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INTRODUCTION

The transient suppressed mains
supply filter, incorporating
protection arrangements for
EMP, lightning and other line

induced transients, has been -

. around for some time. Because
of the ruggedness and the tran-
sient absorption qualities of
mains power supply circuitry,
the benefits of a transient sup-
pressed filter for the EMP pro-
_ tection of mains supply lines
hlave been questioned. These
quenes include the exact form
which the transient suppres-
ser component should take,
where it should be placed with
respect to filter and load, and
vx{hether one is actually neces-

sary.

The well-known shape and
amplitude of the model nuclear
EMP of 50 kV/m electric field
strength, rise time of <10 ns,

and duration of 300-600 ns, is
rrl?lodiﬁed quite significantly
when the waveform is induced
into a long power line. Gener-
ally, it is considered that the
principle effects of the line are
such that the rise time is length-

ened to about half a microsec-
ond the amplitude of the in-
duced current applied to the
load is of the order of 5 kA, and
t1|1e duration is more likely to be
10 microseconds. These
changes are caused primarily
because the shape and ampli-
tpde of the induced EMP is
dependent on so many factors
other than the field strength of
the EMP, particularly the situ-
ation and the environment in
wmch the cable and load are
sited, and the quality and effec-
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tiveness of the load matching
arrangements.

The electromagnetic field pro-
duced by lightning, on the other
hand, is totally unpredictable,
as no two lightning strikes are
the same. A standard has tobe
defined, however, to provide
equipment manufacturers with

-appropriate design parameters.

Some examples of pulse shapes
and waveforms which compo-
nents and complete systems

'should be immune to are:

¢ 10 microsecond rise time,
700 microsecond duration,
current of >300 A;

¢ 10 microsecond rise time,
1000 microsecond duration,
current up to 500 A; and

* 8 microsecond rise time, 20
microsecond duration, cur-
rent up to 5 kA,

The purpose of any mains filter
is to rid the line of the induced

transient, and thus limit the .

frequencies which are allowed
to pass. This increases the rise

time and reduces the ampli-
tude of the transient, providing
the energy handling capability
of the components in the filter
is adequate. Filters could be
used, therefore, to slow down
the EMP, so that a surge ar-
restor fitted across the load has
sufficient time to ionize or strike,
and shunt away most of the
energy before it reaches the
'input circuits of the equipment
being protected. However, the
majority of EMP or transient
suppressed filters have the
suppressor arrangements fitted
at the front or source end where
they absorb most of the energy
before application to the filter
and the equipment circuitry.
The positions of the protection
arrangements are therefore rele-
vant. .

EMP protected mains filters,
currently being produced as
standard products, provide
various degrees of protection
against EMP, lightning and other
transients. Unfortunately, the
precise degree of protection
offered rarely is defined clearly
enough for interpretation by a
systems designer. For a given
filter range by a specific manu-
facturer, the degree of protec-
tion is often determined by the
cost of the complete product. It
is quite likely, therefore, that
when a particular range of EMP
protected filters is more expen-
sive than another, the cost dif-
ference can be the key to the
degree of protection provided.

This article has been written to

detail tests which were under-
taken to clarify some of these
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uncertainties, and it attempts
to put into perspective the dif-
ferent forms of EMP or tran-
sient suppressed mains filters
which are generally available.

TEST SETUPS, TEST
EQUIPMENT AND ITEMS
UNDER TEST

The filter used as the test piece
had basic parameters of 250 V
ac, 50/60 Hz, single phase, 60
A. One version was fitted with
a varistor only, and another
version was fitted with a gas
discharge tube as the primary
protection, and a delaying choke

and varistor as the secondary

protection.

One test setup utilized a pulse
forming network (PFN), consist-
‘mg of a capacitor charged to a
specific value by a dc charging
source, to provide the test tran-
sient inputs. In this arrange-
ment, the energy contained in
the applied pulse is determined
by the amplitude of the charg-
ing voltage and the value of the
'capacitor (Energy = 1/2 CV?).

Two PFN's were used in the
tests. One consisted of a 1-uF

capacitor charged to 3 kV from

an appropriate charging source,

and providing about 4.5 J of
energy The other was a 13.4
UF capacitor charged to 3 kV by
the same source, and providing
60 J. The 60 J output was a
positive-going pulse having a
rise time of 1.2 microseconds.,
The short-circuited current
waveform was an exponentially
decreasing sinusoid of frequency
approximately 300 kHz, and the
maximum peak amplitude was
‘about 5 kA, ‘

The tests on the filter, in its two .

wversions, were conducted at
different times. Circuit diagrams
.of the two versions, connected
/as a standard product, are
'shown in Figure 1. ‘

‘The‘ varistor used in these
models of mains filters has the

| 140

! g
EI‘HP 8 TRANSIENT SUPPRESSED MAINS FILTERS...Continued

L@ QI . L
N @ - o N
INPUT
—— = FILTER === = OUTPUT
VARISTOR
E @ 4 . @
Le Q- QD oL
DELAY CHOKE
N @ QD — QD— ® N
INPUT
m == == ATRR =F == OUTRUT
GDT
VARISTOR
[ @ ® E

FIGURE 1. Filter fitted with Varistor Protection Only (Top}, and Filter Fitted with

following parameters:

Maximum continuous ac rms
voltage = 275V

Maximum continuous dc volt-
age =369V :

Transient energy = 140 J

Peak current (1 pulse) = 6.5 kA

Typical capacitance (1 MHz) =
900 pF

Clamping voltage (8/ 20 micro-
second) = 740V

TESTS OF THE EMP
PROTECTED MAINS
SUPPLY FILTER

With a 5-ohm load connected
across the filter output, and
with no protection at all fitted,
application of the test pulse
produced the waveform shown
in Figure 2. Figure 3 is the
output of a filter protected by a

- single varistor connected across

its input. Figure 4 shows the
filter output under the same
test conditions but with the
varistor connected across the
output, i.e., across the load.

Application of the test pulse to

. Both Primary and Secondary Protection (Bottom).

the test piece having both pri-
mary and secondary protection,
i.e., gas discharge tube, delay
choke and varistor, gave the
response shown in Figure 5.
With the same test waveform
applied, the response of the same
test piece, but with the varistor
disconnected, is shown in Fig-
ure 6.

Tests carried out using the
second test setup were con-

. ducted on the filter fitted with

full EMP protection only, i.e.,
fitted with GDT, choke and
varistor. The test pulse wave-
form was applied to the input.
The filter input (output of pro-
tection arrangements) and the
filter output were monitored with
the delay choke both in and out
of circuit.

Figure 7 shows the output of
the transient protection arrange-
ments. Figure 8 shows the same
output with the delay choke
disconnected. Figures 9 and
10 show the output of the com-
plete filter under the same test
conditions.
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FIGURE 2. Filter Output with No Protection Fitted, and

Connected to a 5-Ohm Load.

FIGURE 3: Rilter Output with Varistor Connected Across the
Input, and 'a 5-Ohm Load Across the OQutput.
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FIGURE 4. Filter Output, with Varistor Connected and 5-

Ohm Load Connected Across the Output.

TEST RESULTS

Examination of Figures 2
through 4 shows quite clearly
the benefit of having a varistor
fitted as a transient suppres-
sor, and its ability to eliminate
the maximum amount of en-
ergywhen it isfitted at the front
or source end. Figures 5 and 6
fllustrate the importance of
having a second stage of pro-
tection, particularly the action
-of the secondary protection in
bringing the eventual line volt-
age level down to that which
would be more acceptable to
potentially vulnerable circuitry.
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Protection.

_Selection of the secondary pro-

tection component allows al-
most any line voltage level to be
chosen. Notably, under these
two separate test conditions,
the excursions at the output
are about the same amplitude,
but have a different reference.

Figures 7 through 10 show the
effect of the delay choke on the
eventual output applied to the

equipment being protected.

CONCLUSION
The waveforms achieved show

FIGURE 5. Response of Filter Fitted with Full EMP

that the transient suppression
arrangements protect the filter
as well as the circuits connected
to the load end of the filter.
Indeed, it could be said that
with the protection components
at the filter output, the filter is
protecting the transient protec-
tion arrangements, bringing the
input waveform down to a much
more manageable size.

The action of the delay choke is
alsomade clear, indicating that
the arrangement is much more
efficient with it in the circuit.
The attenuation level of the
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. FIGURE 6. Response of Filter Fitted with Full EMP
Protection, But with Varistor Disconnected.

FIGURE 7. Output with Delay Choke in Circuit.
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FIGURE 8. Output with Delay Choke Out of Circuit.
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FIGURE 10. Complete Filter, Choke Out of Circuit.
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FIGURE 9. Complete Rlter, Choke in Circuit.

"transient given by the filter is also obvious. It

indicates that if the components in the filter
could accommodate the input energy underthese
test conditions, special protection arrangements
may not be necessary. It should be noted, how-
ever, that the components making up the filter
would need to be tested and selected for each
specified threat.

Choosing, selecting and testing the filter compo-
nents in this way will be expensive with a very
high discard rate. On the other hand, fitting
protection components to a standard filter could
be a fairly simple action, and allows the same
filter to be used in an EMP or transient environ-
ment,

The advantages of the two protection arrange-
ments tested are in the different energy handling
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capacities and these aspects
were not very obvious. How-
ever, the results clearly indi-
cate that protection can be
provided which will limit the
line voltage to almost any level.

Because of the small tolerances
in series volt drop with mains
supply filters, the delaying
impedance used in the EMP
and transient protection ar-
rangements must take the form
of an inductance, and it must

be capable of carrying the full
current of the load. The induc-
tance will therefore be physi-
cally large and relatively ex-
pensive to manufacture. The
cost difference of the filter with
varistor protection only, and the
one with GDT plus choke plus
varistor, could be significant,
and may very well play a part in
deciding on. the form the pro-
tection arrangernents must take,
Typically, the filter with both
primary and secondary protec-

Size Reduction

NEMA wall-mounted and
floor-mounted panels are now much
smaller due to the filters’ smaller size.
A 4x100 Amp, 277V, 3 phase, 4-wire
filter that was previously 60" x 40" x
12" is now reduced to 48" x 30" x.8”

LEX filters save many

~ kilowatt hours

The new LEX filters have a

power factor of 0.5% or less at.
10 Amps and less than 0.25% at
higher voltages and currents. This
will save many kilowatt hours per
year. Reductions range from 5 watts
for 5 Amp filters to 150 watts for 250
Amp filters. Similar reductions
are available through Lectro-
Magnetics' 1000 Amp filters.

53K7

“warranty standard.

Saturation

The change of the filters’ series
inductors is less than 1% from no load
t0 120% of full rated current load.

Rellablllty
Designed to meet UL-1283 and
MIL-F-15733. All filters are
supplied with internal bleeder
discharge resistors per UL-478-1967,
NEC 460-4 and UL-1283. Two year

For most RFI/EMI suppres-
sion applications. 6-8 weeks
delivery. Expedited deliveries
also available. Call for new
catalog!

LectroMagnetics, Inc.

Specialists in electromagnetic shielding and compatibility

LMI has key representatives in major electrical and electronic centers worldwide.

6056 West Jefferson Blvd., Los Angeles CA 90016 « (213) 870-9383 - FAX (213) 870-0828
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Circle Number 174 on Inquiry Card

tion could be twice the cost of
the one fitted with varistor
protection.

Finally, an important point
which should be considered
when selecting an EMP light-
ning protected filter which util-
izes varistors is the number of
transients or pulses which the
-selected item is capable of ab-
sorbing. Examination of the
varistor parameters used in the
standard product shows that
the stated current carrying
capability is meaningful only
when a specific number of pulses
are applied. Ifthe threatisa 6.5
kA transient, then the varistor
is guaranteed by the manufac-
turer as being capable of with-
standing it for one shot only.
Application of 10 pulses of an
agreed duration brings the
current carrying capability down
to 2 KA.

Once again, therefore, to ob-
tain the cerrect and most cost-
effective solution to EMP re-
quirements, the threat must be
very clearly defined, and expert
advice and guidance must be -
sought on the optimum solu-
tion.
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