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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

FOREWORD

1) Th prising
all romote
int Ids. To
thi ig¢ations,
Teghnical X s “IEC
Puljlication(s)”). Their preparation is entrusted to technical committees; any IEC National interested
in the subject dealt with may participate in this preparatory work. Internationa and non-
governmental organizations liaising with the IEC also participate in this preparati closely
wit ined by
agreement between the two organizations.

2) Th ational
con rom all
int

3) IEQ Publications have the form of recommendations fo ational
Corpmittees in that sense. While all reasonable efforts are of IEC
Puljlications is accurate, IEC cannot be or any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformity, TEC Nati s ittees”undertake to apply IEC Publications
trarfsparently to the maximum extent posgible in thei ional and regional publications. Any divgrgence
betyeen any IEC Publication and the corre ioral ‘er regional publication shall be clearly indigated in
the|latter.

5) IEQ provides no marking proced indicate i al and cannot be rendered responsible for any
equipment declared to be.i i

6) All psers should ensure tha

7) No [liability shall 4 employees, servants or agents including individual expefrts and
meimbers of its tec atfonal Committees for any personal injury, property dampage or
other damage of an € ether direct or indirect, or for costs (including legal fegs) and
explenses arising ot i se of, or reliance upon, this IEC Publication or any otHer IEC
PuRlications.

8) Attd ) e references cited in this publication. Use of the referenced publicajions is
indi h s tion of this publication.

9) Attgntio o\the pessibility that some of the elements of this IEC Publication may be the subject of
patent™i . 8 held responsible for identifying any or all such patent rights.

The C technical committees is to prepare International Standards. In

exceptionalscircum ces, a technical committee may propose the publication of a technical

specification when

the required support cannot be obfained for the publicafion of an Tnternafional Standard,

despite repeated efforts, or

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

is the

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

IEC 60479-2, which is a technical specification, has been prepared by IEC tec
committee 64: Electrical installations and protection against electric shock.

hnical

This third edition cancels and replaces the second edition, published in 1987, and constitutes
a technical revision.
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The major changes with regard to the previous edition are as follows:

The te

Full in
the re

This g

A list
huma

The ¢
the m
the d4

The report has been completed with additional information on effects of current
passing through the human body for alternating sinusoidal current with d.c.
components, alternating sinusoidal current with phase control, alternating sinusoidal
current with multicycle control in the frequency range from 15 Hz up to 100 Hz.

An estimation of the equivalent current threshold for mixed frequencies.

The effect of repeated pulses (bursts) of current on the threshold of ventricular
fibrillation.

Effects of electric current through the immersed human body.

tra
re
Wi
re

amended.

xt of this technical specification is based on the following documents:

Enquiry draft Report on voting
64/1544/DTS 64/1579/RVC &

formation on the voting for the approval of this tech i i be folind in
port on voting indicated in the above table.

ent on

ch" in

nsformed into a
confirmed,
hdrawn,

blaced by a rev
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EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

1 Scope

IEC 60479-2, which is a technical specification, describes the effects on the human body
when f f f i gh it.
The effects of current passing through the human body for

— alfernating sinusoidal current with d.c. components,

— alfernating sinusoidal current with phase control,

— allernating sinusoidal current with multicycle control,

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

NOTE Other waveforms are under consideratj

This qgtandard furthermore describes the effect bdy in
the fgrm of single unidirectional rectangular i usoidal impulses and impulses
resultng from capacitor discharges.

NOTE 2 The effects of seque

The v o and
including 10 ms. For i 20 of
IEC 6P479-1 ap

This ed current resulting from the direct applicatior] of a
sourc i s IEC 60479-1 and IEC 60479-3. It does not copsider
currer i caused by its exposure to an external electromagnetic figld.

2 N

The f d documents are indispensable for the application of this docment.
For dated/references; only the edition cited applies. For undated references, the latest gdition
of the|referenced document (including any amendments) applies.

IEC 60479-1:2005, Effects of current on human beings and livestock — Part 1. General

aspects

IEC 60479-3, Effects of current on human beings and livestock — Part 3: Effects of currents

passing through the body of livestock
IEC 60990, Methods of measurement of touch current and protective conductor current

3 Terms and definitions

For the purposes of this document, the following definitions, in addition to those given in

IEC 60479-1, apply.
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NOTE Certain definitions are taken from the IEV. Such references are listed in the bibliography [27], [28] 1).

3.1

frequency factor

Fy

ratio of the threshold current for the relevant physiological effects at the frequency f to the
threshold current at 50/60 Hz

NOTE The frequency factor differs for perception, let-go and ventricular fibrillation.

3.2

phase control
procegs of varying the instant within the cycle at which current conducti in an eleqtronic
valve [device or a valve arm begins

(IEV §51-16-23)

3.3
phase¢ control angle (current delay angle)

time ¢xpressed in angular measure by which the starting
delayéd by phase control

ent conducfion is

(IEV §51-16-32)

3.4
multi¢cycle control
procegs of varying the ratio of the numb
number of cycles in which no current co

(IEV §51-16-31)

r of\.cy hich<inelude current conduction o the

3.5
multi¢ycle control fac

p
ratio hetween th@n :
cycleg in the case ©of

(IEV §51-16-37)

ucting

F. (Ws/Qor A%s)
minimum /2t yalue of\a unidirectional impulse of short duration which under given conditions

NOTE | Fy'is determined by the form of the impulse as the integral

féi i%dt

where ¢ is defined in Figures 17 and 18. F, multiplied by the body resistance gives the energy dissipated in the
human body during the impulse.

3.7

specific fibrillating charge

Fq (C or As)

minimum /¢ value of unidirectional impulse of short duration which under given conditions
(current-path, heart-phase) causes ventricular fibrillation with a certain probability

1) References in square brackets refer to the bibliography.
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NOTE Fq is determined by the form of the impulse as the integral

f;i idt

Where ¢ is defined in Figures 17 and 18.

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

1 0.3679
3

times|an initial amplitude

(IEV §01-21-45, modified)

3.9
shock duration of a capacitor discharge

5

time ipterval from the beginning of the discharge to
fallen|to 5% of its peak value (see Figures 17 and 18

NOTE | When the time constant of the capacito

3.10
shock duration for complex asympt

5

nt has

pacitor

shortgst duration of that i t contains 95 % of the energy over th¢ total

impulse

3.1
threshold of pei ‘

minimum value for
sensagtion to the perso

3.12
threshold of ‘pain
minimum §
to a perso

3.13
pain

unpleasant experience such that it is not readily accepted a second time by the s

5 any

pulse

ubject

submitted to it

NOTE Example are an electric shock above the threshold of pain described in 11.3, the sting of a bee or burn of a

cigarette.
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4 Effects of alternating currents with frequencies above 100 Hz
NOTE Values for 50/60 Hz are given in IEC 60479-1.

4.1 General

Electric energy in the form of alternating current at frequencies higher than 50/60 Hz is
increasingly used in modern electrical equipment, for example aircraft (400 Hz), power tools
and electric welding (mostly up to 450 Hz), electrotherapy (using mostly 4 000 Hz to
5 000 Hz) and switching mode power supplies (20 kHz to 1 MHz).

Little experlmental data is avallable for this clause so that the mformatlon glven hereln should
be co : : i v e

range
huma
voltag
one-t¢
imped
impedance Z; (see |IEC 60479-1).

NOTE | The use of peak measurements. At current levels that produ hysi gal responses of pergeption,
startle reaction and inability of let-go, the physiological response from i ixed frequency periodic

current] is best indicated by the peak value of an output signal/ uency-
weightihg network such as those described in IEC 60990.

These [frequency weighting networks attenuate the signa 5e 4 of
IEC 604#79-1 so that the output signal corresp € b htion is
providgd for narrow impulses of current that wo f P short
duratio i i a or mix
of freq hazard
present.

Compa e peak

value bly this measurement method:

Represfentative network can be feund t|I[EC 60990 a

4.2 Effects of alterna
incluging 1 000

4.2.1 | Threshold ofpe
For the threshold

=
(&)
c
[ C Al
=—+6
<
-
1,4 //
1,2 ’/
1,0
50/60 100 200 300 500 1000

. .
Frequency f(Hz) IEC 801/07

Figure 1 — Variation of the threshold of perception
within the frequency range 50/60 Hz to 1 000 Hz
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4.2.2 Threshold of let-go

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

2,0
K
S 18
Q
8
>
(8]
o /
> 1,0
o
o
IC /
4 /\\
1,4
1,2
R
1,0
50/60 100 15000

Fig g to
4.2.3
For s old of
fibrilla
For sh

f
i

Frequentcy,factor

: e

v

50/60 100 300 1000

Frequenc Hz) ——
9 y /(H2) IEC 803/07

Figure 3 — Variation of the threshold of ventricular fibrillation within the frequency
range 50/60 Hz to 1 000 Hz, shock durations longer than one heart period and
longitudinal current paths through the trunk of the body
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4.3 Effects of alternating current in the frequency range above 1 000 Hz up to and
including 10 000 Hz

4.3.1 Threshold of perception

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

150
100

50

\

10

Frequency factof Fi

1

EC 804/07

4.3.2
For the threshol@et- o thefre is given in Figure 5.
7
/
5 ° Pz
S y
8 //
<°:>" 3 LA
g pd
o
g e
1
1 2 3 5 10

Frequency f(kHz) ——
IEC 805/07

Figure 5 — Variation of the threshold of let-go
within the frequency range 1 000 Hz to 10 000 Hz

4.3.3 Threshold of ventricular fibrillation

Under consideration.
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4.4 Effects of alternating current in the frequency range above 10 000 Hz

4.4.1 Threshold of perception

For frequencies between 10 kHz and 100 kHz, the threshold rises approximately from 10 mA

to 100 mA (r.m.s. values).

For frequencies above 100 kHz the tingling sensation characteristic for the percepti

on at

lower frequencies changes into a sensation of warmth for current intensities in the order of

some hundred milliamperes.

4.4.2 Fhreshold-oflet-go

For frequencies above 100 kHz, there is neither experimental data
concegrning the threshold of let-go.

4.4.3 | Threshold of ventricular fibrillation

For frequencies above 100 kHz, there is neither experime
concerning the threshold of ventricular fibrillation.

4.4.4 | Other effects

Burns| may occur at frequencies aboye 100 k
ampefes depending on the duration o

5 Effects of special waveforms ¢

5.1 General

As is|to be expected,

causegd by direct and(by "alt
regard to ventri' i

This dlause describe : ent passing through the human body for

ents on the human body are between

NOTE | Other waveforms are under consideration.

The information given is deemed applicable for alternating current frequencies from 15
to 100 Hz-

5.2 Equivalent magnitude, frequency and threshold

dents

dents

es of

those

. therefore equivalent current magnitude$ with

Hz up

In this clause, hazard may be taken as being approximately the same effect as with an

equivalent pure alternating sinusoidal current I, having the following characteristics:

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

I,ns = r.m.s.value of the current of the proposed waveform;

Iy = peak value of the current of the proposed waveform;

Iop = peak-to-peak value of the current of the proposed waveform;

Iy = r.m.s. value of a sinusoidal current presenting the same effect as the wav

concerned.

eform
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NOTE The current 7, is used instead of the current /g in Figures 20 and 22 of IEC 60479-1 to estimate the
risk of ventricular fibrillation.

Most physiological effects are related to the filtered peak current (in magnitude and in
duration) with the natural body filter defined by the frequency factor F. The peak value of
the current should be used in all cases except where there is a known relationship
between the r.m.s. value and the peak value, i.e. for a pure sinusoidal current.

— Frequency equivalence
The waveform under study has a time period equal to the period of the equivalent
sinusoidal waveform.

— Threshold equivalence

THe different current thresholds (perception, inability of let-go and ve
for waveforms consisting of specific ratio of alternating to direct cur
fol a pure sinusoidal alternating current with a current having the €h
This I, value is different for each of these thresholds.

equivalent as

icular flbr|I(Ftion)
ual to

Ied-
5.3 HEffects of alternating current with d.c. components
5.3.1 |[Waveforms and frequencies and current thresholds

Figure 6 shows typical waveforms which are dealt wit e d.c. and pune a.c.
are rejpresented as well as combined waveforms of vdrious ratjiosa d.c.

|
P4 P )
Tov = Ippl2\2*
Up = Ipp T ——— ﬁ L/
ev 0]
‘Ie\, = lp/xlz*\ /2 l
o R

T Ipp

Ip

i /

IEC 806/0f

—

A N A

TS

Iev = Ip/\lz**

-~ T T ~— I

* for shock duration >1,5 cardiac cycle

** for shock duration <0,75 cardiac cycle IEC 807/07

Figure 6 — Waveforms of currents
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5.3.2 Threshold of startle reaction

The threshold of startle reaction depends on several parameters such as the area of the body
in contact with an electrode (contact area), the conditions of contact (dry, wet, pressure,

temperature) and also on physiological characteristics of the individual.

These effects are related to the peak value of the current [13] and the currents have to be
combined frequency by frequency to estimate the total effect. A measurement circuit is

described in IEC 60990.

5.3.3 Threshold of let-go

The tlLreshoId of let-go depends on several parameters, such as the con
and the size of the electrodes and also on the physiological characteristics

From [the standpoint of let-go (hand contacts with energized cirCuit
seconds), this standard uses Figure 5 [17] to determine the
combinations of alternating current and direct current. The freq
in thi$ case was 60 Hz with 7,07 mA peak a.c. (5 mA r.ms,
30 mA d.c. were used as the touch current thresholds
Thesqg thresholds are considered to be adequate to re

children) from inability to let go.

The gquation, e = 7,176%exp(-0,143
d.c. chse and may be used to calcula
range|specified.

The fgllowing Figure 7 illustrates the Da

99,5 percentile for men

99,5 percentile for women

99,5 percentile estimated for children

shape
Lial.

L | few

Id for
urrent
) and
tively.
uding

. and
in the

DC component (mA) EC 808/07

Figure 7 — Let-go thresholds for men, women and children
The above curves can be described by an equation fitted to the data.

The equation, Tacpk
curve for men.

= 12,890 5*exp(-0,069 39*DC)-0,190 5, represents the 99,5 percentile

The equation, Tacpk = 8,523*exp (-0,104 9*DC) -0,126 0, represents the 99,5 percentile curve

for women.
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The equation, I,c = 6,394 5"exp(-0,138 8"DC) -0,094 5, represents the 99,5 percentile
estimated curve for children.

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

Figure 8 shows the let-go threshold expressed in peak mA for combinations of 50/60 Hz
sinusoidal alternating current and direct current. The peak of the composite a.c. + d.c. wave
in mA at the let-go threshold estimated for the population of humans including children, is
shown as a function of the direct current component in mA.

Figure 8 is represented by the following equation for the composite d.c. current:

— * *
Lacpk * Igc = 7,176%exp (-0,143 4*DC) -0,106 1 + DC
Let-Go threshold for (a.c. + d.c.) combination
30
AN
i 2
\3 B
4 VAR >
E 20 ]
5 7 17
# \ [
b N LK)
E 15 =
B <
s [
£ 10 {
$ K
g 5 ) N
]

\} 15 20 25 30
DC component (mA)

IEC 8097

tile let-go threshold for combinations
usoidal alternating current and direct current

Thesq e a Iate to the peak value of the current [6] and the currents shall be
comb equency to estimate the total effect. A measurement cirguit is
descr

5.3.4 | Threshold of ventricular fibrillation

5.3.4.1 Waveforms consisting of specific ratios of alternating to direct current

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

a) For shock durations longer than approximately 1,5 times the period of the cardiac cycle,
I, is the r.m.s. value of the sinusoidal alternating current having the same peak-to-peak
value /,, as the current of the waveform concerned:

ley = Ipp
22

b) For shock durations shorter than approximately 0,75 times the period of the cardiac cycle,
v is the r-m.s. value of the sinusoidal alternating current having the same peak value Iy
as the current of the waveform concerned:
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NOTE 1 This correlation is less applicable the smaller the ratio a.c. to d.c. becomes. For pure d.c. shocks of
a duration less than 0,1 s the threshold is equal to the corresponding r.m.s. value of the alternating current
(see Figure 20 and Figure 22 in IEC 60479-1, respectively).

c) In the duration range from 0,75 to 1,5 times the period of the cardiac cycle, the amplitude
parameter changes from peak value to peak-to-peak value.

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

comb

more,
50/60

value |of the combination current waveform. This would be on conditio i urrent
compopnent were not large enough to preclude reversal of the ‘insts ; nt (to
prevept zero crossing) during each cycle. For example, the comhinati £ r.m.s.

50/60|Hz sinusoidal current combined with direct current up o “ 3 imately
the same likelihood of causing ventricular fibrillation as ' soidal
current alone.

Wher¢ the exposure is a few seconds or more the direc eht component is|large

enough so that the instantaneous c € ing each cycle, thgn the
composite of alternating plus direct curren lihngod of ventricular fibriflation
when i i c 1e as the peak-to-peak value |of the
50/60|Hz purely sinusoidal alternating eudrrent: mple, the combination of a 50/60 Hz
sinusgidal current and direct current| with~a ak\value of 80x+2 mA (2><Ip) (wlth no

revergal of the instantaneous ¢ ) has approximately the |same
likelihpod of causing ventricularfibri A r.m.s. i i t with
no direct current added

Figure 9 iIIustra@n e
alternpting current(j

same

soidal
is the
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Up [ 2o 21,)1—
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N
o

Composite alternating and
direct current (mA) peak
%

nt component (mA)
IEC 810/07

NOTE
compo

¢ "and then the peak value|of the
d.c. component.

Figure 9 — Compo :
with equivalent likeli ricular fibrillation
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5.3.4.2 Examples of rectified alternating current

Figure 10 shows the waveforms for half wave and full wave rectification.
waveforms, the peak value of the current is identical with its peak-to-peak value.

. 7/AVAYA

For these

Tey = lp/\/2**

- T

*

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

IEC 812/07

Figure 10b — Full wave rectification

ure 10 — Waveforms of rectified alternating currents

The efyuivalént alternating current I, is determined:

IEC 811/07

a) For duration fonger than 1,5 times the period of the cardiac cycle by.

Iy = Top - Tp
202 22
Hence for half wave rectification, I, is related to the r.m.s. value of the rectified current /
by:
I _ Irms
ev —
V2
and the full wave rectification by:
Irms

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

1 Iy

TR

Hence for half wave rectification, 7, is related to the r.m.s. value of the rectified current
Iims by:

pp

Iey :\/E[rms
and the full wave rectification by:
ley = Irms
In thg case of both let-go and ventricular fibrillation, the body current(is exp b flow
throug C ingi ignal on a

teleph pause
(betwe nging
signall, case
of a ¢gadenced ringing signal, bt the
signal is “on”. If this occurs, icular
fibrillgti al, the

perso

6 E

6.1 Waveforms and frequencies and curre

Figure etrical control.
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o =60° o =150°

I !
L Tey = Irms” Tey = Irms” :
Y p

'

\
o0 i i
O - - — ey = [p/\/z**
Y

Tov = IpN2**

v / \

- [ ————————— f————F T

*  for shock duration >1,5 cardiac cycle
** for shock duration <0,75 cardiac cycle TEC 813/

Figure 11a — Symmetrical ¢ |

o F 150°

L Tev = Irms™

Y (o= Ipp
/ x lev =‘Irms* y
=0 L |——O ’l \\ 4

1§y = IN2** \ \
¢ \ / \\// Toy = IHN2*

/

\
\/ \//

-~ [ ——————

* for
** for

e.(under consideration)

EC 814/07

Figure 11b — Asymmetrical control

Figure 11 — Waveforms of alternating currents with phase control

6.2 Threshold of startle reaction and threshold of let-go

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

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

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

The thresholds differ for symmetrical and asymmetrical waveforms.

6.3.1 Symmetrical control

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

a) For shock durations longer than approximately 1,5 times the period of the cardiac cycle,
I, has the same r.m.s. value as the current of the relevant waveform concerned;

e.cardiac [cycle,
bf the

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

I is the r.m.s. value of a current having the same peak value/as

relevant waveform concerned;

NQTE For phase control angles above 120° a rise of the threshold of fibyi

c) In|the duration range from 0,75 to 1,5 times the period of\the , litude
pdrameters change from peak to r.m.s. value.

6.3.2 | Asymmetrical control

The fiprillation hazard may be taken as being ap 3 ! valent
alternpting current I, having the followi

For shhock duration shorter than approximately § e, Iy,
is the| r.m.s. value of a current having th evant
waveform concerned.

NOTE For phase control

NOTE 2 Currents c db
7 Effects of alted

7.1 Waveform

Figurg
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A A e )
L] |

v V v V v
-~ -

s p
-~ T

*

for shock duration >1,5 cardiac cycle and p <<1 or shock duration < 0,75 c
** for shock duration <0,75 cardiac cycle and p = 1

ts = conducting time

t, = non-conducting time

NOTE | I4;ms is not to be confused

7.2 Threshold @

As depcribed in 5,3

Thesq effects a to be

7.3 Threst

7.3.1 | General

Depering on the duration of shock and the degree of power control alternating currenF with
multicyclé conirol are equally or 1esS dangerous than alternative currents ofr the same shock

duration and current magnitude.

Figure 13 shows the variation of the ventricular fibrillation threshold for various degrees of
power control from experiments with pigs (see bibliographic reference [7]).
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NOTE | Body current Ig;ms is the r.m.s. value of th g“cur en@nduc ioN I4rms

Figure 13 — Threshold of ventricularfibrilla 2 age value) for alternating current

7.3.2 | Shock durations €xcee 5. ti period of cardiac cycle

For slhock durations long ; ima times the period of the cardiac cycle, the
threshold depends.\o er cgntrol p. For p near unity, it has the same |r.m.s.
value|as the si L Of the same duration. For p near 0,1 the |[r.m.s.
value| of the current L is the same as the threshold for
alternpting currentof.a duration*b ,75 times the period of the cardiac cycle.

NOTE | For intermediate valuesvof py the fibrillation threshold rises from the low level shown in Figurg¢ 20 in
IEC 604#79-1 to'the highJeveNindicated for shock duration below 0,1 s.

7.3.3 | Sk fions less than 0,75 times the period of cardiac cycle

For shock durations shorter than approximately 0,75 times the period of the cardiac cydle the
r.m.s.| value-of the.elrrent during the current conduction 74, is the same as that|for a
sinusTidaI alternating current of the same duration.

8 Estimation of the equivalent current threshold for mixed frequencies

8.1 Threshold of perception and let-go

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

8.2 Threshold of ventricular fibrillation

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

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

This result of combining waveforms presumes only a relationship between the peak value and
the r.m.s. value of the composite waveform. The physiological effect depends on the phase
angle relationship among the contributing frequencies which needs to be known and is not
considered in this estimate.

9 The effect of repeated pulses (bursts) of current on the thres
ventricular fibrillation

9.1 Ventricular fibrillation threshold of multiple bursts of curre
more

Ventr of a single} non-

repeti é and duration is
below : ~Figure 20 pertains to gingle
non r igure 22 pertaing to a
single ifj

Burst; reater
than the period of a normal heartbeat cye s > T rt and
may t 3 rrent.
When ‘ ¢ s, a
comparison of the magnitude curve

ation hazard. A typical heartbeat rate for
iod of a human heartbeat cycle is sjightly

may
humaps is 70 beats p

less than approximately

9.2 Ventricular §;r 9 2 d of multiple bursts of current separated by less
than

9.2.1

Bursts dugh thevheart that are separated by less than the period of a rjormal
hearthes ar approximately 1 s between consecutive bursts) can create disturbpnces
in the hea ative effects. These cumulative effects can lead to ventficular
fibrillgti each burst of current in the series is significantly lower thgn the
threshold for-ventricufar fibrillation applicable to each of the single bursts of current occurring
alone

The first burst of current in a series can be evaluated using Figure 20 or Figure 22 of
IEC 60479-1, whichever is appropriate. The threshold for ventricular fibrillation applicable to
the second burst of current can be as low as approximately 65 % of the threshold applicable
to the first burst. This process can continue until the threshold reaches a minimum after
several bursts. The minimum threshold reached can be only approximately 10 % or less of the
threshold applicable to the first current burst [14], [18], [19], [20].

Table 1 provides an estimate of the threshold of ventricular fibrillation that might be applicable
to current bursts in a series as a worst case. The quiet time between the current bursts is
insufficient to allow the effects of the previous current bursts to fully subside. Each burst of
current is sufficient in magnitude and duration to excite the heart tissue, and it is assumed
that the threshold of ventricular fibrillation decreases by 35 % after each burst of current.
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Table 1 — Example of estimate for ventricular fibrillation threshold
after each burst of current in a series

Burst of current in a series of bursts separated by Example estimate of the ventricular fibrillation
less than 1 s, where the first current burst is in threshold after each burst of current in a series

the AC-3 or DC-3 region of Figure 20 or Figure 22 %

First current burst 100

Second current burst 65

Third current burst 42

Fourth current burst 27

Fifth-cutrent-burst 18

Sixth current burst 12

Sevénth and subsequent current bursts 10 or@

9.2.2 | Example 1

Consifder a series of four rectangular pulses (see Figure idi ional current passing

through a person’s body between the left hand and bo 8 ach pulse

magn|tude of 100 mA peak and a duration of 0,01
each fother by 0,5 s of “off-time”. In this exam

B — 0,5 S —— =
IEC 817/07

Accorfding- to Figure 22 of IEC 60479-1 each of the 0,01 s 100 mA pulses by itself h

harmf

eries of four rectangular pulses of unidirectional current

has a

are separated from
k d if there is a flisk of
ventrigular fibrillation when the pulse ¢ et po itive) through the bodly.

S no
each

to have the most cumulative effects that can be expected to lower the ventrlcular fibrillation
threshold, the fourth and last pulse might have a threshold that is as low as 27 % of 500 mA,
i.e. 135 mA. Therefore, it is doubtful that the pulses in this series would be able to produce
disturbances that could escalate into a dangerous situation, even though the current bursts
are separated by only 0,5 s. The risk of ventricular fibrillation in this case could be considered

low.

Consider another series of four rectangular pulses (see Figure 15) of unidirectional current
passing in the same direction (feet positive) through a person’s body between the left hand

and both feet.
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|— 1 § —]

~ 100 mA

‘ 0,5s

Each pulse has the same magnitude of 100 mA peak, but th a -time”
is increased to 1 s. The separation between pulses is still’0,5s. i icular
fibrilldtion?

Accorfding to Figure 22 of IEC 60479-1, each of _the p Ies by itself.is capable of indqucing
revergible disturbances of formation and cond C in the heart (DC-3 rggion).
Until these disturbances subside, the i [ old is reduced to aflower
level,|making ventricular fibrillation mo gle,\non repetitive pulse of 1 s ddration
might|have a ventricular fibrillation thresh ) as approximately 150 mA (the cq lipe). If
the figst pulse caused disturbances th : ntricular fibrillation by 35 %, then the
ventrigular fibrillation threshold for th d S olld be 65 % of 150 mA, i.e. 98 mA.
The third pulse could haye a ve i i reshold of 65 % of 98 mA, i.e. 63 mA,
and tlhe fourth pulse could 3 i ation threshold as low as 41 mA. In this
case, [the first pulse is u 3 i / fibrillation, but the second, third and fourth
pulse$ have an increasingfis tricular |br|IIat|on This is due to the cumulative effect of
the disturbance e previous pulses in the series without sufficient time befween
pulses$ for the effects

Finall
the ss
Each

pulses i

risk o

C r rectangular pulses of unidirectional current pasdging in
) through a person’s body between the left hand to both feet.
ude of 100 mA peak and 1 s duration, but with 1 s befween
Figure 16). In this example, it will be established if there is a

|-— 1 g —]

100 mA

L1 s%‘ IEC 819/07

Figure 16 — Series of four rectangular pulses of unidirectional current


https://iecnorm.com/api/?name=03394177e6b53f28a2264cdcecc51afc

- 28 - TS 60479-2 © IEC:2007

According to Figure 22 of IEC 60479-1, each of the pulses by itself is capable of inducing
reversible disturbances in the heart (DC-3 region), but the 1 s quiet interval between the
pulses allows the disturbances to subside before the onset of the next pulse occurs in the
series. Therefore, there is little or no cumulative effect, and the risk of ventricular fibrillation
for this series of pulses is low.

9.2.3 Example 2

If one considers a continuous stream of interrupted direct current with a 50 % duty cycle, the
likelihood of ventricular fibrillation is estimated for this pulse stream compared to the
likelihood for a single, non repetitive rectangular pulse with the same duration as one of the
pulsesin the pulse stream

According to Figure 20 of IEC 60479-1, a continuous sinusoidal alternati f e.g.
200 mA r.m.s. or 283 mA peak has a specific likelihood of ventricular. fibrillation. ording to
Kouwgnhoven’s observations [18] which compared the likelihood af ventri i bn for
sinusTidaI a.c. and interrupted d.c. with the same 60 Hz funda f he ratio of
amplifjudes of a continuous series of d.c. pulses having the{same_likeli icular
fibrilldtion would be 1,7/1. This ratio between measured v i ritati ds for
a.c. ahd interrupted d.c. with the current applied directly to heart ) beak /
0,62 mA peak = 1,7). The interrupted d.c. causes ventricular fibrilfati Y lower valu¢ than

the sinusoidal a.c.

Accorfding to Figure 20 of IEC 60479-1 B, non
repetitive rectangular impulse of uniditectiona s iod of
a 60 Hz repetitive pulse train ((1/60) br the
continuous sinusoidal alternating curre

The r .3 ms
durati 3 e and
the same duration) isNhere C ficant
differg i brillation is caused by the cumulative gffects
of the ccur in rapid succession.

10 E gh the immersed human body

10.1

This g . s-the\effects of electric current through the human body when the bpdy is
imme i 2 us levels of conductivity. Sinusoidal frequencies of 50/60 Hz and
direct are discussed, but the effects of other frequencies might be estimatped by

applyi

NOTE Urless otherwise specified, voltage and current are sinusoidal, and the values are expressed in tgrms of
r.m.s..

NOTE 2 For the purposes of this standard, the term “water” is used to describe pure water as well as solutions of
pure water with salts and other impurities in solution.

10.2 Resistivity of water solutions and of the human body

Pure water is essentially non conductive, but when impurities such as salts are added to
water, the resistivity of the solution can decrease significantly. Table 2 shows values of
resistivity for examples of typical water solutions in which people can be partially or totally
immersed.
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Table 2 — Resistivity of water solutions [21]

Water solution Resistivity

Q-cm
Rain water 254 to 420 000
“Standard” hard water 1780
Tap water (USA) 1290 to 1 6000
Laundry water (tap water with detergent added) 520
“Swimming pool water” 300
Isotonic (normal) saline solution 60
Sea water (Atlantic ocean, near New York) 22
NOTE Conductivity values in this table are approximate for solutions oom
temperature, and will vary with changes in temperature. (31\\

When|the human body is immersed in water that conducts an elecric of the
electr|c current through the water is affected by the relative resi ich is
not hgmogeneous, and the water. If the water is less resistiv (e.g.
sea water), much of the current that would have been flowe ed by

the bpdy will flow around the body rather than through<it. more
resistive than the body (e.g. fresh lake water), a large i b path
of leapt resistance and “collect” or body
distorfs the electric field and paths of current flow\ in thg er. TF i ion pf the
electr|c fields and current paths will oc eSi i same
as the resistivity of the body parts displaci : . , Si s not
homogeneous, the presence of a bodwi WwillNalways distort the electric field and

current paths to some extent.

The sfrength of the electri e’resistivity (in Q-cm) times the clurrent
densify (in A/lcm?2). Theref ith the same electric field across [them,
the pgth with the lowerpresistivi i a proportionately higher current density.

Table|3 shows approxirm istivity for examples of various human body parts at
normadl body temp e 23].\Thevalles apply for low frequency, alternating curnent or

direct|current.

esistivity of human body tissues

< \\ \Human body tissue Reg_s:ri:ity
God 62,9 *
Cerebrospinal fluid 64,6
Arm (body segment) 160
Skeletal muscle 240
NEecK (body segment) 730
Fingers and hand (body segment) 280
Thorax (body segment) 375 — 455
Trunk (body segment) 415
Brain 588
Head (body segment) 840
Cardiac muscle 925 - 1150
Bone 16 000

*

This value applies to plasma with no cells in the sample. As the number of cells in
the sample is increased, the resistivity increases to a value as high as almost
300 Q-cm.

NOTE The human body is non uniform in its composition and therefore also in its
resistivity. The values given in the table, particularly for the body segments, should
be considered as a kind of “average” value.
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10.3 Conducted current through immersed body

The output impedance of an electrical source supplying current to the water can be high or
low, depending on the nature and design of the source. If the source has a low output
impedance relative to the impedance of the water and immersed body, the source behaves
like a constant voltage source. In this case, the current through the body and water is
determined more by the impedance of the various parallel pathways in the water, and is not
limited by the output impedance of the source. The current through the body is not
significantly influenced by the presence of current pathways in parallel with the body. Due to
the low output impedance of the source, each of the parallel paths can be supplied with
currefit from the source that is essentially based on the impedance of each of the|many
indivigual paths.

If the|electrical source has a high output impedance relative to the inedjimpedance of
the bgody and the water in which it is immersed, it behaves like a tan t_source. In
this case, the magnitude of the total current from the source tha \ body and
the water is determined by the source voltage divided by\the ¢ i dance, The
impedance outside the source is low relative to the source as little inflyence.
The cprrent in the water divides between the body and of the
current flows through the paths of least resistance. the water were a
perfeg¢t conductor, the immersed body would conduct of the
current would flow around the body through the hig ’ llreme,
if the water were highly resistive, then dlmost a i entrate
through the body.

Table| 4 qualitatively illustrates the r water
solutipn (relative to the resistivity of th stic of

the electrical source (the/source~im i o the impedance of the solutiopn and
immefrsed body).

between resistivity of water solution
aracteristic of the electrical source

High resistivity solution Low resistivity solution
Constgnt v \,Bédy current is determined by the Body current is determined by thge
source voltage and the impedance | source voltage and the impedande of
(low sg of the body “in series with” the the body “in series with” the watdr that
the img water that is between the body is between the body and the

of the i and the electrodes. The higher the | electrodes. The lower the resistiyity of

water) water resistivity in series with the | the water in series with the body| the
body, the less current through the more current through the body
body

Constant current source Total current is determined by the Total current is determined by the

) ) . source voltage divided by the source voltage divided by the source

(high source impedance relative to | ¢4,rce impedance. Body current is | impedance. Body current is determined

the impedance of the combination | yetermined by the relative by the relative impedances of the

of the immersed body and the impedances of the immersed body | immersed body and the water “in

water) and the water “in parallel with” the | parallel with” the body. The lower the
body. The higher the resistivity of resistivity of the water, the less current
the water, the more current through the body

through the body.

10.4 Physiological effects of current through the immersed body

Perception and startle reaction are unlikely to occur when the body is totally immersed in
water. With the entire body immersed and conducting current, the current density through the
skin is usually low even though the current that accumulates in the body and flows through
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some of the internal body tissue (muscle, blood, nerves, etc.) can be significant. Because of
the low current density in the skin, harmful levels of current can flow through the internal parts
of an immersed person without the sensation normally associated with an electric shock.

Physiological effects of body current that involve muscle tetanization (immobilization) can be
particularly hazardous when the body is immersed since it can interfere with the person’s
ability to swim, or can interfere with the ability to keep the head above the surface of the
water. Drowning can result from the interference with normal muscle control.

Ventricular fibrillation can occur when current of sufficient magnitude flows through the body
|n the region of the heart. The orlentatlon of the body with respect to an electric field in water
f d that
current can enter and exit the body in ways that can maximize the curren density in-the| heart
and cian flow in the most adverse direction. For example, current capflow d|r tly“into the
chest|and eX|t through the left arm depending on the location of the body Wi ) to the

A penson immersed in a body of water that is electrically i Iate fir hat is
elevated in potential by an electrical source with respec 5 ‘ is no
differgnces in potential in the water (no electric field in th ate Al urrent
flowin uctive
part ver a
large part.
The SO is
suffici

Electr ing of
the sKin provided by the water

If a pgrson is complet bduce
a number of other phys t . kow _currents can produce a prickling or stjnging
sensdtion on the skin.(Highe 9 stimulate facial muscles. Yet higher curren s can
stimulate the oeres ta crte phosphenes. Phosphenes are visual images of light
produgced by an [ involving light — in this case electric cyrrent.
(Mechanical pressuife osed eye can also produce phosphenes.) Although
phospghenes theniselve S t ul, they can be frightening to an unsuspecting pérson,

and might cauys
hazarfls incl

ponse, or even a panic reaction, that could lead to| other
e direct effects of the current are immediately reversible|when

the cy er current can cause pain in the upper facial area. Thi$ pain
is reversi a few.minutes to a few hours. The sense of balance can be affected by|these
currents. Thi ect\is revérsible but can last as long as a few days.

10.5 |Threshold valtes of current

The current threshaold of physiological effects for a person’s body immersed in water is|not a
unique value. There are too many variables that can continuously change the body
impedance, and continuously change each pathway and magnitude of current in each
pathway as the body moves relative to the source electrodes in the water. The following
values have been used for conservative current limits in applications where a person’s body is
immersed in low resistivity water. The tests to determine these values were performed with
22 Q-cm water, representing sea water, prepared by adding NaCl to tap water [25].

In general, if a 50/60 Hz current exceeding 5 mA enters and flows through the body of an
immersed person, it may lead to muscle tetanization which can interfere with the ability to
swim, interference with breathing or even ventricular fibrillation. When a person is immersed,
current can enter the chest directly from the water, without flowing through limbs. In addition,
retaining control of muscles is important to be able to avoid drowning. The 5-mA value is not
related to curve b in Figure 20 of IEC 60479-1. Immersed conditions are different from the
typical electric shock scenario, and different considerations apply.
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A 50 Q resistor is sometimes specified to measure the current available from high output
impedance electrical sources in water. However, this value can be too high to be a suitable
body impedance model. This becomes important when the source has a low output
impedance. In this case, the value of the body impedance model influences the current to a
larger extent and should more accurately represent the body.

When 5 mA enters a child’s body through the area of the chest, a 50/60 Hz current density of
30 uA/cm?2 may occur [26].

10.6 Intrinsically safe voltage values

It hagbeen the practice of product standards to tmit—current rather _than voitage in
applidations such as swimming pools and spas where body immeysSion~occursh |If an
intringically safe voltage value were to be specified, it would have to be\ Bps in
the ofder of only a few volts, because of the very low impedance pathwa exist
through the immersed body.

11 Hffects of unidirectional single impulse currents

11.1 |General

Unidifectional single impulse currents of shor j i r and
sinus¢idal impulses or capacitor discha ay t i of an
insulation fault of an electric applianCe ' ¢ ching
live parts of such equipment. It is ther imp 2 j imi these
types|of currents.

For a[shock duration of 10/ms, the effects d N i given
in IEC 60479-1 so that shock
duratipns from 0,1 ms to 10 ; ) i i inferest.
The content of this clause i sumption derived from scientific research that
the principal fa ini entricular fibrillation for the various formns of
unidirgctional im@

xt value for shocks of up to 10 ms duration|[8].
11.2 |Effects of al impulse currents of short duration

11.2.1

Figurg A of currents for rectangular impulses, sinusoidal impulses apd for
capaditordisch 5. The following current magnitudes have to be distinguished:

Inc magnitude of)the current of the rectangular impulse,

Incrms 7 IM.s. value of the current of the sinusoidal impulse,

[AC(p) D Innnk value of the current of the sinusoidal |m|n||IQn’

Icrms = r-m.s. value of the current of the capacitor discharge for a duration of 37,

Icp) peak value of the capacitor discharge.

NOTE If U, is the voltage of the capacitor at the beginning of the discharge through the human body and R, the
initial body resistance, /¢, is determined by:
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Ipc
l IAC rms

'

Iac (p

Hti"

f— [ ———

Ic (p)

Ic rms

11.2.2 Determination of

The specific fibrillating . for the“different forms of impulses dealt with in this ¢

is determined

rectangular i

2
— i = Iacmsti

c) forl acapacitor discharge with a time-constant 7 by:

IEC 820/07

Fo =12 I _,2

() 2 Crms'i

lause

Figure 18 compares the current magnitudes for rectangular impulses, sinusoidal impulses and
a capacitor discharge with the time constant T having the same specific fibrillating energy Fg

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

_Tacp) _ Icp)

"% Vs

1

Ic(p)

76

is derived as follows:

NOTE The relationship Ipg =
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Fo=1p[e Tdt=1gp) >
0

2 2 2 T
18:ms3T = 153T = 18p) 5

1
Icrms = Ipc = IC(p)f

electr

The t

Figure 18 — R

Ic (p)
=6 Icrms
=6 Ipc

IEC 821/07

having t

2007

on its

nin as

large

reshold of pain in terms of specific energy is in the order of 50 to 100x10-6 APs for

currer

t paths through the extremities and large contact areas.
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11.4 Threshold of ventricular fibrillation

11.4.1 General

Figure 19 — Threshold of perception and threshold of pain for the current
resulting from the discharge of a capacitor (dry hands, large contact area)

dinates

opriate

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

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

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

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

Thresholds for ventricular fibrillation are shown in Figure 20. For 50 % probability of
fibrillation, F, is in the order of 0,005 As and F, rises from about 0,01 A2s at an impulse
duration ;= 4 ms to 0,02 A%s for 4= 1 ms.

10

\
QAR

>\‘\
A
N

~
N
SUN

A

-~

Duration of impulsion f; —= ms
-

\| \
\
AN

\
000 10 000
Body current Iy yms — == mA EC 82307
The curves_inch probability of fibrillation risk for current flowing through the body from

the lgft hand-to-both\feet For other current paths, see 5.9 in IEC 60479-1.

Below Cy: no fibrillation;

Abovg Cqup to Cy: low risk of fibrillation (up to 5% of probability);
Above C, up to Cj: average risk of fibrillation (up to 50% of probability);
Above Cj: high risk of fibrillation (more than 50% probability).

Figure 20 — Threshold of ventricular fibrillation

11.4.2 Examples

In order to explain the practical application of the relationships described in this clause, two
examples are given. The first example deals with a capacitor discharge with a time constant
of 7= 1 ms and a shock duration 1, = 37 = 3 ms and is within the scope of this standard. In the
second example, the time constant is 7=10 ms, i.e. =30 ms which means that the limits for
ventricular fibrillation are those given in Figure 20 of IEC 60479-1.
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Example 1

Effects of capacitor discharge on the human body:

Capacitor C = 1uF, charging voltages 10 V, 100 V, 1 000 V and 10 000 V.
Current-path: hand to foot, initial body resistance assumed to be R; = 1 000 Q 2)
Time constant 7= 1 ms, i.e. shock duration ;= 37 = 3 ms

P W
Specific fibrillating energy Fg :[érmsti ~—C
Ri
EffectL of shocks: (\
. N
Charglng\\//oltage U, 10 100 /\@ \\WGO
Discharge current
0,01 0,1 | 10
Peak vplue Ig(p) (A)
Dischafge current r.m.s. value (A) x
/ IC(p) 0,004 1 {041 0,44 41
Crms| = —
5 ()
V8 N \
Specific charge F; (As) O,O1/(’N{3 ’& @Kﬂﬁ < \ R > 10-3 10x1Q-3
Dischafge energy W, (Ws) 0,0%&0'3 &xm\ ) 0,5 50
Specific fibrillating energy F,
0,05k10-6 x106 0,5%x10-3 50x1Q-3
(R;=1 000 Q) (A2s) (\
Physio|ogical effects < @(QN })is?\g%able Painful Xk?rri]ltlreilct:i?)lr?rikely

>—

9,

¥

2) The value of R; of 1 000 Q has been arbitrarily chosen for the purpose of this example. Not to be confused with
the value of R; for 5 % percentile rank of Clause 4 of IEC 60479-1.
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Effects of capacitor discharge on the human body:
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Capacitor C = 20 pF, charging voltages 10 V, 100 V, 1 000 V and 10 000 V.

Current-path: hand trunk, initial body resistance assumed to be R, = 500 Q 3).

Time constant 7= 10 ms, i.e. shock-duration 7; = 37 = 30 ms 4).

e gL s . /4
Specific fibrillating energy Fg =I(23rmsti ~—C
Ri
EffectL of shocks: /\(\
Charging\\/loltage U, 10 100 é\%e\ \}D>000
Discharge current
0,02 0,2 20
Peak vplue I¢(p) (A) N
Dischafrge current r.m.s. value (A) \>
] IC(p) 0,008 ,08 0, 8
Crms —
6 }7 \
V6 AL/ A
Specific charge F; (As) 0{{10\’*\ ™\ %210'{ U \\/20><10-3 200x1p-3
Dischafge energy W, (Ws) 10\'\ 0 10 1.00p
Specific fibrillating energy Fg [ ) ) )
(R; = 500 Q) (AZs)
Physio|ogical effects light Painfdl fibrillation ventricular
. fibrillation |ikely
unlikely

9,

@v
¥

3) The value of R; of 500 Q has been arbitrarily chosen for the purpose of this example. Not to be confused with
the value of R; for 5% percentile rank of Clause 4 of IEC 60479.

4) As the shock duration t; is longer than 10 ms, fibrillation thresholds should be taken from Figure 20 in
IEC 60479-1.
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une révision technique.
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EFFETS DU COURANT SUR L’HOMME ET LES ANIMAUX DOMESTIQUES -

Partie 2: Aspects particuliers

1 Domaine d’application

La CEI 60479-2, qui est une spécification technique, décrit les effets sur le corps humain des

coura
se sit

Les e
— de

— de
— de

ne soht donnés que pour des courants alternatifs dg

et 10(

NOTE

La présente norme décrit également les S ps humain du courant d

forme

d’'implilsions sinusoidales et d'impulsions r décharge de condensateur.

NOTE 2

Les Vv
durée
valeu

Cette
d’'une
induit

2 Reéfé

Les
docun

’

e au-dessus de 100 Hz.

fets du courant passant a travers le corps humain pour

s courants sinusoidaux alternatifs avec composante continue
s courants sinusoidaux alternatifs avec contréle de ph
s courants sinusoidaux alternatifs avec contrble par 1

Hz.

D’autres formes d’onde sont a I'étudé¢.

ion rectangulaire unidirection

aleurs spécifiées
varie de
s de la Fig

ocuments de>référence suivants sont indispensables pour [|'application du p
nebt.Pour les références datées, seule I'édition citée s'applique. Pour les référ

nces

15 Hz

ont la
nelle,

bnt la
s, les

irecte
burant
re.

ésent
ences

non d

tées la derniére édition du document de référence s'anplicue (v compris les éve
T Lol -1 \J Ll

ntuels

amendements).

CEI 60479-1:2005, Effets du courant sur ’'homme et les animaux domestiques — Partie 1:
Aspects généraux

CEI 60479-3, Effets du courant sur ’'homme et les animaux domestiques — Partie 3: Effets du
courant passant par le corps d’animaux domestiques

CEI 60990, Méthodes de mesure du courant de contact et du courant dans le conducteur de
protection
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3 Termes et définitions

Pour les besoins du présent document, les définitions suivantes s’appliquent en plus de celles
qui sont données dans la CEl 60479-1.

NOTE Certaines de ces définitions sont prises du VEI. De telle références sont énumérées dans la bibliographie
[271, [28] V).

3.1
facteur de fréquence

5 effets
physi¢logiques considérés

NOTE | Les facteurs de fréquence pour la perception, le non-lacher et la fibrillation ven

3.2
contrple de phase

procepsus consistant a faire varier l'instant de la période
condyction de courant dans une valve électronique ou dan§ un-bra

(VEI §51-16-23)

la

3.3
angle| de retard a ’'amorgage (angle de.retard\d
durée|exprimée en mesure angulaire p >
par lajcommande de phase

(VEI §51-16-32)

ment du courant est refardée

3.4
commande par train dlalt
procepsus consistant g fairevari nombre de périodes pendant lesquelleg il y a
condy 5] on de
coura

(VEI §
3.5

p
rappo
condu

(VEI §

es de

3.6
énergie spécifique de fibrillation

Fo (Ws/Q ou A2s)

valeur minimale /'t de I'impulsion de courte durée qui, dans des conditions données (trajet de
courant, phase cardiaque), provoque avec une certaine probabilité la fibrillation ventriculaire

NOTE F, est déterminée par la forme de I'impulsion comme l'intégrale

I;i idt

ou ¢, est defini par les Figures 17 et 18. F, multipliée par la résistance du corps donne I'énergie dissipée dans le
corps humain pendant I'impulsion.

1) Les chiffres entre crochets se référent a la bibliographie.
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3.7

charge spécifique de fibrillation

Fq (C ou As)

valeur minimale /¢ de I'impulsion de courte durée qui, dans des conditions données (trajet du
courant, phase cardiaque) provoque avec une certaine probabilité la fibrillation ventriculaire

NOTE F, est déterminée par la forme de I'impulsion comme I'intégrale

q
I(;i idt

ou ¢; est défini dans les Figures 17 et 18.

3.8
consflante de temps

tempq nécessaire pour que I'amplitude initiale d’'une grandeur d’un
une Idi exponentielle soit multipliée par un facteur

hamp\ qui, décroft|selon

1 0,3679
e

(VEI §01-21-45, modifiée)

3.9

durée
fi
tempg c le courant de décharge est détgndu a

5 % de sa valeur créte (voir Figures 1

NOTE
déchar

c de la
b choc.

3.10
duréeg de choc
fi
durée

totale

ulsion

3.1
seuil

valeu e une

3.12
seuil dedouleur
valeuTaximmate detaquantitt—dEtectricite (77 ou de t¥nergie specifique (727 qu’une
personne peut supporter volontairement en tenant une grande électrode dans la main sans
ressentir de douleur

3.13

douleur

sensation suffisamment désagréable pour qu’elle ne soit pas acceptée une deuxiéme fois par
la personne qui y est exposée

NOTE Comme exemple de douleurs, on peut citer un choc électrique supérieur au seuil de douleur décrit en 11.3,
la piqare d’une abeille ou la brllure d’'une cigarette.

4 Effets du courant alternatif de fréquence supérieure a 100 Hz

NOTE Les valeurs pour 50/60 Hz sont données dans la CEl 60479-1.


https://iecnorm.com/api/?name=03394177e6b53f28a2264cdcecc51afc

- 50 - TS 60479-2 © CEI:2007
4.1 Généralités

L’énergie électrique sous la forme de courant alternatif de fréquence supérieure a 50/60 Hz
est de plus en plus utilisée dans les matériels électriques modernes, par exemple dans les
avions (400 Hz), les outils portatifs et le soudage électrique (essentiellement jusqu’a 450 Hz),
I’électrothérapie (essentiellement entre 4 000 Hz et 5000 Hz) et les alimentations de
puissance (de 20 kHz a 1 MHz).

Peu de valeurs expérimentales sont disponibles pour cet article, de sorte que les informations
données sont a considérer seulement comme provisoires, mais elles peuvent étre utilisées
pour I est|mat|on des risques dans les plages des frequences considérées (v0|r b|b||ograph|e)
L’atte
de fag
de qu
d’envIr3
que I
Z; (vo

r CEI 60479-1).

NOTE | L’utilisation des mesures créte. Pour les niveaux de courant qui giques
telles que la perception, la réaction et le non-lacher, ' c igue non
sinusoidal a fréquence composite est mieux représentée par la valeur C ete a\ ighal de sortie de cirduits de
mesurg introduisant une pondération en fréquence tels que ceux d

Ces régeaux de circuits avec pondération en fréquence atténuent le si e facteur de fréquencel donné
dans I'Article 4 de la CEI 60479-1 de telle fagon que Ie i gortf sponde a un niveau consfant de

réponsg physiologique. L’atténuation est foupnie es i i oites de courant qui produisgnt une
réponsge physiologique plus faible a cause d 5 euf créte. La sortie du réseau pefmet de
lire ung valeur flxe |ndependamment de Ia 3 i hir une
déterm
Des ef yant la
méme
Unrés
4.2 E clus

4.2.1

Le fag

T.6 7

Facteur de[fréquenc

1,4 7

/

1,2 A
1,0
50/60 100 200 300 500 1000

Fréquence Hz) ———
q /(Hz) IEC 801/07

Figure 1 — Variation du seuil de perception pour les fréquences
comprises entre 50/60 Hz et 1 000 Hz
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4.2.2 Seuil de non-lacher

Le facteur de fréquence pour le seuil de non-lacher est indiqué sur la Figure 2.

2,0
&
o 18
[§)
C
(0]
>
o
‘0 /
5 1.0
e /
é AP\
L 1,4

15000
IEC 802/07
Figure 2 — Variation du seuil de n ences comprises entr
4.2.3 Seuil de fibrillationr
Pour des durées de choc SH les du cycle cardiaque, le facteur de fréq
pour le seuil de fibrillation_et d jet courant longitudinaux a travers le tronc du

est ingdiqué sur laFigu

Pour |des durées <de

expér|mentale n’ﬁd\
1
\§

10

a celles du cycle cardiaque, aucune

ience
corps

valeur

Facteur de figquence /F;

50/60 100 300 1000

Fréquence f(Hz) ——

IEC 803/07

Figure 3 — Variation du seuil de fibrillation ventriculaire pour les fréquences

comprises entre 50/60 Hz et 1 000 Hz, des durées de choc supérieures a celles
d’un cycle cardiaque et des trajets de courant longitudinaux a travers le tronc du corps
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4.3 Effets du courant alternatif de fréquences comprises entre 1 000 Hz et 10 000 Hz
inclus

4.3.1 Seuil de perception

Le facteur de fréquence pour le seuil de perception est indiqué a la Figure 4.

150
100

50

\

10

Facteur de fréquence¢ Ft

1

EC 804/07

Figure 4 — Variation du seui perception pour les fréquences
pri entr 0 Hz et 10 000 Hz

4.3.2 | Seuil de non-lacher

Le fagteur de frx@ce pour

cher est indiqué a la Figure 5.

N

7
= /
o )%
2 /
g e
3 /1
g 3 ~
s wd
5 2
3
©
[T

1

1 2 3 5 10

Fréquence f(kHz) —
IEC 805/07

Figure 5 — Variation du seuil de non-lacher pour les fréquences
comprises entre 1 000 Hz et 10 000 Hz

4.3.3 Seuil de fibrillation ventriculaire

A I'étude.
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4.4 Effets du courant alternatif de fréquences supérieures a 10 000 Hz
4.4.1 Seuil de perception

Pour les fréquences comprises entre 10 kHz et 100 kHz, le seuil de perception s’éléve
approximativement de 10 mA a 100 mA (valeurs efficaces).

Pour les fréquences supérieures a 100 kHz, la sensation de picotement caractéristiques pour
la perception aux fréquences inférieures devient une sensation de chaleur pour les courants
de I'ordre de quelques centaines de milliampéres.

4.4.2 Seuil de non-lacher

Pour Jes fréquences supérieures a 100 kHz, aucune valeur expérimen bnible

pour Ie seuil de non-lacher et aucun incident n’est connu.
4.4.3 | Seuil de fibrillation ventriculaire

Pour Jes fréquences supérieures a 100 kHz, aucune valeur € onible

pour Ie seuil de fibrillation ventriculaire et aucun incident n’e
4.4.4 | Autres effets

Pour |les fréquences supérieures a 100 kHz, d S i r des
courapts de quelques ampéres selon la

5 Effets des courants de formes d’onde
5.1 Généralités

; sont
intermédiaires entre ceux d L ternati inu: i ssible

de déterminer les val i|lation
ventrigulaire

Cet afticle décrit@ -

— pgur des coure
trains
NOTE | D’autres fermes d'ondes sont a I'étude.

Les irfformations indiquées sont valables pour les fréquences en courant alternatif comprises
entre 15 HZ et 100 Hz.

5.2 Amplitude équivalente, fréquence et seuil

Dans le présent article, le risque peut étre considéré comme étant approximativement le
méme effet que celui occasionné par un courant alternatif sinusoidal pur équivalent I, ayant
les caractéristiques suivantes:

— Amplitude équivalente
Il faut distinguer les amplitudes de courant équivalentes:

Ioge = valeur efficace du courant de la forme d’onde résultante;
I, = valeur de créte du courant de la forme d’onde résultante;
Iop = valeur entre crétes du courant sinusoidal équivalent a la forme d’onde

considérée ;
Igy = valeur efficace du courant sinusoidal équivalent a la forme d’onde considéree.
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NOTE Le courant [, est utilisé au lieu du courant /g des Figures 20 et 22 de la CEl 60479-1 pour estimer
les risques de fibrillation ventriculaire.

La plupart des effets physiologiques relévent du courant créte filtré (en amplitude et en
temps) avec le filtre naturel du corps défini par le facteur de fréquence F. La valeur créte
du courant devrait toujours étre utilisée sauf si une relation connue existe entre la valeur
efficace et la valeur créte, par exemple pour un courant sinusoidal pur.

— Equivalence en fréquence

La forme d’'onde a I'’étude posséde une période égale a celle du courant sinusoidal
équivalent.

— Equivalence en seuil

Lgs differents seuils de courant (perception, non-lacher et fibrillation _ventriculaire} pour
degs formes d’onde consistant en un rapport spécifique de courant altg et de courant
continu sont équivalents a ceux d’un courant sinusoidal pur ays actériptique
édale a I,. Cette valeur de I, est différente pour chacun de ces s

5.3 HEffets du courant alternatif avec composante continue
5.3.1 | Formes d’onde, fréquences et seuils en courant

La Figure 6 montre des formes d’ondes caractéristique : présent article. Le
couraht alternatif et le courant continu lisse sont v 2 ue les formes d’'onde
comb atif &

IEC 806/0f

Ipp

-~ T T ~— I

* pour durée de choc >1,5 cycle cardiaque

** pour durée de choc <0,75 cycle cardiaque
IEC 807/07

Figure 6 — Formes d’onde de courant
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5.3.2 Seuil de réaction

Le seuil de réaction dépend de plusieurs parameétres tels que la surface de I'électrode en
contact avec le corps (surface de contact), les conditions de contact (sec, mouillé, pression,
température) et également des caractéristiques de la personne.

Ces effets relévent de la valeur créte du courant [13] et les courants doivent étre combinés
pour chaque fréquence afin d’estimer I'effet total. Un circuit de mesure est décrit dans la
CEIl 60990.

5.3.3 Seuil de non-lacher

Le seuil de non-lacher dépend de plusieurs paramétres, tels que la surface de contelzct, la
forme| et les dimensions des électrodes, ainsi que des caractéristique es de
Iindivjdu.

Du pqint de vue du non-lacher (contact des mains avec un circui g tgnsion
quelqlies secondes), cette norme utilise la Figure 5 [17] pour{détermi i burant
de nop-lacher pour des combinaisons de courant alternatif € inu. Dans b était
utilisél un courant alternatif de fréquence 60 Hz dont la va S ur un
courapht de 5 mA efficace), et un courant continu de 30~m? i pour
déterminer les seuils en courant de contact pour a seuils

en coprant sont considérés comme adéquats po & ensemble de la populafion (y
complis les enfants) pour le non-lacher

L'équation I,op = 7,176%exp (-0,14 n de
courant alternatif et de courant conti d’une
combinaison quelconque de courant|alt he de

coura

La Fig

Cgaurbe représentant 50 % de la population des hommes
Courbe représentant 99,5 % de la population des hommes

Courbe représentant 99,5 % de la population des femmes

Courbe représentant 99,5 % de la population des enfants

Valeur crétededa
mesurge dans'ld difectj

\ \ \ T \ T \ \
0 10 20 30 40 50 60 70 80

Valeur de la composante continue (mA)
IEC 808/07

Figure 7 — Seuil de non-lacher pour hommes, femmes et enfants

Les courbes ci-dessus peuvent étre décrites par une équation en adéquation avec les
données expérimentales.

L’équation Tacpk = 12,890 5*exp (-0,069 39*DC) -0,190 5 donne la courbe représentant
99,5 % de la population des hommes.
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L’équation 7,¢,, = 8,523%exp (-0,104 9*DC) -0,126 0 donne la courbe représentant 99,5 % de
la population des femmes.

L’équation Tacpk = 6,394 5*exp (—0,138 8*DC) -0,094 5 donne la courbe estimée représentant
99,5 % de la population des enfants.

Pour des considérations pratiques, quelques normes permettent a titre exceptionnel une
certaine ondulation pour le courant continu (par exemple jusqu’a 10 %).

La Figure 8 montre le seuil de courant exprimé en valeur créte en mA pour des combinaisons
de courant alternatif 50/60 Hz et ce courant continu. La valeur créte de la forme d’onde
compopsée de courant alternatif et de courant continu exprimée en mA, pourle seuil/de non-
lacher, et estimée pour la population entiére des étres humains, y compris les_enfants, est

La Figure 8 est représentée par I’équation suivante en fonction de Ie courant
continu:

1

acpk + Igc = 7.176%exp (-0,143 4*DC)

Seuil de non-lacher pour des combinaisong de Kﬁujant alterna

A

30

[ /
\ [
A AN

r {

{

25

% f
15 { B

s

10

AT

5 10 15 20 25 30

Valeur de la composante continue (mA) IEC 8097

igure 8 — Seuil de non-lacher pour 99,5 % de la population
et pour de mbinaisons de courant alternatif 50/60 Hz de courant continu
Ces dffe dépendent de la vale dte d ourant [6] et le ouran doiven e combinés
pour chaque fréquence afin d’en estimer I'effet total. Un circuit de mesure est décrit dans la
CEI 60990.

5.3.4 Seuil de fibrillation ventriculaire

5.3.4.1 Forme d’onde constituée de rapports spécifiques de courant alternatif et de
courant continu

Le risque de fibrillation peut étre considéré comme étant approximativement le méme que
celui provoqué par un courant alternatif équivalent I, ayant les caractéristiques suivantes:

a) Pour des durées de choc supérieures a approximativement 1,5 fois la période du cycle
cardiaque, I, est la valeur efficace du courant alternatif sinusoidal ayant la méme valeur
créte a créte Iy, que le courant de la forme d’onde considérée :
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IPP

2.2

ley =

b) Pour des durées de choc inférieures a approximativement 0,75 fois la période du cycle
cardiaque, I, est la valeur efficace du courant alternatif sinusoidal ayant la méme valeur

cr

éte I, que le courant de forme d’onde considérée :

NQTE 1 Cette corrélation est de moins en moins applicable au fur et 3 mesure que le rapport entre le courant

alternatif et le courant continu diminue. Pour des durées de chocs par courant continu-inférieures a 0,1 s, le

sepil est égal a la valeur efficace correspondant au courant alternatif (voir Figuré¢ 20 et Figure, 22 de la

CHI 60479-1, respectivement).
c) Pqur des durées de chocs comprises entre 0,75 fois et 1, cycle

cgdrdiaque, le paramétre amplitude varie de la valeur créte a

NQTE 2 Les détails de la nature de la transition ayant lieu font I'obj
Selon|les recherches de Knickerbocker [5], la probabilité-de fibrillati eniriculaire podr une
combinaison de courant alternatif sinusoidal 50/60 ant continu durant plusieurs
secondes, voire plus, est la méme que pour un courant p nt sinusoidal ayant la méme
durée| pourvu que le courant alternatif sinusoida p G it la méme valeur créte a
créte que la valeur créte a créte de la inée. Cefa serait a la conditign que
la composante du courant continu ne 1S S . ent élevée pour éviter le changement
de signe du courant instantané (éviter le\passage 2 chaque cycle. Par exemple, la
combinaison d’un courant alternatif si i de 40 mA efficace avec un courant
contifu de 40x+2 mA a i i 3 probabilité d’occasionner la fibriJlation
ventrigulaire qu’un seul ce 0/60 Hz de 40 mA efficace.

Lorsgue I'exposition dure oire plus, et que la composante contindie est
suffis@mment important haque
cycle| alors la c@) iti méme
probapilité d’occasiq ‘onde
comp soidal
50/60 burant
conti burant

insta
proba

d’amgli

La Fi
coura

veritriculaire a chaque cycle) a approximativement la méme
la fibrillation ventriculaire qu'un courant sinusoidal 50/60 Hz

gure. 9*montre” un exemple pour lequel la probabilité de fibrillation ventriculairg d’un
ht'dlternatif sinusoidal (de 20 Hz, 50 Hz ou 60 Hz) combiné avec un courant continu est

la mé

e,
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Copurant alternatif avec composante
continue (mA) créte
N
'UN
%

O\ % _

uranpcontinu  (mA)

I
IEC 810/07
NOTE | La valeur créte a créte Ipp reste consta 3 a nsuite [a valeur créte du courant c¢mposé
reste donstante & une valeur égale a deux foi e’ de/la.composante alternative sans composante

continue.

atif et d’un courant continu

Figure 9 — Courant composé d’un
i rillation ventriculaire

urant.alter
ayant une a g équivalente d
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5.3.4.2 Exemples de courant alternatif redressé

La Figure 10 montre les formes d’onde pour des systémes a simple ou double alternance.
Pour ces formes d’onde, la valeur de créte du courant est identique a sa valeur entre crétes.

v ] L\

b oo
ey = IpN2**
- T -
*  pour durée de choc >1,5 cycle cardiaque
** pour durée de choc <0,75 cycle cardiaque
IEC 811/07

Figure 10a — R@visgrg/n%lm le
Y 7\ KN

\
T Tov = Ipp/2V2*
Ip = Ipp *’r’ /

lernance

&7

oc >1; e cardiaque

0,75 cycle cardiaque
IEC 812/07

igure 10b — Redressement double alternance

e 10 — Formes d’onde de courant alternatif redressé

Le courant alternatif équivalent I, est déterminé:

a) Pour des durées supérieures a 1,5 fois la durée du cycle cardiaque, par:
I, = Tp _ Ip

242 22

Ainsi, pour les systéemes a simple alternance, I, se rapporte a la valeur efficace du courant
redressé I 4 par la relation:
Lot

Iev - ﬁ
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et, pour les systémes a double alternance, par la relation:

_ Ieff

ev — 2
b) Pour des durées inférieures a 0,75 fois la durée du cycle cardiaque:
_Top _ Ip

RANCRNCY

Ainsi, pour les systémes a simple alternance, I, se rapporte a la valeur efficace du

courant redressé I 4 par la relation:

ley = \/’Eleff
et| pour les systémes a double alternance, par la relation:

Tey = Ief

Dans [les deux cas du non-lacher et de la fibrillation ventriculaire, Te
suppdsé circuler a travers les bras et le torse pendant quelg
signal de sonnerie cadencée d’un circuit téléphonique p

avant| que ce signal ne soit interrompu pour une pad

mesufe oUu une personne est en contact avec ung

d’ondes du signal de sonnerie, le corps de cette persorne pe
quelqlies secondes. Dans le cas d’un signal de fig
incapable de lacher pendant le temps OuNe sig
pas éfre capable de provoquer la fibriltation\ve
de sonnerie s’interrompt entre deux trains d
partie[conductrice et s’éloigner du circ

6 Effets du courant &
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Figure 11b — Contrbéle asymétrique

Figure 11 — Formes d’onde de courant alternatif avec controle de I’angle de phajse

6.2 Seuil de perception et de non-lacher

Comme décrit précédemment en 5.3.2 et 5.3.3, ces seuils dépendent de plusieurs
parametres.

Les valeurs de courant produisant une sensation ou empéchant le lacher sont sensiblement
les mémes qu’en courant alternatif pour la méme valeur de créte Ip. Lorsque l'angle de
controle de phase est supérieur a 120°, les valeurs de crétes augmentent du fait de la
diminution du temps de passage du courant.

Ces effets dépendent de la valeur créte du courant [13] et ils doivent étre combinés pour
chaque fréquence afin d’en estimer I'effet global. Cela est facilement réalisable en utilisant le
circuit de mesure décrit dans la CEl 60990.
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6.3 Seuil de fibrillation ventriculaire

Les seuils sont différents suivant que la commande est symétrique ou asymétrique.

6.3.1 Commande symétrique

TS 60479-2 © CEI:2007

Le risque de fibrillation est approximativement le méme qu’avec un courant alternatif

équivalent I, ayant les caractéristiques suivantes:

a) Pour des durées de choc supérieur a environ 1,5 fois la durée du cycle cardiaque, /I, a la
méme valeur efficace que le courant de la forme d’onde considérée;

b)

\[e
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* pour durée de choc >1,5 cycle cardiaque et p <1 ou durée de choc < 0,75
** pour durée de choc <0,75 cycle cardiaque et p = 1

ts = temps de conduction

t, = temps de non-conduction
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7.2 S

Comme décrit pré 9 X sieurs

3 valeur créte du courant [13] et les courants doivent étre combinés

pour ¢ d’en estimer I'effet global.

7.3 Seuils de fibrilation ventriculaire

7.3.1 | Généralités

Suivant la durée de choc et le facteur de commande, les courants alternatifs avec commande
par trains d’alternance sont aussi ou moins dangereux que les courants alternatifs de méme
durée de choc et de méme intensité.

La Figure 13 montre le seuil de fibrillation ventriculaire mesuré sur des porcs pour différents
facteurs de commandes (voir référence bibliographique [7]).


https://iecnorm.com/api/?name=03394177e6b53f28a2264cdcecc51afc

NOTE

conduction I .

Figure 13 — Seuil de fibrillation ventriculaire noyennes) pour des coura

7.3.2

Pour
dépern

pour Win courant al

du co
altern

NOTE
Figure

7.3.3

Pour
effica
coura

- 64 - TS 60479-2 © CEI:2007

100 T T I

~

|

©co0000 ]
S NWOTo

N O W

10

AV)

Durée de passage du fourant, en cycles cardiaques

ALY
AAVVMVAANA

plternatifs avec commande par/trains d’z e pour différents facteurs de
ur de jeunes porcs)

Durées de chog plusilongu la durée du cycle cardiaque
les durées ) Jues envjron 1,5 fois la durée du cycle cardiaque, Iq
d du facte S : voisin de 1, le seuil a la méme valeur efficag

urant penda . duction I,.4 a la méme valeur que celle d'un ¢
atif d’'une durée\inféri z 5 fois la durée du cycle cardiaque.

Pour des valeu médiairgs de p, le seuil de fibrillation augmente a partir du niveau indiqué
PO de [a.C jusgu’au niveau supérieur indiqué pour des durées de choc inférieures a 0,1 s.
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8 Estimation du seuil de courant équivalent pour des fréquences multiples

8.1 Seuil de perception et de non-lacher

Ces effets dépendent de la valeur créte du courant [13] et les courants doivent étre combinés
pour chaque fréquence afin d’en estimer I'effet global.

8.2 Seuil de fibrillation ventriculaire

Le risque de fibrillation ventriculaire causée par un courant a fréquences multiples peut étre
trés approximativement estimé comme étant équivalent au risque causé par un courant
sinusoidal alternatif ayant les caractéristiques suivantes:
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— le fréquence fondamentale;

— avec une amplitude I, équivalente a la somme quadratique des amplitudes de toutes les
amplitudes affectées individuellement du coefficient de fréquence approprié comme
indiqué par le Figure 3 :

Ce résultat de fréquences combinées présuppose seulement une relation entre la valeur créte
et la valeur efficace de la forme d’onde a fréquences multiples. Il est cependant nécessaire

de connaitre les différents angles de phases pour estimer I'effet physiologigue du courant.
Cela fa pas été pris en considération dans cette estimation.

9 L Uil de
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9.2 Seui i i aire d’un train d’ondes de courant séparées par moins
de1sg

9.2.1

Des i rant au travers du cceur, séparées chacune par moins de la périgde du
cycle| cardiaque rmal (moins qu’'approximativement 1s entre deux impullsions
consécutives) peuvent perturber le coeur suite a des effets cumulatifs. Ces effets cumuylatifs
peuvgnt entrainer le fibrillation ventriculaire méme si chaque impulsion de courant de Ig série
est significativement intférieure au seull de ftibrillation ventriculaire applicable a chaque
impulsion de courant arrivant de facon isolée.

La premiére impulsion de courant de la série peut étre évaluée en utilisant la Figure 20 ou la
Figure 22 de la CEI 60479-1, selon celle qui est appropriée. Le seuil de fibrillation
ventriculaire applicable a la seconde impulsion de courant est approximativement inférieur de
65 % du seuil applicable a la premiére impulsion. Ce processus continuer jusqu’'a ce que le
seuil atteigne un minimum aprés plusieurs impulsions. Le seuil minimum atteint peut étre
d’environ 10 % ou moins du seuil applicable a la premiére impulsion de courant [14], [18],
[19], [20].

Le Tableau 1 fournit une estimation du seuil de fibrillation ventriculaire pouvant étre appliqué
aux impulsions de courant en série en tant que cas le plus sévére. Le temps de repos entre
deux impulsions de courant est insuffisant pour permettre aux effets des impulsions
précédentes de décroitre suffisamment. Chaque impulsion de courant posséde une amplitude
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