energy (/). From the intersection of the co-ordinates
for charging voltage and capacitance the charge and the energy of the impulse can be read on the appropriate
axes.

Figure 22 — Threshold of perception and threshold of pain for the current
resulting from the discharge of a capacitor (dry hands, large contact area)

11.4 Threshold of ventricular fibrillation
11.4.1 General

The threshold of ventricular fibrillation depends on the form, duration and magnitude of the
current of the impulse, the heart phase in which the impulse starts, the current path in the
human body and on the physiological characteristics of the person.
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Experiments on animals show:

— that for impulses of short-duration and relatively low pulse energies, ventricular fibrillation
in general results only if the impulse falls within the vulnerable period of the cardiac cycle;

NOTE With high energy pulses occurring outside the vulnerable period, fibrillation can also occur even
minutes after the original event.

— the specific fibrillating charge F, determines the initiation of ventricular fibrillation for
unidirectional impulses for shock durations shorter than 10 ms.

Thresholds for ventricular fibrillation are shown in Figure 23. For 50 % probability of
fibrillation, F, is of the order of 0,005 As and Fj rises from about 0,01 AZs at an impulse
duratipm 7, =2 mMs 10 0,02 AS for 7; = T Ms.

N\

N
o

Duration of impulsion, # (ms)
[¢;]

\
>

N
S
)7

>0

\ A)
\
N
1 \ \
\
T
0,5 NIX

0‘2 >

0, >
100 \/ 1000 10 000

Body current, Iz gys (MA)
IEC

\
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\
ANAY

AN

AN

& 795

Fig 3 — Probability of fibrillation risks for current flowing
in the path left hand to feet

The curves indicate the probability of fibrillation risks for current flowing in the path left hand
to feet. For other current path, see 5.9 in IEC TS 60479-1:2005.

Below Cy: no fibrillation,

Above C4 up to C,: low risk of fibrillation (up to 5 % probability),

Above C, up to Cj: average risk of fibrillation (up to 50 % probability),

Above Cj: high risk of fibrillation (more than 50 % probability).

11.4.2 Examples

In order to explain the practical application of the relationships described in 11.4.1, two
examples are given. The first example deals with a capacitor discharge with a time constant
of 7= 1 ms and a shock duration 7, = 3T = 3 ms and is within the scope of this document. In


https://iecnorm.com/api/?name=9b962e6efae5e859df2856abb355aed3

IEC TS 60479-2:2017 © IEC 2017 -41 -

the second example, the time constantis 7= 10 ms, i.e. f; = 30 ms which means that the limits
for ventricular fibrillation are those given in Figure 20 of IEC TS 60479-1:2005.

Example 1
Effects of capacitor discharge on the human body:
Capacitor C = 1 pF, charging voltages 10 V, 100 V, 1 000 V and 10 000 V.

Current-path: hand to foot, initial body resistance assumed to be R; = 1 000 Q (see footnote in
Table5)-

Time ponstant T'= 1 ms, i.e. shock-duration ¢, = 37 = 3 ms

N W
Specific fibrillating energy Fg = I(Z:Rlvls’i ~—C

Table 5 — Effects OM

Charging voltage U, \00)
10 10 1 000 10 00D
v A\
A
Discharge current
0,84 031 1 10
Peak yalue ) (A)

C(p

Discharge current RMS value (A) v
/ ey 00% 1 Q) 0x1 0,41 41
CRMB — \/g
N ~
Speciffc charge F; (C) L })>Q1\-1Q‘3 0,1-1073 103 10-107°

Dischdrge energy v(‘(J> z 0,0N}\/ 5.1073 0,5 50

Specifjc fibrillating ener% \A%/g . ] ,
0,85-10~ 510~ 0,510~ 50-107

(R, = 1000 Q) (A2s)

. . . . . Ventricylar
Physiqglogical effec \\\ Slight Disagreeable Painful fibrillation [likely
Y
e .

NOTE|1
NOTE|2 W T WS.

@ The value of\R/ef{ 1 000 Q has been arbitrarily chosen for the purpose of this example. It is not to be copfused
with the value of R; the 5 % percentile rank of Clause 4 of IEC TS 60479-1:2005.
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Example 2
Effects of capacitor discharge on the human body:

Capacitor C = 20 pF, charging voltages 10 V, 100 V, 1 000 V and 10 000 V.

Current-path: hand trunk, initial body resistance assumed to be R; = 500 Q. (see footnote "a
in Table 6).

Time constant 7= 10 ms, i.e. shock-duration #; = 37 = 30 ms (see footnote "b" in Table 6).

Specific fibrillating energy Fg = [(ZERMSti e

Table 6 — Effects of shocks (\

R LN
Charging voltage U,
€ 10 100 0 10 00
\%
Discharge current
0,02 0, 20
Peak yalue lc(p) (A) A\ A
Discharge current RMS value (A) ’\ U
[C(p) 0,0 ,08

Icrm 75

Speciffc charge F, (C) 2-\}Q*3 04 20-1073 200-10[3

-1
Dischgrge energy #, (J) \ % 1N - M,1 10 1000

Speciffc fibrillating energy f, /
(R, = 500 Q) (A2s)ay\ )

Dangerous but

2
0,8 8

UJ

Dangeroug, and

Physiqglogical effects light Painful v_en‘trlcglar ventricular
fibrillation A ;
. fibrillation [likely
unlikely
NOTE
NOTE
a8 Th d with
thq
b As 20 in

IEC TS(©60479-1:2005.
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