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hilesophies for the best method
Pof HEMP protection have been
around for a long time. MIL-
STD-188-125 -1 and -2 are more recent
specifications for defining require-
ments for HEMP protection. They
specify PCI (pulse current injection)
testing techniques to demonstrate
the integrity of the protection system,
but require specialist test equipment
capable of injecting high voltage high
current pulses. The residual current
let-through of the protection system
plus other parameters are monitored
as a measure of the effectiveness and
compliance of the protection system.
Because the demand for HEMP
protection systems is specialised and
not high volume, the practical method
of meeting the MIL-STD-188-125-1
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Figure 1. E1 pulse injection testing.
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and -2 specifications has normally
been based on adapting certain types
of standard catalogue EMI facility
filters. However, most catalogue EMI
filters are designed for CW insertion
loss performance, so are usually not
ideal for pulse applications.

The approach described here is to
design filters to meet a pulse attenua-
tion performance rather than to meet
an insertion loss specification. This en-
ables a filter circuit and components to
be used which are optimised for pulse
applications to achieve a more efficient
design with a good pulse performance.

This article describes the design
process and validation of the design
by testing using the MIL-STD-188-125
specified pulses.

I. INTRODUCTION
MIL-STD-188-125-1 and -2 specifi-
cations [1] & [2] cover HEMP protec-
tion requirements for fixed and trans-
portable ground based installations
respectively. They define three PCI
pulse types for testing the integrity
of the protection system, E1 (short
pulse) 20/500ns 2.5kA peak, E2 (in-
termediate pulse) 1.5/4000us 250A
peak, and E3 (long pulse) 0.2/20s
1000A peak. The filter design dis-
cussed in this article addresses pro-
tection against the E1 and E2 pulses.
Different techniques are needed to
address the E3 pulse.

The procedure for checking com-
pliance of a HEMP filter with the
specification for the E1 pulse is to
inject the pulse into the front end of
the filter and monitor the residual
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MPE Laboratory Test Pulses MIL-STD-188-125
E1 Pulse
Pulse Shape
(Double 8/20us~1Q source (high energy)] 20/500ns 60 source
exponential) 5/200ns (low energy)
Peak Applied Up to 5kA line to ground 2.5KA line to ground
Current (8/20ys) 5kA with coupled lines
<1kA (5/200ns)

Peak Applied Up to 5kV (8/20us) Up to 150kV
Voltage ~12kV (5/200ns) (300KkV for 5kA)
Residual Measure residual voltage .
Let-through and residual current for 10A inio 2¢ load
Current comparison with MIL STD

Table 1. Comparison of MPE Laboratory pulse tests with MIL-STD-188-125 E1 pulse.
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current flowing through a 2 ohm resis-
tive load connected between the out-
put terminal and earth — see figure 1.
For higher current filters the resistive
load is replaced by one of value given
by V/I where V and I are the voltage
and current ratings of the filter. The
simplified circuit shown is indicative
only to show the key lumped elements.
For the E1 pulse, the generator source
resistance is specified as 60 ohms as

Figure 2. Initial circuit configuration.
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shown in Figure 1, so the peak applied
voltage supplied by the generator needs
to be 150kV. The maximum acceptable
residual current through the 2 ohm
load is 10A peak, and there are also
limitations on residual pulse risetime
and energy.

For the E2 test, pulses are injected
in a similar manner but there is no
requirement to monitor the residual
pulse. However, the filter must survive

Figure 3. MPE pulse
test results on test

circuit.
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HEMP FILTER DESIGN

the pulse without damage.

To strictly comply with the require-
ments of the MIL-STD, every filter
needs pulse testing both before and
after installation.

II. NORMAL APROACH TO
HEMP PROTECTION
It is usually considered that there
is insufficient demand for EMP pro-
tection systems to justify dedicated
designs, so it is normal to select a stan-
dard catalogue EMI filter and adapt it
as necessary to meet the requirement.
It is generally recognised that it is best
to use an inductive input filter where
possible and fit high energy transient
suppressors at the front end to pro-
vide the pulse protection. When
tested, the pulse attenuation perfor-
mance offered may not be sufficient
to meet the MIL-STD requirement,
so remedial measures in the form
of additional filter and suppression
components may be needed to ensure
compliance. Although with this ap-
proach there is little initial design
cost, there may be major hidden
costs in terms of the remedial action
required to achieve compliance.

lll. DEDICATED DESIGN
APPROACH
Because most catalogue EMI filters
are designed for CW insertion loss per-
formance rather than pulse handling, it
was decided to design a range of filters
from first principles to suit the pulse
requirement of MIL-STD-188-125, i.e.
to attenuate the magnitude of a 2500A
20/500ns E1 pulse to less than 10A, and
to tolerate the E2 pulse. The transient
suppressor, and filter capacitive and
inductive components were treated
as an integrated solution. Circuits
were built and tested and pulse cur-
rents and voltages were monitored
at each stage in the circuit to analyse
the effect and contribution of each
component and also the interaction
between components.

IV. DESIGN PHILOSOPHY

It was not practical to carry out
development testing using the de-
fined MIL-STD pulse waveforms
because of their specialist nature, so
it was necessary to use commercially
available test equipment. This com-
prised an 8/20ps pulse tester for bulk
current handling tests with a pulse
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a. Standard performance design, 20dB 10kHz, 80dB 10MHz — 1GHz.

¢. Very High Performance Design, 100dB 10kHz — 10GHz.

Figure 4abc. Three final HEMP filter designs. .

current of up to 5kA, and a 5/200ns pulse tester for risetime
checks. The energy content of the 8/20us pulse is higher
than the MIL-STD E1 pulse but its risetime is much slower.
The 5/200ns pulse was used to demonstrate the speed of
response of the system although its energy was very low, so
most testing was concentrated on the 8/20us pulse with a
view to meeting the E1 residual current limit of 10A.

A comparison of MPE laboratory testing capability com-
pared to the MIL-STD pulse requirement is given in table 1.

To meet the requirements of the E1 and E2 pulses,
many types of transient suppression device were evaluated
including spark gaps, metal oxide varistors (MOV’s), and
silicon avalanche diodes. The varistor was finally chosen for
this filter design because of its good combination of reac-
tion time, when mounted effectively, and energy handling
characteristics, making it suitable for both the E1 and E2
pulse requirements.

V. DEVELOPMENT TESTING

Circuits were built and tested based on the circuit shown
in figure 2, as it was initially thought that two stages of
transient suppression would be needed to meet the difficult
residual pulse current requirement of the MIL-STD. Dif-
ferent values of capacitance and inductance and different
types of transient suppressor were tried in more than fifty
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different circuit configurations. Each time the current and
voltage in each part of the circuit was monitored.

When testing the initial circuit, an injected 8/20us pulse
current, I1 in figure 2, of 2280A was reduced to a residual
current, 12, of 256A in the 2 ohm load resistor. Subse-
quently, by carefully adjusting the filter components, the
second stage of transient suppression was eliminated, and
the circuit was further improved and simplified, resulting
in a 65A residual current for an injected pulse current of
2360A.

Plots of the pulses measured on the improved circuit
are shown in figure 3.

It is not easy to read across the laboratory 8/20ps pulse
test results to the MIL STD E1 pulse because of the dif-
ference in energy content of the pulse, the non-linear
behaviour of the filter inductors, saturation of inductor
core material, and parasitic capacitance of the inductors.
However, for the 8/20us pulse, a significantly higher re-
sidual current than 10A was expected due to the energy
content of the pulse.

What was not certain was what value of residual current
for the 8/20ps waveform would relate to the 10A require-
ment when testing with the proper MIL-STD E1 waveform.

Because there is no filter insertion loss requirement
within MIL-STD-188-125, a standard design was developed
to be commensurate with the MIL-STD-188-125 shielding
attenuation requirement of 20dB at 10kHz and 80dB from
10MHz to 1GHz.

Accepting that there would be other applications re-
quiring higher insertion loss to satisfy supplementary
requirements such as EMI, two additional designs with
higher insertion loss performance, were also developed.
These designs are shown in Figure 4.

Figure 5 shows the test set-up of one of the three final
designs in a screened test room in the MPE laboratory. The
current and voltage monitoring probes and also the two
pulse testers can be seen in the photograph.

VI. ACCEPTANCE TESTING
After completing the filter designs and testing in the
MPE laboratory, it was necessary to validate the designs

Figure 5. Pulse test set-up. .
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Figure 6. Measured residual current response for various E1 pulses
injected into the standard filter circuit. .

Figure 7. Final design of standard performance HEMP filter cut away
to show MOVs in the input terminal compartment. .

by subjecting them to the correct MIL-STD pulses. This
procedure is described in MIL-STD-188-125 as Acceptance
Testing.

All three new designs were subjected to the correct MIL-
STD E1 and E2 pulses at an independent test laboratory.
This consisted of applying the E1 pulse at various current
levels up to 2.5kA to check that the design worked over a
range of pulse currents. The residual current was monitored
along with the dI/dt (risetime) and root integral (energy
content) of the residual pulse. The circuits were then sepa-
rately subjected to the E2 pulse. The insertion loss of the
filters and varistor parameters were measured before and
after application of the pulses as a check that the circuits
had not suffered degradation as a result of either the E1 or
the E2 pulse testing.

VIl. ACCEPTANCE TESTING RESULTS

All three designs were found to pass all tests very com-
fortably, being within the limits by a large safety margin.
The most important parameter is the residual current and
even the standard circuit achieved a residual current of less
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than 1.5A with a 2.5kA injected pulse, compared with the
specification requirement of less than 10A. The results of
the residual current for different applied peak currents can
be seen graphically in figure 6.

The residual currents are significantly better than those
expected from a modified catalogue filter. The higher per-
formance circuits gave even better pulse performance than
the standard design as well as offering a higher insertion
loss. The testing as described above was carried out on filters
of 16A current rating. Further tests were subsequently car-
ried out on a range of filter designs in current ratings from
6A to 200A, all of which passed the tests in a similar man-
ner to the 16A filters. As the filter rated current increases,
it becomes more difficult to achieve the residual current
requirement. However, in all designs up to 200A current
rating, a residual current lower than 4.5A was achieved
providing a comfortable safety margin within the specifica-
tion requirement.

VIIl. CONCLUSIONS

The final standard filter design, as shown in figure 7,
proved to offer an extremely low residual pulse current
performance, much better than would be expected from
an adapted catalogue filter. This was achieved in a smaller
and lighter package than would be possible for a modified
catalogue EMI filter. The circuit design also provided ad-
ditional benefits of lower leakage current and lower heat
dissipation compared to normal catalogue EMI filters. The
smaller size and weight provide benefits of ease of installa-
tion and a potentially more cost effective solution to HEMP
protection.

Most EMP protection applications will benefit from
such a design but the ones which will benefit the most are
those where size and weight are critical parameters. These
include mobile shelters, vehicles, telecoms cabinets, and
Homeland Defence.

Applications which only need compliance with MIL-
STD-188-125-1 or -2 can benefit from the small size and
low weight of the standard circuit. Applications which
need additional insertion loss performance to satisfy EMI,
shielding or other requirements can still benefit from the
good pulse performance of the new design philosophy with
one of the higher performance circuits.

IX. SUMMARY

A dedicated HEMP power filter design can give better
pulse performance than an adapted catalogue EMI filter and
provide additional benefits in terms of size, weight, leakage
current, power dissipation and cost-effectiveness.
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