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If we analyze a complex svstem witn
several receptors,we must introduce
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i-th receptor will work
when the system works,

f{ is the factor that shows E“k]

the contribution of i-
-th receptor to the to-
tal effectivity of the
system (J . 1is the ele-
ment of h% interval
(0, 1] ),and

I is the total number of
receptors,

The system of receptors will not
be disturbed if SFFP,Cél.

Example of experimental determination
of the receptor compatibility

Fxperimentally we wanted to deter-
mine the following two things:

1. Is it possible to characterize the
performances and ihe susceptibility
to interferences of a- typical con-
trol analog device in terms of the
average power ?

2. If we have different combinations
of interference sources on various
receptor entrances,can we predict
quantitatively by Using the EMC fi-
gure of merit the possible EM com-
pativrility or incompatibility wis
certain acceptable error ?

The problems of the intra-system
EKC is very important in the field of
bower-ciecironics,therefore we decided
that the receptor in the experiments
should be an impulse generator of the
three-pulse converter type VR2 2413
OOR1 BBC.

The limitation in the erperiments
was that we used only conducted inter-
ferences and not radiated ones,

From the point of view of EMC, the
impuls generator has two possible
ports through which the conducted in-
terferences can enter into the receptor
- the power lines,and
- the control lines.

Wwe assumed thet the impulse gene-
rator is disturbed,when,due to the in-
terferences, the error € in the phase
location of impulsesvgor thyristor ga-
tes is greater than 2°.

feasurement of the internal impedance
of the receptor imputs .

First of all,we wantéd to determi-
ne the characteristics of the inter-
nal impedance on both receptor inputs.
Vie measured the dependence of the in-
jected current and voltage on the re-
ceptor inputs for the sinusoidal sig-
nals with different frequencies.Some
of the results are shown in Figure 1.

The phase-control angle was 96°.
From Figure 1. it can be seen that the
ratio V/I is constant at a fixed fre-
quency (impedance is linear) above a
minimal velue of voltege.This minimal
velue of voltage corresponds to an
error in pnase locetion of impulses

€ = 0.4%°.Phis value is below our me-
asuring renge of interest because of
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Pig.l: Dependence of the irjected

current and voltage on the re-
ceptor entrences

the measuring equipment limitation.A
similar situation was also found at
other frequencies [2] .

Thus,we can conclude that the in-
ternal impedances of the receptor in-
puts are linear at each fixed frequen-
cy.This is important,because it is su-
fficient to measure the voltage spe-
ctrum of the interference signals and
the voltage susceptibility function.
The ENMC figure of merit can be calcu~
lated using the squares of voltages,

Determinetion of the way the receptor

berformances can Le characterized

e wanted to find whether The re-
ceptor performances can be characteri-
zed in terms of average power,There-
fore we mede two experiments:

- we measured the dependence of the
error & and the voltage,current and
power of the interference signals,and

— we analyzed the superposition effect
when there are some uncoherent si-
gnals on the receptor inputs,

Figure 2, shows the dependence of
the error € and the voltage,current
and power of a 10 kHz interference
signal on the control lines,as well as
1 KHz interference signal cn the po-
wer lines.We have obtained similar
results at other frequencies [2] .

Figure 2. shows that for errors
from 0.4° to 69 approximatgly holds
€ ~ P, £ ~U%and € — 1 .S0,the
performances and the susceptibility to
interferences of the impulse generator
can be characterized in terms of ave-
rage power.

If we connect n uncoherent signal
sources to the receptor inputs and set
the level of each signal to produce the
same error £ = 2° the effect of the
superposition of all n signals can be
either the total error is n-2% or the.
total error is not n-20.If the total
error is n-2%we may conclude that the
performances of the receptor can be
characterized in terms of average po-
wer.This conclusion is derived from
equation (1),

we made 20 experiments with up to
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4 uncoherent sources (the sourees of
interferences were simulated with fun-
ction generators),end in all cases the
total error w=s proportional to the
number of sources n.2°,

In this wey we have once again con-
firmed that <he susceptibility to in-
terferences of the impulse generator
can be characterized in terms of ave-
rege power, )
lleasurement <7
function

Ine voliscze susceptibility functi-
on of the impuise generator wes mea-

~he susceptibility

2 sinusoidal signals on control lines,
1,2 or 3 sinusoidal signals on con-
trol lines,l sinusoidal signal on
power lines,

1 square,l triangle or 1 Al signal

on control lines,and

1 sqare or 1 triangle sigsral on con-
trol lines,l sinusoidal signal on
power lines.

e used equation (1) for calcula-
ting the EXC fizure of merit.This time,
however,because we have measured only
discrete frequencies,equation (1) is
in the form:

; J 2
sured on the ccatrol lines from 100 Hz _ P(f)
to 30 MEz.Figure 3, shows the measu- ?EMC:Z:r _QL—Q—J (4)
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Fig.3: The voltage susceptibility function of the impulse

On the pcwer lines the voltage
susceptibility function was measured
from 100 kHz to 2 KEz.Figure 4. shows
the measurins results.

Petermination o?f
merit

In the end we made 22 experiments
with the following signal-entrance
combinations:

the ELC figure of

senerator on the control line
from 100 Hz to 30 KHz

s in frequency range

where: PU.(fn) is the voltage spectral
J component of the inter-

ference signal at the
frequency f yand
S n
is' the voltage susce-
ptitility function com-
ponent at the frequen-
cy fn'

In the cases when we had
triangle signsls we used the
harmonics.

Oy (£y)

square or
first 11
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ction of the impulse generetor
on the power lines in the fre-
quency range from 100 xHz to

2 IHz ) -

‘fe wanted to determine the error
in the calculation of the ENC figure
of merit.Therefore in each case we set
that the impulise generator error ¢ ,
due to all interferences should be
€ = 2%,accordingly the predicted Fane
for all cases had to be equal one.

A difference from one represented the
error in determining the EMC figure
of merit.
Pigure 5. shows the relative error
APric in determining pMC figure of

meri¥. AFgpo was calculated from the
expressionst
- S _ . A
AFg. "= (Fipe - 1)-100 % (5)
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Fig.5: Relative error in determining
EMC figure of merit
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From Figure 5. it can be seen that
the maximum positive error was +35 7%,
end the maximum negative error was
-13 %.The probability of the positive
relative error (overestimation of po-
ssible EM incompatibility) was
p(AFgyc = 0) = 0,77 ,and the proba-
bility of the negetive relative error
(underestimation of possible E}M in-
compatibility) was p(A Pgr < 0)=0,23.

Thus,we can conclude“%gat the amo-
unt of relative error in determining
the EMC figure of merit,and especially
the probability of its sign are acce-
ptable from the point of view of EIC
prediction.

Conclusions

If the receptor performances can
be characterized in terms of average
power,it is possible to express the
achieved level of ENC,or to predict
the possible EM incompatibility in a
unique,quantitative way with the ELC
figure of merit. '

Experimentally we proved that the
performances of a typical analog con-
trol device ie. an impulse generstor
of three-pulse converter,can be chara-
cterized in term of average power.Also
the internal impedance of each of the
two impulse generator EMC inputs being
linear at a fixed frequency,it is suf-
ficient to measure the voltage spectra
end calculate the ENC figure of merit
using the squares of voltages.

The EMC figure of _merit was-determined
for various combinations of different
sources (the source of interferences
were simulated with function genera-
tors) on both receptor entrances.The
emount,and espacially the sign of the

'relative error in determining the ELC

figure of merit was acceptable from
the point of view of the EFNC predicti-
on.

References

[1] Pearlman,R.A.,Physical Interpeta-
tion of the IEMCAP Integrated ENI
Margin,l978.1EEE Symp.Rec.on EBEC,
Atlanta,USA,310-315 (1978)

[2] stipanilev,D.,The Analysis of Po-
ss8ibility to Predict the Level of
the Achived Electromagnetic Com-
patibility, Naster ‘s Thesis,
ETF,University of Zagreb,Zagrebd
(1980)



