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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization<Compri
all national electrotechnical committees (IEC National Committees). The object| of IEC\ isq tor pron
nternational co-operation on all questions concerning standardization in the electricahand-electronic fields
this end and in addition to other activities, IEC publishes International Standards, TechniCQI Specificati
[Technical Reports, Publicly Available Specifications (PAS) and Guides <(hereafter referred to\ as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC\National‘ Committee interes
n the subject dealt with may participate in this preparatory work. Iaternational,\(@overnmental and r
governmental organizations liaising with the IEC also participate in this ‘preparation.\lEC collaporates clo
with the International Organization for Standardization (ISO) in accordance V\(ith\\conditions determined
agreement between the two organizations. 2\

The formal decisions or agreements of IEC on technical matters express, as néarly as possible, an internatig
consensus of opinion on the relevant subjects since each/ technical eommiitee has representation from
nterested IEC National Committees.

IEC Publications have the form of recommendations for interhationalXise and are accepted by IEC Nati
Committees in that sense. While all reasohabte effarts*are"made*totensure that the technical content of
Publications is accurate, IEC cannot be held respensible for the way in which they are used or for
misinterpretation by any end user.

In order to promote international uniformity, IEC National ‘Committees undertake to apply IEC Publicati
transparently to the maximum extent possible (in~th€ir “national >and regional publications. Any diverge|
between any IEC Publication and the corresponding¢nationahorregional publication shall be clearly indicate
the latter.

IEC itself does not provide any attestation ofg‘;anformity. Independent certification bodies provide confor
assessment services and,\in some areas,~accesSs to-lEC'marks of conformity. IEC is not responsible for
[services carried out by independent.certification bodies.

All users should<ensupe that they<have'the latest edition of this publication.

No liability shall attagh to.|[EC\or it&\directors, employees, servants or agents including individual experts
members of its technical committees and 1EC National Committees for any personal injury, property damag
bther damage of{any. nature “whatsoever,/whether direct or indirect, or for costs (including legal fees)
expenses arising ‘out ‘of the publicatien; use of, or reliance upon, this IEC Publication or any other
Publicationss

Attentiop~is drawn to the Normative references cited in this publication. Use of the referenced publication
ndispehsable for the correctapplication of this publication.

Attention Ts.drawn“to\the possibility that some of the elements of this IEC Publication may be the subjeg
patent rights,.FEC shall\not be held responsible for identifying any or all such patent rights.

dde’ to’ the previous edition

s redline version of the official IEC Standard allows the user to identify the chang
. A vertical bar appears in the margin wherever a chan

ing
ote
To
ns,

‘IEC

ted
on-
ely

by

nal
all

nal
EC
any

ons
hce
H in

nity

any

Bnd
b or

and

EC

is

t of

es
ge



https://iecnorm.com/api/?name=e4b1ab8114ec840a45e172a974a15c00

-6- IEC TS 60479-2:2017 RLV © IEC 2017

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 thpy can be transformed into International Standards

IEC TS 60479-2, which is a Technical Specification, has been preparec IEC technigcal
committee 64: Electrical installations and protection against electric shogk

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

constitutes a technical revision.

This edition includes the following significant technical cha ect to”the previqus
edition:

e |Changes reflecting the change in applicability of free 5 Hz to 150 kHz hgve
been added.

e [The examination of random compl

e |The handling of successive DC puls

The text of this Technical Specification(is based e following documents:

< qéﬁs\\ ) N R}port on voting

64)&14(34@5 ) 64/2166/RVDTS

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

Full information e yoting
thg report on voti

This Technical SpecKica the/status of a basic safety publication in accordance with
IEC Guide 104"

This docu d in accordance with the ISO/IEC Directives, Part 2.

A ljst of all parts in the IEC 60479 series, published under the general title Effects of current
onlhuman béings andfivestock, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged uptil
thg ‘stability date indicated on the IEC website under "http://webstore.iec.ch" in the dFta
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.
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1

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

Scope

Th
altg

Th

arg
15

Me
arg

Me

Th
sin

impulses resulting™fro

b 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

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

olds to a frequency of 150 K

are given.

ing through the human body in the form

gle and multiple s angular impulses, sinusoidal impulses 3

NO] & :l‘eﬁ.';- of HARDJRES @ undercon P e

The values speci S ed pe applicable for impulse durations from 0,1 ms up to 4
incuding 10 n ) aTathy Jdurations—areate han 0-ms,—the—value aiven—in aure 0
Thi{s docum ders conducted current resulting from the direct application o

co
ele

so:l:rce of cur

he body, as does IEC TS 60479-1 and IEC TS 60479-3. It does
sider current duced within the body caused by its exposure to an exter

ctromagnetic field.

S part of IEC 60479 describes ihe eifects on the human body when a sinusoidal
brnating current in the frequency range above 100 Hz passes through it.

e equencies frpm

Hz

of
nd |

nd
m‘

f a
hot |
hal

he

Th

s\bdsic safety publication is primarily intended for use by technical committees in

preparation of standards in accordance with the principles laid down in [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 the edition
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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

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

ISQ/IEC Guide 51, Safety aspects — Guidelines for their inclusion in sta

IEC Guide 104, The preparation of safety publications and the use § catigns
angl group safety publications

3 | Terms and definitions

Fof the purposes of this document, the terms and déf C TS 60479-1 and the

following apply.

1S(
ad

ng

he

phase contro
prdcess of varying the instant within the cycle at which current conduction in an electropic
valve deviceor 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

ratfo between the number of conducting cycles and the sum of conducting and non-conduct

cyg¢les in the case of multicycle control

SEE Figure 13.

[SOQURCE: IEC 60050-551:1998, 551-16-37, modified — the

Figure 13 have been added.]

3.6
specific fibrillating energy

mi
(c

Notk

whe
the

Notp

3.7
spe

o
Not|

J'Ot idt

whgre ¢, iswdefined in Figure 20 and Figure 21.

Note 240 entry: Fq is expressed in C or As.

ng

to

igns

d in

ions

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 3T. 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

shpck-duration for complex asymptotic waveform
f

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

tal

3.11

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

ONs causes Qqny

3.12
thr'LeshoId of pain

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

Ise

3.13
pain
unpleasant experience sb
sulbmitted to it

NOJFE EXAMPLE:
cigarette.

bf a

4 | Effects of a

NOTE Values \for 50/68 H p of
IEQ TS 604

4.1 Gene

Elgctric energy i is
incfeasingly-used in modern electrical equipment, for example aircraft (400 Hz), power tools
anqi electric welding (mostly up to 450 Hz), electrotherapy (using mostly 4 000 Hz| to

5 J00MHZz) 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 of the human


https://iecnorm.com/api/?name=e4b1ab8114ec840a45e172a974a15c00

IEC TS 60479-2:2017 RLV © IEC 2017 -1 -

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
valje o be read independent of waveshape or mix of frequencies to be provided for ease of determination ©Of|the
leafage current and evaluation of the level of hazard present.

Corhparable physiological effects are produced by non sinusoidal and sinusoidal curre
pegk value by this measurement method.

oducing“the sdame

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
4.2.1 Threshold of perception

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

S <\ Q
JEEEIN
&

IR SIN

//
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.
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»
»

Frequency factor F
N

-
©

4.2.

Fo
fib

Fo
eff

1,4

e’ frequency factor for the threshold
nk of the body is given in Figure 3.

shock durations s e-cardiag cycle no experimental data is available on
pcts of freque@
RGN
g1
8
: <\
(3]
N
2 \
10
5 ,/
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

of

he
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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 DM
1 10
Freqiency )

IEC

old of perception
00 Hz to 10 000 Hz

4.3.2 Thresh¢
Fof the threshold 2 \ actor is given in Figure 5.

S
>
e 7
()
=}
g . )
I A
/
e
//

3 7

2

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 f= ve—frotb ace—to ster—etthe—threshotd—=
for| higher frequencies. While these are important thresholds, the most dangerous is that
vemtricular fibrillation. The fibrillation threshold is therefore given up 150 kdz
remaining thresholds may be considered as in the paragraphs below
limjits shown.

4.4.2 Threshold of perception

Fof frequencies between 10 kHz and 100 kHz the threshold rise
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

For frequencies above 100 kHz there i

ADove
5

RS

Fo ¢ardiac cycle, the frequency factor for the threshold
fib s through the trunk of the body for the frequency ran
abpve 1000 Y 9 ' Mg 150 kHz is given in Figure 6.

Fof freqre : yz, thermal effects are more likely to become dominant.

Fof shock duratiorns sporter than the cardiac cycle, no experimental data is available.

hts

of
ge



https://iecnorm.com/api/?name=e4b1ab8114ec840a45e172a974a15c00

IEC TS 60479-2:2017 RLV © IEC 2017 -15 -

Figure 6 — V4
conti algurrentfor use from 1 000 Hz
i f 150 kHz
4.45 Othere@
Bufns may occup/at S boVe 100 kHz and current magnitudes in the order
amlperes dependix i of the current flow.
5 | Effegc orms of current
5.1 Gener
As|is to be_expected, the effects of such currents on the human body are between thg
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ard 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.

of

se
ith

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

5.3

5.3.

Fig
reg

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

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
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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
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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

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

ang DC case and may be used to calculate the result of any combinatfq A hDC in the
rarlge specified.
The following 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 above curve be described by an equation fitted to the data.

The equation, Iac peak = 12,890 5 x exp (-0,069 39 x DC) — 0,190 5, represents the 9,5
pefcentile 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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5.3.4.1

The fibriflatio i i i ivalent
alternating~sj idal cu

a) |For shock/duration le,

I, is the/ RMS value of the sinusoidal alternatlng current having the same peak-to psg
value 1pp as the current of the waveform concerned.

ak

I
]ev —_ PPV
242

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-less 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-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
thg 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 currentug to

40[-+/2 mA has approximately the same likelihood of causing ventric figrillafion ag a
40|mA RMS 50/60 Hz sinusoidal current alone.

WHhere the exposure is a few seconds or more and the direct c 3 ge
enpugh so that the instantaneous current does not reverse i p he
composite of alternating plus direct current has the same likeh ood antri on
when the peak value of the composite current is the sa [ he
50160 Hz purely sinusoidal alternating current. For exz Hz

sinusoidal current and direct current with a peak valde of 80 A 1 sal

of

of [the instantaneous current during each cycl
\ irect

calising ventricular fibrillation as a 40nA R
cufrent added.

idal

Fiqure 10 illustrates an example in whj
§ he

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 remains constant up until the Ip 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*
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Igy = I N2

*  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

The equivalent alternating current I, is determined:

a) for durations longer than 1,5 times the period of the cardiac cycle by:

_ Top

Ioy =——= l_p
242 242
hence for the half wave rectification, I, is related to the RMS value of the rectified current
Irums by:
_ Irvs

Iev - \/E



https://iecnorm.com/api/?name=e4b1ab8114ec840a45e172a974a15c00

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

and the full wave rectification by:

Irms
fov =755

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

I =Ip_p_l_p
ev \/E \/E
hence for the half wave rectification, 7., is related to the RMS value of the rectified current
Irms by:
Iey =V2Irus
and the full wave rectification by:
ley = IrMs

In the case of both let-go and ventricular fibrillation, thé bod
thr

xpected to flow
ihging signal on a

telgphone circuit can typically last around two seconds NG is interrupted with a
pa i is i a part that |s erfergized by a bursfl of
rin p S nal for a few seconds/ In
the [ abJ€ to let go during the time
wh igna |l not\be capable of producing ventricylar

fibfi
sig

6.1 Waveforms.and 3 3
Figure 12 shows Z; etrical and asymmetrical control.

between bursts of the ring
et away from the circuit.

ng



https://iecnorm.com/api/?name=e4b1ab8114ec840a45e172a974a15c00

IEC TS 60479-2:2017 RLV © IEC 2017 - 23 -

o = 60° o = 150°
1 1
o
No' *g “ ND; “
1
= 3
1] ~ a
3 \ L=
g Y =~y Y
N WY Y / a \ / ! ‘
?\I —
9 J
n \ / Iey = IN2*
~y
Y

T

|~

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

a) Symmetrical control

*

Iev = IRMS

Iey = IN2*

onsideration)

*

*

b) Asymmetrical control

6.2

As

IEC

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

measurement circuit in IEC 60990.

is easily done using the
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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)

b)

c)

6.3.
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wapeform concerned.

NO

NO
con
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for shock durations longer than approximately 1,5 times the period of the cardiac cycle,
has the same RMS value as the current of the relevant waveform concerned;

parameters change from peak to RMS value.
3 Asymmetrical control

same as with the equival

he-“period of the cardiac cycle,
alue as the current of the relev

[E 1 For phase control angles above 120° a‘xjsewof the thieshold of fibrillation is to be expected.

E 2 Currents caused symmetri See |IEC 60050-551:1998, 551-16-25)-may can also have
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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

x ts
ts +1p

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

t_ ={non-conducting time p = degree of powe
control

e peak value of the current [13] and the currents have to|be
yuency to estimate the total effect.

ith
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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threshold depends’ @ Ner control p. For p near the unity, it has the sa
RMS value as theSinusoidal @ ernat| 3g current of the same duration. For p near 0,1 the R
value of the cufxen conduction, /4., is the same as the threshold

altgrnating ¢ below 0,75 times the period of the cardiac cycle.

NOJTE Faf in e value of p, the fibrillation threshold rises from the low level shown in Figure 2
IEQ TS 6047Q-1:20 evel indicated for shock duration below 0,1 s.

7.3.3 ons less than 0,75 times the period of the cardiac cycle

For shock-durations shorter than approximately 0,75 times the period of the cardiac cycle,

RM

sin

usoidal alternating current of-the-same 0,1 s duration.

Syvalue of the current during the current conduction, I4gyg is the same as that fof

he
me
MS
for

8

8.1

Estimation of the equivalent current threshold for mixed frequencies

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

Z
n ]
o3l
i=1
This result of combining waveforms presumes only a relationship b : nd
the ) s ol se
angle relationship among the contributing frequencies which p K is pot

9
9.1 Ventricular fibrillation thresh
by-4s 300 ms or more

Ventricular fibrillation can be considergd uflik from the passage of a single;npn-
regetitive—burst pulse of the combination of magnitude gnd
duration is below the ¢ clyve % iQ hgrd 22 of IEC TS 60479-1:2005.Figuret20
=0 tains-to clnnlo non %net tive bursts oRsinusoidal current o of 15 Hz to 100 |—|7 while I:ln ire
22 portulns to—a clrJn n NOY ren& i, lo\l‘lrxs'_ycf dir vci‘ current with no elgnlflr\ani‘ :.C.

no

components: cO srder i
sighificant AC co e,

Butsts Pulses of are sepdrated from each other by an interval that is equal tq| or
grgater than repmatheartbeat-eyele 300 ms do not have cumulative effects|on
thg heart and ma e treated individually as if they were single, non-repetitive
butsts pulses \of currBnt\When the-bursts pulses of current in a series are separated frpm
ea¢h other b Sast-1-s300 ms, a comparison of the magnitude and duration of each-byrst
pulse of cb ingi ally to the cq curve may be used to determine the ventricylar

he he e for human 0-_bhe ner-min e therefore—the
a artbea a O 4ma U-pbea D e oFre;

aVallla¥.
A SAS

R e eartbeatcycle ighthyle han-approximately

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

9.2.1 General

Porcie Pulses of current through the heart that are separated by Iess than—the—pe#ed—et—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 spacing of less
than 100 ms the effect is very definite [32], [33].



https://iecnorm.com/api/?name=e4b1ab8114ec840a45e172a974a15c00

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

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
cunrent—borstsputses, i fesstam St ms—s aremsufficientto—attow—the—effects—of the
prgvious current-bursts pulses, to fully subside. Each-burst pulse of current is sufficien{ in
mdgnitude and duration to excite the heart tissue, and it is assumed tha e threshold| of
vemtricular fibrillation decreases by 35 % after each-burst pulse of cu ve”\spacing is
< 100 ms.

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
First current pulse /\ /
Second current pulse /A
Third current pulse \ (\
Fourth current y@se /\\

Fifth currenmjlse
Sixth currerlt pu

Sevénth ubseq t curren 10 or less
pulse

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

hsider a series offour rectangular pulses (see Figure 15) of unidirectional current passjng
thrpugh-sa—person’s body between the left hand and both feet, where each pulse hag a
mdgnitude of 100 mA peak and a duration of 0,01 s. Suppose the pulses are separated frpm
eaghvother 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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Figure 15 — Series of four rectangular pulses of unidir

Acgording to Figure 22 of IEC TS 60479-1:2005, each of the<0,08 s or fQOYNA p
haye no harmful physiological effects (DC-2 region) and ‘ara ed by more th
b xmost eim iveeffekts

300 ms. he fourpulses-thatare 0, apart-were—egetto have i + gumulativ

dad ituation;—ey of
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Ex nd
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Co bnt
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an

Q\$>

Figure 16 — Series of four rectangular pulses of unidirectional current

| 055

T - =9

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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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, :

seleeivonttionlaos thalllatlon for thic covloc of onlone fo love there iz a (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.

g~
to
o
of
-
He o
a-g- pegk-
0§ lan
g
Acgording-to-Figu 0o C-604 . hood f’ 's-e-e-
a—40H epetitive pulsetrain 50 j hanforthe
Fheratiobetween—thelikelihood—o s on~forHne-single—impulse—of 8,3
thesame._duration)_is_therefore abou M..m 56 mA) = This_significhnt
difloronce between the ...,,5_, mmmv od by the cumulative offe

9.2.3 Random co
In fome applica@

of

wa[jeform is not ang a
wapeform may arj ’
be
he
ital

processing accordlng to an approprlate method Tasks of this klnd 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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redtangular windows shifted along the
wefe determined. As descyibed beg

resembling the shock-streng
conservative, modality employ

R Rat the worst-case stimulation strengths
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The method co f for e magnitude of the complex exposure to the
human and the j xposure. It assumes that the human contact copld
oc¢ur at any point,{ c ang for an unspecified time duration. The current to |be
asgessed for ris 3 N re duration is the largest found for that duration. The
mdthod then cQnsid e-exposure durations in the chosen waveform segment gnd
thg maximum Qi Nto determine the VF danger.

The co he largest in any given duration interval is called the "probaple
cufrent” (P pterval. The PC is generated from the processing of the digitized

wapeform agCors the method shown in Annex A. When all possible probable curre
arg found all possible duration intervals, a PC curve is found. The overall worst case in
wawefo@egment is therefore found and may be assessed.

hts
he

Th 2& is in a format that can bhe r‘nmpnrpd with 50 Hz data for which pypprimpntnl dats

is

available. It is plotted on the same axes as Figure 20 of IEC TS 60479-1:2005. It may

therefore be considered that this method is a transform method to map a random comp
waveform onto the RMS curve satisfying Figure 20. Prior to assessing the random comp

lex
lex

waveform segment it should first be low pass filtered, using a 100 Hz upper frequency cut-off,

as Figure 20 is considered valid to 100 Hz.
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e current curves

a
is

avious levels of conductivity. Sinusoidal frequencies of 50/60 Hz gnd

direct currentya iscussed, but the effects of other frequencies might be estimated |by

applying theinformation given in other parts of IEC 60479.

NOTEA, “Unless otherwise specified, voltage and current are sinusoidal, and the values are expressed in termp of
RMB:

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 such as salts are added to
water, the resistivity of the solution can decrease significantly. Table 2 shows values of
resistivity for examples of typical water solutions in which people can be partially or totally
immersed.
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Table 2 — Resistivity of water solutions [24], [25]

Water solution Resistivity
Q-cm

Rain water 254 to 420 000

“Standard” hard water 1780

Tap water (USA) 1290 to 16 000

Laundry water (tap water with detergent added) 520

“Swimming pool water” 300

Isotonic (normal) saline solution 60

Sea water (Atlantic Ocean, near New York) 22 RN

NOTE Conductivity values in this table are approximate for soluti @\at 00

temperature, and will vary with changes in temperature. (\s
WHhen the human body is immersed in water that conducts gn i rment,\the path of the
electric current through the water is affected by the reIatlv istivi f'the ©ody, which is hot

homogeneous, and the water. If the water is less resis body (e.g. gea

waler), much of the current that would have been flg the water displaced by the
body will flow around the body rather than through t. j i ter is more resistjve
thgn the body (e g. fresh lake water), a larger p P urreqt will take the path of lepst
reqistance and “collect” or “concentrag’ A the ly. ence of the body distqrts

thg electric field and paths of current flow i € least distortion of the elecfric
fields and current paths will occur when\the t vater is nearly the same as jhe
redistivity of the body parts displ y However, since the body is pot

homogeneous, the presence of a body in | always distort the electric field 4nd

The ¥
density (i 2 erefo aralle|l paths with the same electric field across thgm,
thd i Q : 2 a proportionately higher current density.

O
c
=
o
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>
(0]
=
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@
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=
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<
5
Q
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3
=
3
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(2]
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>
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c
=
=
v
>
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Table 3 shows appxo 8 gsistivity for examples of various human body partq at
nofmal body temgera e values apply for low-frequency alternating currenf or
dirgct current
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Table 3 — Resistivity of human body tissues

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

NOTE The human body is non uniform in its com

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 increasegs:to! alye &s high as almost

300 Q-cm.

10/3 Conducted current through imme

The output impedance of*a Sctri ing current to the water can be high
low, depending on th source. If the source has a low out
impedance relative to [thenimhpe water and immersed body, the source beha
lik¢ a constant t . A , the current through the body and water
defermined moreNp i 3 ne Various parallel pathways in the water, and is
limjited by the outgut Wipe 5 e source. The current through the body is

significantly influg presenge of current pathways in parallel with the body. Due
thg low outpuf_i € source, each of the parallel paths can be supplied W

cufrent from¢the 3 s, essentially based on the impedance of each of the mg

If the electrical Ras a high output impedance relative to the combined impedance
thg body anditf in which it is immersed, it behaves like a constant current source
this case, the*maghitide of the total current from the source that flows through the body &
thg water~is determined by the source voltage divided by the source impedance. T

impedance outside the source is low relative to the source impedance and has little influen

or
but
es

is
not
hot
to
ith
ny

of
In
nd
he
Ce.

The“Cufrent in the water divides between the body and paths around the body. Most of

he

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 electrical 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

(low source impedance relative to
the impedance of the combination
of the immersed body and the
water)

Body current is determined by the
source voltage and the
impedance of the body “in series
with” the water that is between
the body and the electrodes. The
higher the water resistivity in
series with the body, the less

Body current is determined by the
source voltage and the impedance of
the body “in series with” the water that
is between the body and the
electrodes. The lower the resistivity of
the water in series with the body, the
more current through the body.

currentthrough-the bod\
4 4

Co¢nstant current source

(hlgh source impedance relative

Total current is determined by the
source voltage divided by the
source impedance. Body current

Total current is determlned by the
source voltage by the/Source
impedance. Bofdy currext is

to|the impedance of the
cdmbination of the immersed
bddy and the water)

is determined by the relative
impedances of the immersed
body and the water “in parallel
with” the body. The higher the
resistivity of the water, the more curfe
current through the body.

impedances

10/4 Physiological effects of current through th

body is totally immersed| in
rrent density through the
the body and flows throdgh
) €an be significant. Becausq of
ent can row through the internal pdrts

Pefception and startle reaction are unlikely to
water. With the entire body immersed it
skih is usually low even though the
somme of the internal body tissue (muscle
theg low current density in the skin, harry
of an immersed person without the sengati

Phlsiological effects of body cugfrent thaty s izati i ilizati be
pafticularly hazardous|when\the body isN n’s

abllity to swim, or_can he
wafer. Drowning@re
Ve wtricular fibrillati dy

becontinually changing. Therefore, it-must shall be assunjed
he body in ways that can maximize the current density in the
adverse direction. For example, current can flow directly ipto
Qugh\the left arm depending on the location of the body with respec{ to

A person<immersed’in a body of water that is electrically isolated from earth and thaf is
eI ated jin potential by an electrical source with respect to earth, but where there is|no
mlght have no currgnt
ive
part connected to earth. In this case, current will flow from the water, mto 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-harmful 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

In general, if a 50/60 Hz current exceeding 5 mA enters 3

immersed person, it may lead to muscle tetanization which ca
sw|m, interference with breathing or even ventricular fi
cufrent can enter the chest directly from the water,
retpining control of muscles is important to be able lto
rel :
fro

A 50 Q resistor is sometimes specifiee

im
bo}y impedance model.
im

larger extent and should

WHhen 5 mA entg f of
30|uA/cm?2 may

10)6 Intrinsica alues

It has bee i product standards to limit current rather than voltage]| in
applicatiopns s S immjrig pools and spas where body immersion occurs. If [an
intfinsicdlly C Itage alue were-to-be specified, it would have to be very low, perhapg in
thg order © yolts, because of the very low impedance pathways that can exist

11| Effects of unidirectional single impulse currents of short duration

11. 17— 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 g|ven |n IEC TS 60479 1—394hat—tEG—6947—94—and—LEG—6@4—7—9—2—ee¥er—the—quie—Faﬂge
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‘ ¢ unidirectional i g > for_shocks of h
oo

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
scientific research that the principal factor for the initiation of ventricular fibrillation for the
various forms of unidirectional impulse currents is the /-t 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 cutr
andl the width of a pulse when applied to stimulate a membrane of time constant 7, «(i.e
arda under the /-t curve of Figure 20 c¢)) are the significant parameters fn spscifyirfig-cha
andl, therefore, in causing the induction of VF.
Waqrk by Osypka [42], Biegelmeier [41], Geddes [40] and others e ablshe mo
of |electrical charge, N is m
regresentative of the effects of cardiac stlmulatlon See also Paxescu
11{2 Effects of unidirectional impulse currents of
11)2.1 Waveforms
Figqure 20 shows the forms of currents > i usoidal impulses and
capacitor discharges. The following ¢ 5 distinguished:
Ipq =
IaqRrRMS =
Indpy = Peak value of
ICF MS = RMS value
) = peak v:{ue Qf the
NOJE If U, is the v ge a a beginning of the discharge through the human body and R,
initipl body resistance, 7, :

_Ue

"X

bnt
he
ge

int
pst

for

the
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Ipcc
Inc (p)

IEC - -

IEC

Ic ()

11J2.2 Determinatio

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

defermined:
a)
Fo =130
b)
Tac)  _ o
Fe == 1 = Ipcrus!!

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

2 T _ 2
Fe = IC(p)E = Icrisli

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 F
and the same shock-duration ¢,. In this case the following relationship exists:

Incp) _ Icp)

TR e
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Ic
NOTE The relationship ]DC = \/:3_9) is derived as follows:

2 T
e—1<mj m"qmz

T

37 =12.3T =13
C(p) o

CRMS

1
Icrms = Ipc :[C(p)f

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

C

V2 Inc rvis

Inc RMS
c.(P)=

IaA. P

IEC

11 dhof\perception and threshold of pain for capacitor discharge

The thresholds depend on the form of the electrodes, on the charge of the impulse and on|its
peeFk current'value. Figure 22 shows the threshold of perception and the threshold of pain|as

a function of the charge and the charging voltage of the capacitor for a person holding lafge
electrodes with dry hands.

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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0,6 [~ Enetgy P
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02 —
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0,1 | | || [ B L ol -
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Charging voltage, Ug (V)
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Zorle A: Threshold of perception. Curve B: Typical threshold of pain
NOTE\ M he diagonal axes are scaled for capacitance (C) and energy (/). From the intersection of the co-ordingtes
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 Fy . 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 F, rises from about 0,01 A2s at an_impufse
dutation # = 4 ms to 0,02 A2s for t; = 1 ms.

“ N\

S
2 PN
N

N

N\

ESRNEAN

N
o

Duration of impulsion, # (ms)
[&)]

(

S

- —</
”~
- _

0,2
\
AN
0,1 AN A\ >
10 1000 10 000

Body current, Iz gys (MA)
IEC

Figure 23 — Threshold of ventricular fibrillation
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-through-the -bedy
frem in the path left hand to-beth feet. For other current paths, see 5.9 in IEC TS 60479-

1:2005.

Below Cy: no fibrillation,

Above C4 up to Cy: low risk of fibrillation (up to 5 probability);

Above C, up to Cj: average risk of fibrillation (up to 50% of probability);
Above Cj: high risk of fibrillation (more than 50 % probability).
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1

.4.2 Examples

— 43 —

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 T'=1 ms and a shock duration 7, = 3T = 3 ms and is within the scope of this document. In
the second example, the time constant is 7= 10 ms, i.e. ; = 30 ms which means that the limits

for ventricular fibrillation are those given in Figure 20 of IEC TS 60479-1:2005.

Example 1

Eff
Ca[

Cu
Ta

Ti

n

Sp

ble 5).

ecific fibrillating energy Fg =

CIs of capacitor discharge on the human body:
acitor C = 1 yF, charging voltages 10 V, 100 V, 1 000 V and 10 000 V

Frent-path: hand to foot, initial body resistance assumed to be R;

he constant 7= 1 ms, i.e. shock-duration ¢, = 3T = 3 ms

Wc
CRMS’I ~

Tabl@E{ cts &f sh ck

Charging voltage U,
€ oo 1000 10 000
v (\
Digcharge current
0, ') 0,1 1 10
Pefk value Iy (A) N\
Digscharge current RMS value ( w
/ ]C(p) \/\,00 1 0,041 0,41 41
dri
Spkcific charge P ()}e\c\ N0/61.10-3 0,1.10-3 10-3 10-10-3 |
Digcharge enefgy W\f%J\ 0,05-1073 5.1073 0,5 50 ‘
Specific fi
0,05-10°¢ 5.107° 0,5-1072 50-1073
(R|= 1000 ‘
Phlysiological effects Slight Disagreeable Painful fileelgttircI)%ullii; y
NQTE 1 Fq is expressed in C or As.
NQTEQ, W, is expressed in J or WS.
& The value of R, of 1 000 Q has been arbitrarily chosen for the purpose of this example. It is not to be confused
with the value of R, for the 5 % percentile rank of Clause 4 of IEC TS 60479-1:2005. |



https://iecnorm.com/api/?name=e4b1ab8114ec840a45e172a974a15c00

- 44 — IEC TS 60479-2:2017 RLV © IEC 2017

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).

H 4 -] 4.0 : 1 1 ! ] Pay-=] an /L £ 4 PRSI 1T | U I A oo
T” Ic Curistalit 17 = TU TS, 1.€. STTUCR=UUTratlori li = 91 = QU TITS (SCT TUUNULC U 11T T4aduic U,

/4
SpEcific fibrillating energy Fg = I(Z:RMs’i ~_C

Table 6 — Effects of shocks (\
. N
Ch It U
arging voltage U, 10 100 me 10 000
\%
\2>

Digcharge current

SINC5,
Pejak value Iy (A) ,\\f\ C)

20

Digcharge current RMS value (A)
B ]C(p) 0,0 {08 0,8 8
Iqrms =
V6
AN
Spkcific charge F, (As C) /~Q\2-\Q‘3 \ o4 20.10-3 200.10-3
. 3 -/
Digcharge energy W  (Ws Jrz \( 1N M,1 10 1000

Specific fibrillating energy -/
(R|= 500 Q) (AZS)ay\

Dangerous but
h Dangerous, afd
ventricular

Phlysiological effects ioght Painful A ventricular
fibrillation I )
. fibrillation like]y

unlikely

ith

n
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Annex A
(informative)

Random complex irregular waveform analysis

A.1 General

The detail of this method is that of Pratt [29]. It is assumed a waveform has been sampled
and.filtered as stated in 9 3

Ajormal statement of the method follows, and then examples are used od
plainer.

A.2  Formal theoretical statement of the method

Copsider a waveform segment, digitized at time steps ¢, of | in

Figure A.1.

Sampling

Waveform |
segment
o

Key

N |s the number of samplep\
t Jis the sampling ster size
i s the instantane@l

The segmen 3 ‘ no
immediate n K ry,
he

Copsider for
thi$ dur / The sample begins at data point p. It thus extends to include, and end on, data
pounté/ . This is shown in Figure A.2.
AN
pDuration

(k time steps)

Waveform | | | |
segment

IEC

Key
k is the length of the duration under consideration in time steps

p is the starting position of the duration

Figure A.2 — Definition of a duration within a sample

The RMS value of the current over this duration is given by



https://iecnorm.com/api/?name=e4b1ab8114ec840a45e172a974a15c00

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

RMS 1 prk 2

interval — b+ 1 m=p ™M

The RMS value for all possible durations of length & within the segment are calculated and the
maximum value found. To generate the RMS value for all possible durations of length &, take
the duration starting at point i and ending at 7;, and find the RMS of this duration. Steps are

then taken through successive durations of length &, successively beginning at iy i, iz u

ntil

there are no further durations of length k. The final duration of length & will begin at iy, and

end at iy, and a further step of length & is not possible. This flags the stopping point
consideration of all durations of Ipngth k

for

The maximum RMS of these durations gives the probable current (PC) poi rresp@\gl—'mg to
thg time kz. That is:

PCy, =MAXY K | [T ek 2

pr= k+14“m=p

This is then repeated for all values of £ from 1 to N. Th
This may be computationally intensive e smplete definition of the PC curvq is
given by this relation, indivj in g select a subset of the values of 4 to
idegntify a smaller number®
In pummary, the PC curwe i g sequential portions of the data of a giyen
time duration to R M b each duration. This is achieved by steppjng
thrpugh the data Q * git Pater each time, until all RMS current values for this
time duration are gep ach NiiF) RMS current, for this time duration, is chosen gnd
gives one point grf\{R .Cb gsponding to this given time duration. The procesy is
thgn repeated fo SIS 2r time durations to provide sufficient points for a PC
cufve (maxi ersus time duration) on the graph (the method is therefore hot
a moving a e time-length durations are controlled and successively
increased
The applica 8 technique is shown in more detail in the following demonstration gnd
ex mples.o
In particular, comments are made on the comparison curve with which the PC is compargd,
an \%@ on the choice of ¢, the sample step size.

A.3 Demonstration of the calculation

A.3.1 General

Consider a segment of a given waveform digitized with + = 20 ms, the sample step size.

In this demonstration ten current values at 20 ms sampling steps (20 ms, 40 ms, 60 ms ...
200 ms) are sequentially 5 mA, 7 mA, 8 mA, 4 mA, 9 mA, 11 mA, 9 mA, 7 mA, 3 mA, and

1 mA. The PC (“probable current”) is to be extracted for all possible durations for successiv

ely

longer durations. At each duration considered, the maximum RMS, for that duration, is chosen
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as the PC point for that duration. The points thus found for succeeding durations form the PC
curve.

1) The method proceeds as follows.

2) To obtain the RMS values, the current values are initially squared so the current squared
at sampling steps (20 ms, 40 ms, 60 ms ...200 ms) are sequentially 25 mA2Z, 49 mA?2,
64 mA2, 16 mA2, 81 mA2, 121 mA2, 81 mA2, 49 mA2, 9 mA2, and 1 mA2. Squaring the
values also ensures that positive and negative excursions are considered equally.

3) The first duration chosen is 20 ms, there is thus only one sample in this duration. The
maximum value is 121 mAZ2. Therefore the PC value for all possible 20 ms durations is the
maximum 11 mA, and is plotted at 20 ms (see Figure A.3).

4) | The next duration chosen is 60 ms, therefore three samples in each

durations The

ﬂqe numbper

of points (3) in the time duration:
a) (25 + 49 + 64) mA2/3 = 46,0 mA?
(49 + 64 + 16) mA2/3 = 43,0 mA?Z
(64 + 16 + 81) mA2/3 = 53,7 mA?Z
(16 + 81 + 121) mA2/3 = 72,7 mA2
(81 + 121 + 81) mA2/3 = 94,3 mA2
f) (121 + 81 + 49) mA2/3 = 83,7 mA?
g) (81 +49 +9) mA2/3 = 46,3 mA
h) (49 + 9 + 1) mA2/3 = 19,7 mA2

The maximum value is 94,3 mA? therefore hA,

The next duration chogen | S el bN.
The PC value for each[12 [e)) ber

of points (6) in tr@n
a) | (25 + 49 + 64 V1

b) [ (49 + 64 + 16 4§
c) (64 +16 +87 + ¢ A2/6 = 68,7mA2

d) |(16 + 81 N mA2/6 = 59,5mA2
e) | (81 O + 8 + 1) mA2/6 = 57,0 mA2

The maximupNva
(sde Figurtg’i’).
The %durve is derived from these values and is plotted in Figure A.3.
AN

s 68,7 mA? therefore the PC value is 8,3 mA, and is plotted at 120 ms
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Figure A.3 — PC for demonstratio ans g rangom complex waveform

method plotted agaip

The justified current (JC) 4
ex¢eed the JC so this situ

wa cHosen as c4. At no time does the PC
eaccepiably safe on the criteria specified.

A.3.2 Choice gf ju
This method aII@ ata_to be_rsdycet and compared with traditional RMS data found] in
Fiqure 20 of IEC T& 60% 5 o  appropriate level for justified current to make this

In various aRplicatiogsha-mgre xonservative value than ¢, might be deemed necessary, [for
exgample, aprydugtco may wish to design a specific application. They may choos¢ a
jusftifiedsyrren s.of le§s than c.. In any case, ¢4 should not exceed the justified current

It ghould befpoted that the method does not take into account the reduction in VF threshpld
for| closelyAsucceedinhg pulses. If these pulses are suspected then a lesser value for fhe
jus(Ffied current can be chosen recognizing repeated burst analysis as described elsewherg in

IEC T5,60479-2.

A.3.3 Choice of sampling step size

The choice of sampling step size ¢ is made after scrutiny of the waveform. In one sense, the
sample value i might be considered best as the RMS value of the maximum in that period.
This however implies a much faster sampling interval, and substantial processing of the
samples before an output at any chosen step p. It is considered this adds a greater degree of
complexity than warranted. It also requires a much more complex sampling regime than is
usually available.

Thus the current i, are instantaneous values at any step p, given the chosen sampling step
size t. Should this Be considered to “hide” important detail, a smaller ¢t should be chosen.
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As

with all choices regarding the waveform, the analysis may be revisited with different

choices.

A.4 Examples 1 and 2

Tw

o examples of the use of the method in more real circumstances follow. The waveform that

is used in these examples is a waveform that is close to that for which the method would be
used in real analysis. The waveforms have been generated on a Monte Carlo basis.

ThETypical appearance of the random complex waveiorm examples which are generaied]as
degcribed below is as follows (see Figures A.4, A.5 and A.6).
Expmple 1
A
200
150
100
50+
9 AN AT Ll |“H||H.MIIHMII ] (1 ‘Il\ \:l‘\”‘\ i |‘|\ ALt IS AL -
& O [ HHHAMEREr N W il mw‘ '| Jul ku\h" AN ol
=501
-100} O
_150] | %
—200p | <\(\ \\> | | |
0 AN ~__ & 8 10
\ A
/59
m complex waveform typical
of thgse used in Example 1
Exgmple 1 uses ara snphex waveform with the following parameters:
i) | A wakeform, safe from the viewpoint of not causing VF, formg a
backgron ‘ . N a 20 mA RMS waveform. The length of the data segment is 10 .
i) | Into thisx&a 0 pulses, in random positions within the 10 s, of random width up to

10 ms,are added. The set of pulses are inserted with amplitude randomly up to 200 mA.
Reference to Figure 22 of IEC TS 60479-1:2005 should convince us that these are ajJso
safe.

i)

iv)

Adjustment: for the sake of these examples only, and this will not be the case in "real”
analysis, every pulse is matched by an equal and opposite pulse occurring immediately
after. This is simply to ensure that the DC mean of the pulses is zero. It will be
appreciated that if the DC mean is not zero, this mean will accumulate throughout the
analysis especially in longer segments, and will affect the PC. This may well be what is
required in “real” situations, but zero mean is used here so that the expected effects of
the pulses versus a cumulating DC offset can be isolated.

The signals are filtered by low pass filter (LPF), with cut-off 100 Hz. The filter is a high
order LPF, using digital filtering techniques. The RMS values of the segments are found.

The nine second segment is examined at time durations of 20 ms, 50 ms, 100 ms, 200 ms,
500 ms, 1 000 ms, 2 000 ms, and 5 000 ms.
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The PC is calculated at each of these durations, and is plotted with the ¢4, ¢,, c3-curves of
Figure 20 of IEC TS 60479-1:2005 and shown in Figure A.6 below.

In comparison with a JC taken as c4, this waveform is not likely to cause VF.

Example 2

A
1600f

200}

800

400

mA
oV

—400

—800}

-1 200}

-1 600

- O

i) A 50 Hz curren

backgrounﬁ
i) Into this sa

e viewpoint of not causing VF, formq a
wweform. The length of the data segment is 10|s.

to
to
hat
iii)
iv) her
V)

Th
500

Y%

00 ms, 2 000 ms, and 5 000 ms.

;ﬁ%ond sample is examined at time durations of 20 ms, 50 ms, 100 ms, 200 s,
0
AN

The PC is calculated at each of these durations, and is plotted with the ¢4, ¢,, c3-curves of
Figure 20 of Figure 20 of IEC TS 60479-1:2005 and shown in Figure A.6 below.

In comparison with a JC taken as c4, for this waveform VF induction cannot be excluded.

Both these examples therefore yield results in accord with expectations.
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’g | Example 1 Example 2
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Figure A.6 — PC for Example
method plotted agaip
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1)

2)

3)

Th
ex
Sp

INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

FOREWOURD

[The International Electrotechnical Commission (IEC) is a worldwide organization for sta
all national electrotechnical committees (IEC National Committees). The object( of IEC\ isq tov pron
nternational co-operation on all questions concerning standardization in the electpiCaNangd-gelectrQnic fields
this end and in addition to other activities, IEC publishes International Standaxds, Technisa@hSpecificati
Technical Reports, Publicly Available Specifications (PAS) and Guides era er referred to\as
Publication(s)”). Their preparation is entrusted to technical committees; an ona i i

with the International Organization for Standardization (ISO) i €Co i iti determined
lagreement between the two organizations.

nterested IEC National Committees.

6 ufre
Publications is accurate, IEC cannot be keld qnsible_for the way jn which they are used or for
misinterpretation by any end user.

ndependent certification bodies provide confor
2 marks of conformity. IEC is not responsible for

& National Committees for any personal injury, property damag
whether direct or indirect, or for costs (including legal fees)
use of, or reliance upon, this IEC Publication or any other

patent rights,_ &€ shalNnot be held responsible for identifying any or all such patent rights.

b main’task of IEC technical committees is to prepare International Standards.
eptional circumstances, a technical committee may propose the publication of a Techni
poification when

dardization.Comprigi

IEC Publications have the form of recomm i in i e ang are accepted by IEC Natignal

n the subject dealt W|th may part|C|pate in this preparatory work 7 i , ental and rjon-

The formal decisions or agreements of IEC on technical matte e 2 as possible, an internatignal
consensus of opinion on the relevant subjects since eac i € iftee has representation from| all

EC
any

ibns

hce
H in

hity
any

Bnd
b or
and
EC

B is

wQ “tO\ the~possibility that some of the elements of this IEC Publication may be the subjedt of

In
cal

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 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

wh

ether 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.
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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 in
thg report on voting indicated in the above table.
This Technical Specification has the status of a basic safety p ith
IEC Guide 104.
This document has been drafted in accordance with
A ljst of all parts in the IEC 60479 serig ent
onlhuman beings and livestock, can b€
The committee has decided that the cgntents ® ntil
thg stability date indicated on the | vehsite\under >'http://webstore.iec.ch" in the dgta
related to the specific publjca e publication will be
+ |transformed into a ard,
* |reconfirmed,
« |withdrawn, Q
* |replaced by a j
+ |amended.
A bilingual vmf isNpublication may be issued at a later date.
IMPORTA Jcolour inside' logo on the cover page of this publication indicates
that loyrs which are considered to be useful for the correft
uhderstandi of its contents. Users should therefore print this document using|a
colour printer.
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1

Th

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

Scope

s part of IEC bU4/7Y describes the ertects on the human body when a sinusol

alternating current in the frequency range above 100 Hz passes through it.

Th

arg given but are only deemed applicable for

15

b 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

e equencies fr|

Hz up to 100 Hz.

Means of extending the frequency of apyplicabilit)
arg given, supplementing the data in K '

Th
sin

Th

b values spe
incjuding 10 ms.

Th{s document only S S

soxrce of cur . as does IEC TS 60479-1 and IEC TS 60479-3. It does

comsider i in the body caused by its exposure to an exter
electroma

This basic safety puklication is primarily intended for use by technical committees in

prgparation-of standa

ds in accordance with the principles laid down in IEC Guide 104 &

ISQ/IEC Guide 51. It is not intended for use by manufacturers or certification bodies.

dal

Hz

of
nd

nd

f a
hot
hal

he
nd

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

2

of

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 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

an

group safety publications

Fo

following apply.

ISO and IEC maintain terminological databases for use ipsta
addresses:

3.1

frelquency factor

Fy
rat

threshold current at 50/60

Not|

3.2

prd
val

[S(

3.3

phpase co

cu

de

[S(C

phase control
cess of varyin/thé\i

timle expressed |

Terms and definitions

the purposes of this document, the terms and definitions given jr

ve device or a Va3

apgular measure by which the starting instant of current conduction
ayed by.phase control

he

ng

he

nic

DURCE: IEC 60050-551:1998, 551-16-32, modified — the term "phase control angle" H

as

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..{

specific fibrillating energy
Fe
miLll\imum I2-t value of a unidirectional impulse of short duration whi
(current-path, heart-phase) causes ventricular fibrillation with a certé

ns

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

I i%dt
0

whgre ¢, is defined in Figure 20 and Figure 21. F_ multiplied by 50Y the energy dissipatefl in

thefhuman body during the impulse.

Note 2 to entry: F_ is expressed in Ws/Q or A"s.

3.7
specific fibrillating charge

mi ns

(c

Not|

whd

Not|

3.8
tim
tim plitude of an exponentially decaying quantity to decrease to

1 =0,3679
e

times.dn 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

thneshold of pain
mifimum value for the charge (/1) or specific energy (/2+) that can be
to @ person holding a large electrode in the hand without causing paip

applied as’an impujse

3.13
pajn
unpleasant experience such that it is not readily accep

EXAMPLE: Electric shock above the threshold of pain describ

4 | Effects of alternating currents

NO[E Values for 50/60 Hz are given in IE
IEQ TS 60479-1 are used.

4.1 General

Elgctric energy in theNor
increasingly used in

andl electric welding
5 (00 Hz) and switchi

, for example aircraft (400 Hz), power to
), electrotherapy (using mostly 4 000 Hz| to
(20 kHz to 1 MHz).

Liti ailable ffor Clause 4, therefore the information given hergin
sh » i only but may be used for the evaluation of risks in the
frefluency ra ; se Bibliography).

Ref i~ goernmental funded projects are ongoing to exploit and investigate
the higher\fregquencies using the latest technologies and methods to justify exist|ng

Attention\is also drawn to the fact that the impedance of human skin decreasges
approximately inversely proportional to the frequency for touch voltages in the order| of
somerfens of volts_so that the skin impedance at 500 Hz is only about one-tenth of the dkin
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.

- A
S
8
=2
[&]
5 A
w18 N
< NNy
16 SNC PN
AN
N
o
) T/
~—1
500 1000
Frequency f(Hz)

IEC

4.2.

Fo

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

Frequency factor F
N

-
©

4.2.

Fo
fib

Fo
eff

pcts of frequ

A

uenty factor F;

Fr

10

1,4

e’ frequency factor for the threshold
nk of the body is given in Figure 3.

shock duratiois s e-cardiag cycle no experimental data is available on

»
>

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

of

he
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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 DM
1 10
Freqiency )

IEC

old of perception
00 Hz to 10 000 Hz

4.3.2 Thresh¢
Fof the threshold 2 \ actor is given in Figure 5.

S
>
e 7
()
=}
g . )
I A
/
e
//

3 7

2

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
ventri L NS ) . he
remaining thresholds may be considered as in the paragraphs below up to the frequency
limjits shown.

4.4.2 Threshold of perception

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

For frequencies above 100 kHz the tingling sensation charas
lower frequencies changes into a sensation of warmth
soime hundred milliamperes.

4.4.3 Threshold of let-go

For frequencies above 100 kHz there\is it hts

of
ge

For shock durations lo
fibgillation for longitudi
above 1000 Hz upro an

e trunk of the body for the frequency rar
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.
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co algurrentfor use from 1 000 Hz
i f 150 kHz

4.45 Othere@
Bufns may occup/ st S boVe 100 kHz and current magnitudes in the order
amlperes dependix i of the current flow.
5 | Effegc orms of current
5.1 Gener
As|is to be_expected, the effects of such currents on the human body are between thg

calised~by direct and by alternating current; therefore equivalent current magnitudes w

reg

< A
g 150 kHz
& 500
>
e
(0]
=}
g
[T
200 >
7~
o L1
4, ‘,
L’
100 —=
A {
P - N\
_~ N\ \
0 7 '
5
47 N
|
M~ ~ \\\\
d NN
20 N
/ U N
14+ N <(\S C) \/>
10 ( ]

1000 3 000 000 300 100 000
Frequency f(Hz)

IEC
Figure 6 — Variati bk %I opPventricular fibrillation for

ard 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.

of

se
ith

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

5.3

5.3.

Fig
reg

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

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

1 Waveforms, 4

ure 7 shows
resented as

as

to

in
of
hip

bN)
as
to

are
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Loy = Ipp/2V2*

L2

p -
Ioy = IN2*
|

[P P

T

*

Lp/2\2*

18V

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

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
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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

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

ang DC case and may be used to calculate the result of any combinatfq A hDC in the
rarlge specified.
The following 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 above curve be described by an equation fitted to the data.

The equation, Iac peak = 12,890 5 x exp (-0,069 39 x DC) — 0,190 5, represents the 9,5
pefcentile 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:

InG peak * Inc = 7,176 x exp (- 0,143 4 x DC) - 0,106 1 + DC

< A Let-Go threshold for (a.c. + d.c.) combinations
S
~ 30
Q
>
®
2
2 25 =
: {
g {
o 20 AN A (
o
2 A .
= N\
5 15 \
® (\ \
(O]
o N\
N\
10 Z \NED\ X
N\
NN
5
| JAED]
\ 1/
VAN N
0 (X >

2 25 30
DC component (mA)

IEC

Figure 9 — thxe

of 50/60

Id for combinations
rent and direct current

99,5 percentile %&

These effects are rel be

combined freque is

described in IECNG0990.

5.3.4 Thresh

5.3.4.1

The fibriflatio % i i i ivalent

alternating~si ida

a) |For shock/duration le,
I, is the/ RMS value of the sinusoidal alternatlng current having the same peak-to pgak

value 1 p as the current of the waveform concerned.

L
[ev — MM
242

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
combination of 50/60 Hz sinusoidal alternating and direct current lasting a few seconds

a
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

zello crossing) during each cycle. For example, the combination of a 40 mA RMS 50/60

sinusoidal current combined with direct current up to 40-4/2 mA has appraoximately the sa
likglihood of causing ventricular fibrillation as a 40 mA RMS 50/60 H oidalcurr
alogne.

Where the exposure is a few seconds or more and the direct ¢ la
enpugh so that the instantaneous current does not reverseg

composite of alternating plus direct current has the same likehNhood brillat
when the peak value of the composite current is the sa

50160 Hz purely sinusoidal alternating current. For exz patign of a 50/60

2 -Ip) (with no rever

of [the instantaneous current during each cycl e same likelihood

calising ventricular fibrillation as a 40nA R

Figure 10 illustrates an example in whj
altx]rnating current (including 20 Hz, 4
same.

d direct current (mA) peak

ng

Hz

me
bnt

ge
he
on
he
Hz

sal

of
ect

dal
he

Composite-altern
‘UN

Ay

I Direct current component (mA)

» Peak value of the pure AC current

IEC

NOTE The peak to peak value I__ remains constant up until the 7_ value and then the peak value of
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

the


https://iecnorm.com/api/?name=e4b1ab8114ec840a45e172a974a15c00

IEC TS 60479-2:2017 © IEC 2017 -21-

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*

Iev

D
s«
I

1
—

Y

Igy = I N2

*  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

The equivalent alternating current 7, is determined:
a) for durations longer than 1,5 times the period of the cardiac cycle by:

Iy = Top _ Tp

22 242

hence for the half wave rectification, I, is related to the RMS value of the rectified current
Irus 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:

_lpp  p

RN R Y

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 = Irms

xpected to flow
thr ihging signal on a
telg > is interrupted with a
pa 3 part that is>erfergized by a bursf of

In

rin p signal for a few seconds] In
the [ i ablé to let go during the time
wh ' all not\be capable of producing ventricylar
fib gen bursts of the ringing signal,
the

6.1 Waveforn@
Fiqure 12 shows
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o = 60° o = 150°
1 1
o
No' *g “ ND; “
1
= 3
1] ~ a
3 \ L=
g Y =~y Y
N WY Y / a \ / ! ‘
?\I —
9 J
n \ / Iey = IN2*
~y
Y

T

|~

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

a) Symmetrical control

*

Iev = IRMS

Iey = IN2*

onsideration)

*

*

b) Asymmetrical control

6.2

As

IEC

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

measurement circuit in IEC 60990.

is easily done using the
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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)

b)

c)

6.3.

Th
altg

Fo
is

wapeform concerned.

NO

NO
con

7.1
Fid

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

parameters change from peak to RMS value.
3 Asymmetrical control

same as with the equival

he-period of the cardiac cycle,
alue as the current of the relev

[E 1 For phase control angles above 120° a‘xjsewof the thieshold of fibrillation is to be expected.

E 2 Currents caused asSymwetrical _eg see |EC 60050-551:1998, 551-16-25) can also have
ponents.

~

ev

le,
he

de

Iev
Ant

DC
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- *k
I N lev = IRms

(2] \

- ¥

I \

~ ! i

IR

*  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 *
ts + tp
whgre
t, =[conducting time Tg+i,= working pefi
i 7 non-conducting time p = degree of powe
control

These ef e peak value of the current [13] and the currents have to|be
combinev uency to estimate the total effect.
7. Threshold~of 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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NOJE Body current Iz is the RMS value okthe e g cutxent conduction 7,pys-

7.3.2 Shock durati¢ ha i e period of the cardiac cycle

Fof shock durati 3 ) Qximately 1,5 times the period of the cardiac cycle, the

threshold depen er’control p. For p near the unity, it has the same
RMS value as the Sig i ating current of the same duration. For p near 0,1 the RMS
value of the curré ' urrenty conduction, I, is the same as the threshold [for
alternating current of\a d dQn below 0,75 times the period of the cardiac cycle.

NOJTE For inte i es of\ps the fibrillation threshold rises from the low level shown in Figure 20 in
IEQ TS 604 :

7.3.3 ek 'd i less than 0,75 times the period of the cardiac cycle

For shock durations~horter 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 fof a
sinusojdal alternating current of 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.

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:
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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

1Se
an Ie relat|onsh|p among the contributing frequenmes which needs to be known and s\ pot
co

9 | Effects of current pulse bursts and random complex irpé

9.1 Ventricular fibrillation threshold of multiple pulses of
300 ms or more

Veptricular fibrillation can be considered unlikely to ocet e\passage/of a single pujse
of [ inati [ ation is below the| c4
cur i a
sin

Pu interval that is equal to or gredter
thg 3 and may therefore be treated
indfivi of current. When the pulses of currgnt
in ms, a comparison of the magnityde

angl duration of each pulsg indivi ly to he cq curve may be used to determjne
thg ventricular fibrillatign ha

9.2 Ventricul Itiple pulses of current separated by less
than 300

9.2.1

Pu hte
dis to
ventricular\i i 2 c ; . . L er
thgn the ot

ocgurring along!

Shprt pulses/of currént through the heart that are separated by less than 300 ms can launch
acfivationnwavefronts with increasing heterogeneity. The cumulative effect of these wavefropts
isJan inCrease of wave splitting which leads to VF. However, with pulse spacing of ITss
than 100 ms the effect is very definite [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 Example estimate of the ventricular
separated by less than 100 ms, where fibrillation threshold after each
the first current pulse is in the AC-3 or | pulse of current in a series of pulses
DC-3 region of Figure 20 or Figure 22 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 (27 \
Fifth current pulse /\\1@ \\ \
Sixth current pulse }2\ \

Seventh and subsequent current pulses / ~ \Q}\le{s \

9.2.2 Examples

Expmple 1 — Four pulses separated ith little risk from the first, and [no
cu

Copsi i 1o IS igure 15) of unidirectional current passjng

thr ’ ' hand) and both feet, where each pulse hag a
mdgnitude of 100 mA e ' 0 s. Suppose the pulses are separated frpm
ea¢ s © Ie there is a risk of ventricular fibrillation when
the through the body

| % n—— 100 mA M M

Y

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

Eagh pulse has the same magnitude of 100 mA peak,but he
is increased to 1 s. The separation between pulses i stj

Acgording to Figure 22 of IEC TS 604 of
inducing reversible disturbances of fo C-3
redion).

The pulses are still however separated e\tha is
low. The pulses may be sidey individual pulses under the same criteria as the fifst,

thus suggesting that e

Expmple 3 - Fo s than 300 ms, with significant risk from the
firgt, and cumu@n

rectangular pulses of unidirectional current passing in
hfough a person’s body between the left hand and bpth
magnitude of 200 mA peak and 100 ms duration, but with

d/of 0,5s (see Figure 17). In this example, there is a risk| of

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.

In particular, “random” and “complex” imply that

a) | there is no observable repetition or pattern to irregularities;
b) | the waveform cannot easily be described mathematically;
c) |the 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
elelctronic record of the waveform segment may then be ¢ pger using digjtal
prdcessing according to an appropriate method. & i i may be solved |by
commonly used mathematical methods like Convolutigh)) Fouxj ansformation or Wavglet
analysis but these approaches are often not cenvenieny inary users. Here a simple,
relfable and conservative procedurg \whic esults into Figure 20 | of
IEC TS 60479-1:2005 is used. The method\

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

Figure 18 — Example of current versus elapsed time over
a contaminated 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
ar i TOTT ; T ; rihe
wapeform segment is therefore found and may be assessed.

Figure 20 is considered valid to 100 Hz.
Contaminated
| insulator
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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
RMf-

NO[E 2 For the purposes of this document, the term “water” is used to describe pure wate
purg water with salts and other impurities in solution.

as well as solutionp of

10)2 Resistivity of water solutions and of the human body

Pufe water is essentially non conductive, but when impurities.suc ded| to
water, the resistivity of the solution can decrease significantly. s values| of
reqistivity for examples of typical water solutions in which people cam\b {lly or totally
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
Isotonjg (notmal)’salinessolution 60
Sea@ (Atlantic ew\York) 22

ean,\pear
NOTE ndustivitiraval in s table are approximate for solutions at room
tempefatyra, and\will ¥ary with changes in temperature.
isNmm&rsed in water that conducts an electric current, the path of the

electric theywater is affected by the relative resistivity of the body, which is pot
homogeneo ter. If the water is less resistive than the immersed body (e.g. sea
water), muchlofthe current that would have been flowed through the water displaced by the
body will flow around the body rather than through it. However, if the water is more resistjve
thgn the'body (e.g. fresh lake water), a larger portion of the current will take the path of lepst
redistanee and “collect” or “concentrate” through the body. The presence of the body distqrts
theg electric field and paths of current flow in the water. The least distortion of the elecjric
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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