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FOREWORD

This amendment has been prepared by IEC technical committee 64: Electrical installations
and protection against electric shock.

The text of this amendment is based on the following documents:

Enquiry draft Report on voting
64/2095/DTS 64/2113/RVC

Full information on the voting for the approval of this amendment can bé¢ d in.the report

on voting indicated in the above table.

ation will
ksite under

The committee has decided that the contents of this amendment ang
remain unchanged until the stability date indicated

"http://webstore.iec.ch" in the data related to the specific p date, the
publication will be
e reconfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.
A bilingual version of this publication mfay be issugd ater date.
~—
IMPORTANT - The 'cplou wd the ¢over page of this publication indicates
that it contains colour i idered to be useful for the correct
understanding should therefore print this document using a

colour printer.

FOREWOR

Add, after-the sentence "The main changes with respect to the previous edition are listed
belowX_and the existing dashed list items, the following new text:

<, Extension of the applicability of the total body impedance to a frequency range up to
150 kHz:

— Clarification of the difference in anodic versus cathodic d.c. pulses;
— Extension of the ventricular fibrillation threshold of single pulses down to 1 ps pulse width;
— Addition of informative annexes:

Annex E: Theories of ventricular fibrillation;

Annex F: Quantities ULV and LLV;

Annex G: Circuit simulation methods in electric shock evaluation.
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INTRODUCTION

Replace the existing introduction with the following new introduction:

INTRODUCTION

This basic safety publication is primarily intended for use by technical committees in the
preparation of standards in accordance with the principles laid down in IEC Guide 104 and

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

One of the responsibilities of a technical committee is, wherever applicable, to make use of
basic safety publications in the preparation of its publications.

This technical specification provides basic guidance on the effects of.

irrespective of age and weight.

There are, however, other aspects to
probab|I|ty of contact with live or fault

The form of the
being used by techhig

shock. These res a portant enough to justify an IEC publication which may
serve as a guide €0 othe ittees and countries having need of such information.

cause of/deaths current. The analysis of results of recent research work on cardiac
physiology illation threshold, taken together, has made it possible to better
appreciate thelinfluenceof the main physical parameters and, especially, of the duration of
the current flow.

IEC TS$60479-1 contains information about body impedance and body current thresholds for
varieus physiological effects. This information can be combined to derive estimates of a.c.
andd.c. touch voltage thresholds for certain body current pathways, contact moisture
conditions, and skin contact areas.

This technical specification refers specifically to the effects of electric current. When an
assessment of the harmful effects of any event on human beings and livestock is being made,
other non-electric phenomena, including falls, heat, fire, or others should be taken into
account. These matters are beyond the scope of this technical specification, but may be
extremely serious in their own right.

Further experimental data are under consideration, such as recent ongoing experimental work
on "current induced heart fibrillation by excitation with discrete Fourier spectra" which is
intended to contribute to frequency factor data.
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4.5.3 Sinusoidal alternating current with frequencies up to 150 kHz

Replace the existing fourth paragraph with the following new text:

Figure 11 shows the frequency dependence of the total body impedance Z; for a current path
hand to hand and large surface areas of contact for a touch voltage of 25 V and frequencies
from 25 Hz to 150 kHz. From the results, curves have been derived giving the dependence of
the total body impedance Z; of a population for the 50th percentile rank for touch voltages

from 10 \/ to 1000\, and a frnqnnnr‘y range from 50 Hz to 150 kH=z for a current pafh hand to

hand or hand to foot for large surface areas of contact in dry condition. The curves are showf
in Figure 12.
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Figure 12 — Frequency dependence of the total body impedance Z; of
a population for a percentile rank of 50 % for touch voltages from 10 V to 1 000 V
and a frequency range from 50 Hz to 150 kHz for a current path hand to hand or
hand to foot, large surface areas of contact in dry conditions
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Add, at the end of the existing Subclause 6.6 the following new Subclause 6.7:

6.7 Effects of anodic versus cathodic d.c. currents

An electrode is an interface to another medium where charged particles are interchanged.

NOTE Charged particles are to be differentiated, and an anion is a negatively charged particle and a cation is a
positively charged particle.

An anode is an electrode which is at positive potential with respect to a lower potential
reference, such as the positive terminal of a source. Anodic current is current that flows away
from an anode.

A cathode is an electrode which is at negative potential with respec gher potential

applied on a body part with an excitable structyre . 8 nside via one small
electrode 1 (called different electrode) and a ¢ 2 (called indifferent
electrode).

Current distribution is asymmetric with
density in area B. See Figure 24.

Electrode 1 Electrode 2

Excitable
structure
(e.g. nerve)

Area A et e Area B

Body part
IEC

Figure 24 — Effects of anodic versus cathodic d.c. currents
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Now various d.c. pulses show different behaviour: Responses of the excitable structure arises
in the following order with respect to increasing excitation current depending on polarity and
on either closing or opening the current flow of the circuit:

e cathodal make reaction (CMR);

e anodal make reaction (AMR);

e anodal break reaction (ABR);

ol o

sl 1 ' ¥ aY =Y =AY
hd catlioudl vTcan TTadUluTT (UDT\ ).

This is called the “Law of polar excitation”.

This behaviour can be explained as follows.

the internal potential of the cell is also negative: The cell figeg
closing of the current circuit, a CMR results.

reason for the opening <{eac{j i : , Is responsible are depolarized again
i isted current flow, resulting in an ABR.

In principle this b ST € ditablg” cells to d.c. pulses always occurs if the current

distribution is as : effect is more or less prominent depending on the
difference in size a i tween the different and indifferent electrode. At least for
pulses delivé ~ the cardiac surface, cathodal d.c. pulse trains are slightly
safer as 2\ 25 nore current to induce ventricular fibrillation than anodal pulse
trains [3¢

Also, in principlées behaviour is present for different types of cells, not only for nerve cells

but equally for heartcells. The effect of the polarity is valid as well as for perception and for
fibrillation~(see Figure 25).
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Cathodal make

The two types of pulsed d.c. stimulation
cathodic make and during cathodic break:
potential attains the threshold.

Annex B

Add, after list item 3 Y m 4) to the list:

4) Values for tots ; 3 nce’ above 2 000 Hz have been estimated by extrapolation
from exi G : Rown in Figure 12.

Add, at the entixg ting Annex D, the following new Annexes E, F and G:
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Annex E
(informative)

Theories of ventricular fibrillation

Ventricular fibrillation (VF) is a phenomenon which has been better known since the detection
of electrical activity of the heart (ECG) [35]. The main mechanism of this abnormal normally
lethal activity of the heart ventricles was found when it was discovered that small volumed

circulating exciting waves are responsible for minimal inefficient and only local blood pumping
properties, in contrast to the straight strong and efficient normal excitation and pumping
process.

The reason for the unexpected possibility for the transition from ng atien to the

qal op

Moreover, the initiation of VF is increass
more frequently they arise the more d
The reason for this phenomenon is (VAN
during the ventricular repolacization [40 [4% innerMayers of the ventricular wall have per
se a longer repolarizatio timexthan the bute e

current and explains w

Termination of \@ i efibrillation. Defibrillation is presently performed with

[ ]
[ ]
o virtug
The role of the\first phase is to charge the vast majority of the cardiac cell membranes with a

large charge ‘of to 10 ms duration. The role of the second phase is to return the cell
membranéivoltage to zero [48].
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Annex F
(informative)
Quantities ULV and LLV

The heart’s threshold of fibrillation for a given waveform is the minimum value of current to
which it should be subjected to precipitate ventricular fibrillation. The IEC 60479 series of
standards devotes itself to determining this threshold for different wavefarms

It is noted however that “defibrillation” is a therapeutic modality used to treat a heart\in
fibrillation. This process involves passing a large impulsive current through the fibrillating
heart with the intention of halting fibrillation.

The design of a defibrillator is beyond the present scope however the
very commonly met in this context.

vulnerable period (portions of the T-wave). Present lite
pulses delivered outside of the vulnerable period do not j

defibrillated by short
(3 ms to10 ms) impulse shocks delivered in the sanfe lgCation\p/th pdiac cycle. This level

defibrillator (ICD) [49].

The lower limit of vulnerability (LL

IEC 60479 series. %
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Annex G
(informative)

Circuit simulation methods in electric shock evaluation

The use of modelling in evaluation of any situation is valuable since the modelling is
substituted for direct measurement of the application of forces which may be harmful or
deleterious to the body [50] Direct electric shock experimentation whether on humans or

animals, has been severely restricted over the last few decades forcing consideration af
modelling as a substitute. Such modelling has been used for years, most recently in~the
evaluation of touch currents according to the frequency filtered effect as are evaluated-in
many product standards.

An important contribution to experimental data is ongoing funded

experiments with animals.

Based on direct measurements on the heart (and necessary \{ranstati ruman) new
, N Si (e.g. touch
ircuits levels up

the voltage which contacts the human until the give other appropriate
parameters) is reached. This ongoing and recent exp is under consideration
The process of determination of a dange mination of the current in
the body, including at the myocardiu perimentally, however it can
be modelled using circuit analysis m re “describing the body and its
operation as an equivalent electrical /Tircuit discussion is to inform readers of the
existence of these models and to provide ce toyfurther discussions on, and usages
of, them

The body model whichk i 3 i hown in IEC TS 60479-1, consisting of
resistance and capacit i combined impedances of the skin. In series with
these is a simpl Bbody internal resistance

A voltage is appl ninals of the model and the resulting current in the
internal body resistancs dered to approximate the myocardial current

So, as a first\a asuring this current for an applied voltage will model the body
current or apal SIS can be accommodated by adding a circuit that mimics the body

N

rt -\
correction forthe

requenty fiIter effects noted in IEC TS 60479-2.

Hart [33]proposes the following modelling network as a useful one for modelling the startle-
reactiomfrequency effect from the ‘a’ curve in Figure 20 (see Figure G.1).
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Body impedance Transform
equivalent circuit network
R1 1
—C1 R3
— A
Lt
W
R2 Transformed current = V2/R2
V1
Body current = V1/R2
Modelling circuit, allowing transformation of an observed
current to give an estimate of body current. Value chosen
for specific observed currents. IEC
Figure G.1 — Electric shock in electrica art [33]

actual body current (= V1/R2). A seco
startle-reaction frequency factor, whose

in Table G.1 (the valye 3y be chosen to give a 3 ms time constant of a
cardiac cell sim g ' , which may typically be taken as 5 % to10 % of
the total internal ©

ablenG.1 3dy impedance examples (uncompensated)

omrhn& \> Condition R1 C1 R2
/\ X kQ nF Q
Large area\m{tekt\;‘hi\wz)

Hand to hand (ohbctQ > ‘ Worst case test value ‘ 1,5 ‘ 220 ‘ 500
Medium ar&a\contact (~1 000 mm?)

Hand to hand (or foot) Flat hand — DRY 77 24 500
Hand,to hand (or foot) Gripping hand — DRY 25 50 400
Hand to opposite shoulder Gripping hand — DRY 9,5 200 250
Hand to opposite shoulder Gripping hand — WET 1,5 220 250
Hand to arm, high pressure grip Gripping hand — WET 1,5 500 200

Small area contact (~ 100 mm?)

Finger to arm Finger contact - DRY 60 7 800
Finger to arm, high pressure Finger contact - WET 12 20 250
Near worse case small area 100 mm? probe contact 15 20 250

IEC 60601-1 medical standard Standard test value 0 0 1000
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IEC 60990 provides two frequency factor correction circuits; the perception threshold 2
element frequency factor correction circuit shown above plus a 3 element letgo immobilization
frequency factor correction circuit. These circuits have been extensively discussed by
Perkins[34][35][51]. Note that these circuits mimic the inverse of the frequency factor curve,
as explained in IEC 60990, which allows evaluation to the low frequency limit given in a
product standard irrespective of the frequency of the current being measured.

Modelling of any electric shock cond|t|on whether perceptlon threshold, letgo threshold, or
nnnnnnnnnnnnnnn adi o nte ar fibheillati s that tha ncrrnrd- aolamaonta chaould

dial + 1o 1
|||yuuu|u|u| SOt Tt |\4uu|||3 to—v-eRtHeutat ToT oot |\4\.1u||uu ot trc—C eet-erefReRtS—Srotha

be chosen for the model analysed. Assuming that the current is introduced through the skiny
the correct skin model should be selected for the condition experienced. When suitable,
nonlinear models of the skin should be used [52]. Product standards usually seek the.worst
case condition to maximize the current and minimize the risk of efectic shoeck: The

Wals in governmental funded projects and
new insight is expected to be drawn which
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