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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS
AND LIVESTOCK -

Part 1: General aspects

FOREWORD

this end and in addltlon to other activities, IEC publishes International
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guijdes

governmental organizations liaising with the IEC also partnmpate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

and are accepted by IEC National
Committees in that sense. While all reasonable effqrts re that the technical content of IEC
Publications is accurate, IEC cannot be ) the way in which they are used or for any
misinterpretation by any end user.

the latter.

IEC itself does nof provide
assessment serw i
services carried out by i

Attention is~draw possibility that some of the elements of this IEC Publication may be the subject of
patent rights? IEC shalil not be held responsible for identifying any or all such patent rights.

This\‘consolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

IEC TS 60479-1 edition 4.1 contains the fourth edition (2005-07) [documents 64/1427/DTS

1 - u

RVC].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

» 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
whether they can be transformed into International Standards.

IEC 60479-1, which is a technical specification, has been prepared IEC  technical

committee 64: Electrical installations and protection against electric shge

This fourth edition cancels and replaces the third edition, publish&
1994, and constitutes a technical revision.

calculated from statistic itr’transversal direction of current flow,
80 V a.c.with body impedances Zt (5%)
in the main text.

— Change of Curve B i mA to 5 mA: conventional time/current zones of
effects of a
themain text.

— Let-go currents sotfal current given in Figure 23 with the relevant

— new strucgtureto\th he standard
— Exte icabiity of the total body impedance to a frequency range up to
150

— ExtensionJof thesvéntricular fibrillation threshold of single pulses down to 1 us pulse width;
— Addition of informative annexes:

Avnex E: Theories of ventricular fibrillation;

Annex F: Quantities ULV and LLV;

Annex G: Circuit simulation methods in electric shock evaluation.

This technical specification has the status of a basic safety publication in accordance with IEC
Guide 104.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
64/1427/DTS 64/1463/RVC

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above Table.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 60479 consists of the following parts under the general title Effects of current on~httman
beings and livestock

Part 1: General aspects

Part 2: Special aspects:
Chapter 4: Effects of alternating current with frequen
Chapter 5: Effects of special waveforms of curre

rt duration

Part 3: Effects of currents passing through the b

Part 4: Effects of lightning strokes on human e

The committee has decided that the ication and its amendment will

remain unchanged until the stability . the IEC web site under

"http://webstore.iec.ch” in the data rg - pecific publication. At this date, the
publication will be

e reconfirmed,

e withdrawn,

e replaced by a revis
e amended. G
A bilingual versio

The contentg of
copy.

4

IMPORTAN - 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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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 I[EC Guide 104 and
ISO/IEC Guide 51. It is not intended for use by manufacturers or certification bodies.

TTOTIoTTeT PrrrocoTe

basic safety publications in the preparation of its publications.

This technical specification provides basic guidance on the effects of shock current on human
beings and livestock, for use in the establishment of electrical safety requirements.

for example, operating

The form of the en adopted summarizes results so far
ee 64 as a basis for fixing requirements
for protection against $ . S sidered important enough to justify an IEC

publication which may
such informatio

reshold, taken together, has made it possible to better
ain physical parameters and, especially, of the duration of

information about body impedance and body current thresholds for
various physiologi effects. This information can be combined to derive estimates of a.c.
and d.c. (touch voltage thresholds for certain body current pathways, contact moisture
conditions,” and skin contact areas.—Irfoermation—about—touch—voltage—thresholds—for

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.
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Further exp ental data are under consideration, such as recent ongoing experimental work
on "curreﬁt) induced heart fibrillation by excitation with discrete Fourier spectra" which is
intend@to contribute to frequency factor data.

D
\<</Q
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EFFECTS OF CURRENT ON HUMAN BEINGS
AND LIVESTOCK -
Part 1: General aspects
1 Scope

For a given current path through the human body, the danger to persons depends mainly on
the magnitude and duration of the current flow. However, the time/current zongs specified in

the following clauses are, in many cases, not directly applicable in pvg gr\designing
measures of protection against electrical shock. The necessary criterion ible limit
of touch voltage (i.e. the product of the current through the body ¢ QuchheurrentNand the
body impedance) as a function of time. The relationship betwe age is not

linear because the impedance of the human body varies with the toug ge, and data on
this relationship is therefore required. The different parts o an‘k as the skin,

composed of resistive and capacitive components.

The values of body impedance depend on a nun i and, ih particular, on current
path, on touch voltage, duration of c ) cge of moisture of the skin,

Knowledge of the effegts\of akernafinyg primarily based on the findings related to the
effects of current at i 30 Hz oNG0 Hz which are the most common in electrical
installations. Th@ i deemed applicable over the frequency range
from 15 Hz to 10 the limits of this range being higher than those at

ventricular fibrillation is considered to be the main

mechanism of d f i ccidents.

Accidents wi much less frequent than would be expected from the number
of d.c a fatal electrical accidents occur only under very unfavourable
conditions € i ines. This is partly due to the fact that with direct current, the let-

less difficult and that for shock durations longer than the period of the
cardiac cycley thesthreshold of ventricular fibrillation is considerably higher than for alternating

current.

NOTE ~The IEC 60479 series contains information about body impedance and body current thresholds for various
physiological effects. This information can be combined to derive estimates of a.c. and d.c. touch voltage
thresholds for certain body current pathways, contact moisture conditions, and skin contact areas. Information
about touch voltage thresholds for physiological effects is contained in IEC 61201.

L~ 2 Normative references

The following referenced documents are indispensable for the application 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.

IEC 61201:1992, Extra-low voltage (ELV) — Limit values

Guide 104:1997, The preparation of safety publications and the use of basic safety
publications and group safety publications
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1 General definitions

311

longitudinal current
current flowing lengthwise through the trunk of the human body such as from hand to feet

3.1.2
transverse current
current flowing across the trunk of the human body such as from hand to |

3.1.3

internal impedance of the human body

Z;

impedance between two electrodes in contact with two parts ©
skin impedances

neglecting

3.1.4

impedance of the skin
ZS
impedance between an electrode on

3.1.5
total impedance of the human body
Z7
vectorial sum of the intersal irs

3.1.6
initial resistanc
R,

3.1.7
dry conditio
condition

water-wet-condition
condition of the skin of a surface area of contact being exposed for 1min to water of public
watersupplies (average resistivity p =3 500 Qcm, pH =7 to 9)

3.1.9
saltwater-wet condition
condition of the skin of a surface area of contact being exposed for 1 min to a 3 % solution of

NaCl in water (average resistivity p = 30 Qcm, pH =7 to 9)

NOTE It is assumed that saltwater-wet condition simulates the condition of the skin of a sweating person or a
person after immersion in seawater. Further investigations are necessary.

3.1.10

deviation factor

Fp

total body impedance Z; for a given percentile rank of a population divided by the total body
impedance Zy for a percentile rank of 50 % of a population at a given touch voltage
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7t (X%, UT)

Fp (X%, UT) =
71 [50%, U)

3.2 Effects of sinusoidal alternating current in the range 15 Hz to 100 Hz

2.9 4

threshold of perception
minimum value of touch current which causes any sensation for the person through which it js
flowing

3.2.2
threshold of reaction
minimum value of touch current which causes involuntary muscular cor

3.23

threshold of let-go
maximum value of touch current at which a person holdi
electrodes

et go of the

3.24
threshold of ventricular fibrillation

minimum value of touch current througp tricular fibrillation

3.2.5
heart-current factor
F

NOTE In the heart@u
3.2.6

vulnerable period

3.3 Effectsof di

3.31

total’body resistance
Ry

sum of the internal resistance of the human body and the resistances of the skin

3.3.2

d.c./a.c. equivalence factor

k

ratio of direct current to its equivalent r.m.s. value of alternating current having the same
probability of inducing ventricular fibrillation

NOTE As an example for shock durations longer than the period of one cardiac cycle and 50 % probability for
ventricular fibrillation, the equivalence factor for 10 s is approximately:
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k= 14.c —fibrillation _ 300 mA
80 mA

= 3,75 (see Figures 20 and 22)

]a.c.—fibrillation (r.m.s.)

3.3.3

nt

direct touch current through the human body for which the feet represent the positive polarity

3.34
downward current
direct touch current through the human body for which the feet represent the-negative polarity

4 Electrical impedance of the human body

The values of body impedance depend on a number of factorg” and,\ . On current
path, on touch voltage, duration of current flow, frequency, dk i of the skin,

Figure 2 shows the intern
percentages of that relf

For current pat@
limbs (arms and

NOTE 2
values.

The impedan
Its structure_ is-nyade
skin impedance fa
(see 4.7).

can be considered as a network of resistances and capacitances.
p of a semi-insulating layer and small conductive elements (pores). The
when the current is increased. Sometimes current marks are observed

Thé value of the impedance of the skin depends on voltage, frequency, duration of the current
flow, surface area of contact, pressure of contact, the degree of moisture of the skin,
témperature and type of the skin.

For lower touch voltages the value of the impedance of the skin varies widely, even for one
person, with surface area of contact and condition (dry, wet, perspiration), temperature, rapid
respiration, etc. For higher touch voltages the skin impedance decreases considerably and
becomes negligible when the skin breaks down.

As regards the influence of frequency, the impedance of the skin decreases when the
frequency increases.
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4.3 Total impedance of the human body (Zy)

The total impedance of the human body consists of resistive and capacitive components.

For lower touch voltages, there are considerable variations in the impedance of the skin Zg
and the total impedance of the human body Z; similarly varies widely. For higher touch
voltages, the total impedance depends less and less on the impedance of the skin and its

value approaches that of the internal Impedance Z;. See Figures 4 10 Y.

As regards the influence of frequency, taking into account the frequency dependence of the
skin impedance, the total impedance of the human body is higher for direct current 'and
decreases when the frequency increases.

4.4 Factors affecting initial resistance of the human body (R,)

area of contact.

The initial resistance R limits the current peaks of(shq 2 shocks from electric

fence controllers).

The dependence of the total body impe Ot percentile rank of a population of
living human beings for large, medium\and(sim urface areas of contact (order of magnitude

10 000 mm2, 1 000 mm?2 in dry, water-wet and saltwater-wet
conditions at touch voltags 4.c. is shown in Figures 7, 8 and 9.

4.5.1 0 Hz for large surface areas of contact

The values of the _to s in Tables 1, 2 and 3 are valid for living human
beings and a curre or large surface areas of contact (order of magnitude
10 000 mm?2) in dry vater-wet (Table 2) and saltwater-wet (Table 3) conditions.

The range of\the pedances for touch voltages up to 700 V for large surface areas
of contacti et ad saltwater-wet conditions for a percentile rank of 50 % of the

The values forTahles’1, 2 and 3 represent the best knowledge on the total body impedances
Zy for living-adults. 'On the knowledge at present available the total body impedance Zt for
childrentis. expected to be somewhat higher but of the same order of magnitude.
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Table 1 — Total body impedances Z; for a current path hand to hand a.c. 50/60 Hz, for
large surface areas of contact in dry conditions

Touch voltage
v Values for the total body impedances Z; (Q) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
25 1750 3 250 6 100
50 1375 2 500 4 600
75 1125 2 000 3 600
100 990 1725 3125
125 900 1 550 2 675
150 850 1400
175 825 1325
200 800 1275
225 775 1225
400 700 950
500 625 850
700 575 5 1 050
1000 575 L x 1 050
Asymptotic value 575 775 \/ 1050
= internal impedance . ( O

NOTE 2 For living persons the values of Z; correspo duration of gurrent flow of about 0,1 s. For longer
rupture of the skin Z; approaches the

internal body impedance Z;.
NOTE 3 For the standard value of the voltag 230wo
o

values of the total body impeda re th me\as guch wltage of 225 V.

NOTE 4 Values of Z; are rounded to Q.
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Table 2 — Total body impedances Z; for a current path hand to hand a.c. 50/60 Hz, for
large surface areas of contact in water-wet conditions

Touch voltage
v Values for the total body impedances Z; (Q2) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
p4el r'rro £ 179 4 1TUU
50 1100 2 000 3675
75 1025 1825 3275
100 975 1675 2 950
125 900 1550 2 675
150 850 1400 2 350
175 825 1325 175
200 800 1275
225 775 1225
400 700 950
500 625 8 R 1150
700 575 1050
1000 575 1050
Asymptotic value 575 1050
=internal impedance

internal body impedance Z;.

NOTE 3 For the standard val
values of the total body imped

NOTE 4 Values of Z7 are
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Table 3 — Total body impedances Z; for a current path hand to hand a.c. 50/60 Hz, for
large surface areas of contact in saltwater-wet conditions

Touch voltage
v Values for the total body impedances Z; (Q2) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
r4e) JOoU IouUv M roo
50 940 1275 1720
75 920 1250 1685
100 880 1225 1655
125 850 1200 1620
150 830 1180 1 590
175 810 1155
200 790 1135 1
225 770 1115
400 700 950
500 625
700 575
1000 575
Asymptotic value 575
= internal impedance

NOTE 1 Some measurements indicate that t
lower than for a current path hand to hand (1

values of the total body impedance are t

NOTE 4 Values of Z7 are foun d to™g Q.

have peen derived from measurements carried out on
, male$ and females) as described in Annex A.

The values indi i
corpses and on li 3

The value-of-the internal body impedances Z; and of the initial body resistance R (see 4.6)
dependnly to a small extent on the surface areas of contact.

However, when the surface area of contact is very small, in the order of a few square
miftimetres, the values are increased.

After the skin has broken down ('Fnr touch \/nlfngne TaIVZ=Y BR-TaTal JabV 100\, _and after Inngnr

durations of current flow), the total body impedance Z; approaches values of the internal body
impedance Z; and depends only to a small extent on the surface area of contact and its
condition of dampness.

The measurements of the dependence of the total body impedance Z on the surface area of
contact for a.c. 50 Hz in dry, water-wet and saltwater-wet conditions which have been carried
out on living persons at touch voltages of Uy = 25 V to 200 V are described in Annex A.

NOTE No data on Z; for surface areas in water-wet and saltwater-wet conditions of persons or corpses is
available for touch voltages above 200 V.
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The dependence of the total body impedance Z; for a current path hand to hand on the
surface area of contact (from 1 mm2 up to approximately 8 000 mm?2) in dry condition for a
touch voltage range of 25V to 200V, a.c. 50 Hz, measured on one person is shown in
Figure 5. For touch voltages below 100 V and small surface areas of contact in the order of a
few mmz2, deviations in the measurements can easily reach about + 50 % of the average,
depending on temperature, pressure, location within the palm of the hand, etc.

The dependence of the total body impedance Z; between the tips of the right forefinger and
the left forefinger (surface area of contact approximately 250 mm?2) on the touch voltage for
a.c. 50/60 Hz for a voltage range from 25 V to 200 V is shown in Figure 6.

From Figure 6 one can calculate that the partial impedance of one forefinger at altouch
voltage of 200 V is on the order of 1 000 Q.

The measurements of the total body impedance Z; shown in Fig S 3 ave been
carried out on one living person only.

b€ings on the
the total body
impedance Z; for large, medium and small surface ar
10 000 mm2, 1 000 mm2 and 100 mm?2 respectively) in

e for small surface
and 9 for dry,
200 V a.

Table 4 —Total bo

areas of contf'\
/\

alues rounded to 25 Q)

Toue \‘Ilo 29¢ \ \Mues for the total body impedances Z7 (Q2) that are not exceeded for
\,5/% of the population 50 % of the population 95 % of the population
25 11125 20 600 38725
50 7 150 13 000 23 925
75 4625 8 200 14 750
100 3 000 5200 9 150
125 2 350 4 000 6 875
150 1800 3000 5050
175 1550 2 500 4125
200 1375 2 200 3 9205
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Table 5 — Total body impedances Z; for a current path hand to hand for medium surface
areas of contact in water-wet conditions at touch voltages U; =25V to 200V a.c. 50/60 Hz
(values rounded to 25 Q)

Touch voltage Values for the total body impedances Z7 (Q) that are not exceeded
\ for
5-Yof-thepoputation 56-Y%of-thepoputation 95-%of-thepoputation

25 5 050 9 350 17 575
50 4100 7 450 13 700
75 3400 6 000 10 800
100 2 800 4 850 8 525
125 2 350 4 000 6 875
150 1800 3 000 050
175 1 550 2 500 4 125
200 1375 2 200 <\ 52

Table 6 — Total body impedances Z; for a current p
areas of contact in saltwater-wet conditions at
50/60 Hz (values rounde t 5

Touch voltage Q
v Values f@q(b\o\dyimpe{gnc }\((?that are not exceeded for
5 % of the popul % f the ulation 95 % of the population

25 1795 \> 425 3275

50 1765 Q 2 390 3225

75 ) 2 350 3175

100 2 315 3125

125 [ 2 280 3075

150 Q 2 245 3030

175 2210 2 985
2175 2935

Table 7~J aI
areas>af ¢

pe
d

nces Z; for a current path hand to hand for small surface

ry\conditions at touch voltages U; =25V to 200 V a.c. 50/60 Hz
(values rounded to 25 Q)

Touch-voltage

Values for the total body impedances Z; (Q2) that are not exceeded for

\'
5 % of the population 50 % of the population 95 % of the population

25 91 250 169 000 317 725
50 74 800 136 000 250 250
75 42 550 74 000 133 200
TOO Z3 000 40 000 70 400
125 12 875 22 000 37 850
150 7 200 12 000 20 225
175 4 000 6 500 10 725
200 3 500 5400 8 650
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Table 8 — Total body impedances Z; for a current path hand to hand for small surface
areas of contact in water-wet conditions at touch voltages U; =25V to 200 V a.c.
50/60 Hz (values rounded to 25 Q)

Touch voltage
v Values for the total body impedances Z; (Q) that are not exceeded for
5-%-efthe pepulation——50-%of the pepulatien——95%of the peopulatien
25 39 700 73 500 138 175
50 29 800 54 200 99 725
75 22 600 40 000 72 000
100 17 250
125 12 875
150 7 200
175 4 000
200 3500

50/60 Hz (values rou de

Touch voltage ggs)
v Values f@g@dyimpe%n j\«?that are not exceeded for
5 % of the popul 0 °o fth ulation 95 % of the population

25 5400 \> 300 9 855

50 5105 Q 6 900 9 315

75 ) 6 550 8 840

100 6 200 8 370
5 850 7 900
5 550 7 490
5250 7 085
5000 6 750

dy impedance for 50/60 Hz decrease at higher frequencies due to
acitances of the skin and approach, for frequencies above 5 kHz, the

The measurements of the total body impedance with frequencies up to 20 kHz at touch
voltages of 10 V and 25 V are described in Annex B.

Figure 10 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 10 V and frequencies
from-25 Hz to 20 kH=z.

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-2 150 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 V to 1 000 V and a frequency range from 50 Hz to-2 150 kHz for a current path hand
to hand or hand to foot for large surface areas of contact in dry condition. The curves are
shown in Figure 12.

NOTE No measurements have been carried out in water-wet and saltwater-wet conditions.
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The total body resistance R for direct current is higher than the total body impedance Z; for
alternating current for touch voltages up to approximately 200 V due to the blocking effect of
the capacitances of the human skin.

The measurements of the total body impedance which have been carried out with direct

current Tor large surtace areas of contact In dry condition are described in Annex C.

NOTE No measurements have been carried out in water-wet and saltwater-wet conditions.

The values for the total body resistance Ry for direct current determined in the way described

in Annex C are presented in Table 10 (see Figure 13, continuous lines).

Table 10 — Total body resistances Ry for a curr
for large surface areas of contacti

Touch voltage (\/lg \/
Values for the total esjstancge Rt (Q) that are not exceeded for
; e esbhgna
5 % of the po@la?fo\n < » 5(@% of((he\sobuyatl/on 95 % of the population
25 2100 2a75 / 7275
50 1600 2 900 5325
75 275 4100
100 1900 3 350
125 1675 2 875
150 1475 2 475
175 1 350 2225
200 1275 2 050
225 1225 1900
400 950 1275
500 850 1150
70 575 775 1 050
//BQO R 575 775 1 050
Asymptatic Valye\\) > 575 775 1050
NOTE 1 Some e‘asur ents indicate that the total body resistance Ry for the current path hand to foot is

somewhat lower thanfor g)current path hand to hand (10 % to 30 %).

NOTE 2 Forliving persons, the values of Ry correspond to a duration of current flow of about 0,1 s. For longer
durations\Ry values may decrease (about 10 % to 20 %) and after complete rupture of the skin Ry approaches the
initial body resistance Rg.

NOFE8 Values of Rt are rounded to 25 Q.
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4.6 Value of the initial resistance of the human body (R)

The value of the initial resistance of the human body R, for a current path hand to hand or
hand to foot and large surface areas of contact can be taken as equal to 500 Q for a
percentile rank of 5 % for a.c. and for d.c. The values for 50 % and 95 % of the population can
be taken as equal to 750 Q and 1 000 Q respectively (similar to Table 1). The values depend
only little on the surface areas of contact and on conditions of the skin.

NOTE The values for initial resistance Ry are somewhat lower than the asymptotic values for the total body
impedance Z; for a.c. 50/60 Hz and the total body resistance R for d.c., because when contact is made the
capacitances of the skin and the internal capacitance of the body are uncharged.

5.1 Threshold of perception

The threshold depends on several pargmeters, s

Immobilis ion, i means the effect of electric current such that the body of the
Red part of the body) cannot move voluntarily.

through assoeciated wérves or the associated part of the brain.

The «jalues of current which cause immobilisation depend on the volume of the muscles
affected, the type of nerve and the parts of the brain affected by the current.

5.4 Threshold of let-go

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

A value of about 10 mA is assumed for adult males in this technical specification.

In this document a value of about 5 mA covers the entire population (for additional
information, see Figure 23).
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5.5 Threshold of ventricular fibrillation

The threshold of ventricular fibrillation depends on physiological parameters (anatomy of the
body, state of cardiac function, etc.) as well as on electrical parameters (duration and
pathway of current flow, current characteristic, etc.). A description of heart activity is given in
Figures 17 and 18.

VWith sinusoidal a.c. (b0 Hz or 60 HZ), there 1s a considerable decrease in the threshold of
fibrillation if the current flow is prolonged beyond one cardiac cycle. This effect results from
the increase in inhomogeneity of the excitatory state of the heart due to the current induced
extra-systoles.

ioms longer than 1 s was chosen
durations longer than 3 s. Both levels

High voltage accidents may not result in ventricular fibrillation, instead giving other forms of
cardiac_arrest. This is shown in accident statistics and confirmed by animal experiments.
Howeéver there is at present insufficient data to differentiate the likelihood of these conditions.

Ventricular fibrillation is fatal because it denies blood flow which transports required oxygen.
Electrical accidents that do not involve ventricular fibrillation can also be fatal. Other effects

may—affectrespiration—eand—might prevent-the—person—from—shoutingforhetp—Fhese—retated
mechanisms include functional disturbance of respiratory control, paralysis of respiratory
muscles, damage to the neural activation pathways for these muscles, and damage to the
respiratory control mechanism within the brainstem. These effects, if permanent, lead
inevitably to death. If a person is to recover from a reversible respiratory effect, prompt
artificial respiration is mandatory. Nonetheless, the person may still die. If current flows
through critical parts such as the spinal cord or the respiratory control centre, death can
occur. These effects are under consideration and thresholds are not yet defined.

High transmembrane electric fields can damage cells, especially long slender cells, such as
skeletal muscle cells. This is not a thermal effect. This has been observed for example with
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high-magnitude, short-duration body currents (such as from momentary contact with high-
voltage power distribution lines). A high electric field across cell membranes can induce the
formation of pores in the membranes. The effect is called electroporation. The pores may be
stable and ultimately seal over, or may enlarge, become unstable, and subsequently cause
rupture of the cell membranes. Tissue then becomes irreversibly damaged. Necrosis of the
tissue can occur, often requiring amputation of injured limbs. Electroporation is not limited to
any particular current magnitude or to any particular current pathway or duration of flow.

Related non-electrical injuries, such as traumatic injury, should be considered.

5.7 Effects of current on the skin

Figure 14 shows the dependence of changes of the human skin on ent density, it
(mA/mm?2) and duration of current flow.

As a guideline the following values can be given:

be low enough not to cause any
itudes.

f zgnes of Figure 20

Zones Be( \/\ \/\\/ Physiological effects

AC-1 %W\ Wn possible but usually no ‘startled’ reaction

AC-2 b\% t\\?rception and involuntary muscular contractions likely but usually no harmful
QUIV. b lectrical physiological effects

A G W Strong involuntary muscular contractions. Difficulty in breathing. Reversible
NaboVe disturbances of heart function. Immobilization may occur. Effects increasing

with current magnitude. Usually no organic damage to be expected

AC-4.9) Above curve Patho-physiological effects may occur such as cardiac arrest, breathing arrest,
¢ and burns or other cellular damage. Probability of ventricular fibrillation
increasing with current magnitude and time

cy-cy AC-4.1 Probability of ventricular fibrillation increasing up to about 5 %

€y=Cy AC-4.2 Probability of ventricular fibrillation up to about 50 %

Beyond curve | AC-4.3 Probability of ventricular fibrillation above 50 %
c
3

1) For durations of current flow below 200 ms, ventricular fibrillation is only initiated within the vulnerable period
if the relevant thresholds are surpassed. As regards ventricular fibrillation, this figure relates to the effects of
current which flows in the path left hand to feet. For other current paths, the heart current factor has to be
considered.
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5.9 Application of heart-current factor (F)
The heart-current factor permits the calculation of currents 7,, through paths other than left

hand to feet which represent the same danger of ventricular fibrillation as that corresponding
to /¢ left hand to feet shown in Figure 20:

L= Iref
" F
where
Ios is the body current for the path left hand to feet given in Figure 20;

Iy, is the body current for paths given in Table 12;

F is the heart-current factor given in Table 12.

NOTE The heart-current factor is to be considered as only a rough estimation of t e various

current paths with regard to ventricular fibrillation.

For different current paths, the following heart-current factors

Table 12 — Heart-current factor F for/d'\_ffe\nt

Current path ( m ﬁéart-current factor F

Left hand to left foot, right foot or both feet \/ G 1,0

Both hands to both feet > 1,0

Left hand to right hand 0,4

Right hand to left foot, right foot or to both feg 0,8

Back to right hand 0,3

Back to left hand 0,7

Chest to right hand 1,3

Chest to left hand 1,5

Seat to left hand,@an or to bath haw 0,7

Left foot to right foot/\ 0,04

N

EXAMPLE A 25\mAMand>to hand has the same likelihood of producing ventricular fibrillation as a
current of 9 byth fe
6 Effects rrent

This clause describes the effects of direct current passing through the human body.

NOTE~1 \The term "direct current" means ripple-free direct current. However, as regards fibrillation effects, the
datagiven in this clause are considered to be conservative for direct currents having a sinusoidal ripple content of
not.more than 10 % r.m.s.

NOTE 2 The influence of ripple is dealt with in chapter 5 of IEC 60479-2.
NOTE 3 For durations of current flow below 10 ms see chapter 6 of IEC 60479-2.

An example of a touch current and its effects are shown in Figure 21.

6.1 Threshold of perception and threshold of reaction

These thresholds depend on several parameters, such as the contact area, the conditions of
contact (dryness, wetness, pressure, temperature), the duration of current flow and on the
physiological characteristics of the individual. Unlike a.c., only making and breaking of current
is felt and no other sensation is noticed during the current flow at the level of the threshold of
perception. Under conditions comparable to those applied in studies with a.c., the threshold of
reaction was found to be about 2 mA.
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6.2 Threshold of immobilization and threshold of let-go

Unlike a.c. there is no definable threshold of immobilization or let-go for d.c. Only making and
breaking of current lead to painful and cramp-like contractions of the muscles.

6.3 Threshold of ventricular fibrillation

......

I-\b UEbblIUBU IUI d.C. (Scce 5 O), lHe LIIIEbIIUIU UI Vb‘llllILUIdl IIUIIIIdLIUIl |nuuceU Uy U C. uepenu;»
on physiological as well as on electrical parameters.

Information derived from electrical accidents seems to indicate that the danger of ventricutar
fibrillation generally exists for longitudinal currents. For transverse currents, experimenis on
animals have, however, shown that at higher current intensities ventricalar{ibrillation” may
also occur.

Experiments on animals as well as information derived from electrl 1CH| owXhat the
threshold of fibrillation for a downward current is about twice as high'a ard’current.

). Curve ¢, shows current and
; tricular fibrillation is estimated to be
very low for the same longitudi through the body based on the animal

studies. Later studies show_ tha \ri ibhlJdtion threshold for humans is higher than
the current magnitude i s for each duration. For example, the left
hand to feet threshold| cu 8 uman might be in the order of 200 mA for long

durations of cu
affect the ventricula
ventricular fibrillaticq

ah hearts are healthy, and some maladies can
ome people with unhealthy heart conditions have
normal, but the amount of the reduction is not

based on ani describe the ventricular fibrillation threshold for humans
as a cons te Jhere are no known electrical accidents that show an
electrocution . This indicates that the ¢, curve is probably conservative for
all huma o ltudl al downward current (feet negative), the curves have to be shifted

to a highercurreRt magnitude by a factor of approximately 2.

6.4 Other effectsof current

Abovesapproximately 100 mA, a sensation of warmth may be felt in the extremities during
current=flow. Within the contact area, painful sensations are felt.

Transverse currents up to 300 mA flowing through the human body for several minutes might,
increasing with time and current, cause reversible cardiac dysrhythmias, current marks,

burns, dizziness and sometumes unconsciousness. ADboOve 300 MA, UNCONScIOUSNess
frequently occurs.

With currents of several amperes lasting longer than seconds, deep-seated burns or other
injuries, and even death, are likely to occur.

Effects such as electroporation (see 5.6) can result from contact with d.c. circuits as well as
a.c. circuits.

Related non-electrical injuries, such as traumatic injury, should be considered.
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6.5 Description of time/current zones (see Figure 22)
Table 13 — Time/current zones for d.c. for hand to feet pathway —
Summary of zones of Figure 22

Zones Boundaries Physiological effects
DC-1 Up to 2 mA Slight pricking sensation possible when making, breaking or rapidly altering

curve a current flow
DC-2 2 mA up to Involuntary muscular contractions likely especially when making, breaking or

curve b rapidly altering current flow but usually no harmful electrical physiological

effects

DC-3 Curve b and Strong involuntary muscular reactions and reversible disturbances of

above formation and conduction of impulses in the heart may oteur, increasing with

current magnitude and time. Usually no organic d;\ age to expected
N

DC-4 1) Above curve c,

€172

(,‘2-(,‘3

Beyond curve ¢,

1) For durations of current flow below 200 ms, ventricular fibriljation iwm the vulnerable period if
the relevant thresholds are surpassed. As regards ventricular fibrillation thisfigure tes to the effects of current
which flows in the path left hand to feet and for upward cufrent. hefiGurrent paths the heart current factor has
to be considered.

6.6 Heart factor

The heart factor F applie . < ac/(see 5.8).

9,

7

IEC 980/05

Key

Z; internal impedance
Zs1, Zgo impedance of the skin
Z total impedance

Figure 1 — Impedances of the human body
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NOTE In order to
Zip, for all parts of the pod
surface areas of contact
total, when the curren
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Zip/5

982/05

Key

Zip internal partial impedancg’of one ¢

NOTE The internal impedancegom doe hand te bqth.feet is\approximately 75 %, the impedance from both hands
to both feet 50 % and the infp nk of the body 25 % of the impedance hand to hand
or hand to foot.

Figure 3 — Sim atic di : 6r the internal impedances of the human body
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Touch voltage U ———»
IEC 984/05

Key

(For further details, see Annex D)

1 \Surface area of contact 8200 mm?2
2)" Surface area of contact 1250 mm?2
3 Surface area of contact 100 mm?2
4 Surface area of contact 10 mm?2
5 Surface area of contact 1 mm?2

(Breakdown of the skin at 220 V)

Figure 5 — Dependence of the total impedance Z; of one living person on the surface
area of contact in dry condition and at touch voltage (50 Hz)
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Key
1 larges ontact, eleéCtrodes type A (order of magnitude 10 000 mm2), according to Table 1
2 middle sized sb facedareas ofcontact, electrodes type B (order of magnitude 1000 mm2), according to Table 5

3 small surface ateas of sontact, electrodes type C (order of magnitude 100 mm2), according to Table 8

Figure 7 £ Dependence of the total body impedance Z; for the 50th percentile rank
of a population of living human beings for large, medium and small surface areas
of contact (order of magnitude 10 000 mm2, 1 000 mm?2 and 100 mm? respectively)
in dry conditions at touch voltages U; =25V to 200 V a.c. 50/60 Hz
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1 large surface areg 3 pe A (order of magnitude 10 000 mm?2), according to Table 2

2 middle sized g are S tact, efectrodes type B (order of magnitude 1 000 mm2), according to Table 6

3 small surface odes type C (order of magnitude 100 mm2), according to Table 9
Figure 8—Dependence of the total body impedance Z; for the 50t percentile rank

of a population™6f living human beings for large, medium and small surface areas
of contact (order of magnitude 10 000 mm2 1 000 mmZ2 and 100 mm? respectively)
in water-wet conditions at touch voltages Uy = 25 V to 200 V, a.c. 50/60 Hz
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2 middle sized tact, efectrodes type B (order of magnitude 1 000 mm2), according to Table 7

3 small surface areas~ef\comtact, e odes type C (order of magnitude 100 mm2), according to Table 10

Figure 9~ Dependence of the total body impedance Z; for the 50th percentile rank

of a population™6f living human beings for large, medium and small surface areas

of contact (order of magnitude 10 000 mmZ2, 1 000 mmZ2 and 100 mm?2 respectively)
in-saltwater-wet conditions at touch voltages Uy =25V to 200 V, a.c. 50/60 Hz
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Figure 10 — Values for th tal im ce easured on 10 living human beings
with a current path hand toshand a arge-su e areas of contact in dry conditions
at a touch\voltage of 40 V. and frequencies from 25 Hz to 20 kHz
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Figure 11 — Values for the total body impedance Z; measured on one living human
being with a current path hand to hand and large surface areas of contact
in dry conditions at a touch voltage of 25 V and frequencies from 25 Hz to 2 kHz
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fi¥ing human beings for the current path
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Contact area size Drawings
Electrodes type Shape of contact area area effective (mm?) mm
Order of magnitude (mm?)
Large S
A Brass cylinder 8 200 f
5 |
TO U0 l«—100—
Medium - <10
Form of a ring by appropriate
B h 7 . 1250
covering with insulating tape
1 000
Small
Square formed by appropriate
C ; s 100
covering with insulated tape
100 ey
Cylinder of insulating material
D - . 10
with circular electrode (\
E Cylinder of insulating mateyial 1
with circular electrodes 1),2)
[
7

1)

For this type, four furth
30 mm from the ele

cir}\% electrad of\1\n4m apéa were used situated crosswise at a distance of
t theNcentre o surface of the cylinder in order to measure the deviations for

electrodes showed little reproducibility.

v IEC 994/05

frodes uséd for the measurement of the dependence
the'human body Z; on the surface area of contact
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— <—6,2°

Ut = 200V a.c. (r.m.s. value), duration of current flow 6,5
ITp = 420 mA, total body impedance Z1 = 1 530 Q, initial
and involuntary muscular reaction in arms, shioulders
body was lifted up, which means that the muscles of

(PNARBAN VVF\V VINNWNAT TV T
\%‘ 1,ms

It

It =124 mAr.m.s.

—»| |——5°

IEC 996/05

Ut = 200 V a.c. (r.m.s. value), duration of current flow 16,5 ms, IT (r.m.s.) = 124 mA, no spike in the current
oOscillogram, total body impedance Z1 = 1 613 Q, physiological effects as mentioned under a).

Key
A contact made at the peak of touch voltage
B contact made at zero crossing of touch voltage

Figure 16 — Oscillograms of touch voltages Ut and touch currents I for a.c.,
current path hand to hand, large surface areas of contact in dry conditions
taken from measurements
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Figure.18 — Triggering of ventricular fibrillation in the vulnerable period — Effects on
electro-cardiogram (ECG) and blood pressure
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1,6 %

(220 V)

500 mA

IEC 999/05

Key

1 tatistics of accidents (U =220V, 1,6 %, Ut = 380V, 58 %)

2

3 rrent flow ¢ > 1,5 * heart-period

4 of current flow 3 s

® on statistics of accidents (Ur =220V, 1.6 % and Uy =380V, 58 %, Iy = 110 mA
statisticalN@alues ofmedsurements with pigs (I (5 %) = 120 mA, 1 (50 %) = 180 mA)

values \correctedwith the heart-current factor F' = 0,4

—_
-
~

Figure 19 — Fibrillation data for dogs, pigs and sheep from experiments and for persons
calculated from statistics of electrical accidents with transversal direction of current

flow hand to hand and touch voltages Ut = 220 V and 380 V a.c. with
71 (5 %)

body impedances
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Ut = 200V d.c., duration of current flow 20 ms, touch current /T = 119 mA, peak value of touch current /Tp =
301 mA, total body resistance R = 1681 Q, initial body resistance Ry = 664 Q, strong, burning sensation and
involuntary jerk-like muscular reaction in arms and shoulders.

Figure 21 — Oscillogram of touch voltages U; and touch current I3 for d.c., current path
hand to hand, large surface areas of contact in dry conditions
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Figure 23 — Let-go currents for 60 Hz sinusoidal current

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.
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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 respect to a higher potential
reference, such as the negative terminal of a source. Cathodic current is current that flows to
a cathode.

To understand that current flow direction plays a role with d.c. pulses, first a simple
explanatory model (Figure 24) is introduced.

The current in this context is conventional current as opposed to electron flow. Cusrent is
applied on a body part with an excitable structure (e.g. a nerve) irside “wia @ne” small
electrode 1 (called different electrode) and a large area electrode
electrode).

Current distribution is asymmetric with a large current density g and a\Jow current
density in area B. See Figure 24.

Electrode 2

Electrode 1

Excitable
structure
(e.g. nerve)

Body part

IEC

Figure 24 — Effects of anodic versus cathodic d.c. currents

Now various d ¢ _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);

e cathodal break reaction (CBR).

This is called the “Law of polar excitation”.
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This behaviour can be explained as follows.

The outside of the membrane of the excitable structure becomes more negative in area A
when electrode 1 is the cathode. This results in that the membrane is depolarized because
the internal potential of the cell is also negative: The cell fires, is excited from area A at
closing of the current circuit, a CMR results.

If the polarity is reversed (electrode 1 is now anode) then this same response is again arising Q
from the cathode, but in this case it has its origin from area B with a lower current density,'_'é)%
is then called an AMR because the reference is always the small different electrode. T

threshold is higher than for a CMR. This sequence can be reversed (so called anodal dip@)r
short pulses of about 180 ms due to a transient Ca2+ jon current.

pulses delivered within 1 cm of the ¢
safer as they require 25 % more currg

Cathodal make

mV

— -100

@ ! i fl Anodal break
2 !
O by ‘ =
1 \ I
o N a
1
3

mV

-100

IEC

Figure 25 — Pulsed d.c. stimulation of single heart cells
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The two types of pulsed d.c. stimulation appear due to changes in membrane potential during
cathodic make and during cathodic break. Action potentials are elicited when the membrane

potential attains the threshold.
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Annexes

INTRODUCTION

Clause 2 of IEC 60479-1 (third edition 1994) on the impedance of the human body contained
little information on the dependence of the impedance on the surface area of contact and then
only for dry conditions

Therefore measurements were carried out on 10 living persons using medium and small sup-
face areas of contact in dry, water-wet and saltwater-wet conditions, current path hand. to
hand, at a touch voltage of 25V a.c. 50 Hz. The impedance values for a percentile rank-of
5 %, 50 % and 95 % have been calculated from these measurements.

large surface areas of contact (order of magnitude 10 000 m
saltwater-wet conditions and with medium and small surface_ a

¢ for a percentile
same one adult,

was nevertheless possible to derive values of the total kody Q‘o:

rank of 5 %, 50 % and 95 % of a population of living hume eings. Wi
measurements were also made with still smaller
1 mm2) and between fingertips.

For the calculation of total body impe
a population of living human beings

i for the current path foot to foot has been
s caused by step voltages.
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Annex A
(normative)

Measurements of the total body impedances Zt+ made on living human
beings and on corpses and the statistical analysis of the results

In order to obtain realistic values for total body impedances Zt of living human beings, the
following procedure was applied:

id to .hand with

1) The measurements made on living human beings used a current pa
electrodes shown in Figure 15.

2) Measurement of the total body impedance have been made on

the following results.

Table A.1 — Total body impedances Zg, elegtrodes.type
and deviation factors Fp((5 Z67md o9
7\ I

Condition Tot/a{’dey iyp‘&da&es 4- (1'() ;)de‘l/ia on factors Fp
5% \50% ) 95 %
Dry \{250 6100/ 1,88

3) Measurement of the tptal bod
medium and small sufy
water-wet and saltp

e$ Z1, electrodes type B for dry, water-wet and
and deviation factors Fp (5 % and 95 %)

&on iti&\ Total body impedances Z; (Q) / deviation factors Fp
N 5%

50 % 95 %

saltwat

N \\W 12 900/ 0,63 20 600 32 800/1,59
W%er-wet 5500/0,59 9 350 15900/1,70
Séﬁwater-wet 1850/0,76 2 425 3175/1,31

b). Electrodes type C (order of magnitude 100 mm?2)

Table A.3 — Total body impedances Z; for dry, water-wet and saltwater-wet conditions
and deviation factors F, (5 % and 95 %)

Condition Total body impedances Z; (Q) / deviation factors Fp
5% 50 % 95 %

Dry 80 400/ 0,48 169 000 355500/2,10

Water-wet 39700/ 0,54 73 400 135600/ 1,85

Saltwater-wet 5400/0,74 7 300 9875/1,35
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In a first approximation for the calculation of Z; (5 % and 95 %) from the values of Z; (50 %)
for dry and water-wet conditions at Uy = 25 V, the deviation factors

Fp (5 %) = 0,54 and Fp (95 %) = 1,88

and for saltwater-wet condition

Fp (5 %) = 0,74 and Fp (95 %) = 1,35

were chosen. They are assumed to be independent of the surface area of contact.

4)

5)

6)

7)

The total body impedance Z; of one living person was measured unde e conditions of
item 1, 2 and 3 above with touch voltages up to 150 V and, in_additi with” shock
durations up to 0,03 s for touch voltages up to 200 V.

Test series A:  Effective contact area 8 250 mm?2, electrodés. g hands,

Test series B:  Effective contact area 1 250 mm?2, ele ped\with both hands,
duration of current flow several
(Figure 15, electrodes type B).

Test series C:  Effective contact area 100
the palms, durati

d against the middle of
gconds up to 75V, 0,1 s

Test series D: pressed against the middle of

everal seconds up to 100 V, 0,1 s up

Test series E: i ENare ctrodes pressed against the middle of

The total bo 3 . \ red for a touch voltage range of 25V to 200 V, a.c.
50 Hz between i j right and left forefingers (surface area of contact
approximatel ) : he meadsurements were made 20 ms after applying the voltage.

MeagtUrement ade by Freiberger [1]? on a large number of corpses for current
paths™s 3 hand.ang hand to foot with large electrodes (approximately 9 000 mm?2) for
touch vorltages V to 5000V in dry condition. The values for the total body

impedances for a percentile rank of 5 %, 50 % and 95 % were determined.

The measurements were made 3 s after applying the voltage.

The\total body impedances for large surface areas of contact measured with corpses
(item 6) above) which for touch voltages up to 220 V showed excessively high skin
impedances were modified by adjusting the curves to the values measured on living
persons.

8)

Eor this nriJinefmnnf, the r-hnngo of hnriy impodnnpoc caused h‘,’ the nhqngn of h:mlr_\ornfnrn

of corpses to 37 °C of living persons was taken into account by a temperature reduction
factor F; =0,7.

For medium and small surface areas of contact the total body impedances Z; (50 %) for
50 % percentile rank of a population of living human beings could be established with the
values found by the measurements described under items 1) to 4) for dry, water-wet and
saltwater-wet conditions for touch voltages Ut = 25 V to 200 V.

1 Figures in square brackets refer to the bibliography.
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9) For large, medium and small surface areas of contact in dry, water-wet and saltwater-wet
conditions all values for 5 % and 95 % percentile rank of a population of living human
beings could be calculated by applying the deviation factors Fp (5 %) and Fp (95 %) to the
values of Z; (50 %).

These deviation factors were calculated for touch voltages up to 400 V from the values
Fp (5 %) = 0,54 and FD (95 %) = 1,88 at Uy = 25 V for dry and water-wet conditions changing

ik ol 4 400\ ¢ +h el for caolbwwat 4 W= L I (5 0O/ \

-l-k . Ao
WHthRe IIIIFU\JCAIIUU ul tAe—SKi up to—4oo—VvV—tothe—vardesS—tor-Sartwaterwetrconattor— D (V707

= 0,74 and Fp (95 %) = 1,35 due to the fact that for saltwater-wet condition the impedance of
the skin is assumed as negligible. These values of Fy are shown in Table A.4.

Table A.4 — Deviation factors Fp (5 %) and Fp (95 %) for dry and water-wet conditions

in the touch voltage range Uy = 25 V up to 400 V for large, medi nd small
surface areas of contact /(”N\
[ERN

‘\’/T 25 50 75 100 125 150 175< \Q \SQ 400

Fp (5 %) 0,54 055 | 0565 | 0575 | 0,585 0.6 @,61 0,\5\25 0\,;8 0,74

Fp (95 %) 1,88 1,84 1,8 1,76 1,72 1,685/\ NSS AN \1,6\ 1,48 1,35

(5 %) = 0,74 and Fp, (95 %) = 1,35.

By this method the total body |mpedan 3 ulated for dry, water-wet and

face areas of contact for the 5th, 50th
B %
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Annex B
(normative)

Influence of frequency on the total body impedance (Zr)

In order to obtain realistic values for the influence of frequency on the total impedance Z; of
living human beings, the following procedure was applied:

1)

2)

3)

4)

The curves for t

: z
under item 1) and p

in analogy to th

Measurements were made on 10 living human beings at a touch voltage of 10~V for
frequencies from 25 Hz to 20 kHz with a current path hand to hand witk_large.’'cylinder
electrodes (approximately 8 000 mm2) in dry conditions.

were determined by statistical methods.

Due to strong muscular effects measurements were made ¢
at a touch voltage of 25V for frequencies from 25
described in item 1) above.
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Annex C
(normative)

Total body resistance (Ry) for direct current

In order to obtain realistic values for the total body resistance Ry of living human beings, the
following procedure was applied:

1)

2)

NOTE Above 200 V, the differences between
are assumed to be negligible.

Measurements were made on 50 living persons at a touch voltage of 25 V pure d.c.cwith a
current path hand to hand with large cylinder electrodes (approximate 000 mm?2),in dry
condition.

The values for the total body resistance Ry for a percentile ra $ and 95 %
were determined by statistical methods.

The values for the total body impedances for a.c. 50 Hz, &
according to Table 1 were used for the total body resistanc
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Annex D
(informative)

Examples of calculations of Zt

Calculations of touch currents /1 are important to evaluate measures of protection against
electric shock and for investigation of electrical accidents.

The touch current /7 is calculated by:

U
It = —-
A%
where
Ut is the touch voltage;
Zt is the total impedance of the human body for gi¥

condition of contact.

1) touch voltages 100 V and 200 V, dry s

2) touch voltages 100
surface area

3) touch voltage
trunk of the
10, OOO mm?2,

4) At a tou
of voltage g ake \o material dlfference to the body reS|stance values. The current path
chosen (simula a person sitting on the ground touching a high voltage conductor with
the head.

Example 1:

Touch voltages 100 V and 200 V, a.c. 50/60 Hz, current path hands to feet, dry condition,
surface areas of contact for hands medium, surface areas of feet large

The following designations are used:

Ztp (H-H) total body impedance, large surface areas of contact, hand to hand
Ztp (H-F) total body impedance, large surface areas of contact, hand to foot
Ztp (H-T) total body impedance, large surface areas of contact, hand to trunk

Zra (H-T) = Z7p (H-H)/2
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Z1p (T-F) total body impedance, large surface areas of contact, trunk to foot
Z1p (T-F) = Z1p (H-F) = Z15 (H-T)
Ztg (H-H) total body impedance, middle sized surface areas of contact, hand to hand
TheZs vatves Zr4 (H=H)fortargesurfaceareas of contactaregivernrimTabte—tthevatuesfor

medium surface areas of contact Zg (H-H) are given in Table 4.
The calculation for the 50th percentile rank is then carried out as follows:
Ztp (H-H)=1725Q (100 V) and 1 275 Q (200 V)

For the current path hand-foot with the factor 0,8

NOTE Some measurements suggest a 10 % to 30 % reduction of the hand to dancaAn order to

calculate the hand to foot body impedance. Taking an average of 20 % gives<{he factor0,8

Z7a (H-F) = 1 380 © (100 V) and 1 020 Q (200 V)

Ztp (H-T) results with Z75 (H-T) = Z7 (H-H)/2

mm?2) follows from Table 4:

Z7'=3 120 Q(16Q V) and 1 485 Q (200 V)
and withvhands and feet in parallel Z; = Z'/2

Z3="1 560 Q (100 V) and 740 Q (200 V)

leading to the touch currents /1

It =65 mA (100 V) and 270 mA (200 V)

A summary of the results of the calculations is given in Table D.1.
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Table D.1 — 50th percentile values for the total body impedance for a current path
hands-feet medium surface area of contact for hands, large for feet, reduction factor
0,8, dry conditions, touch currents I; and electrophysiological effects

Touch Impedance Impedance Impedance Touch Electro-physiological
voltage hand-trunk trunk-foot hands-feet Current effects for a duration of
current flow
Z1g (H-T) Zyp (T-F) Zy I
v 0 0 0 mA =10 1S 10 oV 1S
100 2 600 520 1560 65 Short jerk-like sensation
Heavy electric shock, lifting
of the body, cramp in the
200 1100 385 740 270 orme. oY P
N\

es’as high as
ventricular

Attention is drawn to the fact that at Uy = 200 V the touch current /
for 100 V. If the duration of current flow is longer than appro
fibrillation would occur with a high probability.

Example 2:

current flow (some se
1 000 Q), I would cer

Example 3:

Touch voltage 2§
body, saltwate

A\

the 50t percentile rank as 1 300 Q.
Hence with Z;p (H-T) = Z7p (H-H)/2 = 650 Q.
For-hands in parallel to the trunk of the body

Z7 = Zrp (H-T)2 =325 Q

resulting in a touch current /1 =77 mA.

In spite of the use of safety extra low voltage (SELV) a shock with strong involuntary muscular
reactions far above the threshold of let-go occurs.

Example 4:

The asymptotic impedance values associated with a hand to hand path for voltages of 1 000 V
and above at the 5 %, 50 % and 95 % population levels are respectively 575 Q, 775 Q and
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1 050 Q. At this voltage, the skin impedance is negligible. In order to use Figure 2 to calculate
the value of Zt, the hand to hand results requires a 10 % to 30 % reduction as shown by the
Note 1 in the tables. Taking an average value of 20 %, this gives a hand to foot value of
460 Q, 620 Q, 840 Q, respectively.

Applying the factors given in Figure 2, the calculation of the total body impedance Z; of a
person _sitting on the ground touching a high voltage conductor with the head is

straightforward:
At the 5 % value Z; = 460 Q x (0,10 + 0,013) =52 Q
At the 50 % value Z1 =70 Q

At the 95 % value Z; = 95 Q

In this example, the resultant touch current is of the order ares”and will

increase at higher voltages.

&
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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 efectricat activity of the neart (
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 pumpi
properties, in contrast to the straight strong and efficient normal excitation and pum rg)
process.

than for circular excitation waves only. Also morg PR R aveforms led to the
conclusion that the initiation process of VF, as /we {5, D€ )ence, has additional

Moreover, the initiation of VF is increass
more frequently they arise the more d
The reason for this phenomenon is

| VE increases the inhomogeneity
\e innerMayers of the ventricular wall have per

edng veatrieular extrasystole (VE) and the
e (see IEC TS 60479-2: 2007, 9.2).
o

large charg to 10 ms duration. The role of the second phase is to return the cell
membran@ tage 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

C 60479 Series of
standards devotes itself to determining this threshold for different waveforms C

It is noted however that “defibrillation” is a therapeutic modality used to treat a he
fibrillation. This process involves passing a large impulsive current through the flb |ng
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 litg
pulses delivered outside of the vulnerable period do not j

defibrillated by short
pdiac cycle. This level

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 difect mMeasurement ol the appiication of Torces which may be narmiur 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 g)
modelling as a substitute. Such modelling has been used for years, most recently |é$ﬂ
evaluation of touch currents according to the frequency filtered effect as are evalu

many product standards.

An important contribution to experimental data is ongoing funded

experiments with animals.

Based on direct measurements on the heart (and necessary \ranstag [ uman) new
Vi (e.g. touch

yire “describing the body and its
cussion is to inform readers of the
further discussions on, and usages

xnation, asuring this current for an applied voltage will model the body
aly can be accommodated by adding a circuit that mimics the body
response Q) \BO ance, several filter networks have been developed that provides
correction fo requency filter effects noted in IEC TS 60479-2.

Hart [33 ﬁrpposes the following modelling network as a useful one for modelling the startle-
reacti quency effect from the ‘a’ curve in Figure 20 (see Figure G.1).

N
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Body impedance
equivalent circuit

e

—

— 63 —

Transform
network

R3

4{

P

Body current = V1/R2

C2

Tvz

Transformed current = V2/R2 '\Q)

Modelling circuit, allowing transformation of an observed
current to give an estimate of body current. Value chosen

for specific observed currents.

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

in Table G.1 (the valy

cardiac cell simulating
the total interna n

chosen to give a 3 ms time constant of a
b, which may typically be taken as 5 % to10 % of

4

&

Q..

~ L

a G. B pedance examples (uncompensated)
mmen L\ Condition R1 C1 R2
x\»\\‘ kQ nF Q
Large are%m@r%c\\\(w m}z)
Hand to hand Wt) \ Worst case test value ‘ 1,5 ‘ 220 ‘ 500
Medium arfagrbatact 000 mm?)
Hand to\w}é (or foot) Flat hand — DRY 77 24 500
H@\Qu\ﬁand (or foot) Gripping hand — DRY 25 50 400
M to opposite shoulder Gripping hand — DRY 9,5 200 250
éﬁand to opposite shoulder Gripping hand — WET 1,5 220 250
\ Hera-to-arm—high-pressure-gHp CHpptRghard—AHE+ 45 566 206
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 condition, whether perception threshold, letgo threshold, or A

myocardial current leading to ventricular fibrillation, requires that the correct elements should%

be chosen for the model analysed. Assuming that the current is introduced through the skif,

the correct skin model should be selected for the condition experienced. When sui a@p

nonlinear models of the skin should be used [52]. Product standards usually seek th@erst

case condition to maximize the current and minimize the risk of efectic shof:]y The
or other

whole body
ituations, to
an or MRI scan.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS
AND LIVESTOCK -

this end and in addltlon to other activities, IEC publishes International

governmental organizations liaising with the IEC also partnmpate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

Committees in that sense. While all reasonable effqrts re that the technical content of IEC
Publications is accurate, IEC cannot be ) the way in which they are used or for any
misinterpretation by any end user.
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Part 1: General aspects

FOREWORD

Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guijdes

and are accepted by IEC National

not be held responsible for identifying any or all such patent rights.

This Final version does not show where the technical content is modified by amendment
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A separate Redline version with all changes highlighted is available in this
publication.
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The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

» 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
whether they can be transformed into International Standards.

IEC 60479-1, which is a technical specification, has been prepared IEC  technical

committee 64: Electrical installations and protection against electric shge

This fourth edition cancels and replaces the third edition, publish&
1994, and constitutes a technical revision.

calculated from statistic it’transversal direction of current flow,
80 V a.c.with body impedances Zt (5%)
in the main text.

— Change of Curve B dls mA to 5 mA: conventional time/current zones of
effects of a,
themain text.

— Let-go currenis sotdal current given in Figure 23 with the relevant

— Extensionof the~véntricular 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.

This technical specification has the status of a basic safety publication in accordance with IEC
Guide 104.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
64/1427/DTS 64/1463/RVC

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above Table.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 60479 consists of the following parts under the general title Effects of current on~httman
beings and livestock

Part 1: General aspects
Part 2: Special aspects:
Chapter 4: Effects of alternating current with frequen
Chapter 5: Effects of special waveforms of curre
rt duration
Part 3: Effects of currents passing through the b
Part 4: Effects of lightning strokes on human e
The committee has decided that the ¢ ication and its amendment will
remain unchanged until the stability . the IEC web site under

"http://webstore.iec.ch” in the data rg pecific publication. At this date, the
publication will be

e reconfirmed,

e withdrawn,

e replaced by a revis
e amended. G
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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 resnonsibilities of 2 tachnical committeaic whaoravar annlicahla tan malka 11ca f
HE—O+—HE—+ES5pPORSTHHHEes— o0 +—a—te oGOttt 8 15— W e+ Ve T—tO—THake o0

appheable Hse—of
basic safety publications in the preparation of its publications.

This technical specification provides basic guidance on the effects of shock current on human
beings and livestock, for use in the establishment of electrical safety requirements.

. conservative that
this document applies to persons of normal physiologisal i luding children,

=

serve as a guide ti other

This technical spe¥eificali i thesthreshold of ventricular fibrillation which is the main
cause of deaths byse i 7 Theanalysis of results of recent research work on cardiac
physiology and i shold, taken together, has made it possible to better
appreciate the~ g e main physical parameters and, especially, of the duration of

IEC TS 664 s information about body impedance and body current thresholds for
various phys cts. This information can be combined to derive estimates of a.c.
and d.c. oltage 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

m(trpmply 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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EFFECTS OF CURRENT ON HUMAN BEINGS
AND LIVESTOCK -

Part 1: General aspects

1 Scope

For a given current path through the human body, the danger to persons depends mainly on
the magnitude and duration of the current flow. However, the time/current zongs specified in

the following clauses are, in many cases, not directly applicable in pxg gr\designing
measures of protection against electrical shock. The necessary criterion ible limit
of touch voltage (i.e. the product of the current through the body ¢ QuchheurrentNand the
body impedance) as a function of time. The relationship betwe age is not

linear because the impedance of the human body varies with the toug ge, and data on
this relationship is therefore required. The different parts o an‘k as the skin,

composed of resistive and capacitive components.

The values of body impedance depend on a nun i and, ih particular, on current
path, on touch voltage, duration of c ) cge of moisture of the skin,

Knowledge of the effegts\of akernafinyg primarily based on the findings related to the
effects of current at i 30 Hz oNG60 Hz which are the most common in electrical
installations. Th@ i deemed applicable over the frequency range
from 15 Hz to 10 the limits of this range being higher than those at

ventricular fibrillation is considered to be the main

mechanism of d f i ccidents.

Accidents wi much less frequent than would be expected from the number
of d.c a fatal electrical accidents occur only under very unfavourable
conditions € i ines. This is partly due to the fact that with direct current, the let-

less difficult and that for shock durations longer than the period of the
cardiac cycley thesthreshold of ventricular fibrillation is considerably higher than for alternating

current.

NOTE ~The IEC 60479 series contains information about body impedance and body current thresholds for various
physiological effects. This information can be combined to derive estimates of a.c. and d.c. touch voltage
thresholds for certain body current pathways, contact moisture conditions, and skin contact areas. Information
about touch voltage thresholds for physiological effects is contained in IEC 61201.

L~ 2 Normative references

The following referenced documents are indispensable for the application 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.

IEC 61201:1992, Extra-low voltage (ELV) — Limit values

Guide 104:1997, The preparation of safety publications and the use of basic safety
publications and group safety publications
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1 General definitions

311

longitudinal current
current flowing lengthwise through the trunk of the human body such as from hand to feet

3.1.2
transverse current
current flowing across the trunk of the human body such as from hand to |

3.1.3

internal impedance of the human body

Z;

impedance between two electrodes in contact with two parts ©
skin impedances

neglecting

3.1.4

impedance of the skin
ZS
impedance between an electrode on

3.1.5
total impedance of the human body
Z7
vectorial sum of the interral irs

3.1.6
initial resistanc
R,

3.1.7
dry conditio
condition

water-wet-condition
condition of the skin of a surface area of contact being exposed for 1min to water of public
watersupplies (average resistivity p =3 500 Qcm, pH =7 to 9)

3.1.9
saltwater-wet condition
condition of the skin of a surface area of contact being exposed for 1 min to a 3 % solution of

NaCl in water (average resistivity p = 30 Qcm, pH =7 to 9)

NOTE It is assumed that saltwater-wet condition simulates the condition of the skin of a sweating person or a
person after immersion in seawater. Further investigations are necessary.

3.1.10

deviation factor

Fp

total body impedance Z; for a given percentile rank of a population divided by the total body
impedance Zy for a percentile rank of 50 % of a population at a given touch voltage
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7t (X%, UT)

Fp (X%, UT) =
71 [50%, U)

3.2 Effects of sinusoidal alternating current in the range 15 Hz to 100 Hz

2.9 4

threshold of perception
minimum value of touch current which causes any sensation for the person through which it js
flowing

3.2.2
threshold of reaction
minimum value of touch current which causes involuntary muscular cor

3.23

threshold of let-go
maximum value of touch current at which a person holdi
electrodes

et go of the

3.24
threshold of ventricular fibrillation

minimum value of touch current througp tricular fibrillation

3.2.5
heart-current factor
F

NOTE In the heart@u
3.2.6

vulnerable period

3.3 Effectsof di

3.31

total’body resistance
Ry
sum of the internal resistance of the human body and the resistances of the skin

3.3.2

d.c./a.c. equivalence factor

k

ratio of direct current to its equivalent r.m.s. value of alternating current having the same
probability of inducing ventricular fibrillation

NOTE As an example for shock durations longer than the period of one cardiac cycle and 50 % probability for
ventricular fibrillation, the equivalence factor for 10 s is approximately:
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1 _fibrillati 300 mA
k= d.c.fibrillation = = 375 (see Figures 20 and 22)

80 mA

]a.c.—fibrillation (r.m.s.)

3.3.3

nt

direct touch current through the human body for which the feet represent the positive polarity

3.34
downward current
direct touch current through the human body for which the feet represent the-negative polarity

4 Electrical impedance of the human body

The values of body impedance depend on a number of factorg” and,\ . On current
path, on touch voltage, duration of current flow, frequency, dk i of the skin,

Figure 2 shows the intern
percentages of that relf

For current pat@
limbs (arms and

NOTE 2
values.

The impedan
Its structure_ is-nyade
skin impedance fa
(see 4.7).

can be considered as a network of resistances and capacitances.
p of a semi-insulating layer and small conductive elements (pores). The
when the current is increased. Sometimes current marks are observed

Thé value of the impedance of the skin depends on voltage, frequency, duration of the current
flow, surface area of contact, pressure of contact, the degree of moisture of the skin,
témperature and type of the skin.

For lower touch voltages the value of the impedance of the skin varies widely, even for one
person, with surface area of contact and condition (dry, wet, perspiration), temperature, rapid
respiration, etc. For higher touch voltages the skin impedance decreases considerably and
becomes negligible when the skin breaks down.

As regards the influence of frequency, the impedance of the skin decreases when the
frequency increases.
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4.3 Total impedance of the human body (Z;)

The total impedance of the human body consists of resistive and capacitive components.

For lower touch voltages, there are considerable variations in the impedance of the skin Zg
and the total impedance of the human body Z; similarly varies widely. For higher touch
voltages, the total impedance depends less and less on the impedance of the skin and its

value approaches that of the internal Impedance Z;. See Figures 4 10 Y.

As regards the influence of frequency, taking into account the frequency dependence of the
skin impedance, the total impedance of the human body is higher for direct current 'and
decreases when the frequency increases.

4.4 Factors affecting initial resistance of the human body (R,)

area of contact.

The initial resistance R limits the current peaks of(shq 2 shocks from electric

fence controllers).

The dependence of the total body impe Ot percentile rank of a population of
living human beings for large, medium\and(sim urface areas of contact (order of magnitude

10 000 mm2, 1 000 mm?2 in dry, water-wet and saltwater-wet
conditions at touch voltags 4.c. is shown in Figures 7, 8 and 9.

4.5.1 0 Hz for large surface areas of contact

The values of the _to s in Tables 1, 2 and 3 are valid for living human
beings and a curre or large surface areas of contact (order of magnitude
10 000 mm?2) in dry vater-wet (Table 2) and saltwater-wet (Table 3) conditions.

The range of\the pedances for touch voltages up to 700 V for large surface areas
of contacti et ad saltwater-wet conditions for a percentile rank of 50 % of the

The values forTahles’1, 2 and 3 represent the best knowledge on the total body impedances
Zy for living-adults. 'On the knowledge at present available the total body impedance Zt for
childrentis. expected to be somewhat higher but of the same order of magnitude.
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Table 1 — Total body impedances Z; for a current path hand to hand a.c. 50/60 Hz, for
large surface areas of contact in dry conditions

Touch voltage
v Values for the total body impedances Z; (Q) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
25 1750 3 250 6 100
50 1375 2 500 4 600
75 1125 2 000 3 600
100 990 1725 3125
125 900 1 550 2 675
150 850 1400
175 825 1325
200 800 1275
225 775 1225
400 700 950
500 625 850
700 575 5 1 050
1000 575 L x 1 050
Asymptotic value 575 775 \/ 1050
= internal impedance . ( O

NOTE 2 For living persons the values of Z; correspo duration of gurrent flow of about 0,1 s. For longer
rupture of the skin Z; approaches the

internal body impedance Z;.
NOTE 3 For the standard value of the voltag 230wo
o

values of the total body impeda re th me\as guch wltage of 225 V.

NOTE 4 Values of Z; are rounded to Q.
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Table 2 — Total body impedances Z; for a current path hand to hand a.c. 50/60 Hz, for
large surface areas of contact in water-wet conditions

Touch voltage
v Values for the total body impedances Z; (Q2) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
p4el r'rro £ 179 4 1TUU
50 1100 2 000 3675
75 1025 1825 3275
100 975 1675 2 950
125 900 1550 2 675
150 850 1400 2 350
175 825 1325 175
200 800 1275
225 775 1225
400 700 950
500 625 8 R 1150
700 575 1050
1000 575 1050
Asymptotic value 575 1050
=internal impedance

internal body impedance Z;.

NOTE 3 For the standard val
values of the total body imped

NOTE 4 Values of Z7 are
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Table 3 — Total body impedances Z; for a current path hand to hand a.c. 50/60 Hz, for
large surface areas of contact in saltwater-wet conditions

Touch voltage
v Values for the total body impedances Z; (Q2) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
r4e) JOoU IouUv M roo
50 940 1275 1720
75 920 1250 1685
100 880 1225 1655
125 850 1200 1620
150 830 1180 1 590
175 810 1155
200 790 1135 1
225 770 1115
400 700 950
500 625
700 575
1000 575
Asymptotic value 575
= internal impedance

NOTE 1 Some measurements indicate that t
lower than for a current path hand to hand (1

values of the total body impedance are t

NOTE 4 Values of Z7 are foun d to™g Q.

have peen derived from measurements carried out on
, male$ and females) as described in Annex A.

The values indi i
corpses and on li 3

The value-of-the internal body impedances Z; and of the initial body resistance R (see 4.6)
dependnly to a small extent on the surface areas of contact.

However, when the surface area of contact is very small, in the order of a few square
miftimetres, the values are increased.

After the skin has broken down ('Fnr touch \/nlfngne TaIVZ=Y BR-TaTal JabV 100\, _and after Inngnr

durations of current flow), the total body impedance Z; approaches values of the internal body
impedance Z; and depends only to a small extent on the surface area of contact and its
condition of dampness.

The measurements of the dependence of the total body impedance Z on the surface area of
contact for a.c. 50 Hz in dry, water-wet and saltwater-wet conditions which have been carried
out on living persons at touch voltages of Uy = 25 V to 200 V are described in Annex A.

NOTE No data on Z; for surface areas in water-wet and saltwater-wet conditions of persons or corpses is
available for touch voltages above 200 V.
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The dependence of the total body impedance Z; for a current path hand to hand on the
surface area of contact (from 1 mm2 up to approximately 8 000 mm2) in dry condition for a
touch voltage range of 25V to 200V, a.c. 50 Hz, measured on one person is shown in
Figure 5. For touch voltages below 100 V and small surface areas of contact in the order of a
few mmz2, deviations in the measurements can easily reach about + 50 % of the average,
depending on temperature, pressure, location within the palm of the hand, etc.

The dependence of the total body impedance Z; between the tips of the right forefinger and
the left forefinger (surface area of contact approximately 250 mm?2) on the touch voltage for
a.c. 50/60 Hz for a voltage range from 25 V to 200 V is shown in Figure 6.

From Figure 6 one can calculate that the partial impedance of one forefinger at altouch
voltage of 200 V is on the order of 1 000 Q.

The measurements of the total body impedance Z; shown in Fig S 3 ave been
carried out on one living person only.

b€ings on the
the total body
impedance Z; for large, medium and small surface ar
10 000 mm2, 1 000 mm2 and 100 mm?2 respectively) in

e for large surface areas of conjé

e for small surface
and 9 for dry,
200 V a.

Table 4 —Total bo

areas of contf'\
/\

alues rounded to 25 Q)

Toue \‘Ilo 29¢ \ \Mues for the total body impedances Z7 (Q2) that are not exceeded for
\,5/% of the population 50 % of the population 95 % of the population
25 11125 20 600 38725
50 7 150 13 000 23 925
75 4625 8 200 14 750
100 3 000 5200 9 150
125 2 350 4 000 6 875
150 1800 3000 5050
175 1550 2 500 4125
200 1375 2 200 3 9205



https://iecnorm.com/api/?name=5bb9339dff31f9e74662c7235b762bf3

IEC TS 60479-1:2005+AMD1:2016 CSV
© IEC 2016

-19 —

Table 5 — Total body impedances Z; for a current path hand to hand for medium surface
areas of contact in water-wet conditions at touch voltages U; =25V to 200V a.c. 50/60 Hz
(values rounded to 25 Q)

Touch voltage Values for the total body impedances Z7 (Q) that are not exceeded
\ for
5-Yof-thepoputation 56-Y%of-thepoputation 95-%of-thepoputation

25 5 050 9 350 17 575
50 4100 7 450 13 700
75 3400 6 000 10 800
100 2 800 4 850 8 525
125 2 350 4 000 6 875
150 1800 3 000 050
175 1 550 2 500 4 125
200 1375 2 200 <\ 52

Table 6 — Total body impedances Z; for a current p
areas of contact in saltwater-wet conditions at
50/60 Hz (values rounde t 5

Touch voltage Q
v Values f@q(b\o\dyimpe{gnc }\((?that are not exceeded for
5 % of the popul % f the ulation 95 % of the population

25 1795 \> 425 3275

50 1765 Q 2 390 3225

75 ) 2 350 3175

100 2 315 3125

125 [ 2 280 3075

150 Q 2 245 3030

175 2210 2 985
2175 2935

Table 7~J aI peddnces Z; for a current path hand to hand for small surface
areas~af ¢ dry onditions at touch voltages U; =25V to 200 V a.c. 50/60 Hz
(values rounded to 25 Q)

Touch-voltage
» Values for the total body impedances Z; (Q2) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population

25 91 250 169 000 317 725
50 74 800 136 000 250 250
75 42 550 74 000 133 200
TOO Z3 000 40 000 70 400
125 12 875 22 000 37 850
150 7 200 12 000 20 225
175 4 000 6 500 10 725
200 3 500 5400 8 650
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Table 8 — Total body impedances Z; for a current path hand to hand for small surface
areas of contact in water-wet conditions at touch voltages U; =25V to 200 V a.c.
50/60 Hz (values rounded to 25 Q)

Touch voltage
v Values for the total body impedances Z; (Q) that are not exceeded for
5-%-efthe pepulation——50-%of the pepulatien——95%of the peopulatien
25 39 700 73 500 138 175
50 29 800 54 200 99 725
75 22 600 40 000 72 000
100 17 250
125 12 875
150 7 200
175 4 000
200 3500

50/60 Hz (values rou de

Touch voltage ( )
" Values far the\total body(impedan ) that are not exceeded for

5 % of the popul 0 °o fth ulation 95 % of the population
25 5400 \> 300 9 855
50 5105 Q 6 900 9 315
75 ) 6 550 8 840

100 6 200 8 370
5 850 7 900
5 550 7 490
5250 7 085
5000 6 750
4.5.3 feknating current with frequencies up to 20 kHz
The values~of t dy impedance for 50/60 Hz decrease at higher frequencies due to

the influence«gf\the capacitances of the skin and approach, for frequencies above 5 kHz, the

The measurements of the total body impedance with frequencies up to 20 kHz at touch
voltages of 10 V and 25 V are described in Annex B.

Figure 10 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 10 V and frequencies
from-25 Hz to 20 kH=z.

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 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 for large surface areas of contact in dry condition. The curves are shown
in Figure 12.

NOTE No measurements have been carried out in water-wet and saltwater-wet conditions.
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4.5.4 Direct current

The total body resistance R for direct current is higher than the total body impedance Z; for
alternating current for touch voltages up to approximately 200 V due to the blocking effect of
the capacitances of the human skin.

The measurements of the total body impedance which have been carried out with direct

current Tor Iarge surface areas ot contact In dry condition are described in Annex C.
NOTE No measurements have been carried out in water-wet and saltwater-wet conditions.

The values for the total body resistance Ry for direct current determined in the way described
in Annex C are presented in Table 10 (see Figure 13, continuous lines).

Table 10 — Total body resistances Ry for a curr
for large surface areas of contacti

Touch voltage (\/lg \/
Values for the total esjstancge Rt (Q) that are not exceeded for
; e esbhgna
5 % of the po@la?fo\n < » 5(@% of((he\sobuyatl/on 95 % of the population
25 2100 2a75 / 7275
50 1600 2 900 5325
75 275 4100
100 1900 3 350
125 1675 2 875
150 1475 2 475
175 1 350 2225
200 1275 2 050
225 1225 1900
400 950 1275
500 850 1150
70 575 775 1 050
//BQO R 575 775 1 050
Asymptatic Valye\\) > 575 775 1050
NOTE 1 Some e‘asur ents indicate that the total body resistance Ry for the current path hand to foot is

urrent path hand to hand (10 % to 30 %).

NOTE 2 Forliving persons, the values of Ry correspond to a duration of current flow of about 0,1 s. For longer
durations\Ry values may decrease (about 10 % to 20 %) and after complete rupture of the skin Ry approaches the
initial body resistance Rg.

NOFE8 Values of Rt are rounded to 25 Q.

somewhat lower thanfor
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4.6 Value of the initial resistance of the human body (R)

The value of the initial resistance of the human body R, for a current path hand to hand or
hand to foot and large surface areas of contact can be taken as equal to 500 Q for a
percentile rank of 5 % for a.c. and for d.c. The values for 50 % and 95 % of the population can
be taken as equal to 750 Q and 1 000 Q respectively (similar to Table 1). The values depend
only little on the surface areas of contact and on conditions of the skin.

NOTE The values for initial resistance Ry are somewhat lower than the asymptotic values for the total body
impedance Z; for a.c. 50/60 Hz and the total body resistance R for d.c., because when contact is made the
capacitances of the skin and the internal capacitance of the body are uncharged.

5.1 Threshold of perception

The threshold depends on several pargmeters, s

Immobilis ion, i means the effect of electric current such that the body of the
Red part of the body) cannot move voluntarily.

through assoeciated wérves or the associated part of the brain.

The «jalues of current which cause immobilisation depend on the volume of the muscles
affected, the type of nerve and the parts of the brain affected by the current.

5.4 Threshold of let-go

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

A value of about 10 mA is assumed for adult males in this technical specification.

In this document a value of about 5 mA covers the entire population (for additional
information, see Figure 23).
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5.5 Threshold of ventricular fibrillation

The threshold of ventricular fibrillation depends on physiological parameters (anatomy of the
body, state of cardiac function, etc.) as well as on electrical parameters (duration and
pathway of current flow, current characteristic, etc.). A description of heart activity is given in
Figures 17 and 18.

Vith sinusoidal a.c. (o0 Hz or bU HzZ), there 1s a considerable decrease In the threshold of
fibrillation if the current flow is prolonged beyond one cardiac cycle. This effect results from
the increase in inhomogeneity of the excitatory state of the heart due to the current induced
extra-systoles.

ioms longer than 1 s was chosen
durations longer than 3 s. Both levels

High voltage accidents may not result in ventricular fibrillation, instead giving other forms of
cardiac_arrest. This is shown in accident statistics and confirmed by animal experiments.
Howeéver there is at present insufficient data to differentiate the likelihood of these conditions.

Ventricular fibrillation is fatal because it denies blood flow which transports required oxygen.
Electrical accidents that do not involve ventricular fibrillation can also be fatal. Other effects

may—affectrespiration—eand—might prevent-the—person—from—shoutingforhetp—Fhese—retated
mechanisms include functional disturbance of respiratory control, paralysis of respiratory
muscles, damage to the neural activation pathways for these muscles, and damage to the
respiratory control mechanism within the brainstem. These effects, if permanent, lead
inevitably to death. If a person is to recover from a reversible respiratory effect, prompt
artificial respiration is mandatory. Nonetheless, the person may still die. If current flows
through critical parts such as the spinal cord or the respiratory control centre, death can
occur. These effects are under consideration and thresholds are not yet defined.

High transmembrane electric fields can damage cells, especially long slender cells, such as
skeletal muscle cells. This is not a thermal effect. This has been observed for example with
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high-magnitude, short-duration body currents (such as from momentary contact with high-
voltage power distribution lines). A high electric field across cell membranes can induce the
formation of pores in the membranes. The effect is called electroporation. The pores may be
stable and ultimately seal over, or may enlarge, become unstable, and subsequently cause
rupture of the cell membranes. Tissue then becomes irreversibly damaged. Necrosis of the
tissue can occur, often requiring amputation of injured limbs. Electroporation is not limited to
any particular current magnitude or to any particular current pathway or duration of flow.

Related non-electrical injuries, such as traumatic injury, should be considered.

5.7 Effects of current on the skin

Figure 14 shows the dependence of changes of the human skin on ent density, it
(mA/mm?2) and duration of current flow.

As a guideline the following values can be given:

be low enough not to cause any
itudes.

f zgnes of Figure 20

Zones Be( \/\ \/\\/ Physiological effects

AC-1 %W\ Wn possible but usually no ‘startled’ reaction

AC-2 b\% t\\?rception and involuntary muscular contractions likely but usually no harmful
QUIV. b lectrical physiological effects

A G W Strong involuntary muscular contractions. Difficulty in breathing. Reversible
NaboVe disturbances of heart function. Immobilization may occur. Effects increasing

with current magnitude. Usually no organic damage to be expected

AC-4.9) Above curve Patho-physiological effects may occur such as cardiac arrest, breathing arrest,
¢ and burns or other cellular damage. Probability of ventricular fibrillation
increasing with current magnitude and time

cy-cy AC-4.1 Probability of ventricular fibrillation increasing up to about 5 %

€y=Cy AC-4.2 Probability of ventricular fibrillation up to about 50 %

Beyond curve | AC-4.3 Probability of ventricular fibrillation above 50 %
c
3

1) For durations of current flow below 200 ms, ventricular fibrillation is only initiated within the vulnerable period
if the relevant thresholds are surpassed. As regards ventricular fibrillation, this figure relates to the effects of
current which flows in the path left hand to feet. For other current paths, the heart current factor has to be
considered.
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5.9 Application of heart-current factor (F)
The heart-current factor permits the calculation of currents 7,, through paths other than left

hand to feet which represent the same danger of ventricular fibrillation as that corresponding
to /¢ left hand to feet shown in Figure 20:

L= Iref
" F
where
Io¢ is the body current for the path left hand to feet given in Figure 20;

Iy, is the body current for paths given in Table 12;

F is the heart-current factor given in Table 12.

NOTE The heart-current factor is to be considered as only a rough estimation of t e various

current paths with regard to ventricular fibrillation.

For different current paths, the following heart-current factors

Table 12 — Heart-current factor F for/d'\_ffe\nt

Current path ( m ﬁéart-current factor F

Left hand to left foot, right foot or both feet \/ G 1,0

Both hands to both feet > 1,0

Left hand to right hand 0,4

Right hand to left foot, right foot or to both feg 0,8

Back to right hand 0,3

Back to left hand 0,7

Chest to right hand 1,3

Chest to left hand 1,5

Seat to left hand,@an or to bath haw 0,7

Left foot to right foot/\ 0,04

N

EXAMPLE A 25\mAMand>to hand has the same likelihood of producing ventricular fibrillation as a
current of 9 byth fe
6 Effects rrent

This clause describes the effects of direct current passing through the human body.

NOTE~1 \The term "direct current" means ripple-free direct current. However, as regards fibrillation effects, the
datagiven in this clause are considered to be conservative for direct currents having a sinusoidal ripple content of
not.more than 10 % r.m.s.

NOTE 2 The influence of ripple is dealt with in chapter 5 of IEC 60479-2.
NOTE 3 For durations of current flow below 10 ms see chapter 6 of IEC 60479-2.

An example of a touch current and its effects are shown in Figure 21.

6.1 Threshold of perception and threshold of reaction

These thresholds depend on several parameters, such as the contact area, the conditions of
contact (dryness, wetness, pressure, temperature), the duration of current flow and on the
physiological characteristics of the individual. Unlike a.c., only making and breaking of current
is felt and no other sensation is noticed during the current flow at the level of the threshold of
perception. Under conditions comparable to those applied in studies with a.c., the threshold of
reaction was found to be about 2 mA.
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6.2 Threshold of immobilization and threshold of let-go

Unlike a.c. there is no definable threshold of immobilization or let-go for d.c. Only making and
breaking of current lead to painful and cramp-like contractions of the muscles.

6.3 Threshold of ventricular fibrillation

......

I-\b UEbblIUeU IUI d.C. \bee 5- O), llle LIIIEbIIUIU UI VEIIllILUIdI IIUIIIIdlIUII |nuuueu Uy U C. uepenu':.-
on physiological as well as on electrical parameters.

Information derived from electrical accidents seems to indicate that the danger of ventricutar
fibrillation generally exists for longitudinal currents. For transverse currents, experimenis on
animals have, however, shown that at higher current intensities ventricalar\fibrillation” may
also occur.

Experiments on animals as well as information derived from electrl i owXhat the
threshold of fibrillation for a downward current is about twice as high'a ard’current.

). Curve ¢, shows current and
; tricular fibrillation is estimated to be
very low for the same longitudi through the body based on the animal

studies. Later studies show_ tha \ri ibhlJdtion threshold for humans is higher than
the current magnitude i s for each duration. For example, the left
hand to feet threshold| cu 8 uman might be in the order of 200 mA for long

durations of cu
affect the ventricula
ventricular fibrillaticq

ah hearts are healthy, and some maladies can
ome people with unhealthy heart conditions have
normal, but the amount of the reduction is not

based on ani describe the ventricular fibrillation threshold for humans
as a cons te Jhere are no known electrical accidents that show an
electrocution . This indicates that the ¢, curve is probably conservative for
all huma o ltudl al downward current (feet negative), the curves have to be shifted

to a highercurreRt magnitude by a factor of approximately 2.

6.4 Other effectsof current

Abovesapproximately 100 mA, a sensation of warmth may be felt in the extremities during
current=flow. Within the contact area, painful sensations are felt.

Transverse currents up to 300 mA flowing through the human body for several minutes might,
increasing with time and current, cause reversible cardiac dysrhythmias, current marks,

burns, dizziness and sometumes unconsciousness. ADOve 300 MA, UNCONSCIOUSNEsSS
frequently occurs.

With currents of several amperes lasting longer than seconds, deep-seated burns or other
injuries, and even death, are likely to occur.

Effects such as electroporation (see 5.6) can result from contact with d.c. circuits as well as
a.c. circuits.

Related non-electrical injuries, such as traumatic injury, should be considered.
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6.5 Description of time/current zones (see Figure 22)

Table 13 — Time/current zones for d.c. for hand to feet pathway —
Summary of zones of Figure 22

Zones Boundaries Physiological effects

DC-1 Up to 2 mA Slight pricking sensation possible when making, breaking or rapidly altering
curve a current flow

DC-2 2 mA up to Involuntary muscular contractions likely especially when making, breaking or
curve b rapidly altering current flow but usually no harmful electrical physiological

effects

DC-3 Curve b and Strong involuntary muscular reactions and reversible disturbances of

above formation and conduction of impulses in the heart may oteur, increasing with

current magnitude and time. Usually no organic d;\ age to expected
N

DC-4 1) Above curve c,

€172

(,‘2-(,‘3

Beyond curve ¢,

1) For durations of current flow below 200 ms, ventricular fibriljation iwm the vulnerable period if
the relevant thresholds are surpassed. As regards ventricular fibrillation thisfigure tes to the effects of current
which flows in the path left hand to feet and for upward cufrent. hefGurrent paths the heart current factor has
to be considered.

6.6 Heart factor

The heart factor F applie . < ac/(see 5.8).

9,

7

IEC 980/05

Key

Z; internal impedance
Zs1, Zgo impedance of the skin
Z total impedance

Figure 1 — Impedances of the human body



https://iecnorm.com/api/?name=5bb9339dff31f9e74662c7235b762bf3

— 28 —

IEC TS 60479-1:2005+AMD1:2016 CSV
© IEC 2016

IEC 1409/13

NOTE In order to
Zi, for all parts of the pod
surface areas of contact
total, when the curren
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Zip/5
Zip Zip
. RNN
982/05
Key
Zip internal partial impedancg’0of one ¢

NOTE The internal impedancegom doe hand te bqth.feet is\approximately 75 %, the impedance from both hands
to both feet 50 % and the infp nk of the body 25 % of the impedance hand to hand
or hand to foot.

Figure 3 — Sim atic di : 6r the internal impedances of the human body
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> 8

Total body impedance Zt —»
N w

N

100 200 300

o

Key

1 dry conditions (Table 1)

3 saltwater-wet conditi
Figure 4 — Tot:;
surface areas of g6

rank of 50 %

50 %) for a current path hand to hand, for large
ater<wet and saltwater-wet conditions for a percentile
r touch voltages Uy =25V to 700 V, a.c. 50/60 Hz
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kQ
10 000

1000

/

100

-
o

Total body impedance Zy ———
1 1
N

1
v
N

>

0]
NP

50 7% 1

o

0 125 150 175 200 225 250 V

Touch voltage U ———»
IEC 984/05

Key

(For further details, see Annex D)

1 \Surface area of contact 8200 mm?2
2)" Surface area of contact 1250 mm?2
3 Surface area of contact 100 mm?2
4 Surface area of contact 10 mm?2
5 Surface area of contact 1 mm?2

(Breakdown of the skin at 220 V)

Figure 5 — Dependence of the total impedance Z; of one living person on the surface
area of contact in dry condition and at touch voltage (50 Hz)
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Jobich valta Ur ——»
IEC 985/05
Key
1 large surface areas o ly 8 000 mm?2), current path hand to hand
2 surface areas’o 50 mm2), current path from the tips of the right to left forefinger

measuredon gne living person, touch voltage range Uy =25V to 200 V, a.c.
50 Hz, duration of current flow max. 25 ms
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kQ
300

200 —

100
80
60

50
40

30

20 2

Total body impedance Zt

N
roo o3
I B

w
|

|
0 NS o’ 125 150 175 200 V

Q Jolch voltage Uy ——
IEC 986/05

Key
1 larges ontact, eleéCtrodes type A (order of magnitude 10 000 mm2), according to Table 1
2 middle sized sb facedareas ofcontact, electrodes type B (order of magnitude 1000 mm2), according to Table 5

3 small surface ateas of sontact, electrodes type C (order of magnitude 100 mm2), according to Table 8

Figure 7 £ Dependence of the total body impedance Z; for the 50th percentile rank
of a population of living human beings for large, medium and small surface areas
of contact (order of magnitude 10 000 mm2, 1 000 mm?2 and 100 mm? respectively)
in dry conditions at touch voltages U; =25V to 200 V a.c. 50/60 Hz
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kQ
200

100 —

80

60 —
50
40

30

20

-

w MO © 5

Total body impedance Zt
T I I A

N
|

1

T
175 200 V

IEC 987/05

Key

1 large surface areg 3 pe A (order of magnitude 10 000 mm?2), according to Table 2
2 middle sized g are S tact, efectrodes type B (order of magnitude 1 000 mm2), according to Table 6

3 small surface odes type C (order of magnitude 100 mm2), according to Table 9

Figure 8—Dependence of the total body impedance Z; for the 50t percentile rank

of a population™6f living human beings for large, medium and small surface areas

of contact (order of magnitude 10 000 mm2 1 000 mmZ2 and 100 mm? respectively)
in water-wet conditions at touch voltages Uy = 25 V to 200 V, a.c. 50/60 Hz
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kQ
20

Total body impedance Zy ———
|
.
)
®

1

o
[oe]
|

0,6 —
0,5
0,4

N . x&%

Key :

1 large surface areg

200 V

IEC 988/05

pe A (order of magnitude 10 000 mm?2), according to Table 3

2 middle sized tact, efectrodes type B (order of magnitude 1 000 mm2), according to Table 7

3 small surface areas~ef\comtact, e odes type C (order of magnitude 100 mm2), according to Table 10

Figure 9~ Dependence of the total body impedance Z; for the 50th percentile rank

of a population™6f living human beings for large, medium and small surface areas

of contact (order of magnitude 10 000 mmZ2, 1 000 mmZ2 and 100 mm?2 respectively)
in-saltwater-wet conditions at touch voltages Uy =25V to 200 V, a.c. 50/60 Hz
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Figure 10 — Values for th tal im ce easured on 10 living human beings
with a current path hand toshand a arge-su e areas of contact in dry conditions
at a touch\voltage of 40 V. and frequencies from 25 Hz to 20 kHz
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Figure 11 — Values for the total body impedance Z; measured on one living human
being with a current path hand to hand and large surface areas of contact
in dry conditions at a touch voltage of 25 V and frequencies from 25 Hz to 2 kHz
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Key

1 body resistance Ry for d.c.

2 body impedance Zt for a.c. 50 Hz

Figure 13 — Statistical value of total body impedances Z; and body resistances Ry
for a percentile rank of 50 % of a population of living human beings for the current path
hand to hand, large surface areas of contact, dry conditions, for touch voltages
up to 700 V, for a.c. 50/60 Hz and d.c.
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ant flow (for detailed description of zones, see 5.7)
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Contact area size Drawings
Electrodes type Shape of contact area area effective (mm?) mm
Order of magnitude (mm?)
Large S
A Brass cylinder 8 200 f
5 |
TO U0 l«—100—
Medium - <10
Form of a ring by appropriate
B h 7 . 1250
covering with insulating tape
1 000
Small
Square formed by appropriate
C ; s 100
covering with insulated tape
100 ey
Cylinder of insulating material
D - . 10
with circular electrode (\
E Cylinder of insulating mateyial 1
with circular electrodes 1),2)
[
7

1)

For this type, four furth
30 mm from the ele

cir}\% electrad of\1\n4m apéa were used situated crosswise at a distance of
t theNcentre o surface of the cylinder in order to measure the deviations for

electrodes showed little reproducibility.

v IEC 994/05

frodes uséd for the measurement of the dependence
the'human body Z; on the surface area of contact



https://iecnorm.com/api/?name=5bb9339dff31f9e74662c7235b762bf3

-40 - IEC TS 60479-1:2005+AMD1:2016 CSV

© IEC 2016
A

FTVVVYVVrvVvyryvvvrvyy

- 4k1ms
>l
(=]
& Ut
3

!

Ur =200V rms.

o I
E T
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— <—6,2°

Ut = 200V a.c. (r.m.s. value), duration of current flow 6,5
ITp = 420 mA, total body impedance Z1 = 1 530 Q, initial
and involuntary muscular reaction in arms, shioulders
body was lifted up, which means that the muscles of

(PNARBAN VVF\V VINNWNAT TV T
\%‘ 1,ms

It

It =124 mAr.m.s.

—»| |——5°

IEC 996/05

Ut = 200 V a.c. (r.m.s. value), duration of current flow 16,5 ms, IT (r.m.s.) = 124 mA, no spike in the current
oOscillogram, total body impedance Z1 = 1 613 Q, physiological effects as mentioned under a).

Key
A contact made at the peak of touch voltage
B contact made at zero crossing of touch voltage

Figure 16 — Oscillograms of touch voltages Ut and touch currents I for a.c.,
current path hand to hand, large surface areas of contact in dry conditions
taken from measurements
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